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Background: Endoscopic skull-base surgery (ESBS) is em-
ployed in the management of diverse skull-base patholo-
gies. Paralleling the increased utilization of ESBS, the lit-
erature in this field has expanded rapidly. However, the
rarity of these diseases, the inherent challenges of surgi-
cal studies, and the continued learning curve in ESBS have
resulted in significant variability in the quality of the liter-
ature. To consolidate and critically appraise the available
literature, experts in skull-base surgery have produced the
International Consensus Statement on Endoscopic Skull-
Base Surgery (ICAR:ESBS).

Methods: Using previously described methodology, topics
spanning the breadth of ESBS were identified and assigned
a literature review, evidence-based review or evidence-
based review with recommendations format. Subsequently,
each topic was wri�en and then reviewed by skull-base sur-
geons in both neurosurgery and otolaryngology. Following
this iterative review process, the ICAR:ESBS document was
synthesized and reviewed by all authors for consensus.

Results: The ICAR:ESBS document addresses the role of
ESBS in primary cerebrospinal fluid (CSF) rhinorrhea, in-
tradural tumors, benign skull-base and orbital pathology,

sinonasal malignancies, and clival lesions. Additionally, spe-
cific challenges in ESBS including endoscopic reconstruc-
tion and complication management were evaluated.

Conclusion: A critical review of the literature in ESBS
demonstrates at least the equivalency of ESBS with alter-
native approaches in pathologies such as CSF rhinorrhea
and pituitary adenoma as well as improved reconstructive
techniques in reducing CSF leaks. Evidence-based recom-
mendations are limited in other pathologies and these sig-
nificant knowledge gaps call upon the skull-base commu-
nity to embrace these opportunities and collaboratively ad-
dress these shortcomings. C© 2019 ARS-AAOA, LLC.
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I. Introduction

T he utilization of endoscopic skull-base surgery (ESBS)
continues to expand as both surgical techniques and

experience with more complex pathologies concurrently in-
crease. From the initial experience using endoscopic visu-
alization to manage pituitary macroadenomas1 and cere-
brospinal fluid fistulas into the paranasal sinuses,2 ESBS
is now selectively employed in pathology from the frontal
sinus to the clivus and involving the anterior, middle, and
posterior intracranial fossae. Paralleling the increased ap-
plication of this surgical corridor, the literature in the
field has similarly grown. Because this intervention now
has widespread adoption in both otolaryngology and neu-
rological surgery, the opportunity to evaluate the cur-
rent published evidence on the effectiveness, complica-
tions, and limitations of ESBS across multiple patholo-
gies exists. With this systematic evaluation, knowledge
gaps and potential new lines of investigation can also be
identified.

Similar to the other International Consensus Statement
on Allergy and Rhinology (ICAR) documents on rhinosi-
nusitis (ICAR:RS) and allergic rhinitis (ICAR:AR),3,4 the
overarching goal is to promote the practice of evidence-
based medicine (EBM) by summarizing the best external
evidence. With the volume of publications, the variabil-
ity in publication quality, and the multidisciplinary nature
of skull-base pathologies themselves, clinicians face signifi-
cant obstacles in determining the best external evidence and
practicing EBM in this area.

The ICAR: Endoscopic Skull-Base Surgery (ICAR:ESBS)
is the result of a joint effort from both otolaryngologists
and neurosurgeons who are actively involved in skull-base
surgery to summarize the best external evidence in this bur-
geoning field. Using the structured review process of the
prior ICAR statements, the authors first gathered, then crit-
ically appraised and summarized the available evidence on
the use of ESBS for the treatment of specific pathologies,
the reconstructive challenges of ESBS, specific periopera-
tive care, and management of complications. Subsequently,
an iterative review process was then undertaken for each
topic. Because of the multidisciplinary nature of skull-base
pathology and to take advantage of the differing expertise
between each discipline, at least 1 otolaryngology and 1
neurosurgery author reviewed every section. The culmina-
tion of this endeavor is a robust multidisciplinary review of
the current evidence pertaining to the benefits, shortcom-
ings, and limitations of ESBS.

Importantly, ICAR:ESBS focuses specifically on the ef-
ficacy and challenges of ESBS and is not intended to
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summarize all of the available evidence on each specific
skull-base pathology and/or the role of alternative ap-
proaches in the surgical management of these pathologies.
It cannot be overemphasized that alternative surgical ap-
proaches such as a craniotomy or transorbital approach
have a critical role in the management of many tumors.
This document is intended to assist the surgeon in the prac-
tice of EBM by summarizing the best evidence available
to determine if ESBS is a viable option. By combining this
with individual expertise and experience as well as patient-
specific factors, the best treatment strategy can then be
employed.

As noted in the prior ICAR documents,3,4 this is nei-
ther a meta-analysis nor a clinical practice guideline
(CPG). When available, meta-analyses and systematic re-
views were identified to support the recommendations pro-
posed on a specific topic because these are higher lev-
els of evidence. Additionally, the significant variability
in the outcome measures and disease heterogeneity of-
ten do not support the use of meta-analysis. This docu-
ment also does not represent a clinical practice guideline
that requires both strong evidence and vetting by critical
stakeholders.

Despite the increased number of publications on ESBS,
there is tremendous variability in the quality of the litera-
ture. Although some areas have strong evidence, the major-
ity of the topics demonstrate relatively lower levels of evi-
dence. In many situations, this is secondary to the relative
rarity of the disease process. Additionally, randomized con-
trolled trials (RCTs) can be exceptionally difficult in surgi-
cal interventions, which adds more challenges in identifying
strong evidence. In some areas, the lack of high-quality ev-
idence allows for only a literature review on the topic. This
calls to the skull-base community to strive to overcome this
disadvantage through multi-institutional collaboration and
to actively seek to address these areas of limitation.

Although treatment recommendations are included in
ICAR:ESBS, this document has limitations. As noted, many
topics simply lack adequate evidence to support a rec-
ommendation. Regardless of the strength of the evidence,
these recommendations do not define the standard of care.
As noted by Wise et al.4 in ICAR:AR, recommendations
within this document do not dictate the specific care of an
individual patient because numerous other factors, includ-
ing the tumor characteristics, patient comorbidities, symp-
tomatology, and surgical experience, will undoubtedly im-
pact treatment recommendations. This is particularly true
in ICAR:ESBS because surgical procedures can vary tremen-
dously despite being categorized as the same surgery. Indi-
vidual surgical technique, goals of surgery, and surgeon ex-
perience all factor into the decision-making for the care of
specific patients. Finally, the recommendations proposed in
this document should be interpreted in light of the strength
of the evidence supporting those recommendations. It is an-
ticipated that with emerging evidence, technology, and col-
laboration, these recommendations will change over time
and continue to result in improved patient outcomes and
minimization of complications.

II. Methods
II.A. Topic development

The ICAR:ESBS document was undertaken with an ex-
pressed commitment to focus on the published literature
rather than expert opinion and is purposely consistent with
the ICAR:RS and ICAR:AR documents.3,4 Similar to these
prior statements, the process of systematically evaluating
the literature, grading the evidence, and providing evidence-
based recommendations was adapted from Rudmik and
Smith.5

ICAR:ESBS differs from the prior statements that cen-
tered on the diagnosis of either rhinosinusitis or allergic
rhinitis because this statement focuses on the role of a sur-
gical intervention in the management of numerous patholo-
gies and the specific challenges and benefits of these pro-
cedures. Topic generation spanned from the use of ESBS
for the treatment of tumor pathologies such as pituitary
adenoma or esthesioneuroblastoma, to the reconstruction
of skull-base defects, to complications and perioperative
considerations. The topic generation was first undertaken
by a group of experts that included both otolaryngology
and neurosurgery. This was then vetted by a second, larger
group of experts in skull-base surgery until the final topic
sections were established to cover the current breadth of
the field. As expected, the evidence available varied greatly.
Topics with modest evidence were assigned as literature
reviews. In areas where literature existed, but was lim-
ited, such as a relatively rare condition, an evidence-based
review without recommendations (EBR) was conducted.
Subject matter with sufficient evidence to produce recom-
mendations were assigned an evidence-based review with
recommendations (EBRR).

Subsequently, a senior author who is a recognized ex-
pert in skull-base surgery and the specific subject mat-
ter was assigned a topic area to perform a systematic
review using the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) standardized
guidelines.6 The search for each topic was conducted us-
ing Ovid MEDLINE (1947 to September 2017), EMBASE
(1947 to September 2017), and Cochrane review database.
Consistent with PRISMA guidelines and the prior ICAR
statements, the systematic review of each topic began with
the identification of prior published systematic reviews or
guidelines. High-quality evidence such as RCTs and meta-
analyses were first identified if available. When these did
not exist, as is common in surgical studies, observational
studies were then identified. Reference lists of all identified
studies were subsequently evaluated to ensure all relevant
studies were captured.

In the EBR and EBRR sections, all included studies were
presented in a standardized table format and the quality
of the study was graded using the Oxford Level of Evi-
dence (LOE) (Level 1a to 5).7 Once the systematic review
and assessment of quality was completed for each topic,
an aggregate grade of evidence (A to D) was determined
based upon the guidelines from the American Academy
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TABLE II.A. Aggregate grade of evidence

Grade Research quality

A Well-designed randomized controlled trials

B Randomized controlled trials with minor limitations; overwhelming
consistent evidence from observational studies

C Observational studies (case control and cohort design)

D Expert opinion; case report; reasoning from first principles

of Pediatrics Steering Committee on Quality Improvement
and Managements (AAP SCQIM)8 (see Table II.A). When
appropriate, an evidence-based recommendation was pro-
duced using the AAP SCQIM. The recommendation was
based upon the aggregate grade of evidence as well as the
balance of benefit, harm, and costs.

II.B. Iterative review
After the initial development of each section including
the associated evidence-based grades and/or recommen-
dations, the manuscript was then evaluated by a 2-stage
iterative review process using at least 2 independent re-
viewers. This process was undertaken to ensure the com-
pleteness of the literature identification, the accuracy of
the aggregate grade of evidence, and the appropriateness
of the EBRR recommendation. Because of the multidis-
ciplinary nature of skull-base surgery and the expertise
of both specialties, each section was reviewed by both
a neurosurgeon and otolaryngology–head and neck sur-
geon. At the completion of the review process, the ini-
tial author and the assigned reviewers all agreed upon any
changes prior to proceeding with the final ICAR statement
stage.

II.C. ICAR:ESBS statement development
Following the completion of the review process and consen-
sus by the senior author and reviewers, the principal editor
(E.W.W.) assembled all sections into a single ICAR:ESBS
statement. The draft of the document was reviewed by
all contributing authors to ensure consensus among the
authors. Once all of the authors agreed upon the liter-
ature completeness and final recommendations, the final
ICAR:SB statement was then produced and underwent the
external review.

III. Primary CSF rhinorrhea
III.A. Traumatic and iatrogenic CSF leaks

Primary CSF rhinorrhea results from an osseous defect
in the skull base with an associated dural fistula. Trau-
matic leaks are the most common type of CSF leak and
include non-iatrogenic (blunt or penetrating injuries) or ia-
trogenic injuries (usually unintentional violation of the skull
base during rhinologic or neurosurgical procedures). Other
CSF leak etiologies include spontaneous, congenital, and

neoplastic origins. Although open transcranial approaches
continue to have a role in the management of traumatic
and iatrogenic CSF leaks, endoscopic endonasal approaches
(EEAs) are increasingly utilized in the management of these
condition. The role of EEA in the repair of both iatrogenic
and traumatic CSF rhinorrhea varies by anatomical sub-
site. This role, as well as nonsurgical options including CSF
diversion are evaluated.

III.A.1. Endoscopic repair of the ethmoid roof and
sphenoid

Due to the heterogeneity of the traumatic etiology defini-
tion in the literature and data reported with no distinc-
tion between etiologies and locations, the ability to extract
data related only to traumatic and iatrogenic CSF leaks in-
volving the sphenoid and ethmoid region is compromised
in many studies. However, endoscopic repair of traumatic
CSF leaks is a well-accepted treatment with a low compli-
cation rate.{Banks, 2009 #3115}9–20

There is general acceptance in the literature that non-
iatrogenic traumatic leaks are likely to spontaneously re-
solve. Therefore, an initial conservative approach is typ-
ically recommended, including bed rest, head of bed at
30 degrees, and Valsalva precautions (see Section III.A.3.
Nonsurgical management options in traumatic and iatro-
genic CSF leaks).21–23 In contrast, iatrogenic injuries are
unlikely to spontaneously heal and require initial surgi-
cal repair. Repair philosophies and techniques were gen-
erally similar in all studies and included multilayer (sand-
wich grafting) reconstruction according to the size, site,
and etiology of the defect. Although various materials were
utilized for the repair, this did not appear to impact the
successful repair of the CSF leak. Mucoperiosteum was
removed around the defects and grafts were stabilized in
position with fibrin glue. Nasal packing was used in all
cases to support the repair. In a retrospective cohort of 42
patients with confirmed posttraumatic persistent CSF rhi-
norrhea, the majority of leaks occurred at the cribriform
plate and anterior skull base. Multiple defects were identi-
fied in 6 of 10 cases of accidental trauma, 2 of 12 following
endoscopic sinus surgery, and 1 of 5 cases following ante-
rior skull-base surgery. The primary success rate was 97%,
with only 1 case requiring secondary repair.11 Virk et al.20

reported a series of 54 patients with CSF rhinorrhea with
18 traumatic leaks and documented location (10 ethmoid,
6 sphenoid, 2 frontal). The frequency of traumatic CSF
leak sites endoscopically repaired generally reflected those
of other series.9,13,15,16 Traumatic leaks were repaired with
100% success in the Virk et al.20 series with the only failures
in the spontaneous CSF leak group. Lindstrom et al.13 also
reported a 100% success rate for traumatic CSF leaks in
their cohort of 43 patients (23 iatrogenic and 20 traumatic).
The predominant location of the CSF leaks was ethmoidal.
Lee et al.14 successfully closed all traumatic CSF leaks in the
ethmoid (n = 9) and sphenoid (n = 10) sinuses, but had 4
failures in the frontal sinus (n = 9). Bumm et al.15 reported
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TABLE III.A.1. Traumatic and iatrogenic CSF leaks: endoscopic repair of the ethmoid roof and sphenoid

Study Year LOE Design Study groups Clinical endpoints Conclusion

Sharma9 2016 2a Systematic review Review of 67 previously
published studies

Outcomes
Success rate transnasal

endoscopic repair of CSF
rhinorrhea is 90.1%

Endoscopic repair is safe and
effective with a low
complication rate. It has
almost completely replaced
older open techniques.

Psaltis10 2012 2a Systematic review Review of 55 previously
published studies

Outcomes
Repair success 90.6%

primary and 96.6% for
revision repair

Endoscopic repair is safe and
effective and should be
considered standard of care
for most cases.

Ibrahim11 2016 4 Retrospective n = 42 Posttraumatic CSF
leaks

1. Cribiform plate and
anterior skull base 32/42

2. Sphenoid 19/42

9 cases >1 defect

Outcomes
Success endoscopic repair

97% with 1 case needing
2nd repair

Posttraumatic CSF leaks can
be managed successfully
using endoscopic
techniques.

Virk20 2013 4 Retrospective n = 54
1. Traumatic 18/54

Location
1. Cribiform 33.3%
2. Sphenoid 33.3%
3. Ethmoid 22.2%
4. Frontal 11.1%

Outcomes
Repair success 50/54 (93%)

and following second
operation the repair rate
was 100%

Safe and effective.

Lindstrom13 2004 4 Retrospective n = 43 Traumatic
Iatrogenic 27/43
1. Traumatic 16/43

Location
1. Ethmoid region 28
2. Sphenoid 11
3. Frontal 4

Outcomes
100% success rate in select

patients with traumatic
injuries

In select cases endoscopic
repair is safe and effective.

Lee14 2011 4 Retrospective n = 28
1. Traumatic 27
2. Spontaneous 1
Sites

1. Frontal sinus 9
2. Ethmoid 9
3. Sphenoid/sella/clivus 10

Outcomes
1. Success 86% 1st attempt
2. Success rate 93% 2nd

attempt

Frontal sinus and frontal
recess had higher failure
rates 4/9 (44%)

Endoscopic techniques are
effective with a success
rate of 93%. Open
endoscopic approach may
play role to assist with
failures of frontal CSF leaks.

Bumm15 2009 4 Retrospective n = 144 CSF leaks identified
1. Iatrogenic 52/144
2. Non-iatrogenic 92/144

Location - iatrogenic
1. Ethmoid (43.7%)
2. Ethmoid sphenoid (21.9%)
3. Frontal (18.7%)

Medial ethmoid/cribiform
9.4%

Outcomes
1. Repair success 87.5% and

95% after revision surgery
2. Incidence of iatrogenic

CSF leaks

Location of the leaks

The incidence of iatrogenic
CSF leaks at a teaching
hospital is not higher than
at specialized rhinology
departments.

Kirtane12 2005 4 Retrospective n = 267
1. 267 Transnasal

endoscopic technique

Outcomes: efficacy of
endoscopic closure success

1. 258/267 (96.6%) Success
2. 264/267 (98.9%) on

Revision

Transnasal endoscopic
approach is recommended
in both primary and
secondary cases.

Note included spontaneous
CSF leaks in group.

(Continued)
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TABLE III.A.1. Continued

Study Year LOE Design Study groups Clinical endpoints Conclusion

Banks24 2009 4 Retrospective n = 193
1. Traumatic 109/193 (56%)
2. Other 86/193

Site
1. Ethmoidal/cribiform

52/109
2. Sphenoid 30/109
3. Frontal 12/109
4. Frontoethmoid 3/109
5. Unknown in 9 cases

Recurrent leak 9%
Traumatic leaks site

recurrence
1. Sphenoid 1 (16.7%)
2. Ethmoid 1 (50%)
3. Cribiform 1 (100%)

Iatrogenic
1. Sphenoid 0
2. Ethmoid 3 (9.7%)
3. Cribiform 1 11.1%)

The overall success rate
(98%) and low morbidity in
this large series support
endoscopic approach as
standard of care for CSF
leak closure.

Singh16 2009 4 Retrospective n = 11
1. 4 Traumatic
2. 7 Spontaneous

Sites
1. Ethmoid roof/cribiform 3/4
2. Sphenoid 1/4

Outcomes
Success rate 90%

Endoscopic approach safe and
effective.

Lee17 2004 4 Retrospective n = 39
1. Traumatic 20/39
2. Iatrogenic 13/39
3. Spontaneous 6/39

Sites
1. Cribiform plate 33.3%
2. Anterior ethmoid sinus

28.2%
3. Sphenoid sinus 18%
4. Posterior ethmoid 12.8%
5. Frontal sinus 7.7%

Outcomes
1. Success 36/39 (92.3%)

during first attempt

Endoscopic repair is
considered effective.

Bhatti18 2011 4 Retrospective n = 21
1. Traumatic 16/21 (76.2%)
2. Spontaneous in 4/21

(19.0%)
3. Iatrogenic 1/21 (4.7%)

Location
1. Cribiform 10/21 (47.7%)
2. Sphenoid 5/21 (23.8%)
3. Frontal 4/21 (19%)
4. Ethmoid 2/21 (9.5%)

Outcomes
Success in 17/21 (81%)
Reexploration in 2/21 (9.5%)
Overall success rate was 95%

Highly successful safe and
less traumatic.

Liu19 2010 4 Retrospective n = 132
1. Transnasal endoscopic

approach in 98/132
2. Transcranial intradural

approach in 34/132

Outcomes
1. Repair success 124/132

(94%)
2. Failed in 8 cases

Type of procedure dependent
on location, a transcranial
approach should be
considered in difficult
cases.

CSF = cerebrospinal fluid; LOE = level of evidence.

outcomes on 52 iatrogenic CSF leaks from endoscopic sinus
surgery. Distribution was predominantly right sided. The
majority (68.7%) were identified during initial surgery and
31.3% presented after surgery. The most common defect
location was the ethmoidal region, specifically the anterior
ethmoid location at the attachment of the medial concha
base (43.7%), but also the medial ethmoid region (9.4%)
followed by the junction between the ethmoid and sphenoid
sinus (21.9%), and the frontal aditus (18.7%). The success
rate of primary repair was 87.5% and 95% with secondary

endoscopic repair. Although numerous other studies report
high success rates and low complications with endoscopic
repair of sphenoid and ethmoid CSF leaks, most authors
cluster spontaneous etiology with traumatic and iatro-
genic, and therefore cases cannot be extracted. The success
rate across all studies was 81% to 100%10,12,16–19,24 (see
Table III.A.1).

� Aggregate Grade of Evidence: B (Level 2a: 2 studies;
Level 4: 11 studies)
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� Benefit: Endoscopic repair of ethmoid and sphenoid CSF
leaks has no external scar and low morbidity. The success
rate is 81% to 100% reported across the literature.

� Harm: CSF leak recurrence, general anesthetic, bleeding,
anosmia, pain/discomfort, intranasal scarring.

� Cost: Minimal
� Benefit-Harm Assessment: Preponderance of benefit over

harm
� Value Judgments: Endoscopic repair of traumatic CSF

leaks of the ethmoid and sphenoid has a high success
rate with low morbidity with low, reasonable cost.

� Policy Level: Option
� Intervention: Non-iatrogenic (after conservative mea-

sures fail) and iatrogenic traumatic CSF (generally not
treated conservatively) leaks can be repaired endoscopi-
cally with high success rates.

III.A.2. Endoscopic repair of traumatic frontal
sinus CSF leaks

Management of frontal sinus fractures with CSF leak and
significant posterior table displacement has historically
been managed with cranialization of the sinus.25–29 Surgical
techniques have recently evolved to incorporate endoscopic
approaches into the treatment algorithm.30–34

The endoscopic approach to frontal sinus CSF leaks is
supported by several case series with high success rates
and low morbidity. In a prospective case series regarding
transnasal endoscopic management of 46 frontal sinus trau-
matic fractures,33 40 patients with active CSF leaks from
comminuted posterior table fractures as large as 5 cm (av-
erage 17 mm × 9 mm) were successfully sealed using the
endoscopic approach. Repairs were tailored to the type of
skull-base defect. Overlay grafts or nasoseptal flaps (NSFs)
were used without underlay grafts for simple cracks or
when an isolated telescoped segment of posterior table had
been manually reduced. If fragments were removed and
defects were larger than approximately 5 mm, an under-
lay epidural repair with porcine small intestine submucosal
graft (Biodesign R©; Cook Medical, Bloomington, IN) was
included prior to overlay graft or flap placement. Support-
ive packing was utilized in all cases, including gelfoam and
rolled 0.5 mm silastic stents. If a Draf III was completed,
mucosal grafts were placed on the drilled-out nasofrontal
area, as described.35,36 A polyvinyl alcohol sponge inside
a sterile non-latex glove finger was positioned within the
middle meatus in apposition to the frontal recess and
sutured via a 2-0 Prolene suture to the anterior septum.
There was a very low rate of complications. Because the
frontal sinus drainage pathway is kept patent, advantages
of the endoscopic approach include preservation of a func-
tional frontal sinus and less reliance on computed tomogra-
phy (CT) scans for postoperative follow-up. Shi et al.34 cat-
egorized their series of frontal sinus CSF leaks into 3 groups:
(1) type A (9 patients) defects were located in the frontal
recess at the posterior wall of the frontal sinus, <1 cm in
diameter, and visualized successfully with a transnasal

endoscopic approach; (2) type B (4 patients) defects were
in the posterior table and partly obscured by a well-
pneumatized agger nasi cell so that a Draf IIa or IIb was
required for access; and (3) type C (2 patients) defects were
>1 cm in diameter with a small frontal ostium (anteropos-
terior <6 mm) or located on the posterolateral wall of the
frontal sinus and required a combined transnasal and trans-
frontal endoscopic approach for repair. The complication
rate was 20% (1 recurrent leak, 1 sinus abscess, and 1 mu-
cocele), but the 1 recurrence was successfully repaired with
a second endoscopic approach. Lee et al.14 highlighted that
frontal sinus CSF leaks can be the most challenging sinus to
successfully manage. Although they had an initial success
rate of 92.3% in 39 patients (20 traumatic, 13 iatrogenic,
6 spontaneous) only 3 involved the frontal sinus. Of these
3 patients, 2 patients underwent endoscopic fat oblitera-
tion and 1 patient was successfully repaired with a mucosal
graft. All frontal sinus CSF leaks were preselected to have
CSF diversion with a lumbar drain. They concluded the use
of lumbar drainage (LD) was appropriate when attempting
repair in the frontal sinus, as it is an anatomically difficult
location and LD can facilitate graft adherence. Lindstrom
et al.13 reviewed 53 patients with CSF leaks with 6 docu-
mented frontal sinus CSF leaks (2 iatrogenic, 2 traumatic,
and 2 spontaneous) where 4 leaks were spontaneous or
traumatic etiologies.

In contrast, Lee et al.14 successfully repaired 24 of 28
traumatic or iatrogenic CSF leaks. The failures in this series
all occurred in the frontal sinus (44%, 4/9 patients). They
recommended against an endoscopic approach to frontal
sinus CSF leaks due to the high failure rate in this location.

The advantages of the endoscopic approach to frontal
sinus CSF leaks include intraoperative assessment of mu-
cosal injuries, repair of bony disruptions with preservation
of functional sinus drainage, and potentially shorter oper-
ating times, with no visible incisions.37 However, there are
considerable limitations to interpreting the current stud-
ies. The lack of data standardization makes it difficult to
provide meaningful collective information. Some individual
case series document an almost perfect endoscopic repair
success rate, and the majority reported success rates greater
than 90%. However, a high failure rate was acknowledged
in 1 study. More long-term prospective studies are needed
(Table III.A.2).

� Aggregate Grade of Evidence: C (Level 4: 9 studies)
� Benefit: The transnasal endoscopic approach to frontal

sinus CSF leaks permits maintenance of normal sinus
function, intraoperative assessment of mucosal injuries,
and endoscopic surveillance of the frontal sinus drainage
pathway. No external incisions are required. Success
rates vary in the literature.

� Harm: A high failure rate was documented in 1 series,
and this was attributed to the technical difficulty with
repair, unlike CSF leaks in the ethmoid and sphenoid
sinuses. Limitations of this approach include access to
superior and lateral defects in several studies. Difficulty
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TABLE III.A.2. Traumatic and iatrogenic CSF leaks: endoscopic repair of traumatic frontal sinus CSF leaks

Study Year LOE Design Study groups Clinical endpoints Conclusion

Woodworth32 2005 4 Retrospective 7 Frontal sinus CSF leaks in 6
patients.

1. Iatrogenic trauma n = 2
2. Accidental trauma n = 1
3. Others n = 4.

Endoscopic repair alone n = 5
4. Combined endoscopic

approach without
obliteration n = 1

CSF leaks endoscopic repair
and patent sinus.

All repairs successful on first
attempt.

LD used in all patients.

Endoscopic repair in select
patients is effective.
Limitations include extreme
extension superiorly or
laterally and require an open
approach.

Close follow up is essential in
all patients to prevent
complications

Chaaban30 2012 4 Prospective 13 Patients with posterior
table fractures and CSF
leak; 4 of these patients had
failed previous
cranialization/craniotomy

Posterior table CSF repair. All
CSF leaks were successfully
repaired.

Transnasal endoscopic
approach for posterior table
fractures can successfully
repair CSF leaks with
excellent outcomes.
Postcranialization CSF
leaks can also be repaired
by this approach. Lateral
defects may require
trephination to assist with
placement of the graft.

Jones31 2012 4 Prospective 37 patients with frontal sinus
CSF leaks; 11 traumatic

Successful repair in 97.3% Endoscopic repair of frontal
sinus CSF leaks well
supported.

Grayson33 2017 4 Prospective Endoscopic repair of frontal
sinus fractures in 46
patients. 41 patients had
posterior table fractures
with active CSF leaks.

Outcome: all CSF leaks in
posterior table fractures
repaired and all except 1
retained normal sinus
function. The 1 patient
underwent a revision Draf
IIb successfully.

Endoscopic repair of frontal
sinus fractures is effective
and safe. In select patients
is the preferred treatment
as it maintains normal sinus
structure and function,
minimizing both early and
late complications.

Shi34 2010 4 Retrospective n = 15
1. Endoscopic 13/15
2. Combination 2/15

Outcomes
Successful repair 14/15

(93%).
Second attempt successful

repair 1/15.

Most frontal sinus CSF leaks
can be repaired by the
transnasal endoscopic
approach alone or
combined with external
endoscopic transfrontal
approach. A high success
rate and low complication
rate is obtainable.

Virgin38 2011 4 Prospective n = 16
1. Traumatic 1
2. Spontaneous 8
3. Tumor resection 7

Outcomes CSF repair of 15/16
(93.8%) patients adequately
covered

Transnasal endoscopic
approach.

The pedicled nasoseptal flap
can be successfully used
for closure of frontal sinus
CSF leaks.

Lee14 2011 4 Retrospective n = 28 with 9 frontal CSF
leaks

1. Traumatic 5
2. Iatrogenic 4

All of the 4/28 failures
occurred in patients with
frontal sinus CSF leaks
when using transnasal
endoscopic approach.

Frontal CSF leaks likely to fail
at repair, unlike CSF leaks
in the ethmoid and
sphenoid.

Lindstrom13 2004 4 Retrospective n = 6 Frontal CSF leaks
1. Iatrogenic 2
2. Traumatic 2
3. Spontaneous 2

Frontal sinus - outcomes
Endoscopic: success 3/3 on

initial attempt

In select cases endoscopic
repair is safe and effective.

(Continued)
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TABLE III.A.2. Continued

Study Year LOE Design Study groups Clinical endpoints Conclusion

Lee17 2004 4 Retrospective n = 39 Patients with CSF
rhinorrhea and 3 frontal
sinus CSF leaks

1. Traumatic 20
2. Iatrogenic 13
3. Spontaneous 6

Sites
1. Frontal sinus 3/39.

Frontal sinus outcomes
2 Failed initial repair and

needed obliteration
1 Was effectiveness of

endoscopic repair of the CSF
leaks and role of LD

Endoscopic frontal sinus CSF
repair is difficult and
patients may benefit from a
lumbar drain to facilitate
flap adherence.

CSF = cerebrospinal fluid; LD = lumbar drainage; LOE = level of evidence.

with the techniques may increase failure rate requiring a
second surgery for the patient.

� Cost: Reduced perioperative cost is possible with less
reliance on imaging postoperatively. If the endoscopic
repair is unsuccessful, a second surgery, either repeat
endoscopic or open surgical approach may be required.

� Benefit-Harm Assessment: The benefit of the transnasal
endoscopic approach for frontal sinus CSF leaks includes
maintenance of normal sinus function, low rate of com-
plications, and cosmesis.

� Value Judgments: This technique appears safe and ef-
fective in appropriately selected patients, but surgeon
experience with endoscopic frontal sinus procedures and
adequate equipment and support is necessary. Further-
more, only a few authors have reported their experience
with varying success. Success rates are less than other
locations.

� Policy Level: Option
� Intervention: The transnasal endoscopic approach to

frontal sinus CSF leaks is safe and effective in select pa-
tients, but may have higher rates of failure than other
locations.

III.A.3. Nonsurgical management options in
traumatic and iatrogenic CSF leaks

Traumatic leaks are the most common type of CSF leak
and include non-iatrogenic (blunt or penetrating injuries)
or iatrogenic injuries (usually unintentional violation of the
skull base during rhinologic or neurosurgical procedures).
Other CSF leak etiologies include spontaneous, congeni-
tal, and neoplastic origins. Due to an overrepresentation
of traumatic CSF leaks and conservative management in
the literature, the ability to extract data related to non-
surgical management options in iatrogenic CSF leaks was
insufficient.

The timing and duration of conservative management
in traumatic CSF leaks are controversial. Immediate CSF
leak closure has been proposed in an effort to minimize
the infection risk,39,40 but many other studies favor con-
servative management because of a high rate of CSF leak
resolution.22,23,41 Conservative management consists of
strict bed rest, and elevation of the head of the bed to

30 degrees. Patients refrain from coughing, nose blowing,
and Valsalva maneuvers. Stool softeners and anti-emetics
are routinely prescribed. The underlying goal is to prevent
surgical intervention. Approximately 50% of CSF leaks are
apparent within the first 2 days, 70% within the first week,
and almost 100% present within 3 months.42

The success rate for conservative management increases
with duration of treatment. In 81 patients with traumatic
CSF leak, Yilmazlar et al.22 demonstrated that the overall
rate of cessation with conservative treatment for 3 days
is 39.5%. In a study of 51 patients by Friedman et al.,43

there was spontaneous resolution of the CSF leak in 53%
at an average of 4.8 days. Dalgic et al.23 reported a leak
cessation rate of 60.4%, whereas Bell et al.21 observed
a resolution in 84.6% of patients with CSF leaks at 7
days (9 with rhinorrhea, 25 with otorrhea). A persistent
CSF leak (greater than 7 days) was identified in 6 patients
who were treated with LD. Two of these patients were
treated with LD successfully; the remaining 4 patients re-
quired surgery.21 However, the high success rate in this
cohort may be attributed to the inclusion of otorrhea pa-
tients. Dalgic et al.23 noted that CSF leakage related to
temporal bone fractures will resolve in 80% to 95% of
cases.

Although CSF diversion by LD is invasive, it is consid-
ered part of conservative management by some authors,
because it is an attempt to circumvent surgical interven-
tion and avoids general anesthesia. Albu et al.41 performed
the first prospective RCT in 2015 to ascertain the bene-
fit of early LD placement in reducing the length of CSF
leakage in patients with traumatic head injury. Sixty pa-
tients with 2 days of persistent rhinorrhea despite conser-
vative management with bed rest were randomized to either
LD or continued conservative management. The maximum
treatment duration was 10 days. When the CSF rhinorrhea
stopped, the LD was immediately removed. Cessation of
CSF leaks within the 10-day time frame occurred at 4.83 ±
1.88 days in the LD group, compared to 7.03 ± 2.02 days
in the conservative management cohort. Although no endo-
scopic repair was necessary in the LD cohort, 2 patients in
the conservative management group required surgical inter-
vention. Recurrent leaks were comparative in each group,
with meningitis occurring in 3% of the LD group and 4%
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of the conservative group. Complications related to the LD
in this study consisted of headaches in 12 of 30 (40%)
and fluid collection around the LD site in 1 patient. Dalgic
et al.23 had spontaneous resolution of leakage in 60.4% of
patients by 3 days with noninvasive conservative manage-
ment, but started CSF diversion in the remaining patients,
which raised the success rate to 88.2%. Meningitis inci-
dence was 15.3% in the conservative group and 11.7% in
the LD cohort.

Because acetazolamide decreases CSF production and
hence intracranial pressure, it has also been used as an ad-
junct to conservative management of CSF rhinorrhea. Gosal
et al.45 conducted a prospective randomized clinical trial
where 20 subjects with traumatic CSF leaks undergoing
conservative management (bed rest, elevated head of bed,
avoidance of Valsalva) were randomized to acetazolamide
(250 mg 4 times per day in adults and 8 to 30 mg/kg/day
in children) and 23 subjects received no medication. Three
of the 20 patients (15%) in the experimental group had a
CSF leak after 10 days of treatment, whereas no subjects in
the control group had a persistent leak. The mean duration
of the CSF leak was 5 days in the acetazolamide group and
4 days in the control group. Acetazolamide caused asymp-
tomatic, but physiological, side effects such as metabolic
acidosis and hypokalemia. This study, like prior opinions,44

concluded that acetazolamide did not decrease CSF leak du-
ration and can cause acidosis and electrolyte imbalance.45

However, Abrishamkar et al.46 performed an RCT where
subjects were provided acetazolamide, at 25 mg/kg/day, ei-
ther within the first 48 hours after admission, or after the
first 48 hours. Early use of acetazolamide was associated
with a significant decrease in the duration of CSF leak.
There were no persistent leaks in the early group within
14 days compared to 6 of 27 (22%) patients who had per-
sistent leaks in the control group.46 Significant limitations
are represented within this study, including small sample
size, difficulty ascertaining the exact site of the CSF leak,
and data extraction relevant for the anterior skull base.

Although conservative management to avoid surgical in-
tervention is prevalent within many centers, it should be
noted that patients with traumatic CSF leaks lasting more
than 7 days have an estimated 8-fold to 10-fold increase in
the risk of meningitis.47 Bernal-Sprekelsen identified a high
incidence of meningitis in patients treated conservatively48

and recommend closure of a CSF defect because it prevents
meningitis.40 Therefore, many authors recommend closure
within 7 days.49

There are limitations interpreting the current studies due
to a lack of standardization of data, and an overrepresen-
tation of traumatic CSF leaks in 10 of the 12 case series.
Nonsurgical management options in iatrogenic CSF leaks
were represented by 2 papers with a small sample size.
Long-term prospective studies with standardized reporting
are needed (see Table III.A.3).

� Aggregate Grade of Evidence: B (Level 1b: 3 studies;
Level 4 evidence: 9 studies).

� Benefit: Minimization of exposure to surgical interven-
tion risks with increased chance of spontaneous repair in
select traumatic CSF leaks.

� Harm: Increased risk of meningitis if delayed closure,
exposure to other complications, LD-related complica-
tions, deep vein thrombosis from bed rest, extended an-
tibiotic use delay in mobilization.

� Cost:

◦ Direct: Time spent in a hospital bed, LD care facility,
appropriately trained staff.

◦ Indirect: Patient time off work. Surgical intervention
may be required if conservative management fails and
LD fails.

� Benefit-Harm A ssessment: Increased spontaneous repair
with traumatic nonsurgical approach vs increase risk of
meningitis and complications of nonsurgical interven-
tions.

� Value Judgments: Current conclusions are based on lim-
itation of high-quality studies. Larger studies are needed.

� Policy Level: Option
� Intervention: Consideration for nonsurgical manage-

ment within the first 7 days is feasible in traumatic skull
base injuries. Lumbar drains may shorten the interval to
traumatic CSF leak cessation during conservative man-
agement. The evidence for acetazolamide in traumatic or
iatrogenic CSF leaks is lacking.

III.A.4. The role of prophylaxis with antibiotics
Prophylactic antibiotics in CSF leaks are commonly em-
ployed with the cited rationale of exposure of the sterile
central nervous system to a contaminated nasal cavity. This
exposure may predispose the patients to septic complica-
tions or meningitis. No studies have assessed the role of
prophylactic antibiotics in iatrogenic CSF leaks, so this sec-
tion discusses the role of prophylactic antibiotics in trau-
matic CSF leaks only. The incidence of meningitis in pa-
tients with basilar skull fractures and a CSF leak is reported
as 7% to 37%,40,50–53 and this rate is thought to increase
with increasing duration of the CSF leak.43 Postrepair, this
rate decreases to 0.3% to 7%.17,54 However, antibiotic
prophylaxis to prevent meningitis in patients with basilar
skull fractures is controversial. Antibiotic resistance, aller-
gic and adverse reactions, increased costs, alteration of nor-
mal flora,55 and studies suggesting that antibiotics are inef-
fective in this setting have warranted further investigation.

Ratilal et al.56 conducted a meta-analysis in 2015. Five
RCTs were included. The aim was to compare prophylac-
tic antibiotics with no antibiotics or placebo in patients
with basilar skull fractures. A total of 208 patients were
included. One-hundred-and-nine patients received prophy-
lactic antibiotics, with 99 in the control group. No dif-
ference was demonstrated in the frequency of meningitis
in patients receiving antibiotics compared to those not re-
ceiving antibiotics. In addition, a subgroup analysis iden-
tified no difference in the meningitis rate in patients with
and without CSF leakage. In the same meta-analysis by
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TABLE III.A.3. Traumatic and iatrogenic CSF leaks: nonsurgical management options

Study Year LOE Design Study groups Clinical endpoints Conclusion

Albu41 2016 1b RCT n = 60 Traumatic CSF leak
<24 hours

1. 30 patients CSF diversion
group A

2. 30 patients Conservative
Group B

Outcomes
1. Length CSF leak

A <10 days
B >10 days 2/30 patients

2. Recurrent CSF leak
A 3/30 (23%)
B 4/30 (27%)

3. Meningitis
A 3/30 (10%)
B 4/30 (13%)

LD within 2 days of traumatic
CSF leak, in highly selected
patients, results in
statistically significant
decrease in CSF leak length
of time.

Bell21 2004 4 Retrospective n = 735
1. 701 (95.3%), no CSF leak
2. 34 (4.6%), CSF leak (9/34

rhinorrhea)

CSF leak divided duration of
leak

1. <7 days
2. >7 days CSF diversion

Outcomes: CSF leak resolution
1. Conservative only 28/34

(84.6%)
2. Persistent (>7 days) 6/34

(17.6%)
3. CSF diversion 5/6

2/5 success
3/5 failed

Majority of posttraumatic CSF
leaks resolve with
conservative measures.

Yilmazlar22 2006 4 Retrospective n = 81 CSF leaks (53 anterior
skull base) lasting >24
hours each 3 group divided
into 2 groups GCS <8 and
>8.

1. Spontaneous resolution
(14/53 nasal CSF leaks)

2. Lumbar drainage
(7/24 eventually needed
surgery)

Emergent surgery (all
non-endoscopic
approaches)

Outcomes CSF leak
1. Spontaneous resolution:

(a) GCS >8 17/50.
(b) GCS <8 15/31

2. Lumbar drainage
(a) GCS >8 15/50.
(b) Failed 5/15
(c) GCS <8 9/31
(d) Failed 2/9

3. Surgery (non-endoscopic)
(a) GCS >8 18/50.
(b) Failed 1/18
(c) GCS <8 7/31
(d) Failed 2/7

Patients with rhinorrhea
should be placed into 1 or 2
groups based on the GCS
score and presence or
absence of intracranial
lesions. Results suggest
that if conscious at
admission and treated
conservatively or surgically
the prognosis is more likely
to be favourable and
meningitis risk is low.

Dalgic23 2008 4 Retrospective n = 43
1. Conservative 3 days 26/40

(60.4%)
2. CSF diversion 17/40

(42.5%)

Outcomes
1. CSF diversion success

15/17 (88.2%)
2. CSF diversion failed 2/17

(11.7%)

LD is a less invasive technique
to treat patients who failed
conservative approach. No
increased risk of
meningitis.

Bernal-
Sprekelsen40

2005 4 Retrospective n = 39 pts CSF leak repair
41 Repairs with 40/41

closures
1. Pre-repair meningitis
2. Post-repair meningitis

Of these 39 patients, there
were 14 traumatic and 4
iatrogenic injuries

Meningitis pre/post CSF leak
repair.

Pre-repair 15/39
Post-repair 0/39
No individualized data to

separate traumatic and
iatrogenic outcomes

Conservative management of
CSF leak may lead to
meningitis; therefore,
surgery is the treatment of
choice to prevent
ascending meningitis.

Bernal-
Sprekelsen48

2000 4 Retrospective n = 27 Patients with CSF leak
1. 10 patients CSF repair
2. 17 patients Conservative

Meningitis
1. 4/10 CSF repair meningitis
2. 5/10 Conservative

meningitis

High incidence of meningitis
unacceptable and neither
the conservative approach
nor the transcranial repair
was able to prevent this
considerable incidence of
ascending meningitis.

(Continued)
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TABLE III.A.3. Continued

Study Year LOE Design Study groups Clinical endpoints Conclusion

Friedman43 2001 4 Retrospective
chart review

n = 101
51 Traumatic CSF leaks >24

hours.
CSF leak patient developed

meningitis
50 traumatic CSF leaks <24

hours
1. 10% with antibiotic

prophylaxis
2. 21% without antibiotic

prophylaxis.

Outcomes
1. CSF leaks that persist

>24 hours are at risk for
meningitis, and many will
require surgical
intervention.

Prophylactic antibiotics may
be effective and should be
considered in this group of
patients.

Schoentgen39 2013 4 Retrospective n = 40
1. Conservative 11/40
2. Surgery 29/40

Outcomes
1. Conservative 4/11

recurrent leak
2. Surgery recurrence leak

5/29 (17%)

Conservative approach lead to
a higher risk of meningitis
compared to surgical repair.

Sherif49 2012 4 Retrospective n = 138
1. 104/138 Surgical
2. 34/138 Conservative for

>5 days

Lumbar drain insertion
1. Persistent CSF leak >48

hours

Outcomes
1. Surgical: 2/104 persistent

CSF leak and 2/104 (1.9%)
meningitis

2. Conservative 1/34 (2.9%)
meningitis

LD with meningitis 2.9%

Clinical outcome excellent
with low morbidity,
prophylactic antibiotic and
LD use may play role in
management approach to
traumatic CSF leaks.

Gosal45 2015 1b RCT n = 42
1. Acetazolamide n = 21
2. Control n = 23

CSF leak duration post 10
days

1. Acetazolamide n = 3
2. Control n = 0

No change in length of hospital
stay between the 2 groups.
Unwanted metabolic and
electrolyte effects in
acetazolamide group.

Abrishamkar46 2013 1b RCT n = 57
1. Acetazolamide in first 48

hours
2. Acetazolamide after 48

hours

Acetazolamide in first 48
hours

1. CSF leak cessation after
14 days = 0 patients

2. Surgical intervention 1/28
(3.6%)

3. LP and LD 2/28 (7.1%)

Acetazolamide after 48 hours
1. CSF leak cessation after

14 days = 6/27 (22%)
2. Surgical intervention 3/29

(10.3%)
3. LP and LD 9/29 (31%)

This study showed that early
acetazolamide usage in
patients with skull-base
fracture can help both to
prevent CSF leakage and to
shorten the period of leak in
those with active leakage
after trauma.

Stankiewicz44 1991 4 Retrospective n = 8 Iatrogenic injuries
1. 6 Surgery (1 patient added

diuretic)
2. 2 Conservative

management (1 patient
lumbar tap)

Conservative management
1 of 2 patients successful

Early paper with 1 patient
treated with diuretic which
the author felt was not
necessary in traumatic
cases.

CSF = cerebrospinal fluid; GCS = Glasgow Coma Scale; LD = lumbar drainage; LOE = level of evidence; LP = lumbar puncture RCT = randomized controlled trial.

Ratilal et al.,56 they included 17 non-RCTs in 2168 pa-
tients. A group of 1141 patients were treated with prophy-
lactic antibiotics and 1027 received no antibiotics. These re-
sults were compared to the previous data using the 5 RCTs.
The frequency of meningitis in the treatment group was

6.92%, and 6.52% in the control group. Although these
results were comparable to the analyses using the 5 RCTs,
another subgroup analysis within the non-RCT trials iden-
tified a possible small benefit with antibiotic prophylaxis
in patients with CSF leakage.56 However, interpretation is
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cautioned within this group because of limitations of the
nonrandomized, retrospective nature and variable report-
ing within the studies. Limitations also include the wide
confidence interval and small sample size. Overall, the data
was unable to support the use of antibiotic prophylaxis in
basilar skull fractures because no proven benefit could be
established.

Previous studies also upheld this finding. Eftekhar et al.50

performed a prospective randomized controlled trial of
109 patients with traumatic pneumocephalus. Fifty-three
patients received prophylactic antibiotics and 56 patients
did not with comparable incidence of meningitis (18.9%
and 21.5% respectively). Interestingly, the meningitis inci-
dence was higher in this study compared to other studies.
The authors suggest that a CSF leak is an associated risk
factor for meningitis, but concluded that prophylactic an-
tibiotics do not reduce the incidence. Villalobos et al.57

conducted a meta-analysis of 14 studies over 26 years, in-
volving 1241 patients with basilar skull fractures. Meningi-
tis developed in 5.3% of patients receiving antibiotics and
7.1% of patients not receiving antibiotics. They also con-
ducted a subgroup analysis of 547 patients with associated
CSF leakage. Of the 297 patients that received prophy-
lactic antibiotics, 10% developed meningitis compared to
14% who received no antibiotics. Although there was a
lower meningitis risk among patients receiving antibiotics,
this finding was not statistically significant and was inde-
pendent of the presence of a CSF leak.57 Rathore58 con-
ducted a meta-analysis of 848 basilar skull fractures, of
which 519 had antibiotics and 329 did not. Meningitis oc-
curred in 4% in those treated with antibiotics compared
to 3% without antibiotics. The subgroup with CSF leak
showed that 2% with antibiotics and 6% without antibi-
otics developed meningitis. Although a higher incidence,
there was again no statistical difference between groups.
Numerous retrospective trials have also found that no sta-
tistically significant conclusion can be drawn regarding
the use of antibiotics in basilar skull fractures to prevent
meningitis.21,55,59

In contrast, Brodie et al.60 concluded in their meta-
analysis that antibiotics do reduce meningitis risk. This
study analyzed 324 patients with basilar skull fractures
and found 6 of 237 (2.5%) patients who received antibi-
otics developed meningitis, while 9 of 87 (10%) patients
developed meningitis when not administered antibiotics
(p = 0.006). Demetriades et al.61 also concluded that an-
tibiotic prophylaxis has a role in open and basilar fractures
in their randomized control trial. In their series of 157 pa-
tients, the incidence of meningitis was similar in the an-
tibiotics (0.9% of 111 patients) and non-antibiotic groups,
(2.1% of 46 patients); however, overall infection rate was
higher in the non-antibiotic group, with 8.7% of patients
developing septic complications, compared to 0.9% of the
antibiotic group.61 Friedman et al.43 identified a subset of
patients with persistent leaks beyond 24 hours that may
benefit from antibiotics, yet patients in this cohort have
been included in many of the meta-analyses.

Choi and Spann62 studied 1 retrospective cohort that
identified a higher incidence of meningitis in patients with
basilar skull fractures who received prophylactic antibiotics
(12/197) vs those who did not have antibiotics (0/73). Al-
though Rimmer et al.63 acknowledged that there is a lack
of evidence to support prophylactic antibiotics in patients
with a CSF leak, they proposed that all patients with an
anterior skull base CSF leak at least be immunized against
pneumococcus, meningococcus, and haemophilus.

In summary, conflicting data exists regarding use of pro-
phylactic antibiotics in traumatic CSF leaks. Because there
is a low incidence of meningitis in traumatic skull-base
fractures and CSF leaks, large patient numbers are re-
quired to have adequate power to detect a difference (see
Table III.A.4).

� Aggregate Grade of Evidence: B (Level 1a and 3a: 1
study; Level 1b: 2 studies; Level 3a: 4 studies; Level 4:
10 studies).

� Benefit: Possible reduction in the risk of meningitis in
traumatic CSF leaks

� Harm: Antibiotic resistance leading to more pathogenic
bacteria, increased susceptibility to infection, and ad-
verse drug reactions.

� Cost: Moderate
� Benefit-Harm Assessment: The majority of studies rec-

ommend against using prophylactic antibiotic in basilar
skull fractures and CSF leaks, but acknowledge the lim-
itations of their studies.

� Value Judgments: Current conclusions are based on lim-
itations regarding interpretation of data and low-level
evidence studies. Larger studies are required.

� Policy Level: Option
� Intervention: There is a lack of evidence to support pro-

phylactic antibiotics administration in patients with a
traumatic CSF leak.

III.B. Spontaneous CSF leaks
Spontaneous sinonasal CSF leaks appear to have distinct
clinical features from other etiologies of CSF leaks.69,70

Over the past 3 decades, there has been increased attention
toward characterization of this pathology as well as endo-
scopic endonasal repair.70,71 As the reported incidence of
spontaneous CSF leaks continues to increase, our under-
standing of the underlying pathophysiology and the nu-
ances of clinical management is critical for the modern
skull-base surgeon.72–74

Spontaneous CSF leaks classically present with unilat-
eral clear rhinorrhea in obese, middle-aged women,10,69,70

but can occur at any age, in males and non-obese in-
dividuals. Upon initial presentation with suspected CSF
rhinorrhea, the first step in evaluation beyond physical
exam and confirmed or provoked rhinorrhea is confirma-
tion of a CSF leak. Laboratory testing for beta-2 transfer-
rin or beta trace protein is the initial preferred method of
detection.64,70,75–78 Following laboratory confirmation, an
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TABLE III.A.4. Traumatic CSF leaks: role of antibiotic prophylaxis

Study Year LOE Design Study groups Clinical endpoints Conclusion

Ratilal56 2015 1a
3a

Systematic review RCT
and a non-RCT
meta-analysis

RCTs comparing

1. Antibiotic
2. Control (placebo or no

intervention)
17 Non-RCTs meta-analysis to
compare results

1. Antibiotic
2. Control (placebo or no

intervention)
Subgroup analysis: CSF leaks

1. Frequency of meningitis.
2. All-cause mortality.
3. Meningitis-related

mortality.
4. Need for surgical

correction of CSF leakage.
5. Non-CNS infection.

The RCTs does not support
prophylactic antibiotic use in
patients with basilar skull
fractures, with or without
CSF leak.

A possible adverse effect of
increased susceptibility to
infection with more
pathogenic
(disease-causing)
organisms.

Oakley64 2016 1/3/4 Systematic review
10 Studies included

10 Studies reviewed including
4 meta-analysis

Prophylaxis and meningitis
rate

No benefit in traumatic leaks.

Eftekhar50 2004 1b Prospective RCT 109 Patients traumatic
pneumocephalus

1. 53 Antibiotic
2. 56 Control

Meningitis rate

1. 18.9% With antibiotics
2. 21.5% No antibiotics

Prophylactic antibiotics do not
decrease incidence
meningitis.
CSF leak may be
considered primary risk
factors meningitis.

Villalobos57 1998 3a Meta-analysis n = 1241

1. 719 Antibiotics
2. 522 No antibiotics
Subgroup analysis CSF leak:
n = 5471)

1. 297 Antibiotics2)
2. 250 No antibiotics

Meningitis rate

1. 38/719 (5.3%) With
antibiotic

2. 37/522 (7.1%) No
antibiotic

Subgroup analysis CSF leak

1. 10% Meningitis
2. 14% Meningitis

Lower meningitis risk among
patients receiving
antibiotics but not
statistically significant.

Rathore58 1991 3a Meta-analysis n = 848 Basal skull fracture

1. 519 Antibiotics
2. 329 No antibiotics
Subgroup analysis CSF leak

1. 70 Antibiotics
2. 47 No antibiotics

Meningitis rate

1. 19/519 (4%) With
antibiotic

2. 10/329 (3%) No antibiotic
Subgroup analysis CSF leak

1. 2% Antibiotics
2. 6% No antibiotics

Antibiotics not useful in
preventing meningitis.
Antibiotics does not provide
protection against
development of meningitis
in patients with CSF leak.

Brodie60 1997 3a Meta-analysis n = 324 Basal skull fracture

1. 237 = Antibiotics
2. 87 = No antibiotics

Meningitis rate

1. 6/237 With antibiotic
2. 9/87 no antibiotic

Antibiotics reduces meningitis
risk.
Individual studies no
significance difference but
pooled data suggests
otherwise.

Demetriades61 1992 1b RCT n = 157 Skull base fracture

1. No antibiotics n = 46
2. Ceftriaxone 3 days n = 50
3. Amp/sulpadiazine 3 days

n = 61

Septic
complications/meningitis

1. No antibiotics 4/46
(a) 1/46 Meningitis
(b) 3/46 Wound infection

2. Ceftriaxone 3 days 1/50
(a) 1/50 Wound infection

3. Amp/sulpadiazine 3 days
0/61

Infectious complications in the
non-antibiotic group was
significantly higher than in
the antibiotic group. The
results of the study suggest
that antibiotic prophylaxis
has a role in the
management of open and
basilar fractures.

(Continued)
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TABLE III.A.4. Continued

Study Year LOE Design Study groups Clinical endpoints Conclusion

Eljamel59 1993 4 Retrospective n = 205 With traumatic CSF
leak

1. 106 Antibiotics
2. 109 No antibiotics

Meningitis rate

1. 7/106 (6.6%) Antibiotics
2. 10/109 (9.1%) No

antibiotic

Prophylactic antibiotics do not
reduce the risk of
antibiotics.

Clemenza55 1995 4 Retrospective n = 88 Traumatic CSF leaks

1. 48 Antibiotic
2. 40 No antibiotics

Meningitis

1. 5/48 (10.4%)
2. 1/40 (2.5%)

No benefit in treating these
patients with antibiotics.

Choi62 1996 4 Retrospective n = 260 Skull base fractures

1. 197 Antibiotics
2. 73 No antibiotics

Meningitis

1. 12/197 (6%)
2. 0/73

Increased incidence of
meningitis in patients with
prophylactic antibiotics.

Friedman43 2001 4 Retrospective chart review n = 43

1. 29 Antibiotics
2. 14 No antibiotics.

Meningitis

1. 3/29 (10.3%)
2. 3/14 (21.4%)

Prophylactic antibiotics may
be effective, but insufficient
numbers to attain
significance.

MacGee65 1970 4 Retrospective n = 58

1. 41 Antibiotic
2. 17 No antibiotic

Meningitis rate

1. 1/41 (2.4%)
2. 2/17 (11.7%)

No statistically significant
conclusion can be drawn
about the use of antibiotics
in acute traumatic CSF
fistulae.

Frazee66 1988 4 Retrospective n = 347

1. Antibiotics 251
2. No antibiotics 96

Meningitis

1. Antibiotics 4/251
2. No antibiotics 2/96

Observation alone is
considered appropriate
management in patients
with basal skull fractures.

Dagi67 1983 4 Retrospective n = 168 – requested

1. Antibiotics 65
2. No antibiotics 63

Meningitis

1. Antibiotics 2/65 (3.1)
2. No Antibiotics 0/63

No clear evidence that
antibiotics reduces
meningitis risk.

Zrebeet68 1986 4 Retrospective n = 42

1. Antibiotics n = 28
2. No antibiotics n = 14

Meningitis

1. Antibiotics n = 28
2. No antibiotics n = 14

This study does not support
use of chemoprophylaxis in
treatment of fractures at
base of skull.

CNS = central nervous system; CSF = cerebrospinal fluid; RCT = randomized controlled trial.

attempt at localization of the skull-base defect is warranted
prior to operative intervention. High-resolution CT is used
as the primary imaging modality with a recommendation
for magnetic resonance imaging in cases when cheaper or
less invasive studies failed to diagnose or localize the CSF
leak.64 For active leaks that cannot be localized with these
noninvasive imaging studies, CT cisternography with in-
trathecal dye injection can be definitive.

It has long been recognized that spontaneous CSF rhinor-
rhea is a unique clinical entity that can be managed in most
cases with an EEA.2,71 The goal of this operation is to sepa-
rate the nasal and intracranial cavities to reduce the risk of
ascending bacterial infections.79 Over the past 3 decades,
multiple studies have demonstrated the safety and efficacy
of endoscopic repair, with consensus that endoscopic repair
should be considered the standard of care.10,24,69,70,80–83

Both intrathecal40,84–88 and topical use89–92 of fluorescein
may augment intraoperative identification of a CSF fistula,
though intrathecal usage has been associated with rare, but

potentially serious complications.87,93–96 Nuances of surgi-
cal repair and postoperative intracranial pressure manage-
ment are reviewed in the following sections.

III.B.1. Relationship between spontaneous CSF
leaks and idiopathic intracranial

hypertension
Historically, spontaneous CSF leaks were described as hav-
ing normal CSF pressure,97 but a mounting body of evi-
dence demonstrates that patients with spontaneous leaks
have increased CSF pressures, specifically idiopathic in-
tracranial hypertension (IIH).24,82,98–107 IIH was first de-
scribed in 1896 by Quincke108 and is currently recog-
nized as a diagnosis of exclusion in patients with in-
creased intracranial pressures (ICP), defined by the modified
Dandy criteria. These criteria include: (1) signs and symp-
toms of ICP; (2) absence of localizing neurologic findings;
(3) absence of radiographic deformity, displacement, or

S162 International Forum of Allergy & Rhinology, Vol. 9, No. S3, July 2019



ICAR:ESBS

obstruction of ventricular system; and (4) no other cause
of increased ICPs (eg, venous occlusion) in awake and alert
individuals.109

Although demographic features are not part of the
diagnostic criteria for either IIH or spontaneous CSF
leaks, they share strikingly similar patient demograph-
ics. Multiple studies highlight the overlap in these demo-
graphics that are predominantly middle-aged, overweight
women.24,69,70,83,101,110–112 The prevalence of obesity in
conjunction with spontaneous CSF leaks and IIH contin-
ues to give insight into the pathophysiology of these clinical
entities. Berdahl et al.113 demonstrated a direct linear rela-
tionship between ICPs and body mass index (BMI) in a
series of more than 4200 patients who underwent a lumbar
puncture at their institution. Furthermore, a matched case-
control series described a dose-response effect of increasing
BMI with the risk for development of IIH.114 Moreover,
Banks etal.’s24 retrospective review demonstrated that BMI
was statistically significantly higher in spontaneous CSF
leaks compared to other CSF leak etiologies. Several au-
thors note the concurrent increase of spontaneous CSF
leaks (as well as IIH) in conjunction with the increasing
obesity epidemic, although it is unclear if this could be
increasing recognition and diagnosis of spontaneous CSF
leaks.74,102,115,116

Radiographic signs may provide indirect evidence of el-
evated CSF pressures in both IIH and spontaneous CSF
leaks. Patients with IIH demonstrate radiographic abnor-
malities indicative of increased ICP, such as empty or
partially empty sella,99,111 flattening of the posterior
globes,117 osseous erosion and widening of skull base
foramina118 and tortuosity of the optic nerves among
others.119 Friedman et al.115 proposed that there is suf-
ficient data such that the diagnostic guidelines for IIH
should include these radiographic characteristics. A recent
case-control study demonstrated that an enlarged Meckel’s
cave may serve as an additional indicator of elevated ICP
in spontaneous CSF leak patients.104 Multiple studies of
spontaneous CSF leak patients demonstrate the presence
of these same signs of elevated ICP.120,121 In addition to
radiographic signs of IIH, 2 retrospective reviews demon-
strated anterior and lateral skull-base attenuation in pa-
tients with spontaneous leaks and obesity as compared to
controls.120,122

Finally, multiple studies have demonstrated direct mea-
surements of elevated ICP in patients with spontaneous
CSF leaks.100,101,110,123,124 Two prospective series from the
same group of authors evaluating patients with primary
or recurrent spontaneous CSF leaks, demonstrated a sta-
tistically significant postrepair increase in ICPs of 7.6 cm
H2O and 8.0 cm H2O in each series.106,107 Likewise, Aaron
et al.103 demonstrated that following spontaneous CSF leak
repair, opening pressures returned to an elevated state, sim-
ilar to a control group of IIH patients with papilledema.
Both Aaron et al.103 and Banks et al.24 noted that ICPs may
be normal during an active leak, because spontaneous CSF
leaks may act as a release valve for increased ICPs, thereby

normalizing ICPs until after the leak site is repaired. Post-
operative return of elevated ICPs may put these patients at
higher risk of delayed recurrent or secondary leaks.82

Overall, the current literature evaluating the relation-
ship between spontaneous CSF leak and IIH supports
a strong association between these two clinical entities
and recognizes most spontaneous CSF leaks as a clinical
variant of IIH. There are rare cases of spontaneously
occurring CSF leaks in patients with arachnoid cysts or
congenital/developmental skull-base deformities that are
probably unrelated to IIH.24,125 The diagnosis of IIH
by strict adherence to the modified Dandy criteria can
be made in most patients presenting with spontaneous
CSF leaks.101 Given similarities in patient demographics,
radiographic findings, and actual CSF pressure measure-
ments, spontaneous leaks are considered by most authors
to be a variant of IIH.24,69,83,101,110–112,124 A growing
body of literature consistently supports this assertion;
several evidence-based reviews, cohort and case-control
studies and a large body of retrospective reviews promotes
level 2B evidence with a grade B recommendation (see
Table III.B.1).

� Aggregate Grade of Evidence: B (Level 3b: 5 studies;
Level 4: 12 studies; Level 5: 1 study)

� Summary: There is a direct relationship between sponta-
neous CSF leaks and IIH; most spontaneous leaks repre-
sent a variant of IIH.

III.B.2 Control of intracranial hypertension after
repair

With an etiology of increased intracranial hypertension in
spontaneous CSF leaks, it is intuitive that management of
idiopathic spontaneous CSF leaks would include control of
increased ICP. Common management strategies for both
IIH and spontaneous CSF leaks aim to control increased
ICP and include lumbar drains for temporary CSF diversion
in the perioperative period or CSF shunts and diuretics (eg,
acetazolamide) for long-term diversion or decreased CSF
production respectively.

Evidence for the management of IIH is mixed. De-
spite a high-quality study demonstrating improved visual
outcomes, improved quality of life (QOL) measures and
reduced CSF pressures following administration of oral
acetazolamide in patients with IIH,126 a recent Cochrane
review concluded insufficient evidence to support or reject
the use of acetazolamide.127 In regard to surgical manage-
ment of IIH, a meta-analysis examining 457 articles on sur-
gical interventions for IIH and their role in management of
visual problems and outcomes failed to be able to support
or reject surgical interventions.128

Similar to the management of IIH, investigators have
examined the role of both acetazolamide and CSF shunt-
ing procedures in the management of patients with spon-
taneous CSF leaks. The literature is not homogenous
and is comprised mostly of level 3 and level 4 evidence.
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TABLE III.B.1. Relationship between spontaneous CSF leaks and IIH

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Schlosser98 2002 4 Retrospective case series Patients with multiple
spontaneous
encephaloceles (n = 5)

Demographics, BMI, ICP,
empty sella

Spontaneous CSF leaks have
similar demographics and
appear to represent a
variant of IIH.

Schlosser101 2006 4 Retrospective case series Spontaneous CSF leaks
(n = 11)

Modified Dandy criteria for IIH 72% of spontaneous leak
patients meet definitive
diagnosis of IIH by modified
Dandy criteria, likely
diagnosis of IIH in those
that did not meet criteria.

Wise70 2007 4 Evidence-based review Spontaneous CSF leaks – Most patients demonstrate
symptoms of IIH or meet
diagnostic criteria.

Banks24 2009 4 Retrospective case series 1. Spontaneous CSF leaks
(n = 77)

2. Traumatic CSF leaks
(n = 109)

3. Congenital CSF leaks
(n = 7)

Comparison of demographics
between spontaneous CSF
leaks and other causes

BMI of patients with
spontaneous leaks (mean,
35 kg/m2) significantly
elevated compared to BMI
of traumatic (mean, 30
kg/m2) and congenital
(mean, 23 kg/m2) leaks.
Predominance of females
(74%) and average age of
51 years.

Wall116 2010 4 Evidence-based review IIH – Incidence of IIH parallels
obesity epidemic.

Berdahl113 2012 4 Retrospective case series Patients undergoing lumbar
puncture without
diagnoses, surgical
procedures or medications
known to affect ICPs (n =
4235)

Relationship between BMI and
CSF pressures

CSF pressures have a positive,
linear relationship
(r2 = 0.2) with BMI.

Daniels114 2007 3b Matched case-control
study

Patients with new diagnosis of
IIH (n = 34) and matched
controls (n = 41)

Logistic regression analysis
between BMI and weight
gain with diagnosis of IIH

Higher BMI and percentage
weight gain are associated
with greater risk of IIH.

Friedman115 2013 5 Literature review and
updated diagnostic
criteria proposal

Pseudotumor cerebri
syndrome

– Radiographic features of IIH:
1. Empty sella
2. Flattening of posterior

globe
3. Distention of the perioptic

subarachnoid space
4. Transverse venous sinus

stenosis

Schlosser99 2003 4 Retrospective case series 1. Spontaneous CSF leaks
(n = 16)

2. Non-spontaneous CSF
leaks
(n = 12)

Radiographic evidence of
empty sella

All spontaneous leaks
associated with signs of
increased intracranial
pressures: empty or
partially empty sella;
statistically significantly
different from
non-spontaneous group.

Seth111 2010 4 Retrospective case series Spontaneous CSF leaks
(n = 39)

Demographics, age, sex, BMI,
empty or partially empty
sella

Age, sex, and BMI consistent
with prior reports. 77.4%
patients with empty or
partially empty sella.

(Continued)
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TABLE III.B.1. Continued

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Aaron104 2017 3b Case-control series 1. Spontaneous CSF leaks
(n = 63)

2. Controls (n = 91)

Radiographic (MRI) evidence
of Meckel’s cave
enlargement

Patients with spontaneous
CSF leaks demonstrate
statistically significantly
radiographic enlargement
of Meckel’s cave as
compared to controls.

Psaltis120 2014 3b Case-control study 1. Spontaneous CSF leaks
(n = 32)

2. Traumatic CSF leaks
(n = 25) and non-leaking
controls (n = 36)

Radiographic skull base
thickness

Patients with spontaneous
CSF leaks have decreased
thickness of anterior cranial
base (ethmoid roof, lateral
lamella, and anterior face of
sella).

O’Connell122 2016 3b Case-control study 1. Spontaneous anterior
cranial fossa CSF leaks
(n = 32)

2. Non-obese controls
(n = 32)

3. Obese controls (n = 32)

Composite skull base
thickness

Statistically significant inverse
relationship of BMI to
anterior and lateral
skull-base thickness.

Schlosser100 2004 4 Retrospective case series 1. Spontaneous CSF leaks
2. Traumatic CSF leaks

CSF pressures Elevated ICPs may account for
clinical findings of patients
with spontaneous CSF
leaks (mean, 32.5 cm H2O).

Chaaban106 2013 4 Prospective case series Spontaneous CSF leaks
(n = 32 patients, 42 CSF
leaks)

Post-repair ICPs Increased ICPs following
post-repair clamping of
lumbar drain or
ventriculostomy (mean,
7.6 cm H2O).

Chaaban107 2014 4 Prospective case series Spontaneous CSF leaks
(n = 46 patients, 56 CSF
leaks)

Post-repair ICPs Increased ICPs following
post-repair clamping of
lumbar drain or
ventriculostomy (mean, 8.0
cm H2O).

Aaron103 2014 3b Prospective case-control
study

1. Spontaneous CSF leaks
2. Patients with IIH and

papilledema

CSF pressures 1. Post-clamping ICPs of
spontaneous CSF leak
patients significantly
increases

2. Post-clamping ICPs
between spontaneous CSF
leaks and patients with IIH
with papilledema were
similar.

Campbell82 2016 4 Retrospective case series Patients meeting modified
Dandy criteria for diagnosis
of IIH with spontaneous CSF
leaks (n = 32 patients, 44
skull base defects)

Long-term (greater than
10 year) follow-up data

Patients with IIH and CSF
leaks at risk for remote
recurrences or second
leaks.

BMI = body mass index; CSF = cerebrospinal fluid; ICP = intracranial pressure; IIH = idiopathic intracranial hypertension.

As mentioned previously, ICP may increase as much as
8.0 cm H2O on average following surgical repair of spon-
taneous CSF leaks106,107 and thereby may provide insight
into decreased primary repair success rates in the sponta-
neous leak population as compared to CSF leaks of other
etiologies.100,107,121,124,129,130

Perioperative LD following endoscopic endonasal repair
remains a controversial topic. A recent meta-analysis by
Ahmed et al.131 reviewed 12 studies examining the use of
lumbar drains in the perioperative period following en-
doscopic endonasal repairs of CSF leaks of varying eti-
ologies. The authors concluded that there was insufficient
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evidence to support LD to prevent CSF leak recurrence,
though there was no subgroup analysis of patients with
spontaneous CSF leaks. Several small studies within this
report did, however, delineate their outcomes and failed
to demonstrate a difference in successful repair with or
without a lumbar drain.132–134 Similarly, a retrospective re-
view of 46 spontaneous leaks from a single institution with
mean follow-up of 16.8 months, failed to show a difference
of recurrence of CSF leakage.135 A prospective randomized
study of 150 patients with CSF leaks by Albu et al.136 also
failed to demonstrate a difference in recurrence rates be-
tween patients who underwent perioperative lumbar drain
placement and those that were managed without a lum-
bar drain. Within this study, there were 26 patients with
spontaneous CSF leaks with 3 failures in both the LD and
no LD cohorts. Although there were no differences in this
subgroup, the small sample size may limit the subsequent
conclusions.136

Several studies provide insight into the utility of long-
term reduction in CSF pressures. The Albu et al.136 study
did not manage postoperative ICPs other than a periop-
erative lumbar drain and found a drastic 23% recurrence
rate in patients with spontaneous leaks as compared to a
3% and 4% recurrence for traumatic and iatrogenic leaks
respectively, suggesting that a long-term reduction in CSF
pressures may prevent recurrence.136 Moreover, the sys-
tematic review by Teachey et al.112 evaluated the outcomes
of 56 articles combined with their own prospective series
for a total of 679 patients surgically managed for sponta-
neous CSF leaks. The authors demonstrated a significant
difference in successful repair of patients who were man-
aged with postoperative acetazolamide or CSF shunt sys-
tems as compared to patients with no active management of
increased ICP (93% vs 82%); however, the authors could
not distinguish use of a CSF diversion system from acetazo-
lamide usage. Chaaban et al.106 prospectively evaluated 36
patients with postoperative administration of oral acetazo-
lamide, demonstrating a near immediate reduction in ICPs
of nearly 10 cm H2O. Finally, a case series by Campbell
et al.82 with follow-up of greater than 10 years presented
an algorithm and outcomes for postoperative ICP control
with medical therapy and subsequent ventriculoperitoneal
shunting; however, the authors could not identify risk fac-
tors for leak recurrence.

Although there has not been direct investigation into
the side effects and complications associated with aceta-
zolamide usage or CSF shunts in the spontaneous CSF leak
literature, these are well-documented in other bodies of lit-
erature. Many IIH patients do not tolerate maximal dosages
of acetazolamide. These patients experience side effects
such as taste disturbances and lightheadedness or dizziness;
however, they also benefit from significant improvement in
IIH-related quality-of-life measures.126 Meanwhile, again,
although there is limited literature regarding complications
of CSF-diverting shunts in spontaneous leak patients, the
risk profile of ventriculoperitoneal shunts including the

operative procedure, infection, shunt failure, or obstruc-
tion is well-known.137

In summary, these results suggest that perioperative lum-
bar drains are not necessary (level 3A) for the successful
repair of spontaneous CSF leaks. This data constitutes a
grade B recommendation against routine lumbar drain us-
age given the preponderance of potential harm over benefit,
though lumbar drain usage for adjunctive measures such as
the administration of intrathecal fluorescein or in high risk
cases, such as difficult anatomic sites or patients with ex-
tremely high BMIs should be determined on a case-by-case
basis (see Table III.B.2).

In regard to long-term ICP management, postoperative
ICP management should be considered in patients with
spontaneous CSF leaks and documented elevated ICP (level
3B). Acetazolamide can be used as an effective ICP-lowering
medication with an option of ventriculoperitoneal shunts
or other CSF-shunting procedures in patients with recalci-
trantly elevated ICP or recurrent CSF leak given the prepon-
derance of benefit over harm (grade C) (see Table III.B.3).

Role of perioperative ICP management with lumbar
drains.

� Aggregate Grade of Evidence: B (Level 2b: 1 study; Level
3a: 1 study; Level 4: 4 studies)

� Benefit: Administration of intrathecal fluorescein if
needed. Immediate ICP reduction in high risk cases, such
as patients with extremely high BMIs, prior failure or
difficult anatomic sites.

� Harm: Lumbar drain–related complications (eg,
headache, bleeding, infection, pneumocephalus)

� Cost: Lumbar drain–related complications (eg,
headache, bleeding, infection, pneumocephalus)

� Benefit-Harm Assessment: Lumbar drains have not been
shown to be efficacious in improving surgical outcomes
or risk for recurrent CSF leaks.

� Policy Level: Recommendation against routine use of
lumbar drains, with option in high risk cases, given pre-
ponderance of potential harm over benefit.

� Intervention: Perioperative lumbar drains are not neces-
sary for the successful repair of most spontaneous CSF
leaks. Lumbar drains remain an option for adjunctive
measures such as administration of intrathecal fluores-
cein or high-risk cases.

Role of postoperative ICP management with aceta-
zolamide or shunting.

� Aggregate Grade of Evidence: C (Level 2b: 1 study; Level
4: 3 studies)

� Benefit: Reduced ICP and increased CSF leak repair suc-
cess rates.

� Harm: Taste disturbances and lightheadedness or
dizziness with acetazolamide. Operative procedures,
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TABLE III.B.2. Role of postoperative ICP control: perioperative ICP management with lumbar drains

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Ahmed131 2017 3a Systemic review and
meta-analysis

Lumbar drains in CSF leaks:
1. Spontaneous
2. Traumatic
3. Iatrogenic (ESS)
4. Iatrogenic (ASB)

Successful repair with
perioperative lumbar drain
placement

Insufficient evidence to
support adjunctive lumbar
drain.

Meco134 2007 4 Retrospective case series Spontaneous CSF leaks with
and without lumbar drains
(n = 4)

Successful primary
spontaneous CSF leak
repair

All spontaneous CSF leaks
repairs, with or without
lumbar drains, were
successful.

Gilat133 2011 4 Retrospective case series Spontaneous CSF leaks with
and without lumbar drains
(n = 7)

Successful primary
spontaneous CSF leak
repair

All spontaneous CSF leaks
repairs, with or without
lumbar drains, were
successful.

Caballero132 2012 4 Case-series 1. Spontaneous CSF leaks
(n = 40)

2. Iatrogenic CSF leaks
(n = 50)

3. Traumatic CSF leaks
(n = 15)

Successful CSF leak repair No difference in leak rates
with or without lumbar
drain.

Adams135 2016 4 Case series Spontaneous CSF leaks
without lumbar drain
(n = 36) and with lumbar
drain (n = 10)

Successful CSF leak repair No difference in leak rates
with or without lumbar
drain.

Albu136 2013 2b Randomized prospective
trial

1. Spontaneous CSF leaks
(n = 36)

2. Iatrogenic CSF leaks
(n = 51)

3. Traumatic CSF leaks
(n = 63)

Successful CSF leak repair No difference in recurrent CSF
leak rates with or without
lumbar drain, regardless of
etiology.

ASB = anterior skull base; CSF = cerebrospinal fluid; ESS = endoscopic sinus surgery; ICP = intracranial pressure.

infection, shunt failure, or obstruction with ventricu-
loperitoneal shunt.

� Cost: Direct costs of acetazolamide and/or operative cost
of shunt procedure and shunt management-related costs.

� Benefit-Harm Assessment: Spontaneous CSF repair rates
are improved with postoperative ICP management. Side
effects of administration of oral acetazolamide are well-
tolerated whereas CSF diversion procedures, although
routine, can have serious complications.

� Policy Level: Recommendation for acetazolamide usage
with an option of ventriculoperitoneal shunts given the
preponderance of benefit over harm.

� Intervention: Postoperative ICP management should be
considered in patients with spontaneous CSF leaks and
elevated ICPs. Acetazolamide can be used as an effec-
tive ICP-lowering medication with an option of CSF-
shunting procedures in patients unable to tolerate med-
ical management or with recalcitrantly elevated ICPs or
recurrent CSF leaks.

III.B.3. Evidence for rigid, free graft, and NSF
reconstruction

The armamentarium of reconstructive methods for skull-
base defects has increased tremendously in the endoscopic
era. Reconstruction options include, but are not limited
to, single or multilayered reconstruction, pliable or rigid
methods, free mucosal grafts, synthetic grafts, fascial or fat
grafts, and vascularized tissue (eg, NSF). Despite the mul-
tiple options for skull-base reconstruction in patients with
spontaneous CSF leaks, there is no consensus within the
literature regarding the best treatment option or offering
a reconstructive ladder. This is due likely in part to the
high rates of successful primary repair, which are typically
greater than 90%, especially as adjuvant treatment of el-
evated ICPs is used postoperatively.10,24,69,70,110,112,135,136

Perhaps more telling, however, is the University of Penn-
sylvania series, which over the course of greater than
2 decades, reveals a success rate of roughly 91%, sug-
gesting that despite modern innovations, these skull-base
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TABLE III.B.3. Role of postoperative ICP control in spontaneous CSF rhinorrhea repair: long-term ICP management
(acetazolamide or CSF diversion)

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Albu136 2013 2b Randomized prospective
trial

1. Spontaneous CSF leaks
(n = 36)

2. Iatrogenic CSF leaks
(n = 51)

3. Traumatic CSF leaks
(n = 63)

Successful CSF leak repair Increased recurrent CSF leaks
in setting of increased ICP
(23%) as compared to
non-elevated ICP
spontaneous leaks (0%),
traumatic leaks (3%) or
iatrogenic leaks (4%).

Teachey112 2017 4 Prospective case series
and systematic review

Spontaneous CSF leaks with
and without management
of increased ICPs

Successful primary
spontaneous CSF leak
repair

Management of increased
ICPs (acetazolamide or CSF
shunt) improves primary
CSF leak repair (93%
success with ICP
management, 82% success
without ICP management).

Chaaban106 2013 4 Prospective case series Spontaneous CSF leaks
(n = 32 patients, 42 CSF
leaks)

Effect of oral acetazolamide
on CSF pressures

Near immediate reduction in
ICPs by average of 9.9 cm
H2O with acetazolamide
administration.

Campbell82 2016 4 Retrospective case series Patients meeting modified
Dandy criteria for diagnosis
of IIH with spontaneous CSF
leaks (n = 32 patients, 44
skull base defects)

Long-term (greater than 10
year) follow-up data

No identified risk factors for
leak recurrence. Long-term
follow-up is necessary
given relatively high rate of
delayed CSF leaks (18%
revision rate).

CSF = cerebrospinal fluid; ICP = intracranial pressure; IIH = idiopathic intracranial hypertension; LOE = level of evidence.

defects can be successfully closed in a variety of ways.24 In
line with this, Psaltis et al.120 reviewed their series of spon-
taneous leaks, demonstrating a 94% success rate and a rel-
atively even distribution of vascularized flaps, free mucosal
grafts, and a combination of bone with free mucosal graft
for reconstruction. Nonetheless, given the chronicity of IIH
and the risk for remote leaks, reconstructive methods are an
important topic. As underscored by Campbell and et al.’s82

report, with a mean follow-up time of greater than 10 years,
their 18% revision rate suggests that spontaneous CSF leak
patients warrant long-term follow-up given the real risk of
delayed leaks. Although most recurrences occurred at the
same site, temporally close to the primary repair, these au-
thors demonstrated that recurrences may occur years later
at distinct anatomical subsites despite appropriate medical
management or CSF diversion for intracranial hyperten-
sion. This information suggests that in addition to medical
management of elevated ICPs, a more robust reconstructive
method may be required.

A meta-analysis from the University of Pittsburgh exam-
ined the relationship of reconstructive technique and ma-
terials to primary repair success for CSF leaks of all types
that were repaired with an EEA. Although this analysis is
smaller than some contemporary reviews, Hegazy et al.52

failed to demonstrate a difference in outcomes in the un-
derlay vs overlay technique and a variety of reconstruc-
tive options ranging from free mucosal grafts to multilayer

reconstructions with vascularized tissue flaps. Despite a sig-
nificantly larger study population, and similar methodol-
ogy to the Hegazy et al.52 review, the systematic review by
Psaltis et al.10 could not assess the outcomes of endoscopic
CSF leak repair as they pertain to reconstructive technique
or materials. As such, beyond the 2 aforementioned reviews
and the studies they include, the literature supporting the
use of different reconstructive materials is limited to ex-
pert opinion and retrospective case series, which corrob-
orate that multiple different techniques will yield similar
results.92,124

Taken as a whole, the literature characterizing the ef-
ficacy of different reconstructive methodologies for spon-
taneous CSF leaks is poor, characterizing level 4 evidence
with a grade D recommendation that reconstructive tech-
nique should be left to the discretion of the surgeon with
consideration of defect location, size and etiology (see
Table III.B.4).

� Aggregate Grade of Evidence: D (Level 4: 7 studies)
� Benefit: High success rates of spontaneous CSF leak

repair.
� Harm: Inadequate repair of spontaneous CSF leaks leads

to risk of recurrence.
� Cost: Increased operative time and nasal comorbidities

depending on extent of reconstruction.
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TABLE III.B.4. Spontaneous CSF rhinorrhea repair: evidence for reconstruction: rigid, free graft, NSF

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Banks24 2009 4 Retrospective case series 1. Spontaneous CSF leaks
(n = 77)

2. Traumatic CSF leaks
(n = 109)

3. Congenital CSF leaks
(n = 7)

Successful CSF leak repair Greater than 90% success
rate over 2 decades with a
variety of reconstructive
materials.

Campbell82 2016 4 Retrospective case series Patients meeting modified
Dandy criteria for diagnosis
of IIH with spontaneous CSF
leaks (n = 32 patients, 44
skull base defects)

Long-term (greater than 10
year) follow-up data

Recurrences (18%) may occur
at same or distant
anatomical subsites despite
seemingly appropriate
reconstruction and
management of elevated
ICPs.

Hegazy52 2000 4 Systematic review Endoscopically repaired CSF
leaks of all types

1. Successful CSF leak repair
2. Reconstructive technique
3. Reconstructive materials

Successful CSF leak repair
achieved with variety of
techniques and materials.

Psaltis10 2012 4 Systematic review Endoscopically repaired CSF
leaks of all types

Successful CSF leak repair 90% Success rates in primary
repair, 97% success in
secondary repairs.
Insufficient evidence to
compare reconstructive
technique or materials.

Psaltis120 2014 4 Systematic review and
retrospective case
series (45 patients, 63
fistula sites)

1. Primary CSF leak repair
2. Secondary CSF leak repair

1. Success rate of primary
repair

2. Success rate of secondary
repair

94% Success rate with a
variety of repair types (37%
NSF, 30% free mucosal
grafts, 30% bone and free
mucosal grafts).

Woodworth124 2008 4 Retrospective case series
(n = 56)

Spontaneous CSF leaks Successful CSF leak repair Operative techniques vary
according to defect size and
location; 95% success rate.

Banu92 2014 4 Retrospective case series
(n = 41 patients, 50
CSF leaks)

Endoscopically repaired CSF
leaks of all types

Successful CSF leak repair Surgical approach and graft
dictated by location,
etiology, and volume of
leak.

ICP = intracranial pressure; CSF = cerebrospinal fluid; LOE = level of evidence; NSF = nasoseptal flap.

� Benefit-Harm Assessment: Balance of benefit and harm
given lack of clear superior reconstructive modality.

� Policy Level: No recommendation
� Intervention: Reconstructive technique should be left to

the discretion of the surgeon with consideration of defect
location, size and etiology.

IV. Intradural tumors
IV.A. Pituitary macroadenoma

Pituitary macroadenomas remain 1 of the most common
indications for ESBS. Given the relative accessibility of
the sella in the posterior sphenoid, transnasal approaches
have long been utilized in the management of these tu-
mors. Endoscopy provides panoramic visualization and is
now a well-accepted approach for these tumors. The poten-
tial advantages of increased visualization include improved

anterior and posterior gland preservation and cranial nerve
(CN) decompression. The evidence for the role of ESBS in
the management of pituitary macroadenoma will be eval-
uated in regard to visual improvement, endocrinopathies,
other CN improvement, and its role in the management of
apoplexy.

IV.A.1. Visual outcomes
Pituitary macroadenomas (>10 mm diameter) often present
with visual deficits related to chiasmal compression such as
visual field deficits (46-75%) and decreased visual acuity
(14-44%).138–142 In case of nonfunctioning macroadeno-
mas visual deficits are the main presenting symptom in
approximately 60%.143,144 According to the suprasellar
growth, the most common visual field defect is bitempo-
ral hemianopia.
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Depending on the anatomical position of the optic chiasm
(normal position, prefixed or postfixed chiasm), pituitary
adenomas with only a 10-mm to 15-mm suprasellar growth
cause a chiasm defect.145,146 Either the tumor compromises
the arterial supply of the optic nerve or chiasm or directly
compresses the anterior visual pathway itself. The nerve
compression causes decreased axoplasmic conduction with
or without axonal demyelination which can observed even
after 2 days.147 An asymmetry of the defect is attributed to a
different nerve fiber strain between the nasal and temporal
nerve fibers of bilateral eyes.148 In addition to visual field
(VF) defects, chiasmal compression can cause a reduction
in visual acuity (VA), color perception, and atrophy of the
optic disc.

The Snellen chart is the standard method to evaluate
VA, which measures best-corrected VA of each individ-
ual eye. VF is tested by static or kinetic perimetry, which
presents brief stimuli of varying intensities in different lo-
cations until thresholds are detected. Mean deviation is
an average deviation of these threshold values from age-
corrected normal values at each test location. Mean devia-
tion represents the overall size of a VF defect, and subjects
with greater VF defects have more negative mean deviation
values.

The various patterns of visual field defects are related
to pituitary macroadenomas. Bitemporal hemianopia is the
typical type of chiasmatic compression from enlargement
of the pituitary adenoma from inferiorly. Homonymous
hemianopia is possible when the unilateral optic tract is
compressed. The position of chiasm (normal position, pre-
fixed or postfixed chiasm) has an influence on the pat-
tern of visual field defect.145 Recently, optical coherence
tomography (OCT) has emerged as a quantitative objec-
tive method of measuring indirectly the axonal loss of the
anterior visual pathway by evaluating the retinal nerve fiber
layer thickness.149,150 A correlation between the thickness
of the retinal nerve fiber layer and VF deficits has been
found in tumors that cause an optic chiasm compression.151

Importantly, retinal nerve fiber layer thinning is associated
with decreased rate of visual recovery 3 months after sur-
gical resection.152

A recent meta-analysis evaluating visual outcome in en-
doscopic transsphenoidal surgery by Muskens et al.153

found that pooled rate of VA improvement was 67.5%
and pooled rate of VF deficit improvement was 80.8%. A
meta-analysis by DeKlotz et al.154 reported that the endo-
scopic approach leads to a significantly higher rate of over-
all visual improvement in comparison to the microscopic
approach.

Longer duration of VF deficits correlate with worse vi-
sual outcomes.155,156 Thotakura et al.157 found that pa-
tients with long-lasting (�1 year) preoperative visual symp-
toms showed significantly worse visual outcomes after
resection. Good recovery rates of vision from patients
with pituitary apoplexy have been reported, especially
in patients where early surgical decompression has been
achieved.158,159

Surgeon experience is positively associated with post-
operative VF deficit improvement.142,160,161 Whether the
adenoma is secreting or nonsecreting does not predict
visual outcome after surgery.162,163 A lack of influence
of preoperative tumor size on visual outcomes may be
explained by the slow growth of most tumors, which
gives the optic nerve/chiasm time to adapt. Gross to-
tal resection was also not associated with improved
visual outcomes. This may be secondary to a sufficient
decompression of the optic nerve/chiasm associated with
partial resection.156,164,165

Postoperative VF deterioration after transsphenoidal
surgery occurs in up to 4% of cases.153 The mechanism
can be either direct surgical damage, vascular compromise,
postoperative bleeding, overpacking in sealing a CSF leak,
or as a consequence of optic nerve and chiasm prolapse
into an empty sella.166 A postoperative ophthalmological
and radiological control is recommended in all these cases
if no clinical improvement is reported postoperatively (see
Table IV.A.1).

� Aggregate Grade of Evidence: B (Level 2a: 3 studies,
influence of surgeon’s experience); Level C (Level 3b:
1 study, longer duration of visual field deficits leads to
worse visual outcomes)

� Benefit: In experienced surgeon’s hands, a high rate of
improved visual outcome can be achieved.

� Harm: The possibility of postoperative deterioration.
� Cost: Low
� Benefit-Harm Assessment: High rate of visual improve-

ment is associated with early surgical decompression in
comparison to possible complications.

� Value Judgments: Preponderance of benefit
� Policy Level: Recommendation
� Intervention: Endoscopic pituitary resection can improve

visual defects, both in VF as well as VA. Early interven-
tion is associated with improved outcomes.

IV.A.2. Anterior pituitary gland function
The most common cause of anterior pituitary gland in-
sufficiency (hypopituitarism) is pituitary macroadenoma.
In a Spanish population study, the prevalence for hy-
popituitarism was 45.5 cases per 100,000. The incidence
of pituitary adenoma was 4.2 cases per 100,000, with
equal gender distribution. Excluding pituitary adenomas,
the causes of hypopituitarism were other sellar tumors and
noncancerous causes, including idiopathic cases in 11%.168

The prevalence of partial hypopituitarism in patients with
nonfunctioning pituitary adenomas ranges in studies from
37% to 85%.169–174 Fatemi et al.170 found that preopera-
tive hypopituitarism was significantly lower in functioning
adenoma.

The clinical presentation of hypopituitarism is varied and
depends on the nature and acuity of the damage to the
hypothalamic–pituitary region and the resultant order and
amount of hormonal loss.175 In contrast to microadeno-
mas, macroadenomas (>10 mm diameter) are commonly
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TABLE IV.A.1. Pituitary macroadenoma: visual outcomes

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Muskens153 2017 2a Systematic review of
cohort studies

35 Endoscopic studies Complete recovery,
improvement, and
deterioration of visual field
deficits, visual acuity and
unspecified visual function

Surgeon experience was
found to be a significant
influence on visual
outcomes.

Visual deficits improved after
endoscopic endonasal
transsphenoidal surgery in
the majority of patients while
complete recovery was only
achieved in less than half.

Ammirati167 2013 2a Systematic review of
cohort studies

13 Endoscopic studies, 14
microscopic studies

Visual loss Pooled estimate 0.72%
(0.37% to 1.19%) in
endoscopic studies, 0.60%
(0.23% to 1.14%) in
microscopic studies.

DeKlotz154 2012 2a Systematic review of
cohort studies

21 Endoscopic studies (2335
patients), 17 sublabial
studies (2565 patients)

Visual improvement after
endoscopic or sublabial
approach

Significantly higher rate of
overall visual improvement
after endoscopic resection.

Jacob152 2009 3b Individual case-control
study

42 Patients Automated VFs and OCT
(fast-RNFL program)

RNFL thinning measured by
OCT puts the patient at
decreased chance of
recovery.

LOE = level of evidence; OCT = optical coherence tomography; RNFL = retinal nerve fiber layer; VF = visual field.

associated with deficiencies in anterior pituitary hormone
axes.171,176 As suggested by Arafah176 and Arafah et al.,177

the causative mechanism is compression of the portal ves-
sels in the pituitary stalk, either secondary to tumor expan-
sion or due to raised intrasellar pressure.

Pituitary apoplexy represents a special form of hypopi-
tuitarism. Infarction or hemorrhage leads to increased
intrasellar pressure and abrupt destruction of pituitary
adenoma and/or normal gland tissue. In these cases,
hypopituitarism can occur rapidly, with severe complica-
tions such as adrenal insufffiency.178,179 This is explored
further in Section IV.A.5. Pituitary macroadenoma with
apoplexy.

Hypopituitarism due to radiation is dose-dependent and
time-dependent, with 50% to 80% in conventional irradi-
ation series after 10 years of follow-up. However, findings
suggest that hypopituitarism might be reduced by linear
accelerator (Cyber Knife), Gamma Knife, or proton beam
therapy. In case of Gamma Knife therapy, a rate of new
onset hypopituitarism has been reported of 31.5% after
5 years.180–182

Preoperative hormone levels should be checked as a clin-
ical routine examination in collaboration with endocrinol-
ogy. Postoperative assessment of pituitary function should
be examined periodically. The Endocrine Society suggests
that serum cortisol levels should be measured at 8:00 AM to
9:00 AM as the first-line test for diagnosing central adrenal
insufficiency. A cortisol level <3 µg/dL is indicative of
adrenal insufficiency and a cortisol level >15 µg/dL likely

excludes an adrenal insufficiency diagnosis. Corticotropin-
releasing hormone stimulation test for the pituitary
adrenocorticotropic hormone (ACTH) reserve is no more
predictive of adrenal function than morning cortisol con-
centrations. A random cortisol level to diagnose adrenal
insufficiency should not be used.183 Thyroid-stimulating
hormone (TSH) deficiency is suggested by low basal serum
free/total thyroxine with inappropriately normal or low
TSH levels. Basal plasma prolactin levels are low and
fail to rise upon intravenous injection of TSH. In pa-
tients with suspected growth hormone (GH) deficiency,
GH stimulation testing is recommended. Single GH mea-
surements are not helpful.183 In women, menstrual distur-
bances and amenorrhea with low serum estradiol concen-
tration (<100 pmol/L) and normal or low concentrations
of gonadotropins are typical features of hypogonadotropic
hypogonadism. In postmenopausal women, failure to de-
tect high serum gonadotropin values is highly sugges-
tive of the diagnosis. Hypogonadotropic hypogonadism
is characterized by low testosterone in men with low or
normal luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) serum concentrations, and impaired
spermatogenesis.

Following the recommendation of the 2016 Congress
of Neurological Surgeons Systematic Review of nonfunc-
tioning adenomas, routine endocrine evaluation of all
anterior pituitary axes to assess for hypopituitarism is
recommended. The cutoff values to initiate thyroid and
adrenal replacement might be different in a patient with
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panhypopituitarism vs isolated deficiencies.184 In acute
hypopituitarism, especially in pituitary apoplexy, rapid
replacement with stress doses of steroids is crucial be-
fore surgery as well as postoperatively before repeating
testing.183

The goal of transsphenoidal surgery is selective pituitary
adenoma resection with preservation of normal gland tis-
sue, which is dependent on the size and position of the nor-
mal gland on preoperative imaging.185 In a meta-analysis
by Ammirati et al.167 a nonsignificantly higher rate of
hypopituitarism was found in series using a microscopic
approach in comparison to series using an endoscopic ap-
proach. It has also been advocated that urgent surgical
treatment of pituitary apoplexy results in improved preser-
vation of pituitary function.186–188

A wide range of recovery rates of the different hormonal
axes after surgery has been reported. The recovery rate for
corticotropic axis ranges from 0% to 57%,170,171,189,190

for thyrotropic axis from 13% to 57%,170–172,176,189–191

for gonadotropic axis from 11% to 32%,170–172,176,189,191

and for somatotropic axis from 15% to 40%.170,172,176 The
rate of hypopituitarism after transsphenoidal surgery in el-
derly adults seems to be higher.192–194 The endoscopic ap-
proach showed a reduced rate of postoperative occurrence
of hypopituitarism in comparison to the microscopic ap-
proach. However, pooled estimated rates in a meta-analysis
by Ammirati et al.167 showed that there was no signifi-
cant difference between the 2 methods of visualization (see
Table IV.A.2).

A correlation of mortality rate to cortisol deficiency has
been reported.196 Meta-analysis of patients with hypopi-
tuitarism suggest that an increased mortality is associated
with female gender and young age at diagnosis.197

� Aggregate Grade of Evidence: B (Level 2a: 1 study, mi-
croscopic vs endoscopic approach); Level B (Level 2a:
1 study, somatotroph axis appears to be more prone to
deficit)

� Benefit: Endoscopic endonasal pituitary resection may
result in decreased occurrences of postoperative
hypopituitarism and is at least equal to microsurgical
approaches. Recovery of pituitary dysfunction after en-
doscopic pituitary surgery is widely variable.

� Harm: Increased incidence of cardiovascular disorders
and number of deaths among patients with longtime hor-
mone replacement.

� Cost: Loss of hormonal function may increase both the
need long-term hormonal replacement as well as increase
long-term morbidity in hypopituitarism.

� Benefit-Harm Assessment: Preponderance of benefit for
resection of pituitary macroadenoma with the po-
tential for improvement of anterior pituitary gland
function.

� Value Judgments: In acute hypopituitarism, rapid re-
placement with stress doses of steroids is crucial.

� Policy Level: Recommendation

� Intervention: Consider early operation to achieve better
postoperative results, due to a higher rate of permanent
insufficiency in case of a wait-and-see policy.

IV.A.3. CN improvement/preservation
The prevalence of eye-movement disorders associated with
pituitary adenomas has varied within studies ranging from
1.4% to 4.6%.163,198 Ocular motility dysfunction often oc-
curs in the setting of a pituitary apoplexy, ranging from
40% to 100% in these cases.199

Mechanisms proposed to explain the preference of 3rd
nerve involvement include pressure transmitted to the
cavernous sinus by the growing/infiltrating tumor and com-
pression of the 3rd nerve between the tumor and the in-
terclinoid ligament.200 Sixth nerve palsies, although much
less frequent, also have been reported. A proposed mech-
anism for isolated 6th nerve palsy is extension of the tu-
mor backward along the Dorello’s canal, containing the 6th
nerve along with the inferior petrosal sinus. Fourth nerve
palsies have been described only in association with mul-
tiple CN palsies. Total ophthalmoplegia in pituitary ade-
nomas is very rare and is suggestive of pituitary apoplexy
or alternative malignant pathology such as lymphoma or
metastasis.201

Ocular motility and alignment examination to test move-
ment eye-by-eye and conjoint movement, as well as cover
test measuring the deviation with prisms and pupil ex-
amination is the standard examination for CN injury
testing.202

Apart from pituitary apoplexy, the abrupt-onset diplopia
due to compression-related paralysis of oculomotor
nerves has been rarely described as the main present-
ing sign of pituitary adenomas.203–205 The oculomotor
nerve is predominantly affected,206 followed by the ab-
ducens nerve.207 These nerves are affected in both eyes
only in rare cases (aggressive pituitary adenomas and
carcinomas).205,208

Although there are no evidence-based criteria for neuro-
surgical intervention in pituitary apoplexy, deterioration in
the level of consciousness and significant neuro-ophthalmic
signs are indications for urgent surgery intervention and
stress doses of steroids.188 Verrees et al.209 advocate for
early surgery in patients with pituitary apoplexy; they and
other authors210 found it be a successful treatment for pitu-
itary apoplexy patients with ocular motility dysfunction. In
a series of 75 pituitary apoplexy cases, Zoli et al.211 found
that ophthalmoplegia improved postoperatively in 69.2%
of cases.

Radiosurgery as a second line therapy after transsphe-
noidal surgery using tumor-controlling doses of up to 30 to
40 Gy appears to be a relatively safe technique in treating
lesions within or near the sensory and motor nerves (III-VI)
of the cavernous sinus.212–214

Limited data is available about CN preservation or CN
injury in transsphenoidal surgery. In a meta-analysis by
Ammirati et al.,167 pooled estimated rates showed that
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TABLE IV.A.2. Pituitary macroadenoma: anterior pituitary gland function

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Carvalho195 2015 2a Systematic review of
cohort studies

63 Studies: 45
retrospective/18
prospective

Incidence rates of
hypopituitarism,
panhypopituitarism,
specific axis deficiencies

Somatotroph function appears
to be more prone to deficit
than the other pituitary axes

Ammirati167 2013 2a Systematic review of
cohort studies

17 Endoscopic studies, 12
microscopic studies

Hypopituitarism Pooled estimate 8.51%
(5.16% to 12.59%) in
endoscopic studies,
11.64% (5.14% to 20.32%)
in microscopic studies

LOE = level of evidence.

TABLE IV.A.3. Pituitary macroadenoma: cranial nerve improvement/preservation

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Zoli211 2017 3b Individual case-control
study

75 Patients Ophthalmoplegia was present
in half of the patients at
admission

Endoscopic endonasal
approach represents an
effective and safe
technique (69%
postoperative
improvement)

Ammirati167 2013 2a Systematic review of
cohort studies

8 Endoscopic studies, 7
microscopic studies

Nerve injury Pooled estimate 0.28%
(0.05% to 0.71%) in
endoscopic studies, 0.53%
(0.08% to 1.34%) in
microscopic studies

LOE = level of evidence.

there was no significant difference between the endoscopic
and microscopic approach regarding CN injury (see
Table IV.A.3).

Postoperative newly encountered ophthalmoplegia is a
seldom complication (0-0.9% in large series)166,215–218 and
is dependent on the extent of tumor resection in the cav-
ernous sinus.

� Aggregate Grade of Evidence: C (Level 2a: 1 study, mi-
croscopic vs endoscopic approach; Level 3b: 1 study, en-
doscopic approach represents an effective and safe tech-
nique)

� Benefit: Improvement of ophthalmoplegia in case of pi-
tuitary apoplexy has good results of postoperative im-
provement.

� Harm: Postoperative new encountered ophthalmoplegia
is a seldom complication in transsphenoidal pituitary
surgery.

� Cost: Low because the incidence is rare
� Benefit-Harm Assessment: High rate of improvement in

comparison to possible postoperative CN deficit.
� Value Judgments: In acute ophthalmoplegia, early

surgery is advocated for either treatment of apoplexy
or definitive diagnosis.

� Policy Level: Recommendation

� Intervention: The endoscopic approach is comparable
with microscopic techniques in regard to both treatment
and the complication of cranial neuropathies.

IV.A.4. Diabetes insipidus and syndrome of
inappropriate antidiuretic hormone

Water and electrolyte imbalances are commonplace after
pituitary macroadenoma resection, likely secondary to di-
rect (surgical) or indirect (decompressive or vascular) ma-
nipulation of the neurohypophysis.219 Reported rates of
water and sodium imbalance range widely in the liter-
ature, occurring in anywhere from 1% to 75% of pa-
tients following pituitary adenoma resections. Most irreg-
ularities are transient, presenting within 1 to 14 days af-
ter surgery and typically resolving during this same time
period. Diagnosis of such electrolyte imbalances requires
a high degree of suspicion as well as close clinical and
laboratory follow-up, to prevent potentially catastrophic
complications.219,220

IV.A.4.a. Diabetes insipidus. Diabetes insipidus (DI)
occurs due to a reduction or complete absence of the
nanopeptide arginine vasopressin (AVP). In patients with
pituitary adenomas, it typically occurs postoperatively pre-
sumably due to disruption or surgical manipulation of
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the hypothalamic-hypophyseal transit of AVP, at the level
of the neurohypophysis or infundibulum. DI clinically
presents as polyuria and polydipsia, with corresponding
electrolyte abnormalities including serum sodium �145
mmol/L, serum osmolality >300 mOsm/kg, urine osmo-
lality <300 mOsm/kg, and urine specific gravity <1.005.
DI can follow 1 of 3 courses: acute (transient), chronic
(permanent), or triphasic.

Transient DI typically presents within 24 to 48 hours
after surgery with polyuria and generally resolves around
postoperative days 3 to 5. Several large endoscopic series
report the incidence of transient DI ranging from 4.6% to
8.7%.219–223 Furthermore, recent studies comparing endo-
scopic and microscopic transsphenoidal adenoma resection
indicate a decreased incidence of DI in patients undergo-
ing endoscopic resection of pituitary adenomas (4.6% vs
38.5%).220,221 With a high degree of suspicion, the clin-
ician is typically alerted to probable DI when the urine
output is greater than 300 mL for 2 consecutive hours, fol-
lowed by the additional abnormal laboratory values listed
in the previous paragraph.220 Initially, in awake patients
with intact thirst mechanisms, DI is treated by encourag-
ing cold water intake. If patients are unable to consume
sufficient quantities of fluids, and their laboratory abnor-
malities persist, desmopressin (DDAVP), an AVP analog,
can be administered.220

Permanent DI occurs in 0.4% to 8.1% of patients under-
going endoscopic macroadenoma resection, and is defined
as unresolved polyuria 6 months postoperatively.220,221

These patients require long-term management with
desmopressin either via nasal spray or tablet. The triphasic
response is relatively rare and occurs due to the degen-
eration of hypothalamic magnocellular neurons, first
with a transient lack of antidiuretic hormone (ADH)
secretion, followed by a delayed oversecretion of ADH
as the cells degenerate, and then long-term lack of ADH
production.220

IV.A.4.b. Hyponatremia. Decreases in serum sodium
are common in patients with pituitary macroadenomas
both before and after surgery. The most common pattern
is postoperative delayed hyponatremia that typically oc-
curs between days 4 to 7 after pituitary adenoma resec-
tion. Such hyponatremia can be severe with serum sodium
levels decreasing rapidly to <120 mmol/L. Delayed hy-
ponatremia is a common cause of readmission after pi-
tuitary adenoma surgery and can present as nausea, eme-
sis, headache, confusion, seizures, and even death.222 The
pathophysiology of delayed hyponatremia remains contro-
versial and may in fact result from more than 1 mecha-
nism, including either an excessive release of antidiuretic
hormone from the posterior pituitary gland (syndrome of
inappropriate antidiuretic hormone [SIADH]), or from an
increased secretion of natriuretic factors leading to an in-
creased excretion of urinary sodium (cerebral salt wasting
[CSW]).219,222

Regardless of etiology, the incidence of delayed hypona-
tremia ranges from 4% to 20% in both endoscopic and
microscopic transsphenoidal series. Risk factors include
older age, greater tumor size, presumably leading to more
effacement and manipulation of the neurohypophysis, as
well as ACTH-producing adenomas.222 However, a multi-
variate analysis of over 1000 pituitary surgeries indicated
only preoperative hypopituitarism predicted postoperative
hyponatremia.223

Initial management of hyponatremia consists of to-
tal fluid and free-water restriction. Sodium supplemen-
tation either via oral sodium chloride tablets or intra-
venous (IV) administration of normal or hypertonic saline
has also been used effectively, especially in those with
cerebral salt wasting.219 The mean sodium correction rates
are 0.4 mEq/L/hour with no treatment, 0.5 mEq/L/hour
with free-water restriction, 0.7 mEq/L/hour with sodium
tablets, 0.3 mEq/L/hour with IV hypertonic saline, 0.7
mEq/L/hour with the intravenous vasopressin receptor an-
tagonist Vaprisol, and 1.2 mEq/L/hour with the oral va-
sopressin receptor antagonist tolvaptan.223 Tolvaptan in
particular has proven robustly efficacious in increasing the
sodium in those with severely depressed levels, though
caution should be exerted in those patients that might
be in the SIADH phase of a triphasic response, because
tolvaptan may exacerbate the impending, third-phase,
DI.220

Ultimately, water and salt balance following pituitary
adenoma resection is complex, requiring close supervi-
sion of laboratory studies and a well-developed under-
standing of the timing of expected irregularities, as well
as their duration, to avoid overcorrection. Initial manage-
ment should be as minimally disruptive as possible, includ-
ing observation, and the implementation of either fluid re-
striction or water intake. Medications such as DDAVP,
Vaprisol, and tolvaptan, should be reserved for severe and
refractory cases, and used sparingly, with minimal neces-
sary doses, and titrated to normal physiologic levels and
schedules. Both DI and delayed hyponatremia occur com-
monly, and the pituitary surgeon, along with their multi-
disciplinary teams, should be familiar with the presenta-
tion, time course, and management of these disorders (see
Table IV.A.4).

� Aggregate Grade of Evidence: C (Level 3a: 1 study; Level
4: 4 studies)

� Benefit: All studies emphasized the early diagnosis and
treatment of both DI and delayed hyponatremia, in an
effort to manage these diseases early in their course and
prevent catastrophic harm including severe dehydration,
seizures, and even death.

� Harm: All studies emphasized the importance of close
observation of postoperative serum sodium, and in the
case of DI, osmolality and urine output. Failure to do so
could lead to unchecked and potentially morbid DI or
hyponatremia.
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TABLE IV.A.4. Pituitary macroadenoma: DI and SIADH

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Kristof219 2009 4 Prospective observational Patients undergoing pituitary
adenoma resection were
prospectively followed from
preoperatively to
postoperative day 14 for
water and salt balance.

Patients were monitored daily
for body weight, fluid
balance, electrolytes,
plasma and urine
osmolality, ADH levels,
urine sodium, and thirst.

Water and electrolyte
imbalance occurred in 75%
of patients. Temporary DI
was most common,
peaking on POD 2, mostly
resolving in 10 days, with a
minority of patients
experiencing long-term DI.
Delayed hyponatremia
reached its nadir on POD 9,
mostly resolving within 5
days.

Schreckinger220 2013 4 Retrospective review Consecutive patients
undergoing endoscopic
transsphenoidal sellar and
suprasellar tumor resection
were observed for
postoperative DI.

Patients were monitored
preoperatively and
postoperatively for urine
output, urine and serum
osmolality, urine specific
gravity, and serum sodium
values.

The likelihood of DI could be
predicted by a �2.5
increase in serum sodium,
postoperative sodium
�145, and increased
preoperative urine output.

Berker221 2011 4 Retrospective review Over 600 consecutive patients
undergoing endoscopic
transsphenoidal pituitary
adenoma resection were
retrospectively evaluated.

The patients were evaluated
for postoperative
complications including
rhinologic issues, CSF
leaks, infection, vascular
injury, and endocrinology
complications.

Transient DI was found in
4.6% of patients,
permanent DI in 0.4%, and
SIADH in 1.1%.

Cote222 2016 3a Systematic review Ten case series with adult
patients undergoing
pituitary surgery and
describing delayed
symptomatic hyponatremia
were included.

The primary endpoint studied
in the ten studies were risk
factors of delayed
symptomatic hyponatremia.

Risk factors of delayed
symptomatic hyponatremia
include older age, greater
tumor size, female gender,
and Cushing’s disease with
ACTH-producing
adenomas.

Jahangiri223 2013 4 Retrospective review Consecutive patients (1045)
undergoing pituitary
surgery were evaluated
with preoperative and
postoperative daily sodium
checks to evaluate for
postoperative
hyponatremia.

Patients were monitored daily,
both pre and
postoperatively for daily
sodium values.

Tolvaptan is the most efficient
corrector of postoperative
hyponatremia, while
Vaprsiol is another option.
Water restriction,
hypertonic saline, and
sodium tablets are
minimally efficacious with
results similar to no
intervention.

ACTH = adrenocorticotropic hormone; ADH = anitdiuretic hormone; CSF = cerebrospinal fluid; DI = diabetes insipidus; LOE = level of evidence; POD = postoperative
day; SIADH = syndrome of inappropriate antidiuretic hormone.

� Cost: No studies discussed the direct cost of the fre-
quent laboratory evaluation required for the diagnosis
of DI and/or hyponatremia, but one study implied the
increased costs associated with readmission in the set-
ting of delayed hyponatremia. Medications used to treat
hyponatremia including Vaprisol and tolvaptan are ex-
pensive, but more efficacious and efficient in the man-
agement of hyponatremia.

� Benefit-Harm Assessment: There is a preponderance of
evidence indicating relative benefit in frequent laboratory

monitoring for salt and water imbalance in the first 2
weeks after pituitary adenoma resection.

� Value Judgments: Postoperative transient DI occurs
in the first 1 to 2 days after surgery and typically
lasts a total for 3 to 5 days. During this time, pa-
tients should be closely observed and treated ap-
propriately. Delayed hyponatremia typically occurs 4
to 7 days postoperatively, and requires close follow-
up, especially because most patients are outpatient at
this time; readmission to hospital for correction of
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hyponatremia is prudent in patients with serum sodium
under 125 mmol/L.

� Policy Level: Optional
� Intervention: DI should first be treated with liberal oral

water consumption, and if necessary, DDAVP, titrated to
physiologic doses and natural urinary patterns when re-
quired for permanent DI. Delayed hyponatremia should
initially be treated with fluid restriction, though these
measures, along with sodium replenishment were found
to be moderately to minimally effective. Vasopressin re-
ceptor antagonists, Vaprisol and tolvaptan are efficient
with sodium correction.

IV.A.5. Pituitary macroadenoma with apoplexy
Pituitary apoplexy is a clinical syndrome characterized
by hemorrhage and/or infarction of the pituitary gland,
leading to headache, diplopia, diminished VA, hormonal
and electrolyte dysfunction, and/or a decreased level of
consciousness.224 The clinical presentation is variable, de-
pendent on the size and location of the adenoma, the de-
gree of hemorrhage, edema, necrosis, and other sequelae,
and can progress over hours to days, rendering optimal
management controversial.179,224

Pituitary apoplexy occurs most frequently in the set-
ting of previously undiagnosed or conservatively-managed
pituitary macroadenomas with an annual incidence of
0.2% to 0.6%, and in 2% to 12% of all patients with
pituitary adenomas.179 Subclinical hemorrhage occurs in
25% of all patients with adenomas, though it is not con-
sidered true apoplexy without the accompanying clinical
syndrome.179

Pituitary apoplexy presents most often as a constellation
of symptoms that may include severe, acute or subacute on-
set of headache, diminished VF and/or VA up to and includ-
ing blindness, diplopia, fatigue, and nausea. Endocrine dys-
function including life-threatening hypocortisolemia, and
altered mental status from subarachnoid hemorrhage or
vasospasm-mediated stroke may also occur.179,224 Due to
the nonspecific clinical symptoms, CT and preferably mag-
netic resonance imaging (MRI) should be performed to
distinguish pituitary apoplexy from other neurosurgical
conditions such as aneurysmal subarachnoid hemorrhage.
Imaging studies typically demonstrate a sellar and suprasel-
lar mass with associated hemorrhage and/or necrosis.179

Functional impairment of CNs III, IV, and VI occurs in
52% of all patients with pituitary apoplexy. Visual distur-
bance occurs in one-half of all patients experiencing pitu-
itary apoplexy, with bitemporal hemianopsia being most
common, while some experience diminished VA and even
blindness. Ophthalmologic evaluation, including VF test-
ing, is recommended for all patients, even those with-
out obvious extraocular muscle, VF, or VA deficits.224

Endocrine function, especially hypocortisolemia, is found
in up to 50% to 80% of patients, and if not recognized and
treated, can be life-threatening. Additionally, thyrotrophin
and gonadotrophic dysfunction is present in 50% and

70%, respectively. Another 40% of patients with pituitary
apoplexy present with hyponatremia, which also requires
correction.179,224

All patients with suspected pituitary apoplexy based on
clinical and imaging findings should be given intravenous
hydrocortisone for presumed acute adrenal insufficiency.

Historically, this condition was considered a neu-
rosurgical emergency with immediate corticosteroid
administration, surgical sellar decompression, hemorrhage
evacuation, and tumor resection. Most agree that pa-
tients presenting with acute onset altered consciousness,
and severe and/or progressive visual dysfunction and/or
diplopia from cranial neuropathy, warrant rapid endonasal
transsellar surgical decompression,179,224,225 with bony
sellar decompression, and microsurgical resection of the
adenoma, hemorrhage, and necrosis. Endoscopic sellar
decompression and adenoma resection has been shown to
improve vision in nearly 75% of patients with low rates
of complications and low rates of new endocrinopathy.226

Arguments against immediate surgical decompression
have focused on the potential complications of surgery,
including CSF leak, DI, and hypopituitarism from dam-
aging the normal pituitary gland, which may be obscured
with hemorrhage and infarction. Fortunately, these
complications are rare in experienced pituitary centers.179

Although surgery was previously held as the standard of
care in the management of pituitary apoplexy, there has
been a trend toward more conservative management, espe-
cially in less symptomatic patients.179 Nonsurgical manage-
ment has been successfully employed in carefully selected
patients presenting with pituitary apoplexy, particularly
those with only mild, nonprogressive ophthalmologic find-
ings, and without alterations in mental status.225 Mild en-
docrinopathy has also been shown to improve with steroid
treatment, more likely in the setting of pituitary infarction
alone than with overt hemorrhage.179,225 It is important to
note, however, that many patients have a more subacute
and progressive presentation, and may develop delayed vi-
sual disturbance requiring surgical decompression.179,225

As with most conditions, careful preoperative evalu-
ation and patient selection are paramount to good
outcomes.

Recovery of neurological, ophthalmologic, and endocrine
function is highly variable. Altered consciousness usually
improves most rapidly with corticosteroid supplementation
and surgical decompression. After surgical decompression
in patients with proven pituitary apoplexy, complete or
partial recovery of VF deficits, VA deficits, and diplopia
from cranial neuropathy occurs in 71% to 93%, 63% to
93%, and 80% to 93% of patients, respectively. Visual
recovery and resolution of diplopia may require weeks to
6 months or longer for full recovery. Endocrine function
also typically requires several months to fully recover, with
interim hormonal supplementation often needed. Although
some degree of pituitary function recovery is seen in al-
most 50% of patients after surgery for pituitary apoplexy,
approximately 80% of patients will require permanent
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replacement of at least 1 or more hormonal axes (thyroid,
adrenal, gonadal, and/or vasopressin).179

No RCTs have been performed between surgical and
medical management of pituitary apoplexy, such that
most studies are subject to retrospective and patient se-
lection bias. As a result, existing reviews have failed to
demonstrate a significant difference in visual or endocrine
outcomes between surgical and conservative management
of pituitary apoplexy.225 As always, careful patient selec-
tion is essential in the management of pituitary apoplexy,
and urgent surgical decompression is advocated in the set-
ting of decreased consciousness, severe visual or hormonal
dysfunction, and a nonsurgical approach may be taken in
those cases of mild and subacute presentations, with close
monitoring and hormonal supplementation as needed (see
Table IV.A.5).

� Aggregate Grade of Evidence: C (Level 2a: 1 study; Level
3a: 2 studies; Level 4: 1 study)

� Benefit: No studies demonstrate a direct benefit of obser-
vation over endoscopic sellar decompression, whereas
endoscopic endonasal surgery shows good success rates
for vision recovery after surgery.

� Harm: Potential harm of conservative nonoperative
management in those patients with severe or progres-
sive symptoms, especially visual dysfunction or altered
consciousness.

� Cost: No studies have directly evaluated the cost of en-
doscopic surgery in comparison to conservative man-
agement for pituitary apoplexy, but the cost of surgical
management is likely higher upfront. However, most pa-
tients with apoplexy have underlying adenomas that will
likely require surgical resection at some point, such that
the cost is roughly equal. It is possible the cost may be
greater in the nonoperative cohort because they require
closer and possibly more frequent follow-up.

� Benefit-Harm Assessment: In the short term, there is a
potential harm in conservative management if the pa-
tient has progressive symptoms that do not reverse with
delayed surgical decompression. Those in the surgical
arm also have risks associated with their procedures,
including CSF leak, vascular injury, and worsened en-
docrinopathy, which can be mitigated by limiting surgery
to experienced centers and surgeons.

� Value Judgment: Endoscopic surgical decompression
with hematoma and adenoma resection is favored for
those patients with significant diplopia, diminished VA,
or altered mental status in an urgent or emergent fash-
ion. Conservative management has been safely used in
those cases of pituitary apoplexy with minimal and sta-
ble symptoms, though adenoma resection in a delayed
fashion is often necessary.

� Policy Level: Opinion
� Intervention: Emergent glucocorticoid (eg, hydrocorti-

sone) administration and endoscopic endonasal sellar de-
compression with resection of hematoma and adenoma
is recommended for all patients presenting with altered

consciousness, significant CN palsies, or diminished vi-
sual function.

IV.A.6. Reconstruction following endoscopic
resection of pituitary macroadenoma

Over the last decade, the EEA has gradually become the
predominant method for pituitary adenoma removal and
related parasellar tumors in many centers around the
world.227–231 After tumor removal, an effective skull-base
reconstruction is essential to avoid a postoperative CSF
leak and related complications such as meningitis, pneu-
mocephalus, and reoperation.232–235 Although many varied
techniques for skull-base reconstruction and CSF leak have
been proposed in both the microscopic and endoscopic eras
of pituitary surgery, the majority of publications follow
similar principles and methodology. The steps in skull-base
repair and CSF leak prevention include: (1) intraoperative
assessment of the presence and magnitude of a skull-base
defect and CSF leak, (2) technical repair of the defect, and
(3) possible use of CSF diversion.

IV.A.6.a. Intraoperative assessment/confirmation of
a leak and CSF leak grading systems. After tumor re-
moval is complete, inspection of the sella and parasellar
space is required to determine the presence and magni-
tude of a CSF leak. Several grading scales ranging from
3-point to 4-point scales have been proposed in multiple
publications, all of which include no leaks, small leaks,
and large leaks.235–241 Provocative testing with a Valsalva
maneuver by the anesthesiologist, or use of intrathecal
fluorescein, are advocated by some authors to help iden-
tify small leaks, as well as to assess the integrity of the
repair.

After determining the magnitude and architecture of the
skull-base defect and CSF leak, the reconstruction pro-
ceeds accordingly. For no leaks, a simpler repair is ad-
vocated. For skull-base defects associated with definitive
leaks, graded repair is typically performed, with more ex-
tensive repair protocol needed for higher-grade leaks and
larger, more extensive defects.165,235,238,240,242 Given that
most pituitary macroadenomas remain contained in the
subdiaphragmatic space, high-grade leaks are less com-
mon than with other parasellar pathology such as cran-
iopharyngiomas. Materials frequently used in reconstruc-
tion include autologous fat, fascia lata, septal bone, and
cartilage, as well as all native sphenoid sinus mucosa,
free mucosal grafts, and pedicled NSFs. Allografts fre-
quently used include Alloderm (Allergan, Branchburg,
NJ), absorbable and nonabsorbable plates, and titanium
mesh, as well as collagen matrix materials, all typically in
multilayered fashion.227,232,233,235–237,239,242–258 Various
types of tissue glues are also included in many of the re-
construction protocols. In the largest (high-grade) leaks,
which are relatively uncommon, use of NSFs is advocated
by many authors. Use of nasal packing is relatively com-
mon but variable across many studies. Additional measures
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TABLE IV.A.5. Pituitary macroadenoma with apoplexy

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Tu225 2016 2a Meta-analysis Six retrospective dual-armed
studies comparing
outcomes between

consecutive cases of
surgically and

conservatively managed
pituitary apoplexy.

Visual and endocrine outcome
at the conclusion of the
individual study periods.

Conservative management of
pituitary apoplexy is safe in

those with mild visual
symptoms and

endocrinopathy, while
surgery is recommended
for altered mental status,
decreased visual acuity or

diplopia.

Briet179 2015 3a Systematic review Detailed review of 264
manuscripts regarding

pituitary apoplexy including
epidemiology,

pathophysiology,
presentation, diagnosis,

and management.

Visual and endocrine
outcomes were discussed

in relation to the ocular
palsies, defects, pituitary

function and tumors.

Glucocorticoids should be
administered immediately.
Some advocate immediate
surgery while others opt for
conservative management.

Non-operative apoplexy
should have close and

frequent follow-up.

Rajasekaran224 2011 3a Systematic review Clinical guidelines based on
an international

multidisciplinary panel of
experts.

Standardized guidelines for
the endocrine,

ophthalmologic, and
surgical short and

long-term management of
pituitary apoplexy.

A high level of suspicion and
early glucocorticoid

administration is
advocated. Immediate

surgical management is
indicated for decreased

consciousness, severe or
progressive visual

dysfunction, others can be
managed conservatively.

Gondim226 2017 4 Retrospective review Single-armed retrospective
evaluation of patients

undergoing endoscopic
endonasal surgery for

pituitary apoplexy.

Visual and endocrine recovery,
as well as

complications—CSF leak,
vascular injury, infection,

and mortality—were
evaluated.

Endoscopic endonasal
decompression in the

modern era is safe with
minimal complications, yet

highly successful with
reversing visual dysfunction

and adenoma resection,
though endocrinopathy is

less reversible.

CSF = cerebrospinal fluid; LOE = level of evidence.

utilized frequently include care being taken in extubation to
avoid bucking, use of stool softeners, and acetazolamide to
decrease endogenous CSF production (see Table IV.A.6).

� Aggregate Grade of Evidence: B (Level 2b: 4 studies;
Level 3a: 1 study; Level 3b: 4 studies; Level 4: 8 studies)

� Benefit: Allows low-grade CSF leaks to be reconstructed
with reduced complexity and materials (including auto-
grafts and allografts), and high-grade leaks to be repaired
with multiple measures including nonvascularized and
vascularized mucosal flaps.

� Harm: No harm in use of grading system unless the grad-
ing of particular patients is inaccurate leading to inade-
quate repair.

� Cost: The use of a grading system allows for appropriate
and cost-effective use of reconstruction materials.

� Benefit-Harm Assessment: A tailored/graded reconstruc-
tion protocol promotes a systematic methodology for
intraoperative CSF leak repair, optimizing chances of
success and resource utilization.

� Value Judgments: Each type of intraoperative CSF leak
has its own risk of postoperative CSF leak. Difference
in structural and anatomical characteristics are different
that justify use of tailored reconstruction for each setting.

� Policy Level: Recommendation
� Intervention: Utilize a graded approach to skull-

base reconstruction based on intraoperative CSF leak
size.

IV.A.6.b. Prophylactic lumbar CSF diversion. The
literature remains unclear on the benefit of intraoperative
and perioperative CSF diversion with a lumbar drain.
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TABLE IV.A.6. Reconstruction following endoscopic resection of pituitary macroadenoma

Study Year

LOE

(1a to 5) Study design Study groups Clinical endpoint Conclusion

Esposito235 2007 2b Retrospective case
series study

Intraoperative CSF leak grading
system.

1. Grade 0: 271
2. Grade 1: 202
3. Grade 2: 93
4. Grade 3: 54

1. Postoperative CSF leak
rate. By grade and before
and after CSF leak graded
protocol.

2. Bacterial meningitis rate.

A graded repair approach to
CSF leaks avoids tissue
grafts and CSF diversion in
more than 60% of patients.
Protocol modifications in
last 340 cases reduced
failure rate to 1% overall
and 7% for Grade 3 leaks.
Provocative tilt testing
before discharge is helpful
in timely diagnosis of
postoperative leaks.

Han259 2008 2b Retrospective
cohort study

592 Patients with intraoperative or
postoperative CSF leaks
following transsphenoidal
pituitary macroadenoma
surgery.

Intraoperative and
postoperative CSF leaks in
relation with:

1. Surgical revision, tumor
consistency, and tumor
margins.

2. Tumor size, consistency,
and margins.

Intraoperative and
postoperative CSF leaks
occurred in 14.2% and
4.4% of patients,
respectively. Endoscopic
and microscopic repairs
were effective in managing
leaks.

Tamasauskas245 2008 2b Prospective cohort
study

313 Patients underwent 356
transsphenoidal operations for
pituitary adenoma.

29 cases where the sella fat
packing was used together with
Surgicel and TachoSil to cover
the sella and dural defects.

1. Intraoperative and
postoperative CSF leak
rate.

2. Sella closure methods.

The technique of covering
sella and dural defects with
Surgicel and TachoSil in
presence of intraoperative
CSF leak appeared to be
more reliable over packing
sella and sphenoidal sinus
with autologous fat and
restoring defect of sella
turcica with autologous
bone.

Rabadan260 2009 4 Retrospective
series

63 Pituitary tumors were operated
by transnasal approach with
intraoperative CSF leaks.

Fat graft, collagen sponge,
glue, and lumbar drain for 2
to 4 days for intraoperative
arachnoid opening.

1. Postoperative CSF leak
rate.

2. Surgical complications.

This management of
intraoperative CSF leaks
had 5% rate of
postoperative CSF leaks
and there were no related
complications.

Yano261 2009 4 Retrospective case
series

213 Endoscopic endonasal
transsphenoidal surgeries
through bilateral nostrils in
patients with pituitary
adenoma.

1. Removal rate
2. Endocrinological

remission.
3. Knosp grade.
4. Postoperative CSF leak.

The present study confirms
the endoscopic approach is
suitable for more extensive
sellar tumors and overall
postoperative CSF leak rate
was 4.2%.

Cappabianca246 2010 4 Retrospective case
series

40 Patients (28 with pituitary
macroadenomas), underwent
endoscopic endonasal
approach for tumor/cyst
removal.

Fibrin glue placed in the
resection cavity “dead
space”.

1. CSF leak control.
2. Complications.

Fibrin glue proved effective in
filling or sealing
postoperative “dead space”
and treating minor or initial
CSF leaks.

Gondim218 2010 4 Retrospective case
series

228 Patients with pituitary
adenomas who underwent 251
procedures between December
1998 and December 2007.

1. Removal rate
2. Endocrinological remission
3. Complications
4. Postoperative CSF leak.

Endoscopic approach is safe
and effective compared to
microscopic approach, with
low postoperative CSF leak
rate of 3.5%.

(Continued)
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TABLE IV.A.6. Continued

Study Year

LOE

(1a to 5) Study design Study groups Clinical endpoint Conclusion

Sciarretta236 2010 4 Retrospective case
series

665 Patients underwent either
transnasal transsphenoidal
endoscopic or extended
transsphenoidal surgery for
pituitary tumors. 136 patients
had either overt CSF leak or
thin diaphragma sellae needing
repair.

Graded CSF leak
reconstruction based on

1) no leak; 2) no leak with thin
diaphragma sellae; 3) small
leak; or 4) larger leak
through sellar or
supradiaphragmatic defect.

Postoperative CSF leak rate.

In a total of 136 patients
undergoing multilayer
technique, using fat,
collagen, and in some
cases mucoperiosteum
from middle turbinate,
postoperative CSF leak rate
was 8%.

Cho247 2011 4 Retrospective case
series

90 Cases of intraoperative CSF
leaks were repaired with
TachoComb R© without an
autologous tissue graft or
lumbar CSF drainage.

1. Postoperative CSF leaks
2. Complication and

infection.

Postoperative CSF leak rate
was 2.2%. This method is
effective alternative to
autologous tissue graft
technique unless there is
large arachnoid defect.
Lumbar CSF diversion not
essential for prevention of
postoperative CSF leak if
effective repair performed.

Kassam227 2011 2b Retrospective
cohort for
vascularized
tissue for
reconstruction.

800 Endoscopic endonasal
skull-base surgeries (39%
pituitary adenomas) performed
between 1998 and 2007 at
University of Pittsburgh Medical
Center.

Using vascularize tissue.
1. Postoperative CSF leak
2. Infections
3. Neurological

complications.

The incidence of postoperative
CSF leaks decreased
significantly with use of
vascularized tissue for
skull-base reconstruction
(<6%).

Kono262 2011 3b Retrospective
case-controls
series

1000 Endoscopic skull-base
surgeries at the University of
Pittsburgh Medical Center from
1998 to 2008.

1. Postoperative CSF leak
2. Infection risk factors:

history of prior surgery,
high complexity cases,
external ventricular drain
or VP shunt and
postoperative CSF leak.

The incidence of post-op
meningitis was 1.8% (18
cases) in ESBS. The most
important risk factor was a
postoperative CSF leak.

Strychowsky263 2011 2a Systematic review
of cohort
studies.

10 Studies met the inclusion
criteria and involved 687
patients.

Endoscopic vs microscopic
removal of pituitary adenomas.

GTR, recurrence, visual field
change, hormone resolution
or deterioration, mean
blood loss, operative time,
hospital length of stay, CSF
leak, meningitis.

Purely endoscopic
transsphenoidal resection
of pituitary adenoma was
overall safe and efficacious
when compared to
traditional microscopic
approach, but had a higher
postoperative CSF leak rate.

Wang237 2011 4 Retrospective case
series

255 Endoscopic transsphenoidal
surgery undertaken for pituitary
pathology between 2005 and
2010. 90% were pituitary
adenomas.

1. 158 grade 0
2. 74 grade 1.

1. CSF leak rate in simple
purely synthetic repair of
low-grade CSF leaks.

Postoperative CSF leak rate
was 2.7% (2 cases). This
repair is safe and
comparable in efficacy
while avoiding the
morbidity related to more
complex sellar
reconstructions previously
described.

Eloy248 2012 4 Retrospective case
series

59 High-flow CSF leaks (54%
pituitary adenomas) were
repaired with a vascularized
pedicled nasoseptal flap and
other repair materials, without
the use of lumbar catheter
drainage.

1. Repair materials
2. Incidence of postoperative

CSF leaks.

Postoperative CSF leak was
0% with nasoseptal flap.
Lumbar drainage may not
be necessary for routine
management of high-flow
CSF leaks.

(Continued)
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TABLE IV.A.6. Continued

Study Year

LOE

(1a to 5) Study design Study groups Clinical endpoint Conclusion

Berker232 2013 2b Retrospective
cohorts

667 Patients treated between
2006 and May 2012

1. 50 cases with dural flap
technique.

2. 135 intraoperative CSF
leakage. 15 dural flap
technique accompanied with
fat and/or fascia lata support.

1. CSF leak rate Of patients 135 with
intraoperative leak, the
dural flap technique was
used in 15 patients with 0%
postoperative CSF leak rate
compared to 120 patients
repaired without dural flap
technique, 12 of whom had
postoperative CSF leak
(10%).

Gaynor249 2013 2b Retrospective
cohort

160 Cases with intraoperative CSF
leak and without intraoperative
LD.

1. AlloDerm 952) Autograft 46.

1. CSF leak rate Postoperative CSF leak 8.4%
with Alloderm vs 15.2%
with fat autograft. AlloDerm
is an effective alternative to
fat autograft in cases of
low-flow intraoperative CSF
leak.

Horridge250 2013 2b Retrospective
cohort

Intraoperative CFS leaks
1. 40 Microscopic

transsphenoidal surgery repair
repaired with fat graft, tisseal
and LD. (all pituitary
adenomas)

2. 100 Endoscopic
trans-sphenoidal surgery
(after September 2009)
repaired with nasoseptal flap.
(80% pituitary adenomas).

1. CSF leak rate
2. Length of stay

Pedicled nasoseptal flap
conveys significant
advantage in preventing
postoperative CSF leak,
decreasing the morbidity
associated with lumbar
drain insertion and reduces
the length of hospital stay.

Jalessi264 2013 4 Retrospective case
series

240 Patients with pituitary
adenoma with endoscopic
endonasal transsphenoidal
surgery. Intraoperative CSF
leaks grading system used with
repair based on grading system.

1. Grade 0: 133
2. Grade 1: 78
3. Grade 2: 29

1. Postoperative CSF leaks
rate

2. Pneumocephalus
3. Meningitis

Postoperative CSF leak 0.8%.
Given low leak rate, this
graded strategy to repair is
safe and useful for avoiding
postoperative CSF leaks.

Halvorsen265 2014 2b Retrospective
cohort

352 Nonfunctioning and 154
hormone-secreting adenomas
treated with transsphenoidal
surgeries.

1. 268 microscopic;
2. 238 endoscopic

1. Complication rate:
postoperative CSF leaks
rate, meningitis, visual
deterioration.

2. Multivariate analyses:
older age, surgery for
recurrent tumors, and
surgery performed by a
low-volume surgeon.

Overall CSF leak rate 4.7%
(5% endoscopic vs 4.5%
microscopic). No significant
difference in the
complication rate between
endoscopic and
microscopic techniques.

Iannelli251 2014 4 Retrospective case
series

Retrospective review of 40
patients with macroadenoma
underwent endoscopic
transsphenoidal surgery; 19
with sellar floor reconstruction
with fat plug positioned over
oxidized and regenerated
cellulose gauze.

Postoperative CSF leak rate
Endocrine outcomes
Late surgical complications.

No postoperative CSF leak
encountered.

This technique is safe and
may be cost-effective in
reducing surgical time.

(Continued)
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LOE

(1a to 5) Study design Study groups Clinical endpoint Conclusion

Jakimovski238 2014 4 Retrospective case
series

Intrathecal fluorescein was
administered in 203 consecutive
endoscopic endonasal pituitary
surgeries for pituitary
adenomas.

1. Tumors <2 cm vs �2 cm.
2. Tumors <1.5 cm3 vs �1.5

cm3.

1. Intraoperative CSF leak
rate comparing the use of
intrathecal fluorescein and
tumor size.

2. Postoperative CSF leak by
tumor size.

Overall CSF leak rate 3%. The
rate of intraoperative CSF
leak using intrathecal
fluorescein is higher than
previously reported. Tumor
diameter and volume are
predictors of the risk of
intraoperative CSF leak.

Juraschka165 2014 2b Retrospective
cohort study for
predictors of
extent of
resection.

73 Consecutive patients with
large and giant pituitary
adenomas (defined as
maximum diameter �3 cm and
tumor volume �10 cm3) who
underwent endoscopic
endonasal transsphenoidal
surgery between January 1,
2006 and June 6, 2012.

1. Resection rate
2. Experienced visual acuity

improvement
3. Visual fields improvement
4. Complications:

- Postoperative CSF
leaks

- Sinusitis

Overall CSF leak rate 10%.
Endoscopic endonasal
transsphenoidal surgery is
an effective treatment
method for patients with
large and giant pituitary
adenomas.

Paluzzi252 2014 2b Retrospective
cohort series for
nasal septal flap
use.

555 Patients with an EEA for
removal of a pituitary adenoma.

Two cohorts, one before and the
other after the use of nasal
septal flap.

1. Tumor resection
2. Tumor recurrence
3. Expanded approaches
4. Use of nasal septal flap
5. Endocrine outcomes
6. Postoperative CSF leak

rate. For both cohorts of
sellar repair.

EEA is a safe and effective
surgical approach.

Postoperative CSF leak
decreased from 5% to 2.9%
after nasal septal flap use.

Soudry242 2014 3a Systematic review
of case series
studies.

22 Studies remaining for final
analysis, all were case series. A
total of 673 patients were
included in the analysis.

To systematically review the
literature concerning
techniques of closure of
endoscopically created
skull-base defects based
on site of skull-base defect
and flow rate of CSF. Data
sources: PubMed, SCOPUS,
and Cochrane databases.

Level 4 evidence, in cases of
low-flow intraoperative CSF
leaks, skull-base
reconstruction with
multilayered free grafts and
synthetic materials offers
similar outcomes to
vascularized flaps.

In high-flow intraoperative
CSF leaks, pedicled
vascularized flaps appear to
be superior.

Location of the defect does
not seem to be a significant
factor in determining
successful closure, with the
exception of clival defects.

Hong253 2015 2b Retrospective
cohort study

Transsphenoidal approach surgery
in 101 patients.

- Conventional sellar closure
technique with LD in 54
patients.

- 47 Patients in the Tachosil R©

application group without LD.

1. Postop CSF leak rate.
2. Meningitis rate.
3. Length of hospital stay.

Sellar repair using Tachosil R©

associated with
postoperative CSF leak rate
of 1.9% vs 9.3% in
conventional packing
group. Tachosil R© can be
effective to prevent CSF
leakage and obviate need
for an autologous tissue
graft or postoperative LD.

(Continued)
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LOE
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Ivan266 2015 2b Retrospective
cohort study

98 Consecutive expanded
endoscopic endonasal surgeries
performed from 2008 to 2012.

Univariate and multivariate for
preoperative comorbidities,
intraoperative techniques, and
postoperative care.

1. Postoperative CSF leak
rate.

2. Meningitis rate.

Overall postoperative CSF leak
rate 11%. Preoperative BMI
was the most important
preoperative predictor for
CSF leak and infection.
Other risk factors include
age, intraoperative CSF
leak, lumbar drain duration,
and cranial combined
cases.

Kim254 2015 2b Retrospective
cohort study

Type 1 CSF leakage developed in
a total of 122 patients with
pituitary adenoma.

- 71 fleece-coated fibrin glue
patch alone was applied onto
the defect

- 51 repaired with the direct
suture technique

1. Postoperative CSF leak
rate.

No differences between both
techniques in postoperative
CSF leak rate (0% with
direct suture technique vs
1.4% with fleece-coated
fibrin glue technique).

Suture technique added 5 to
20 minutes more to the
procedure. Lumbar CSF
drainage not needed.

Liebelt255 2015 4 Case series study 200 Consecutive patients (77.5%
pituitary adenomas) undergoing
endonasal transsphenoidal
surgery from April 2008 through
December 2011 were reviewed:

1. 136 Received sellar floor
cranioplasty using the
Medpor R© implant.

2. 64 Using autologous nasal
bone.

1. Complication rate:

- Postoperative CSF leak
that require operative
re-exploration.

- Pneumocephalus,
meningitis,
hematoma, epistaxis.

Various autologous and
synthetic options are
available to reconstruct the
sellar floor, and the
Medpor R© implant is a safe
and effective option. The
complication rate after
surgery is equivalent to or
less frequent than other
methods of reconstruction.

Park239 2015 4 Retrospective case
series

Transsphenoidal surgery with
intraoperative CSF leak (73.5%
pituitary adenomas):

- G1: 29
- G2a: 9
- G2b: 6
- G3: 10

Tissue grafts (abdominal fat or
other) and lumbar CSF drainage
not used. Nasoseptal flap used
in grades 2b and 3.

Nasoseptal flap used just in
grades 2b and 3

1. Postoperative CSF leak
rate.

Postoperative CSF leak rate
0%. Modified classification
of intraoperative CSF leaks
and tailored repair
technique in a multilayered
fashion using an en-bloc
harvested septal bone and
vascularize nasoseptal
flaps are effective and
reliable method for the
prevention of postoperative
CSF leaks.

Wang267 2015 4 Retrospective case
series

577 Nonfunctioning adenomas,
180 GH secreting, 308 prolactin
secreting, 26 mixed GH/PRL
adenomas, 68 ACTH secreting,
and 7 TSH secreting adenomas.

1. Tumor resection
2. Endocrine outcomes
3. Complications:

postoperative CSF leak, DI,
epistaxis

Postoperative CSF leak rate
was 0.6%. The endoscopic
approach is a safe and
efficacious technique for
the removal of pituitary
adenomas.

Amano256 2016 2b Case series study 500 Transsphenoidal surgeries
with sphenoid sinus mucosa for
patching or suturing the
arachnoid defects or dural
defect used for reconstruction.
(62% pituitary adenomas).

1. Postoperative CSF leak
rate

2. Fat graft use rate

Technique of using sphenoid
sinus mucosa to repair
intraoperative CSF leaks
(1.9% vs 1.2%) or prevent
them is effective and less
invasive.

(Continued)
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539 Previous cases using fat graft,
fascia harvested from abdomen
or thigh and/or nasal septal flap.
(72% pituitary adenomas).

D’Anza268 2016 2a Systematic review
of cohort
studies

A total of 5 articles met inclusion
criteria. These comprised 376
endoscopic skull-base tumor
resection and reconstruction
cases.

Examine the literature for the
need for LDs in
contemporary skull-base
reconstruction after
resection of skull-base
tumors.

Analysis demonstrated a lack
of statistically significant
improvement between
patients who had a lumbar
drain and patients who did
not have a lumbar drain.
However, available
evidence is of poor quality
and heterogenous. Further
studies that include
randomized controlled trials
are needed.

Dehdashti241 2016 3b Individual
case-control
study

180 Endoscopic endonasal
skull-base reconstructions: 11
patients had postoperative
leaks:

Type I 0
Type II 2
Type III 7
Type IV 2

1. Rate of each type of their
intraoperative grading
system in the
postoperative CSF leak
group.

2. Rate of LD use for each
type.

Overall repair failure rate was
6%. A repair protocol for
endoscopic endonasal
reconstructions determined
by intraoperative CSF leak
and preoperative planning
minimizes unnecessary
repair materials and
additional morbidity.

El Shazly257 2016 4 Retrospective case
series

1. 17 Patients had intraoperative
CSF leakage treated
immediately with intradural
placement of autologous
muscle graft, extradural
composite septal cartilage
graft (posterior cartilaginous
septum with its covering
mucoperichondrium on one
side only).

- 6 Had postoperative CSF
rhinorrhea and had
delayed treatment with
the same technique after
failure of conservative
measures and LD for more
than 3 days.

1. Postrepair CSF leak rate
2. Other complications
3. Evaluation of mucosal

covering after 2 months

This technique is effective in
the treatment of
intraoperative and delayed
postoperative CSF leakage
following transsphenoidal
pituitary surgery without
the use of postoperative LD.

Jang269 2016 4 Retrospective case
series study

Pure endoscopic endonasal
transsphenoidal surgery:

- 157 no functional adenomas
- 174 hormone-secreting

adenomas.

1. Demographic description
2. Preoperative and

postoperative endocrine
status

3. Radiologic features
4. Tumor resection
5. Remission in functional

tumors
6. Complications
7. Hospital length of stay.

Overall postoperative CSF leak
1.8%. The pure endoscopic
endonasal transsphenoidal
surgery for pituitary
adenomas provides
acceptable and reasonable
results representing a safe
alternative procedure to the
traditional transsphenoidal
microscopic approach.

Magro270 2016 4 Retrospective case
series

300 Endoscopic transsphenoidal
surgeries for nonfunctioning
pituitary macroadenomas

Intraoperative CSF leak,
postoperative CSF leak;
meningitis, time of surgery,
mortality, detection of S.
aureus and mupirocin

Meningitis was associated
with intraoperative CSF
leaks, postoperative CSF
leaks, and operation times
longer than 1 hour.

(Continued)
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treatment, epistaxis. Preoperative treatment with
mupirocin in the nostrils did
not impact the occurrence of
meningitis.

CSF leak decreased with the
use of hard reconstruction of
the sella. Postoperative
epistaxis decreased after
stopped using monopolar
coagulation.

Tien271 2016 3a Systematic review
of case series

8 Studies nonrandomized,
prospective or retrospective
series

1 literature review

Review complications
associated with LDs and
evidence on their
usefulness in preventing
postoperative CSF leak
after endoscopic skull-base
reconstruction.

LD is not indicated for routine
low-flow CSF leaks, and
are not routinely necessary
in reconstructions with
high-flow leaks, given the
ability of pedicled flaps to
minimize the risk of
persistent CSF fistulae
postoperatively.

Ahmed131 2017 1a Systematic review;
1 RCT

12 articles comprising 508 cases
met inclusion criteria.
1 randomized controlled trial
and 11 case series

Conduct a meta-analysis to
investigate the effect of
lumbar drains on
postoperative CSF leaks
following endoscopic
surgery.

There is insufficient evidence
to support use of LD as a
means to significantly
reduce postoperative CSF
leaks. Subgroup analysis
examining only those
patients whose CSF leaks
were associated with
anterior skull base
resections demonstrated
similar results.

Fraser233 2018 4 Retrospective case
series.

615 Endoscopic endonasal
approach for resection of skull
base tumors. (30.7% pituitary
adenomas)
103 Developed a postoperative
CSF leak.

1. Postoperative CSF leak
rate

2. Tumor location
3. LD use
4. Overweight and obesity
5. Pedicle mucosa flap

Overall postoperative CSF leak
16.7%. Preoperative BMI
>25 kg/m2 and tumor
location in posterior fossa
associated with higher
rates of postoperative CSF
leak. Use of a pedicled
vascularized flap may be
associated with reduced
risk of a CSF leak,
particularly in overweight
patients.

Pereira258 2017 2b Prospective cohort
study

Endoscopic endonasal
transsphenoidal surgery sellar
reconstructions:

- 180 Patients received
DuraSeal(R)

- 71 Patients not receiving
DuraSeal

1. Postoperative CSF leak
rate

2. LD use

Postoperative CSF leak 2.7%
in patients with pituitary
adenoma. No statistically
significant benefit from
either DuraSeal or Tisseel.
Intraoperative and
postoperative LD appears
beneficial in patients at
higher risk of postoperative
CSF leak.

(Continued)
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Peris-Celda244 2017 4 Retrospective case
series study

50 Patients with endoscopic
surgery for pituitary tumors.
Reconstruction with collagen
inlay and free mucosal graft
overlay to cover the sellar
defect. No fat grafts or lumbar
drains were used.

1. Postoperative CSF leak
rate.

2. SNOT-22 was performed
before, 1 month, and 3
months after surgery.

There were no postoperative
leaks. The nasal cavity floor
free mucosal graft is safe
with minimal nasal
morbidity. The harvest of
mucosal graft does not
worsen QOL measured with
the SNOT-22 test.

Zhang243 2017 4 Retrospective case
series study

474 Consecutive cases of pituitary
adenoma treated with 485
transsphenoidal surgical
procedures from January 2008
to December 2011.

1. Intraoperative CSF leak
rate

2. Postoperative CSF leak
rate

3. Use of LD
4. Gelatin foam and fibrin

glue use

Postoperative CSF leak rate
was 2.7%. Procedures
using gelatin foam, fibrin
glue, and autologous fat
graft are common and
effective techniques for the
management of
postoperative CSF leaks.

Zhou240 2017 3b Retrospective
case-control
study.

492 Cases with endoscopic
endonasal transsphenoidal
pituitary adenoma surgery

86 Intraoperative CSF leaks.
Grade 1 in 30 cases
Grade 2 in 25 cases
Grade 3 in 31 cases.

1. Univariate and multivariate
analysis for intraoperative
CSF leak rate: repeat
surgery; consistency of the
adenoma; tumor size.

Overall postoperative CSF leak
rate 1.2%. Univariate
analysis factors associated
with an increased
intraoperative CSF leak
rate: repeat surgery,
adenoma consistency,
tumor size. On multivariate
analysis only, tumor
consistency and tumor size
associated with
intraoperative CSF leak.

ACTH = adrenocorticotropic hormone; BMI = body mass index; CSF = cerebrospinal fluid; DI = diabetes insipidus; EEA = endoscopic endonasal approach; GH =
growth hormone; GTR = gross tumor resection; LD = lumbar drainage; PRL = prolactin; QOL = quality of life; SNOT-22 = 22-item Sino-Nasal Outcome Test; TSH =
thyroid-stimulating hormone ; VP = ventriculoperitoneal.

At some centers, it is used routinely with good success,
predominantly for larger high-grade leaks, whereas in
others it may be associated with a higher failure and menin-
gitis rate.131,233,238,239,241,248,250,253,257,260,262,266,268,271

Two recent meta-analyses and a review article failed to
find benefit of perioperative lumbar drain placement in
patients with pituitary adenomas and other skull-base
tumors, and 1 emphasized potential risk of major com-
plications including meningitis and ventriculitis.131,268,271

However, there is also conflicting data showing that use
of intraoperative LD may reduce the risk of intraoperative
CSF leak.272 However, the available data is relatively
poor and the possible utility of lumbar drains in pa-
tients with poor anatomical options for reconstruction,
and/or significant medical comorbidities remains poorly
defined.

� Aggregate Grade of Evidence: Grade B (Level 1a: 1 study;
Level 1b: 1 study; Level 2a: 1 study; Level 2b: 5 studies;
Level 3a: 1 study; Level 3b: 2 studies; Level 4: 9 studies)

� Benefit: No proven benefit for reducing postoperative
CSF leaks and meningitis.

� Harm: Potential increased risk of meningitis, ventriculitis
and headaches.

� Cost: There is increased cost associated with lum-
bar drain usage, including materials, surgical time, ad-
ditional days in monitored beds (intensive care unit
[ICU] or Step-down unit) and prolonged length of stay
and potential costs of treating lumbar drain–associated
meningitis.

� Benefit-Harm Assessment: The benefits of lumbar CSF
diversion in patients with pituitary macroadenomas have
not been proven or established. Many studies showed
no benefit of use, and some showed increased risk of
meningitis and other complications.

� Value Judgments: There is no proven benefit of lumbar
CSF diversion for low-grade leaks and for high-grade in-
traoperative CSF leaks, while there is potential increased
risk of meningitis and other major complications leading
to potential morbidity.

� Policy Level: Recommendation against routine use of
lumbar CSF diversion in patients undergoing surgery for
pituitary macroadenoma.

� Intervention: The use of lumbar drain after intraopera-
tive CSF leak.
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IV.A.6.c. CSF leak and meningitis rates in recent lit-
erature. The repair failure rate and postoperative menin-
gitis rates in endoscopic skull-base tumor surgery have
varied over the last 15 years, but the trend has been en-
couragingly downward. Progress has clearly been made
at many centers, especially after the advent of the pedi-
cled NSF first introduced by Hadad et al.,273 and Kas-
sam et al.274 over a decade ago. Overall postoperative CSF
leak and bacterial meningitis rates in 9 recent large en-
doscopic pituitary adenoma series (all with over 200 pa-
tients) have ranged from 0.6% to 5%, and 0% to 3.4%,
respectively. NSF usage in these series ranges from 1%
to 43% and planned lumbar CSF drainage from 0.6% to
21.7%.233,240,252,258,264,265,267,269,270

Effective skull-base repair and avoidance of postopera-
tive CSF leaks and meningitis continue to be a challenge in
ESBS. Overall, many studies have addressed this critically
important issue in endoscopic skull-base surgery; however,
methodology and materials use vary widely across studies.
Although there have been no RCTs, the overall CSF leak re-
pair failure rate for endoscopic pituitary adenoma surgery
appears to remain relatively low at high-volume centers.
Use of a grading system to assess the size of the leak appears
to be useful for determining the repair materials needed.
A multilayered repair protocol appears to result in a low
failure rate, with increasing layers and more advanced tech-
niques including use of vascularized flaps such as the NSF
for large skull-base defects with high-grade leaks. Although
prophylactic intraoperative and postoperative LD is used at
some centers, the existing data does not support its routine
use in endoscopic pituitary adenoma surgery.

IV.B. Functional pituitary adenoma
IV.B.1. Endoscopic and microscopic

transsphenoidal surgery for secreting
pituitary adenomas

Pituitary surgery is the first-line therapy for
adrenocorticotropin-secreting adenomas and the vast
majority of GH-secreting, and thyrotropin-secreting
pituitary adenomas.275–277 Additionally, surgery can
have utility in select patients with medically refrac-
tory/intolerant or noninvasive prolactinomas.278 For
several decades, microscopic transsphenoidal surgery has
been used to resect hormone-secreting pituitary adenomas
with good outcomes.279,280 Since the 1990s, however, pure
endoscopic surgery has also been applied to functioning
or secreting pituitary adenomas.1 It has been proposed
that through improved illumination, panoramic field of
view, and a minimally-invasive approach, endoscopic
surgery may offer advantages over traditional microscopic
approaches. Several studies have sought to compare the
outcomes of endoscopic and microscopic surgery for
pituitary adenomas. Most studies have combined the
outcomes of nonfunctional and various functional tumors.
Because the management of different functional pituitary
adenomas varies widely, we included only studies that

specifically studied outcomes of a single hormone-secreting
tumor histology.281

Of note, no specific cost-effectiveness analyses exist
for particular subtypes of pituitary adenomas; however,
data from mixed analyses of functional and nonfunc-
tional tumors suggest that in-hospital costs are similar with
endoscopic and microscopic transsphenoidal surgery.282

Additionally, mixed analyses and analyses of nonfunction-
ing adenomas alone suggest that long-term sinonasal out-
comes may also be similar with endoscopic and microscopic
surgery.283,284

IV.B.1.a. Acromegaly. One systematic review on en-
doscopic and microscopic transsphenoidal surgery for
acromegaly exists (Table IV.B.1.a).285

This review included 31 cohort studies, totaling 950 en-
doscopic and 2137 microscopic cases. The authors found
greater biochemical remission with endoscopic surgery,
particularly for the subgroup of noninvasive macroadeno-
mas (84% vs 67%, p < 0.001). They also found greater
risk of sinusitis (16% vs 3%, p < 0.001) and intraoper-
ative CSF leak (22% vs 1%, p = 0.02) with endoscopy,
but a greater risk of meningitis (1% vs 2%, p = 0.03) with
microsurgery. The studies that reported the outcomes of mi-
crosurgery tended to have much longer average follow-up.
Additionally, the review in several cases included multiple
studies from the same institution and time period, likely
double-counting a subset of patients.

Finally, this review included the results of 3 cohort
studies that independently compared endoscopic and mi-
croscopic transsphenoidal surgery for acromegaly (Table
IV.B.1.a).287–289 These studies, along with an additional
comparative cohort study, consistently revealed little dif-
ference in remission rates between approaches.286 The sin-
gle exception was the study by Lenzi et al.,286 which sug-
gested a significantly lower rate of remission with the mi-
croscopic approach for macroadenomas than with the en-
doscopic approach (19% vs 69%, p = 0.018). This con-
clusion may be limited because the rate of remission with
microsurgery at experienced centers is consistently much
greater.289,290

IV.B.1.b. Cushing’s disease. One comparative ap-
proach study exists for Cushing’s disease (Table
IV.B.1.b).291

Alahmadi et al.291 analyzed the impact of approach on
endocrine outcome for a cohort of 42 patients who un-
derwent pituitary surgery for Cushing’s disease. Among 17
patients who underwent endoscopic surgery and 25 pa-
tients who underwent microscopic surgery, there were sim-
ilar rates of remission (59% and 64%) and DI (24% and
28%). There were more anterior pituitary hormone defi-
ciencies after microscopic surgery, but more CSF leaks and
sinonasal complications after endoscopic surgery; however,
these differences were not statistically significant.
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TABLE IV.B.1.a. Endoscopic and microscopic transsphenoidal surgery for acromegaly

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Phan285 2017 3a Systematic review with
heterogenous cohort
studies. The results of
several included studies
are from the same
institution and are
counted twice.

Patients with acromegaly who
underwent

1. Endoscopic and
2. Microscopic

transsphenoidal surgery

1. Endocrine remission
2. Complication risk

Greater rate of remission for
noninvasive
macroadenomas with
endoscopy, but similar rate
of remission for other
types. Greater rate of
sinusitis and intraoperative
CSF leak with endoscopy,
but greater rate of
meningitis with microscopy.

Lenzi286 2015 2b Retrospective cohort study Patients with acromegaly who
underwent

1. Endoscopic and
2. Microscopic

transsphenoidal surgery.

Endocrine remission Similar rate of remission with
microadenomas between
groups; however, there was
a significantly lower rate of
remission with
macroadenomas and a
microscopic approach. This
rate (19%) is far lower than
that reported from
experienced centers.

Fathalla287 2015 2b Retrospective cohort study Patients with acromegaly who
underwent

1. Endoscopic and
2. Microscopic

transsphenoidal surgery

1. Endocrine remission
2. Extent of resection

No difference in the rate of
remission between
approaches; however, there
was a significantly greater
rate of gross total resection
in the endoscopic group.

Sarkar288 2014 2b Retrospective cohort study Patients with acromegaly who
underwent

1. Endoscopic and
2. Microscopic

transsphenoidal surgery

1. Endocrine remission
2. Complication risk

No difference in the rate of
remission between
approaches; however, there
was a significantly greater
rate of hypopituitarism with
the microscopic approach.

Starke289 2013 2b Retrospective cohort study Patients with acromegaly who
underwent
1. Endoscopic and
2. Microscopic

transsphenoidal surgery.

1. Endocrine remission
2. Complication risk

No difference in the rate of
remission between
approaches; however, there
was a significantly greater
rate of sinusitis with the
endoscopic approach.

CSF = cerebrospinal fluid; LOE = level of evidence.

IV.B.1.c. Prolactinomas. A single study to date has
compared outcomes of microscopic and endoscopic surgery
for prolactinomas (Table IV.B.1.c).292

Cho and Liau292 analyzed outcomes of 22 patients in
each group. This analysis demonstrated similar rates of
biochemical remission (66% and 75%) and visual improve-
ment (63% and 60%) between patients treated with an en-
doscopic approach compared to a microscopic approach.
The most pronounced difference between the 2 groups
was among the rate of complications, with 1 (4.5%) in
the endoscopic arm and 6 (27%) in the microscopic arm.
These complications were primarily sinonasal in nature (5/6
complications).

� Aggregate Grade of Evidence: C (Level 2b: 5 studies;
Level 3a: 1 study)

� Benefit: Endoscopic transsphenoidal surgery likely offers
a similar rate of remission as microscopic surgery for
functional pituitary adenomas. Endoscopic surgery may
have some utility for selected macroadenomas.

� Harm: The complication risks of endoscopic and micro-
scopic transsphenoidal surgery are similar.

� Cost: Data from studies also including nonfunctional pi-
tuitary adenomas suggest that in-hospital costs are simi-
lar between microscopic and endoscopic transsphenoidal
surgery. With functional adenomas, long-term costs will
likely be most affected by failure to achieve remission
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TABLE IV.B.1.b. Endoscopic and microscopic transsphenoidal surgery for Cushing’s disease

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Alahmadi291 2013 2b Retrospective cohort study Patients with Cushing’s
disease who underwent

1. Microscopic or
2. Endoscopic

transsphenoidal surgery

1. Endocrine remission
2. Diabetes insipidus
3. CSF leak
4. Hormone deficiency
5. Sinonasal complications

The 2 groups had similar rate
of remission, as well as
similar rates of
complications.

CSF = cerebrospinal fluid; LOE = level of evidence.

TABLE IV.B.1.c. Endoscopic and microscopic transsphenoidal surgery for prolactinoma

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Cho292 2002 2b Retrospective cohort study Patients with prolactinomas
who underwent

1. Microscopic or
2. Endoscopic

transsphenoidal surgery

1. Endocrine remission
2. Visual improvement
3. Length of stay
4. Complications

No difference in endocrine
remission or visual
improvement, but shorter
length of stay and less
complications with
endoscopic surgery.

LOE = level of evidence.

or biochemical recurrences. Further study is required to
assess this long-term cost.

� Benefit-Harm Assessment: Neither the relative benefit,
nor harm, of endoscopic transsphenoidal surgery, has
been established with a high LOE when compared with
microscopic surgery.

� Value Judgments: Institutional and surgeon experience
should dictate the use of endoscopic or microscopic
transsphenoidal surgery for functional pituitary adeno-
mas. Endoscopy may have some potential benefit in the
visualization of larger tumors.

� Policy Level: Option
� Intervention: Endoscopic transsphenoidal surgery for

functional pituitary adenomas is a reasonable approach
for tumors that require surgical resection.

IV.B.2. Intraoperative MRI in endoscopic surgery
for secreting pituitary adenomas

Because small remnants of pituitary adenomas can cause
persistent hormone hypersecretion, complete resection,
when safe, affords the greatest possibility of endocrine re-
mission. One potential method for maximizing tumor re-
moval is the use of intraoperative MRI (iMRI) to assess the
extent of resection. This technique has been demonstrated
for nonfunctioning pituitary macroadenomas by several
groups.293,294 Because remnants of macroadenomas may
be difficult to visualize surgically, iMRI may reveal addi-
tional tumor that can be resected in the same setting.

Few groups have reported the results of iMRI for pa-
tients with functioning pituitary adenomas—particularly
while using an endoscopic approach (Table IV.B.2).

Schwartz et al.294 described the results of iMRI in a
cohort with nonfunctioning tumors (n = 11) as well as
a smaller group with functioning tumors (n = 4). They

reported remission in 2 of 3 patients with acromegaly and
did not report endocrine outcome in 1 patient with a pro-
lactinoma. All patients with functioning tumors achieved a
complete resection. Among the 15 patients overall, residual
tumor was identified in 3 using the iMRI. Tanei et al.296 re-
ported the outcome of iMRI for 14 patients with pituitary
microadenomas (7 acromegaly, 4 prolactinoma, 3 Cush-
ing’s disease). iMRI led to further resection that resulted in
endocrine remission in 3 patients (21%). Overall remission
was achieved in 79%. Finally, Netuka et al.295 reported the
largest series of patients with functional tumors in whom
iMRI was used with the outcomes of 105 patients with
acromegaly. They found that further resection after iMRI
led to remission in 9% of patients, resulting in a total re-
mission rate of 61%.

It remains unclear whether the use of iMRI leads to
less aggressive initial resections in these cases. Further,
the remission rates reported are not significantly different,
and are in some cases lower, than rates reported without
iMRI.289,290 Comparative study will be necessary to better
establish the utility of this modality.

� Aggregate Grade of Evidence: C (Level 4: 3 studies)
� Benefit: iMRI offers a potential benefit of more complete

resection and greater likelihood of endocrine remission.
� Harm: Not evaluated to date.
� Cost: Has not been evaluated to date. iMRI use will incur

greater costs over the short term; however, greater rates
of remission may lead to savings over the long term.

� Benefit-Harm Assessment: Neither the benefit, nor any
potential harms of this surgical adjunct have been estab-
lished with a high LOE.

� Value Judgments: iMRI may have utility in maximiz-
ing extent of resection of functional pituitary tumors.
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TABLE IV.B.2. Intraoperative magnetic resonance imaging in endoscopic surgery for secreting pituitary adenomas

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Netuka295 2016 4 Retrospective case
series

105 Patients with acromegaly
(16 microadenomas)

1. Endocrine remission
2. Rate of complication

Endocrine remission in 61%.
Further resection after MRI
was responsible for
remission in 9%.

Tanei296 2013 4 Retrospective case
series

14 Patients with functional
pituitary microadenomas

Endocrine remission Endocrine remission in 79% of
patients. Further resection
after MRI was responsible
for remission in 21%.

Schwartz294 2006 4 Retrospective case
series

Subset of patients with
acromegaly (n = 3) and
prolactinoma (n = 1) who
were included in the
analysis

1. Extent of tumor removal
on postoperative MRI

2. Endocrine remission

Complete resection in all 4
patients. Remission in 2 of
3 patients with acromegaly.
No data on patient with
prolactinoma.

LOE = level of evidence; MRI = magnetic resonance imaging.

However, the endocrine results reported to date are
no better than those reported from experienced centers
without the use of iMRI.

� Policy Level: Option
� Intervention: iMRI may be a reasonable option in the

resection of functioning pituitary tumors.

IV.B.3. Use of the histologic pseudocapsule for
endoscopic resection of secreting pituitary

adenomas
Resection of pituitary adenomas, particularly microadeno-
mas, can be performed by removing the tumor along with
a thin layer of compressed normal gland referred to as a
the histologic pseudocapsule. This approach, described in
detail by Oldfield and Vortmeyer,297 has been suggested
to improve complete resection of functional tumors, while
preserving normal pituitary gland.298 Applications of this
technique in the endoscopic resection of functional pitu-
itary adenomas are limited to comparative 2 cohort studies
(Table IV.B.3).

Xie et al.300 analyzed retrospective data from 2 time pe-
riods, when the authors attempted an intracapsular ap-
proach and when the authors attempted an extracapsu-
lar approach for GH-secreting pituitary adenomas. They
found a significantly greater rate of biochemical remission
with extracapsular resection. Ceylan et al.,299 on the other
hand, prospectively analyzed a series of patients with func-
tional adenomas in whom pseudocapsular resection was
attempted. When it was achieved, there was a 96% rate
of remission, compared to 50% when it was not achieved.
These particular data may be confounded by tumor extent
or invasion that could affect both the ability to achieve
an extracapsular resection as well as the likelihood of bio-
chemical remission. Pseudocapsular resection also carries a
theoretical benefit of a diminished CSF leak risk because a
layer of normal gland protects the diaphragm from being
exposed; however, neither study demonstrated this benefit.

� Aggregate Grade of Evidence: C (Level 2b: 2 studies)
� Benefit: Both studies demonstrated improved rates of

biochemical remission with extracapsular resection,
which is consistent with findings from microsurgical
studies. There is a theoretical benefit of preservation of
normal gland and a reduction in CSF leak risk; however,
these have not been demonstrated by the studies to date.

� Harm: Potential harm of extracapsular resection has not
been demonstrated.

� Cost: No studies to date have studied the costs related to
pseudocapsular resection; however, management of per-
sistent hormone hypersecretion may be associated with
increased indirect costs.

� Benefit-Harm Assessment: Attempted pseudocapsular re-
section appears to afford the benefit of improved rates
of biochemical remission for functional pituitary adeno-
mas, with no demonstrated harm.

� Value Judgments: For patients in whom a histological
pseudocapsule can be dissected, an extracapsular resec-
tion appears to provide a greater likelihood of biochemi-
cal remission. There is no specific rationale to not use or
attempt this technique.

� Policy Level: Recommendation
� Intervention: Extracapsular resection of functional pi-

tuitary adenomas should be attempted when safe to
do so.

IV.B.4. Postoperative evaluation of patients with
functional pituitary adenomas

Consensus regarding postoperative endocrine evaluation
for patients with functional pituitary adenomas has been
established elsewhere. In brief, such evaluations can be di-
vided into an evaluation of biochemical remission and eval-
uation of nontumor pituitary hormone function. Specif-
ically, for acromegaly, random GH should be assessed
12 weeks after surgery.301 Serum GH less than 1 µg/L
or a nadir GH less than 0.4 µg/L after an oral glucose
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TABLE IV.B.3. Use of the histologic pseudocapsule for endoscopic resection of secreting pituitary adenomas

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Ceylan299 2013 2b Prospective cohort study Patients with GH-secreting,
ACTH-secreting, and
prolactin-secreting tumors
underwent either

1. pseudocapsular or
2. non-pseudocapsular

resection

Endocrine remission Endocrine remission was
improved when a
pseudocapsule was
identified at surgery (96%
vs 50%)

Xie300 2016 2b Retrospective cohort study Patients with acromegaly who
underwent either

1. pseudocapsular or
2. non-pseudocapsular

resection

1. Endocrine remission
2. Complication rate

Endocrine remission was
improved in the
pseudocapsular group
(85.7% vs 54.4%) with no
increase in complication

ACTH = adrenocorticotropic hormone; GH = growth hormone; LOE = level of evidence.

tolerance test defines remission. For Cushing’s disease,
morning serum cortisol 3 to 5 days after surgery should
be evaluated. A result less than 1 µg/dL has a 96% positive
predictive value of lasting remission.281 Finally, postopera-
tive evaluation of residual hormone function should include
all pituitary hormone axes to assess for any new postoper-
ative hypopituitarism.

IV.C. Rathke’s cleft cysts
Rathke’s cleft cysts (RCCs) are benign lesions with a lo-
cation that is entirely intrasellar, intrasellar with suprasel-
lar extension, or purely suprasellar. They originate from
remnants of Rathke’s pouch. RCCs are mostly small and
asymptomatic; they may become large enough to cause
symptoms by compression of intrasellar or suprasellar
structures.

Common symptoms are headache and visual and/or en-
docrine disturbances. DI as a presenting symptom of RCC
is reported, but rare.302 For symptomatic RCCs, surgical
decompression is commonly performed.303

In ESBS, intrasellar RCCs are generally approached by a
standard EEA. In some intrasellar RCCs with suprasellar
extension and in purely suprasellar RCCs, an extended EEA
using the transtuberculum and/or transplanum route may
be needed.304

This review identified 7 retrospective single-center case
series studies evaluating EEA of RCCs with a total num-
ber of 192 patients. There has been neither an RCT nor
a prospective cohort trial published yet. The low patient
numbers in each study limits post hoc statistical analysis.
In 82 of 192 (43%) patients, intrasellar RCC was noted. In
92 of 192 (48%) patients, an intrasellar RCC with suprasel-
lar extension was found and 18 of 192 (9%) RCCs were
purely suprasellar.

IV.C.1. Endoscopic endonasal surgery for RCCs
Surgical resection technique comprised gross total resection
(GTR) of RCCs in 46 of 191 patients (24%), whereas in

the remaining 145 of 191 patients (76%) subtotal resec-
tion (STR) of RCCs was performed. STR always included
drainage of the cyst with cyst wall biopsy. In some patients,
additional partial cyst wall removal was performed.

Headache was the most common presenting symptom
(132/191, 69%) independent of the RCC location. This
symptom overall resolved in 117 of 132 patients (89%).
In 1 study with 9 suprasellar RCCs approached by ex-
tended EEA, headache improved only in 71%.305 In an-
other study by Ratha et al.,306 headache was the pre-
dominant symptom in 93%. Fifty-two percent (52%) had
purely intrasellar RCC and 48% had intrasellar RCC
with suprasellar extension. GTR was performed in 63%,
STR in 37%. The overall resolution of headache was
96%. There was no difference of GTR or STR in EEA
or extended EEA affecting the outcome of preoperative
headache.

Visual disturbances were present in 56 of 159 pa-
tients (35%). In the study of Madhok et al.304 with
32 patients, no data are given concerning preoperative
and postoperative visual disturbances. Visual outcome im-
proved in 52 of 56 patients (93%) with no difference
whether GTR or STR in EEA or extended EEA was
performed.

Endocrinopathy was present in 103 of 191 patients
(54%). Of 103 patients, 63 (61%) had a partial or to-
tal hypopituitarism, 34 of 103 (33%) showed hyperpro-
lactinemia, and 6 of 103 patients (6%) presented with
DI. Postoperatively, overall improvement rate was 51 of
103 (50%). Analyzing the subgroups, hypopituitarism im-
proved in 20 of 63 cases (32%), hyperprolactinemia in
29 of 34 cases (85%) and DI normalized in 2 of 6 cases
(33%). However, normalization of DI was only published
in the study of Fan et al.307 Also, controversial results exist
regarding the subgroup of hypopituitarism. Whereas Fan
et al.307 and Xie et al.308 reported a 50% improvement
rate for hypopituitarism, the other included studies re-
ported a 22% to 33%305,306,309 or 0%304,310 improvement
rate.
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Therefore, EEA and extended EEA in intrasellar and
suprasellar RCC significantly improve clinical symptoms of
headache and visual disturbances. Regarding preoperative
endocrinopathies, only hyperprolactinemia was markedly
improved.

Gland preservation was possible in the vast majority of
the cases. The overall rate of new cases with permanent
hypopituitarism of the anterior pituitary axis was 6 of 191
(3%) reported in the studies of Solari et al.309 (4/29 cases)
and Fan et al.307 (2/49 cases). Out of the 4 patients with
postoperative endocrinological worsening in the studies of
Solari et al.,309 3 patients received STR (3/13) and 1 patient
GTR (1/16). In the studies of Fan et al.,307 both of the 2 pa-
tients received STR. It must be noted, that in the studies of
Fan et al.,307 all of their 49 patients were treated with STR,
none received GTR. In all of the other studies,304–306,308,310

the rate of permanent new hypopituitarism was 0%.
Madhok et al.304 reported 3 temporary pituitary dysfunc-
tions.

Permanent postoperative DI occurred in 5 of 191 patients
(3%) who were not affected preoperatively. Three of them
received GTR and 2 of them STR. Temporary DI in previ-
ously unaffected patients was present in 10 of 191 patients
(5%). Out of these patients, 6 received GTR and 4 STR.

Radiological recurrences were reported in 18 of 192 pa-
tients (9%), whereas symptomatic recurrences that required
revision surgery were identified in 10 of 192 patients (5%).
However, the follow-up period in the cited studies was pre-
dominantly short-term and showed a wide range from 2
to 122 months with a mean from 21 to 48 months. Solari
et al.309 did not report follow-up data but just mentioned
a retrospective evaluation from 1997 to 2014. In the study
with the longest mean follow-up of 48 ± 27 months (Fan
et al.307), there was a higher radiological (7/49 cases, 14%)
and symptomatic (5/49 cases, 10%) recurrence rate, sug-
gesting that the overall recurrence rate may be higher if the
follow-up period is prolonged.

Solari et al.309 reported that none of the 16 patients that
received GTR presented recurrence at follow-up. On the
other hand, there were 4 of 13 (31%) recurrences in their
STR group. Madhok et al.304, Xie et al.,308 and Fan et al.307

performed only STR and had recurrence rates of 6%, 9%,
and 14%, respectively. Frank et al.310 reported no recur-
rence in their GTR group of 6 cases and 1 recurrence in
their STR group of 16 cases (6%). The possible influence
of the endoscopic approach (EEA or extended EEA) on re-
currence rates could not be analyzed because of a lack of
published data.

Finally, it must be stated that the recurrence rate in EEA
and extended EEA in RCC is uncertain because of a lack of
studies with appropriate follow-up periods. However, there
appears to be no conclusive evidence that more aggressive
resection of the cyst wall results in lower rates of recurrence.
Also, there are no valuable data concerning the impact of
closure of the RCC on recurrence rates. Fan et al.307 pre-
sented a 6% incidence of packing the RCC due to a CSF
leak (3/49) and had a recurrence rate of 14% (7/49). Solari

et al.309 had 52% (15/29) of their patients receiving an in-
traoperative closure of RCC with an altogether recurrence
rate of 14% (4/29).

IV.B.2. Management of CSF leaks after RCC
surgery

Overall, postoperative CSF leaks were reported in 10 of
191 patients (5%). Madhok et al.,304 Jahangiri et al.,305

and Ratha et al.306 reported a 0% rate for CSF leaks in
their patient groups. Madhok et al.304 used a vascularized
NSF in cases with an intraoperative CSF leak, typically
without lumbar drain. Jahangiri et al.305 used DuraGen for
lining the defect and then an NSF. Ratha et al.306 used
floor repair with only collagen sponge in small CSF leaks,
and additional fat and fascia lata sometimes with lumbar
drain in large CSF leaks. Frank et al.310 reported 2 post-
operative CSF leaks in 22 patients (9%) while plugging
the sella with abdominal fat when intraoperative CSF leak
was observed. Solari et al.309 used multilayer closure and
an additional NSF in larger CSF leaks. Postoperative CSF
leaks occurred in 2 of 29 patients (7%) with the need of
further EEA and repair. Xie et al.308 plugged the sella with
abdominal fat when a CSF leak occurred intraoperatively.
They reported 3 postoperative CSF leaks, 2 of which were
repaired using a further EEA and 1 using a lumbar drain.
Fan et al.307 reported 3 of 49 cases (6%) with postopera-
tive CSF leaks while using collagen sponges in small and
packing with autologous fat in larger CSF leaks. All of
the 3 reported postoperative CSF leaks resolved through
bed rest and/or LD with no need of a further surgical
repair.

In conclusion, management of CSF leaks is very hetero-
geneous in the reported studies. In extended EEA (EEEA)
with larger skull-base defects, support of the closure by an
NSF seems to be a useful technique (see Table IV.C).

� Aggregate of Evidence: C (Level 3b: 4 studies; Level 4: 3
studies)

� Benefit: EEAs appear effective in reducing symptoms
such as headache

� Harm: Minimal: Pituitary gland preservation is pre-
served in the majority of the cohort

� Cost: Low
� Benefit-Harm Assessment: Strong benefit of symptom re-

duction in comparison to low rates of postoperative pi-
tuitary dysfunction and CSF leak.

� Value Judgment: Endoscopic endonasal surgery is a vi-
able surgical option for Rathke’s cleft cysts

� Policy Level: Optional: Endoscopic marsupialization of
RCC is a viable option for symptomatic control with low
rates of recurrence and postoperative gland dysfunction.

� Intervention: When symptomatic and surgically indi-
cated, endoscopic endonasal surgery can be effective.
However, the risk/benefit ratio between GTR vs STR
resection remains unclear.
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TABLE IV.C. Endoscopic endonasal surgery for RCC

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Ratha306 2017 3b Retrospective case series
(n = 27)

Patients undergoing EEA for
RCC

Postoperative endoscopic
outcomes

Radical excision does not
necessarily result in
endocrinological
impairment and may cause
a better impact on
recurrence

Madhok304 2010 4 Retrospective case series
(n = 35). No clinical
data n = 3, no
radiographic data n = 2

Patients undergoing EEA for
RCC

EEA (n = 30)
EEEA (n = 3)

Postoperative endoscopic
outcomes. No data for
visual outcome.

No permanent pituitary
dysfunction, 96% complete
or significant reduction of
headache

Frank310 2005 4 Retrospective case series
(n = 22)

Patients undergoing EEA for
RCC

Postoperative endoscopic
outcomes

Visual disturbances and
headache improved in all
patients

Solari309 2015 3b Retrospective case series
(n = 29)

Patients undergoing EEA for
RCC

EEA (n = 19)
EEEA (n = 10)

Postoperative endoscopic
outcomes

EEEA provides a higher rate of
GTR with less pituitary
dysfunction in
supradiaphragmatic RCC

Xie308 2011 4 Retrospective case series
(n = 23)

Patients undergoing EEA for
RCC

Postoperative endoscopic
outcomes

Drainage of the cysts with
partial excision of the cyst
wall is usually sufficient

Jahangiri305 2014 3b Retrospective case series
(n = 99)

Patients undergoing EEA for
RCC

EEEA in suprasellar RCC (n =
30), microsurgery in
intrasellar RCC (n = 68) and
suprasellar RCC (n = 22)

Postoperative surgical
outcomes

EEEA in suprasellar RCC gives
a higher rate of complete
removal and better visual
outcomes than
microsurgery

Fan307 2013 3b Retrospective case series
(n = 87)

Patients undergoing EEA for
RCC

EEA (n = 49), transcranial
surgery (n = 38)

Postoperative surgical
outcomes

GTR does not appear to
reduce recurrence rate but
increase the risk of
postoperative
complications

EEA = endoscopic endonasal approach; EEEA = extended endoscopic endonasal approach; GTR = gross total resection; LOE = level of evidence; RCC = Rathke’s cleft
cyst.

IV.D. Craniopharyngioma
Craniopharyngiomas are benign disembryogenetic
tumors—as per the World Health Organization (WHO)
classification—originating from squamous epithelial rem-
nants of Rathke’s pouch; accordingly, they can arise at any
segment of its course, virtually from the nasopharynx to
the hypothalamus.311,312 They currently represent 1.4%
to 4.7% of all intracranial tumors (Central Brain Tumor
Registry of the United States), appearing with a bimodal
distribution at childhood (mean age 5 to 14 years) and late
adulthood (mean age 5 to 74 years).311,313

These lesions can appear cystic, solid, or as combination
of both, with intralesional calcifications often observed
(around 60% to 80% of cases). From a histological point of
view, 2 major variants have been identified: the papillary,
occurring almost exclusively in adults, and the adamanti-
nomatous type, being much more common overall and
in the pediatric population (ratio, 9/1).314,315 Regarding
macroscopic features, the adamantinomatous subtype

shows an irregular interface, adhesions to surrounding
structures, and cystic contents with dark “motor-oil” fluid
containing cholesterol crystals. Calcification may occur
in the majority of cases. On the contrary, the papillary
form shows no adherence to surrounding structures
and/or calcifications, while the cystic contents are often
clear.

Despite the histologically benign nature, craniopharyn-
giomas are burdened by an aggressive clinical course re-
lated to their tendency to involve a great number of vi-
tal neurovascular structures. Adjacent to the sellar region,
they grow onto surrounding areas of the skull base, ad-
hering tightly to optic nerves and chiasm, internal carotid
arteries (ICAs), the3d ventricle—above the floor—the hy-
pothalamus, and pituitary gland, causing a variety of symp-
toms. This local spread is perhaps even more critical in the
pediatric population. Dependent upon the lesion growth
pattern, size, and location, typical presenting signs include
visual dysfunction, with symptoms of chiasmatic and/or
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retrochiasmatic compression, hypothalamic dysfunction,
such as behavioral changes, hyperphagia, alterations of
sleep patterns, apathy, or even stupor, and pituitary dys-
function, manifesting as DI and/or panhypopituitarism.312

Historically, different microscopic transcranial routes,
namely subfrontal, frontolateral, and pterional routes, have
been advocated as possible surgical options for the treat-
ment of craniopharyngiomas.315–323 Use of the transsphe-
noidal approach was introduced in the early 1960s by Ger-
ard Guiot324: this technique initially was reserved only for
lesions with a cystic component, with a minimal supradi-
aphragmatic extension in patients with an enlarged sella,
preferably with panhypopituitarism. After Weiss325 in 1987
described and termed the “extended transsphenoidal ap-
proach,” it has been possible to access the suprasellar area
and remove extrasellar craniopharyngiomas via the en-
donasal corridor.326–329

The endoscope is perfectly suited for this scenario: the
wide and panoramic view offered by the endoscope pushed
the development of a variety of modifications of the en-
donasal approaches expanding the targeted area to the
whole median and paramedian skull base.330–333 The en-
donasal technique offers a direct approach that permits ac-
cess to the suprasellar, retrosellar, and retroclival space, ob-
viating brain retraction; because craniopharyngiomas grow
along a vertical axis, it provides the advantage of accessing
these lesions immediately after suprasellar dural opening
without optic nerve manipulation and/or retraction.

IV.D.1. Management strategy for
craniopharyngioma: GTR vs STR with

radiation therapy
Craniopharyngiomas are considered very difficult lesions to
treat, due to such extremely variable growth pattern and,
above all, an unpredictable behavior. Over the years, sev-
eral authors advocated different classifications according to
the direction of growth and the surgical route used, as re-
lated to the optic chiasm, diaphragma sellae, third ventricle,
and infundibulum.316,333–337

As experience has grown with increasing number of cases
treated via EEA, the technique has been refined and im-
proved according to the different morphological features
and location of craniopharyngiomas. Surgical anatomy and
specific features of each tumor determine the pros and cons
of the ability to remove each tumor and the outcomes and
QOL.228,331,338–347

Complete removal (GTR) at first surgical attempt has
been suggested as the most effective treatment.315,316,318,348

Nevertheless, it may not always be possible because of the
tumor’s characteristics and/or location, its anatomical rela-
tionships, or as per the surgeon’s personal preference.349

Indeed, debate regarding optimal treatment strategies
still continues, in the literature, with several groups
claiming the possibility of achieving a less risky STR,
followed by either adjuvant radiotherapy or, more re-
cently, radiosurgery.350–355 However, craniopharyngiomas

can recur even after radical resection and the surgi-
cal treatment of a recurrent lesion is often more trou-
blesome, thus resulting in inevitably higher rates of in-
complete resection and increased risk of mortality and
morbidity.315,318,344,348,356,357

Different series analyzed clinical outcomes of different
surgical approaches and compared the disease control rates
achieved with GTR and the combination of an STR fol-
lowed by radiotherapy (RT) (Table IV.D.1).

Both the contributions of Yang et al.359 and Sughrue
et al.358 on wide cohorts reported that although GTR
provides improved tumor control compared with STR
alone, the addition of RT to STR can provide tumor control
rates essentially similar to those for GTR, supporting the
idea that STR + RT provides adequate tumor control while
limiting hypothalamic and hypophyseal morbidity associ-
ated with aggressive resection.

In a recent meta-analysis from Zacharia et al.,361 on a
cohort of 644 patients treated for craniopharyngioma—
who were registered in the Surveillance Epidemiology and
End Results (SEER)—it appeared that STR and RT were
independently associated with increased survival, whereas
there was no survival advantage associated with GTR.

Schoenfeld et al.360 clearly advocated the superiority of a
conservative treatment (STR + RT); the outcome analysis
of a cohort of 122 patients showed that such a strategy
may lead to better disease control while limiting side ef-
fects: there was no significant difference in progression-free
survival (PFS) and overall survival (OS) between patients
treated with GTR vs STR + RT, but GTR was associated
with significantly greater risk of developing long-term en-
docrinological disturbances.

When analyzing results of major series of craniopharyn-
giomas that underwent endoscopic endonasal removal, it
remains clear that the adoption of conservative manage-
ment is intentionally taken into account based on lesion
features, surgeon’s experience, and degree of involvement
of neurovascular structures. Indeed, the series of Kou-
tourousiou et al.,362 Leng et al.,343 and Cavallo et al.228

all embrace the concept of safe “maximum-allowed” re-
section, also according to patient’s age, endocrine status,
and preoperative wishes, in the attempt of limiting morbid-
ity: patients who received adjuvant RT presented similar
outcomes in terms of OS and PFS. Dhandapani et al.363

underlined the impact of extent of resection on the rates of
recurrence and similarly noticed that adjuvant RT was use-
ful to lower recurrence in cases where STR was achieved.

On the other hand, RT alone leads to lower tumor control
rates and carries the risk of eventual late impairment of cog-
nitive, hypothalamic, endocrine, and visual functions,363

with rates of hypopituitarism being reported between 20%
and 60% and optic neuropathy ranging from 2% up to
8%, at 10-year follow-up.365–370

In summary, there is a certain agreement in the literature
that STR + RT is a valid strategy for the surgical manage-
ment of craniopharyngioma, providing similar PFS and OS
along with lesser morbidity rates, as compared to GTR.
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TABLE IV.D.1. CP: GTR vs STR + RT

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Sughrue358 2011 2a Systematic review
(n = 540)

1. GTR
2. STR + RT

1. Clinical outcomes
2. Tumor control

GTR increases endocrine
morbidity; RT worsens
visual outcomes

Yang359 2010 2a Systematic review
(n = 442)

1. GTR
2. STR + RT

1. Clinical outcomes
2. Tumor control

Multimodality tailored strategy
is effective

Schoenfeld360 2012 2b Retrospective review
(n = 122)

1. GTR
2. STR + RT

Primary: PFS/OS
Secondary: DI, visual,

endocrinological

STR + RT gives better clinical
outcomes

Zacharia361 2012 2c Retrospective review
(n = 644)

1. GTR
2. STR + RT

PFS/OS; clinical outcomes STR + RT gives better clinical
outcomes

Koutourousiou362 2013 4 Retrospective case series 1. Adult
2. Children

Clinical outcomes Maximum possible safe
resection is better

Dhandapani363 2017 4 Retrospective case series 1. Primary surgery
2. Reoperations

Tumor control, EOR, BMI,
visual, endocrinological

EOR is impacted by tumor
volume and prior RT

Cavallo228 2014 4 Retrospective case series Patients presenting with CP Clinical outcomes EEA is effective according to
tumor features

Leng343 2012 4 Retrospective case series Patients presenting with CP Clinical outcomes; focus: EOR;
BMI CSF leak

EEA is safe and effective

Gardner364 2008 4 Retrospective case series Patients presenting with CP Clinical outcomes EEA is effective; high CSF
rates

Campbell338 2010 4 Retrospective case series Newly diagnosed CP Clinical outcomes; focus:
visual, endocrinological

EEA efficacy depends on
tumor features

Kim347 2014 4 Retrospective case series Recurrent CP Clinical outcomes EEA is safe and effective

BMI = body mass index; CP = craniopharyngioma; CSF = cerebrospinal fluid; DI = diabetes insipidus; EEA = endoscopic endonasal approach; EOR = extent of resection;
GTR = gross total removal; OS = overall survival; PFS = progression-free survival; RT = radiotherapy; STR = subtotal resection.

� Aggregate Grade of Evidence: C (Level 2a: 2 studies;
Level 2b: 1 study; Level 2c: 1 study; Level 4: 7 studies)

� Benefit: Lower rates of hypothalamic disturbances with
STR + RT.

� Harm: Potential late RT complications: vascular and en-
docrinological.

� Cost: Moderate.
� Benefit-Harm Assessment: Possibility of avoiding direct

surgical injury.
� Value Judgments: Careful preoperative evaluation of sur-

gical benefit-harm balance: adequate disease control and
QOL are equal.

� Policy Level: STR + RT: option, when GTR is not possi-
ble; GTR: option, when vital structures are not exposed
to surgical risk.

� Intervention: Consider conservative strategy with maxi-
mum allowed resection based upon lesion’s features, sur-
gical experience, and patient characteristics and requests.

IV.D.2. Management of craniopharyngioma in
pediatric vs adult population

Aside from the incidence of the 2 different histotypes,
which recognize the adamantinomatous variant more fre-
quent in children, the tumor features are pretty similar

with the same tendency of local aggressive behavior and
higher risk of recurrence. Hence, it has been recognized
that a third of lesions occurring in childhood present with
greater rates of sellar involvement as compared to the adult
population.367,368,371–377

When analyzing major reports, it is not possible to reach
consensus in regard to the proper management of pedi-
atric craniopharyngiomas, being even more troublesome to
identify the balance between good surgical outcome that al-
lows disease control and the need for adequate psychic and
motor development and the risk of hypothalamic injury.343

The vast majority of cases have been treated via a
transcranial approach, but standards of treatment should
eventually include debulking via a variety of approaches,
transsphenoidal surgery and cyst drainage procedures—
with or without adjuvant treatment—in order to achieve
optical pathway and hypothalamic/stalk decompression,
along with good QOL.367,369,371,372,374,378–383 The Hôpital
Necker Enfants Malades group recognized that hypotha-
lamic dysfunctions (hyperphagia/obesity, behavioral disor-
ders, memory problems) are due to the tumor itself and its
extensive removal makes things even worse: they tailored
surgical strategy of management according to the preoper-
ative degree of hypothalamic involvement.349
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On the other hand, the report of Elliott et al.372 definitely
points out the effectiveness of GTR at both primary surgery
and/or repeat surgical intervention for recurrent lesions.
Their extraordinary 100% rate of total removal achieved
at primary surgery with acceptably low mortality and mor-
bidity offered the best chance of durable disease control
with a good QOL; moreover, the surgical risks were not
higher at reoperation. Excellent results in terms of QOL
and neuropsychological outcomes following radical resec-
tion were achieved in 81% of children with primary tumors
with slightly lower rates for recurrent tumors (72%).

However, few cases have disclosed data regarding the
use of the endoscopic transsphenoidal approach in chil-
dren; initially, this corridor has not been favored for sev-
eral reasons, related to both the anatomy, with incomplete
pneumatization of the paranasal sinus, and lesion features
(Table IV.D.2).

Locatelli et al.384 were the first to report the use of EEA
for treatment of craniopharyngioma in a pediatric pop-
ulation: 4 children underwent the treatment of recurrent
lesions, with 3 of them achieving cyst-sphenoid drainage.

In Jane et al.’s376 series, 22 children underwent a
transsphenoidal approach, 6 of whom were operated on
via a purely endoscopic endonasal technique: their data
are consistent with those reported in the adult popula-
tion. Interestingly, they achieved a 100% rate of GTR,
when this was the stated goal of the primary surgery with
postoperative overall rate of panhypopituitarism of 67%
and obesity of 37% related to hypothalamic malfunction.
It is worth noting that most of the cases were intrasuprasel-
lar, ultimately infradiaphragmatic lesions, which are more
amenable to the transsphenoidal corridor. According to
Cavallo et al.,228 who reported 20 pediatric cases in their
series, the results were similar to the adults in terms of
GTR and endocrinological outcomes, as well as higher
rates of GTR in primary compared with recurrent surgery.
On the other hand, they had much higher visual improve-
ment in children and reported no cognitive or psychic se-
quelae as they accepted a lesser extent of resection (EOR)
with hypothalamic tumor invasion. Finally, Koutourousiou
et al.362 did find several differences in the outcomes be-
tween adult and pediatric populations in their series: the
rate of near total removal (>95%) was significantly higher
in childhood corresponding to higher rates of postoperative
new-onset DI and pituitary dysfunction.

EEA seems to offer similar results in both adulthood and
childhood for craniopharyngioma. When defining the sur-
gical options, it should be born in mind that increased risk
of endocrinological and hypothalamic dysfunction may oc-
cur postoperatively in the pediatric population, considering
the growth pattern in this subset of cases.

� Aggregate Grade of Evidence: C (Level 2a: 1 study; Level
2c: 1 study; Level 4: 5 studies)

� Benefit: Good functional outcomes and disease control;
possibility of limiting complications with STR + RT in
both groups.

� Harm: Higher rate of hypothalamic and endocrinologi-
cal disorders in children.

� Cost: Moderate.
� Benefit-Harm Assessment: Possibility of tailored strategy

of treatment.
� Value Judgments: In pediatric patients, it is preferable to

realize a subtotal surgical resection when hypothalamus
is involved.

� Policy Level: GTR: option, when vital risks are accept-
able; STR + RT: option, when GTR is not possible.

� Intervention: Consider maximum safe removal and ad-
juvant therapy, with regard to the risk of postoperative
complications and the needs of psychic and motor devel-
opment.

IV.D.3. Adjuvant therapies for craniopharyngioma
The possibility of considering combination of surgery with
other therapeutic approaches in order to achieve long-
term control of craniopharyngiomas has been reported
extensively in the literature, both for children and adult
populations352,370,385–394 (Table IV.D.3).

Sometimes, a 2-stage surgical strategy could be adopted
with the transcranial approach complimenting the en-
donasal, with each route being adopted to overcome the
limitations of the other.228,333,400

Several authors suggested adjuvant RT in all incom-
plete tumor removal cases, advocating the fraction-
ated technique as the most suitable RT treatment of
craniopharyngiomas.353,354,365,366,398,401–404. On the other
hand, stereotactic radiosurgery seems to provide favorable
control rates at 5 years posttreatment.366,405–409

Effectiveness of postoperative irradiation though de-
pends on tumor progression history: in cases of small
residual tumors with calcified fragments that are ad-
herent to neurovascular vital structures, which demon-
strate no growth, a watchful waiting strategy with close
neuroradiological follow-up can be adopted; in case of
rapidly growing residual tumors, an early second sur-
gical procedure can be preferred to achieve relief from
symptoms.228,329,343,357

In the pediatric subset of patients, several groups adopted
a more conservative strategy reporting the use of intrale-
sional therapies, administered via an indwelling catheter
with the objective of postponing or sparing the ad-
verse effects of disruptive surgical treatment—above all
for the hypophyseal and hypothalamic functions—and/or
late sequelae due to RT. The management of cran-
iopharyngiomas via stereotactic aspiration of the cys-
tic component with the instillation of antibiotics, ra-
dionucleotides, and/or cell-cycle inhibitors resulted in
successful and effective minimally invasive strategies of
treatment.381,397,399,410–412

Recently, interferon-alpha396 is becoming increasingly fa-
vored as antiproliferative agent when delivered intracavi-
tarily: a recent international, multicenter retrospective anal-
ysis on a wide cohort of pediatric patients, showed that
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TABLE IV.D.2. Management of CP with EEA in pediatric and adult population

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Clark383 2013 2a Systematic review
(n = 531)

1. GTR
2. STR + RT

1. Clinical outcomes
2. Tumor control

Similar tumor control rates
regardless EOR

Elliott372 2011 2c Outcome analysis Pediatric CP treated:

1. TCA
2. TS

Clinical outcomes Better outcomes are achieved
when approach is chosen
upon tumor features

Dhandapani363 2017 4 Retrospective case series 1. Primary surgery
2. Reoperations

Tumor control, EOR, BMI,
visual, endocrinological

EOR is impacted by tumor
volume and prior RT

Cavallo228 2014 4 Retrospective case series Patients presenting with CP Clinical outcomes EEA is effective according to
tumor features

Leng343 2012 4 Retrospective case series Patients presenting with CP Clinical outcomes; focus: EOR;
BMI CSF leak

EEA is safe and effective

Jane376 2010 4 Retrospective case series Children presenting with CP Clinical outcomes Effective especially for
infradiaphragmatic lesions

Koutourousiou362 2013 4 Retrospective case series Patients presenting with CP Clinical outcomes Maximum possible safe
resection is better

BMI = body mass index; CP = craniopharyngioma; EEA = endoscopic endonasal approach; EOR = extent of resection; GTR = gross total removal; LOE = level of
evidence; RT = radiotherapy; STR = subtotal removal; TCA = transcranial approach; TS = transsphenoidal surgery.

TABLE IV.D.3. Adjuvant therapies for CP

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Jeswani395 2016 2b Retrospective review
(n = 46)

1. TCA
2. EEA

Clinical outcomes Similar outcome for EEA and
TCA; higher CSF leakage in
EEA

Kilday396 2017 2b Retrospective review Children with progression of
CP treated with IFN-alfa

Clinical outcomes Intracystic IFN can delay
tumor progression

Minniti365 2009 2c Outcome analysis CP cases treated with
adjuvant RT

1. Tumor control
2. Radiation toxicity

Excellent tumor control

Turel357 2016 4 Retrospective review Recurrent CP Clinical outcomes Adapt treatment to the tumor

Derrey397 2008 4 Retrospective case series CP treated with intracavitary
186(Re)

1. Clinical outcomes
2. Tumor cyst control

Effective tumor control with
lower morbidity

Dhandapani363 2017 4 Retrospective case series 1. Primary surgery
2. Reoperations

Tumor control, EOR, BMI,
visual, endocrinological

EOR is impacted by tumor
volume and prior RT

Cavallo344 2009 4 Retrospective case series Recurrent CP Clinical outcomes EEA is safe and effective

Moon398 2005 4 Retrospective case series 1. Early RT
2. Late RT

1. Clinical outcomes
2. PFS

Poor QOL with late RT

Hasegawa399 2004 4 Retrospective case series CP treated with intracavitary
32(P)

1. Clinical outcomes
2. Tumor cyst control

Effective tumor control with
lower morbidity

Koutourousiou362 2013 4 Retrospective case series Patients presenting with CP Clinical outcomes Maximum possible safe
resection is better

Minniti353 2007 4 Retrospective case series CP cases treated with
adjuvant FSCRT

1. Clinical outcomes
2. PFS

Good tumor control with low
toxicity

BMI = body mass index; CP = craniopharyngioma; CSF = cerebrospinal fluid; EEA = endoscopic endonasal approach; EOR = extent of resection; FSCRT = fractionated
sterotactic conformal radiotherapy; IFN = interferon; PFS = progression-free survival; QOL = quality of life; RT = radiotherapy; TCA = transcranial approach.
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the use of interferon-alpha hindered the progression of tu-
mor whether patients had received or not received previous
treatment, with less morbidity.

In our current era of genomics and molecular targeted
therapies, it has been established that the vast majority of
adamantinomatous craniopharyngioma and papillary cran-
iopharyngioma present exclusive clonal driver mutations
in the CTNNB1413–415 and BRAF genes.416 The latter is
responsible for activation/regulation of mitogen-activated
protein kinase (MAPK) signaling pathways, thus conferring
growth advantage through modulation of cell proliferation,
differentiation, and cell survival. CTNNB1 is involved in
Wnt signaling pathway and its mutations lead to b-catenin
accumulation into the cytoplasm and nucleus,386,417 with
the possibility to assess the mutations of the gene with stan-
dard immunohistochemical stains for this latter protein.418

Concrete targeted therapy has not yet been validated but
it is worth highlighting the report of Brastianos et al.,419

who saw an extraordinary response to combined BRAF
and MEK-targeted therapy in a single case of multiply re-
current papillary craniopharyngioma with genetically con-
firmed BRAFV600E mutation.

It remains clear in the literature that treatment of cran-
iopharyngioma requires a multidisciplinary management;
many adjuvant therapies have been found viable and ef-
fective. None of them is definitive as a single treatment,
while each should be intended as a proper asset in the mul-
timodality tailored therapy scheme.

� Aggregate Grade of Evidence: C (Level 2b: 2 studies;
Level 2c: 1 study; Level 4: 8 studies)

� Benefit: Adequate OS and PFS along with less morbidity.
� Harm: Failure: need for salvage treatment.
� Cost: Moderate to high.
� Benefit-Harm Assessment: Possibility of tailored thera-

pies.
� Value Judgments: Adjuvant therapies are not

complication-free and are not valuable as single
therapy.

� Policy level: RT: option for tumor progression; Gamma-
Knife: option for tumor progression; Intracystic therapy:
option for tumor progression. Genetic therapy: not rec-
ommended yet.

� Intervention: Consider multimodality management.

IV.D.4. Pituitary gland and stalk preservation
during craniopharyngioma resection

Different degrees of hypopituitarism and DI represent sig-
nificant but commonly accepted morbidities, especially fol-
lowing radical excision of craniopharyngioma, although pi-
tuitary gland/stalk loss of function could also be reasonably
attributed to tumor invasion. The surgical decision making
towards stalk sacrifice remains a dilemma368,420–422: on one
hand, its preservation could reduce the risk of altered en-
docrine functions after surgery; on the other, it might also

lead to hypothalamus functional disorders and, increase the
risk of recurrence.

In a recent meta-analysis by Li et al.,421 the strength of
the relationship between stalk preservation and clinical out-
comes was evaluated: surprisingly they identified reduced
risks of anterior pituitary functions impairment and DI oc-
currence, but no statistical relevance was observed in terms
of recurrences.

Pratheesh et al.422 disclosed that radical excision, recur-
rent tumor surgery, pituitary stalk injury, and transcra-
nial approach are associated with higher incidence of post-
operative DI, being in their series as high as 80%. They
pointed out that fluid/electrolytes disorders, especially the
so-called “triphasic response” more commonly seen in chil-
dren frequently leads to a differential diagnosis of DI vs
SIADH.368,420,421,423 So, the immediate postoperative re-
sponse of stalk/hypothalamus manipulation is temporary
dysfunction with polyuria, followed by the antidiuretic
phase due to the uncontrolled release of vasopressin from
the posterior pituitary or the damaged hypothalamus; fi-
nally, another polyuric phase, when the ADH reserves are
depleted.

It is worth observing that rates of postoperative en-
docrinopathy using EEA are slightly lower compared to
those reported per transcranial approaches.372,395,424–426

DI rates after endoscopic endonasal removal of cranio-
pharyngiomas range between 31.6% found in the series
of Jeswani et al.395 up to the 55.5% reported by Wan-
nemuehler et al.425; this latter group, on the other hand,
reported very low rates of panhypopituitarism (33.3%)
statistically different from the average values reported in
the literature of 47.2%.

On the other hand, there was no significant difference in
between the rates of recurrence with regard to the strategy
of pituitary gland/stalk management: it can be assumed,
though, that recurrence rates were similar after both GTR
and STR + RT (Table IV.D.4).

There is low evidence that stalk preservation can lead
to better endocrinological outcomes and reduce rates of
postoperative DI, but the association with tumor recurrence
cannot be ruled out.

� Aggregate Grade of Evidence: C (Level 2a: 1 study; Level
2b: 2 studies; Level 2c: 2 studies; Level 3b: 1 study)

� Benefit: Better endocrinological outcomes.
� Harm: Potential increase of recurrence rates.
� Cost: N/A.
� Benefit-Harm Assessment: Possibility of improving

QOL.
� Value Judgments: Fluid/electrolytes disorders and hy-

popituitarism are common endocrinological complica-
tions as related to surgical maneuvers at stalk area.

� Policy Level: Preserve gland/stalk: option
� Intervention: Consider stalk preservation unless it is

widely invaded by tumor and preoperative endocrino-
logical defects are already present.
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TABLE IV.D.4. Pituitary gland and stalk preservation during CP resection

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Li421 2015 2a Systematic review
(n = 420)

1. Stalk removed
2. Stalk maintained

1. DI rates
2. Recurrences
3. Endocrine results

Better endocrine results if
stalk preservation

Wannemuehler425 2016 2b Retrospective review
(n = 21)

1. TCA
2. EEA

Clinical outcomes EEA is the approach of choice
in selected cases

Jeswani395 2016 2b Retrospective review
(n = 46)

1. TCA
2. EEA

Clinical outcomes Similar outcome for EEA and
TCA; higher CSF leakage in
EEA

Elliott372 2011 2c Outcome analysis Pediatric CP treated:

1. TCA
2. TS

Clinical outcomes Better outcomes are achieved
when approach is chosen
upon tumor features

Pratheesh422 2013 2c Retrospective review
(n = 102)

1. Adult
2. Children

1. DI rates
2. Recurrences
3. Endocrine results

Radical excision is a predictor
of DI

Patel346 2015 3b Retrospective review
(n = 33)

1. EEA for macroadenoma
2. EEA for CP

1. Clinical outcomes
2. QOL

QOL is kept as preoperative

LOE = level of evidence; CP = craniopharyngioma; DI = diabetes insipidus; EEA = endoscopic endonasal approach; QOL = quality of life; TCA = transcranial approach;
TS = transsphenoidal surgery.

IV.D.5. Reconstruction after EEA for
craniopharyngioma

It has to be said that postoperative CSF leakage repre-
sents a significant complication and 1 of the main issues
of the endoscopic endonasal technique.235,274,427–429 An ef-
fective watertight reconstruction of the skull base is thought
mandatory to restore the natural intra and extradural com-
partment integrity: a failure could result in serious compli-
cations, such as meningitis, brain herniation, and tension
pneumocephalus. Particularly, during an EEA to cranio-
pharyngiomas, a large osteodural opening is created and
cisternal space widely dissected and, eventually, the third
ventricle chamber entered. It is mandatory to perform the
reconstruction, because the result is a Grade 3 leakage ac-
cording to Kelly’s paradigm,235 being sure to address the
following: (1) obliteration of dead spaces; (2) isolation of
the intradural compartment; (3) water/airtight closure; (4)
preserving desiccation and infection of neurovascular struc-
tures; (5) promotion of the healing process; (6) preserva-
tion and rehabilitation of function; and (7) management
of risk factors. In some situations, prior radiation therapy,
the need for postoperative treatment, and/or previous surg-
eries via the nasal corridor, the presence of scar tissue and
absence of autologous material available may hinder the
closure.

Along with the refinement of the endonasal tech-
nique, different methods of skull-base reconstruction,
along with the use of new materials, and vascular-
ized flaps228,273,274,427,430–432 have been reported. In most
of the reported series, the osteodural defect has been
closed according to the “gasket seal” or “grandma’s cap”
technique.427,428 Although univocal consensus with regard

to the use of LD is not yet achieved,268 the introduction of
the nasoseptal Hadad pedicled flap273,274 has considerably
reduced the risk of postoperative CSF leakage.

Koutourousiou et al.362 reported an overall rate of 23.4%
of postoperative CSF leaks, much lower than the 58% re-
ported in the initial 16 cases of the same group364: ac-
cordingly, they noticed CSF leakage rates were significantly
lower after routine use of a NSF was adopted. According
to Cavallo et al.,228 the postoperative CSF leak rate was
14.6%, being higher (27.8%) in those cases where the le-
sion involved the third ventricle: in this series, the use of
new material and techniques, along with an increase in the
authors’ experience made the CSF leak rate drop to 4% in
their last 25 procedures. Finally, Leng et al.343 reported an
extreme low rate of 3.8% CSF leakage: in this series lum-
bar drain was adopted and the authors attributed failure of
reconstruction to technical errors of the osteodural sealing
and/or to the lesions’ features (Table IV.D.5).

There is no doubt that watertight closure of the osteodu-
ral defect is mandatory after endoscopic endonasal removal
of craniopharyngiomas; however, postoperative CSF leak-
age risk is a major concern because of related morbidity.
Reported postoperative CSF leak rates are still high and
different risk factors can be identified, though the adop-
tion of a multilayer reconstruction technique, supported by
mucosal flap—either free or pedicled—represents a valid
solution.

� Aggregate Grade of Evidence: C (Level 2c: 2 studies;
Level 4: 6 studies)

� Benefit: Separation of the intracranial compartment from
external environment.
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TABLE IV.D.5. Reconstruction after EEA for CP

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Elliott372 2011 2c Outcome analysis Pediatric CP treated:
1. TCA
2. TS

Clinical outcomes Better outcomes are achieved
when approach is chosen
upon tumor features

Moussazadeh424 2016 2c Retrospective review 1. TCA
2. EEA

Clinical and radiological
outcomes

EEA is safe and effective

Cavallo228 2014 4 Retrospective case series Patients presenting with CP Clinical outcomes EEA is effective according to
tumor features

Leng343 2012 4 Retrospective case series Patients presenting with CP Clinical outcomes; focus: EOR;
BMI CSF leak

EEA is safe and effective

Gardner364 2008 4 Retrospective case series Patients presenting with CP Clinical outcomes EEA is effective; high CSF
rates

Campbell338 2010 4 Retrospective case series Newly diagnosed CP Clinical outcomes; focus:
visual, endocrinological

EEA efficacy depends on
tumor features

Jane341 2010 4 Retrospective case series Adults presenting with CP Clinical outcomes; EOR EEA is effective; high risk of
postoperative
endocrinopathy

Koutourousiou362 2013 4 Retrospective case series Patients presenting with CP Clinical outcomes Maximum possible safe
resection is better

BMI = body mass index; CP = craniopharyngioma; CSF = cerebrospinal fluid; EEA = endoscopic endonasal approach; EOR = extent of resection; TCA = transcranial
approach; TS = transsphenoidal surgery.

� Harm: Potential complications: tension pneumocephalus
and meningitis.

� Cost: Moderate to high secondary to the risk of serious
complications.

� Benefit-Harm Assessment: Although EEA is an increas-
ingly utilized technique in the management of cranio-
pharyngioma, the rates of postoperative CSF leaks are
higher than other routes. Effective skull-base reconstruc-
tion is critical.

� Value Judgments: Osteodural defect closure is manda-
tory.

� Policy Level: Multilayer reconstruction: recommended;
Vascularized flap: option; Lumbar drain: option.

� Intervention: Perform watertight reconstruction of the
skull base after lesion removal.

IV.E. Tuberculum sella and planum meningiomas
First classified by Cushing and Eisenhardt433 in 1929,
suprasellar meningiomas account for 5% to 10% of all
intracranial meningiomas and were initially defined as tu-
mors arising from the tuberculum sella. Al-Mefty et al.434

later reclassified suprasellar meningiomas as those arising
via arachnoid cap cells from the planum sphenoidale, tuber-
culum sella, diaphgrama sella, and anterior clinoid process;
de Divitiis et al.435,436 later distinguished clinoidal menin-
giomas from other suprasellar meningiomas. In this review,
we refer to suprasellar meningiomas as being inclusive of
tumors originating from either the planum sphenoidale or
tuberculum sella.

With growth, these tumors can expand into the parasel-
lar region with subsequent tumor encroachment upon elo-
quent neurovascular structures including the optic nerves
and chiasm, internal carotid and anterior cerebral ar-
teries inclusive of their branches, cavernous sinuses, in-
fundibulum, and hypothalamus. Because of encroachment
upon the optic chiasm, these tumors often present with
progressive, asymmetric visual loss with incongruous vi-
sual fields, a finding described as “chiasmal syndrome” by
Cushing in 1930.437 Various prognostic scoring systems
have been proposed to classify these tumors.438–441 These
systems have all included tumor size while variably includ-
ing optic canal invasion, vascular invasion, brain invasion,
peritumoral edema, previous surgery, previous radiation,
and duration of visual symptoms in their schemes. These
proposed classification schemes have yet to be externally
validated, widely adopted, or prospectively used to guide
surgical approaches.

Cushing was the first to successfully resect a suprasellar
meningioma via a transcranial approach (TCA) in 1916,442

and Jho443 was the first to report resection of such a tumor
via the EEA in 2001. Since this time, use of the EEA has
been increasingly adopted as an equally effective or possibly
preferred route over TCAs in well selected cases. Relative
to TCAs, the EEA allows for (1) direct extradural access
to the tumor’s meningeal origin and osseous attachment;
(2) upfront devascularization of the tumor’s meningeal
blood supply; (3) early, extradural, bilateral, and wide optic
nerve decompression; (4) direct identification and access to
the paraclinoidal internal carotid artery (ICA); the medial
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aspect of the optic canal, the diaphragm, and the pituitary
stalk; (5) minimization of brain and optic nerve manipu-
lation; (6) tumor debulking prior to approaching the optic
apparatus; and (7) arguably a better cosmetic result. Possi-
ble weaknesses of EEA include lack of ability to remove a
subtle dural tail that extends beyond the endonasal corridor
and higher rates of CSF leak, anosmia, and sinusitis.

The differentiation between planum sphenoidale menin-
giomas and tuberculum sella meningiomas in clinical pre-
sentation and the extent of surgical approach, specifically
in relation to the optic nerve, is important. Planum sphe-
noidale meningioma can grow to considerable size prior
to becoming symptomatic. These tumors often become
symptomatic when the tumor displaces the frontal lobe
and/or results in frontal lobe edema. In contrast, tuber-
culum sella meningioma and diaphragmatic meningioma
tend to present at smaller sizes secondary to the propensity
to involve the optic canals. The surgical treatment often in-
cludes optic nerve decompression. However, the state of the
current literature is limited. In this section, these 2 suprasel-
lar meningioma types are grouped for further systematic
review.

Prospective studies directly comparing the efficacy and
adverse effect profile of the TCA vs EEA are currently
lacking in the literature. Case series describing 3 or fewer
patients, sublabial endoscopic cases, pediatric series, and
series solely evaluating endoscopic augmentation of TCAs
were excluded. To avoid duplication of patients among sev-
eral published series from single institutions, only the report
with the largest relevant cohort from each institution was
included in this review.

A total of 3540 reports were captured through our
database search. After applying the exclusion criteria,
16 manuscripts, published between 2007 and 2017, met
inclusion criteria for this review and have formed the foun-
dation of this evidence-based review.

IV.E.1. Extent of resection in suprasellar
meningioma

In 11 non-overlapping, retrospective, single-institution se-
ries totaling 212 patients, GTR rates for suprasellar menin-
giomas approached via EEA ranged from 53.8% to 83.3%
with a weighted average rate of GTR equaling 75.9%
(Table IV.E.1).444–455

The largest EEA-specific series, with a total of 70 patients,
averaged a gross total resection rate of 77.5%.451 Four se-
ries attempted to study factors associated with greater ex-
tent of resection using EEA; tumor size less than 2.3 cm,
greater operative experience, and lack of vascular encase-
ment by the tumor were all associated with greater rates of
GTR.447,451,452,455

Five additional papers featured analyses of patients
treated via TCA (n = 109) vs EEA (n = 71).444,456–459

Within these papers, the rate of EEA GTR ranged from
50.0% to 85.7% with a weighted average rate of GTR
equaling 76.3% (Table IV.E.2, Table IV.E.3).

In contrast, the rate of GTR following TCA ranged from
22.2% to 87.5%, with a weighted average rate of GTR
equaling 74.3% (Table IV.E.2, Table IV.E.3).458,459

IV.E.2. Suprasellar meningioma: visual
improvement after EEA

Among 170 patients included in 11 non-overlapping, ret-
rospective series, rates of vision improvement ranged from
33.3% to 91.7% following EEA for suprasellar menin-
gioma resection with a weighted average rate of vision im-
provement of 77.6% (Table IV.E.1, IV.E.3).444–453,455,456

The largest EEA-specific series averaged a rate of vision im-
provement of 85.7%.451 One study demonstrated a trend
toward improved vision outcomes with greater operative
experience.452

Five additional papers, featuring analyses of TCA (n =
121) vs EEA (n = 87), demonstrated a rate of vision im-
provement ranging from 33.3% to 97.7% for those un-
dergoing EEA, with a weighted average rate of vision im-
provement equaling 82.8%. In contrast, the rate of vision
improvement in the TCA group ranged from 18.8% to
61.4%, with a weighted average rate of vision improvement
equaling 44.6% (Table IV.E.2, Table IV.E.3).444,456–459 In
1 study, multivariate analysis, patient age less than 55 years
old, and use of EEA were found to be associated with sig-
nificantly higher odds of vision improvement.459

IV.E.3. Risk of postsurgical CSF leak after EEA for
suprasellar meningioma

In 6 single-institution series encompassing 153 suprasellar
meningioma patients in which all patients received a vas-
cularized NSF, rates of postoperative CSF fluid leak ranged
from 20.0% in early series to 0.0% in the most recent series,
with an overall average leak rate of 9.8%.448,450–452,455,459

Two series reported leak rates prior to and following
adoption of a vascularized NSF for closure. Ottenhausen
et al.452 and Koutourousiou et al.451 reported leak rates
of 25.0% and 69.2%, respectively, prior to the use of
vascularized NSFs, though these rates dramatically de-
creased to 0.0% and 16.1%, respectively, following the
use of a vascularized flap for closure. Improved leak rates
over time likely reflect greater experience with use of vas-
cularized flaps over the surgical learning curve.345,444–459

In contrast, 7 series not including use of a vascularized
NSF demonstrated an overall leak rate of 22.2% among
97 patients.445,447,449,451–453,456 Five papers reported CSF
leak rates following TCA (n = 121) for tuberculum sel-
lae meningiomas.444,456–459 The associated CSF leak rate
ranged from 0.0% to 8.3% with an overall leak rate of
4.1%.

IV.E.4. Risk of postsurgical pituitary dysfunction
after EEA for suprasellar meningioma

New pituitary dysfunction following EEA for suprasellar
meningiomas was reported in 14 retrospective series in-
cluding 286 patients. New anterior pituitary dysfunction
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TABLE IV.E.1. Evidence for endoscopic endonasal surgery outcomes in patients with suprasellar meningiomas

Study Year LOE Study design Study group Clinical findings Conclusion

Wang445 2010 4 Retrospective case series 12 Patients followed for an
average of 28 months

Multilayered closure with no
NSF

GTR: 91.7% (11/12)
Vision improvement: 91.7%

(11/12)
CSF leak: 8.3% (1/12)
Anterior pituitary dysfunction:

0.0% (0/12)
Posterior pituitary dysfunction:

8.3% (1/12, transient DI)

EEA is safe and effective in
improving visual symptoms
for tuberculum sella
meningioma.

Van Gompel446 2011 4 Retrospective case series 13 Patients followed for an
average of 13 months

Unspecified closure

GTR: 53.8% (7/13)
Vision improvement: 61.5%

(8/13)
CSF leak: 0.0% (0/13)
Vascular injury: 7.7% (1/13;

ACA injury)

Long-term outcomes are
lacking, but EEA is feasible
for anterior cranial base
meningioma in
appropriately selected
cases.

Ogawa447 2012 4 Retrospective case series 19 Patients followed for an
average of 35.8 months

Multilayered closure with no
NSF

GTR 78.9% (15/19)
Vision improvement: 73.7%

(14/19)
CSF leak: 5.3% (1/19)
Pituitary dysfunction: 0.0%

(0/19)

EEA is equivalent to
alternative approaches in
meningiomas less than 30
mm.

Bohman448 2012 4 Retrospective case series 5 Patients followed for an
average of 7.8 months

Closure with NSF

GTR: 80.0% (4/5)
Vision improvement: 80.0%

(4/5)
CSF leak: 20.0% (1/5)
Posterior pituitary dysfunction:

40% (2/5, transient DI)

EEA may have higher rates of
CSF leak, but less injury to
the optic apparatus.

Chowdhury449 2012 4 Retrospective case series 6 Patients followed for an
average of 7 months

Multilayered closure with no
NSF

GTR 83.3% (5/6)
Vision improvement: 33.3%

(2/6)
CSF leak: 16.7% (1/6)
Pituitary dysfunction: 0.0%

(0/6)

EEA is more effective in small
or medium size tumor.

Gadgil450 2013 4 Retrospective case series 5 Patients followed for an
average of 15 months

Closure with NSF

GTR: 80.0% (4/5)
Vision improvement: 40.0%

(2/5)
CSF leak: 20.0% (1/5)
Anterior pituitary dysfunction:

0.0% (0/5)
Posterior pituitary dysfunction:

60.0% (3/5, transient DI)

EEA has equivalent or
improved visual outcomes.

Ottenhausen452 2014 4 Retrospective case series 20 Patients followed for an
average of 51.5 months

Multilayered closure with no
NSF through January 2008;
multilayered closure with
NSF after January 2008

GTR (overall): 80% (16/20)
Pre-NSF GTR: 68.5% (5/8)
Post-NSF GTR: 91.7% (11/12)
Vision improvement (overall):

14/17 (82.4%)
Pre-NSF vision improvement:

75.0% (6/8)
Post-NSF vision improvement:

88.9% (8/9)
CSF leak (overall): 10.0%

(2/20)
Pre-NSF CSF leak: 25.0% (2/8)
Post-NSF CSF leak: 0.0%

(0/12)
Anterior pituitary dysfunction:

0.0% (0/20)

High GTR rates with low
complications in
well-selected cases.

(Continued)
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TABLE IV.E.1. Continued

Study Year LOE Study design Study group Clinical findings Conclusion

Posterior pituitary dysfunction
(overall): 10.0% (2/20,
transient SIADH)

Pre-NSF posterior pituitary
dysfunction: 25.0% (2/8)

Post-NSF posterior pituitary
dysfunction: 0.0% (0/12)

Koutourousiou451 2014 4 Retrospective case series 75 Patients followed for an
average of 29 months

Multilayered closure with no
NSF in first 13 patients;
multilayered closure with
NSF in final 62 patients

GTR: 76.0% (57/75)
Vision improvement: 85.7%

(48/56)
CSF leak (overall): 25.3%

(19/75)
Pre-NSF CSF leak: 69.2%

(9/13)
Post-NSF CSF leak: 16.1%

(10/62)
Posterior pituitary dysfunction:

6.7% (5/75; 1/75 permanent
DI; 4/75 transient SIADH)

Vascular injury: 1.3% (n = 1,
Heubner artery injury)

EEA is effective for both GTR
and visual improvement for
suprasellar meningiomas.

Ceylan453 2015 4 Retrospective case series 23 Patients followed for a
range of 2-70 months

Multilayered closure
transitioned from no NSF to
use of NSF during this
series, though unclear when
this transition occurred

GTR: 73.9% (17/23)
Vision improvement: 70.0%

(14/20)
CSF leak: 8.7% (2/23)
Posterior pituitary dysfunction:

8.7% (1/23 permanent DI;
1/23 transient DI)

EEA is a safe approach with a
high rate of visual
improvement.

Hayhurst454 2016 4 Retrospective case series 9 Patients followed for an
unspecified period of time

Unspecified closure

GTR: 66.7% (6/9)
Vascular injury: 11.1% (1/9;

ACA injury)

EEA is effective with
appropriate case selection.

Elshazly455 2018 4 Retrospective case series 25 Patients followed for an
unspecified period of time

Closure with NSF

GTR: 76.0% (19/25)
Vision improvement: 88.2%

(15/17)
CSF leak: 8% (2/25)
Anterior pituitary dysfunction:

0.0% (0/25)
Posterior pituitary dysfunction:

12.0% (3/25 transient DI)
Vascular injury: 4.0% (1/25;

unspecified arterial injury
with resultant subarachnoid
hemorrhage)

EEA is effective in regard to
visual improvement.

CSF = cerebrospinal fluid; DI = diabetes insipidus; EEA = endoscopic endonasal approach; GTR = gross total resection; NSF = nasoseptal flap; SIADH = syndrome of
inappropriate antidiuretic hormone.

following EEA was reported in 6 series totaling 82 pa-
tients. Five of these series445,450,452,455,458 (n = 68) reported
a 0.0% rate of anterior pituitary dysfunction; 1 series457

(n = 14) reported a 21.4% rate of anterior pituitary dys-
function, including a 14.2% rate of delayed hyponatremia
(n = 2) and a 7.1% rate of new postoperative hypoad-
renalism (n = 1). The average rate of new anterior pituitary
dysfunction totaled 3.7%.

New posterior pituitary dysfunction following EEA was
reported in 14 series totaling 277 patients. Rates of new
posterior pituitary dysfunction from various series ranged
from 0.0% to 40% with the average rate of new posterior
pituitary dysfunction totaling 7.2% (Table IV.E.1, Table
IV.E.2). The overall average rates of transient SIADH, tran-
sient DI, and permanent DI were 2.2%, 2.2%, and 5.3%,
respectively.
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TABLE IV.E.2. Evidence comparing endoscopic endonasal surgery outcomes vs transcranial outcomes in patients with
suprasellar meningiomas

Study Year LOE EEA cohort EEA clinical findings TCA cohort TCA clinical findings

Kitano456 2007 3b 16 Patients followed for at
least 3 months

Multilayered closure with
no NSF

Average EOR: 98.5%
Vision improvement: 81.3%

(13/16)
CSF leak: 12.5% (2/16)
Pituitary dysfunction: 0.0%

(0/16)
Vascular injury: 12.5% (2/16;

asymptomatic perforating
artery infarct)

12 Patients followed for at
least 3 months

Average EOR: 99.0%
Vision improvement: 33.3%

(4/12)
CSF leak: 8.3% (1/12)
Pituitary dysfunction: 0.0%

(0/12)
Vascular injury: 25% (3/12;

2/12 asymptomatic
perforating artery infarcts;
1/12 symptomatic
perforating artery infarct)

de Divitiis460 2008 3b 7 Patients followed for a
range of 3 weeks to 20
months

Unspecified closure

GTR: 85.7% (6/7)
Vision improvement: 71.4%

(5/7)
CSF leak: 28.6% (2/7)
Posterior pituitary dysfunction:

14.3% (1/7 permanent DI)
Vascular injury: 14.2% (1/7

intraventricular hemorrhage)

44 Patients followed for a
range of 9 months to 21
years

GTR: 86.4 (39/44)
Vision improvement: 61.4%

(27/44)
CSF leak: 6.81% (3/44)
Posterior pituitary dysfunction:

4.5% (2/44 transient DI)
Vascular injury: 0.0% (0/44)

Fatemi457 2009 3b 14 Patients followed for an
average of 27 months

Multilayered closure with
no NSF

GTR: 50.0% (7/14)
Vision improvement: 64.3%

(9/14)
CSF leak: 28.6% (4/14)
Anterior pituitary dysfunction:

21.4% (3/14; 2/14 delayed
hyponatremia; 1/14 new
hypoadrenalism)

Posterior pituitary dysfunction:
14.3% (2/14 transient DI)

Vascular injury: 0.0% (0/14)

9 Patients followed for an
average of 15 months

GTR: 22.2% (2/9)
Vision improvement: 55.6%

(5/9)
CSF leak: 0.0% (0/9)
Anterior pituitary dysfunction:

0.0% (0/9)
Posterior pituitary dysfunction:

0.0% (0/9)
Vascular injury: 11.1% (1/9

cavernous carotid injury)

Linsler458 2017 3b 6 Patients followed for an
unspecified period of
time

Multilayered closure with
no NSF

GTR: 83.3% (5/6)
Vision improvement: 33.3%

(2/6)
CSF leak: 0.0% (0/6)
Anterior pituitary dysfunction:

0.0% (0/6)
Posterior pituitary dysfunction:

0.0% (0/6)

16 Patients followed for an
unspecified period of time

GTR: 87.5% (14/16)
Vision improvement: 18.8%

(3/16)
CSF leak: 6.3% (1/16)
Anterior pituitary dysfunction:

6.3% (1/16)
Posterior pituitary dysfunction:

0.0% (0/16)

Song459 2018 3b 44 Patients followed for a
median of 27 months

Closure with NSF

GTR: 84.1% (37/44)
Vision improvement: 97.7%

(43/44)
CSF leak: 2.3% (1/44)
Pituitary dysfunction: 6.8%

(3/44 transient DI)
Vascular injury: 0.0% (0/44)

40 Patients followed for a
median of 43.5 months

GTR: 60.0% (26/40)
Vision improvement: 37.5%

(15/40)
CSF leak: 0.0% (0/40)
Pituitary dysfunction: 15.0%

(6/40 unspecified pituitary
dysfunction)

Vascular injury: 2.5% (1/40
ICA injury)

CSF = cerebrospinal fluid; DI = diabetes insipidus; EEA = endoscopic endonasal approach; EOR = extent of resection; GTR = gross total resection; ICA = internal carotid
artery; LOE = level of evidence; NSF = nasoseptal flap; TCA = transcranial approach.

Five papers reported new pituitary dysfunction fol-
lowing TCA (n = 121) for tuberculum sellae menin-
giomas.444,456–459 Two of these series failed to specify ante-
rior vs posterior dysfunction; rather, these series reported
overall new postoperative pituitary dysfunction rates of

0.0% (n = 12) and 15.0% (n = 40).456,459 The addi-
tional 3 series reported cumulative (n = 69) rates of
new anterior and posterior pituitary dysfunction mani-
fest as transient DI (n = 2) totaling 1.4% and 2.9%,
respectively.
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TABLE IV.E.3. Summary rates of GTR, postoperative CSF leak, and postoperative vision improvement in 16 studies reporting
outcomes following EEA and TCA to suprasellar meningiomas

GTR % (n) CSF leak % (n) Vision improvement % (n)

EEA 76.3% (216/283) Overall 14.4% (35/243)
With NSF 9.8% (15/153)
Without NSF 22.2% (20/90)

79.3% (204/257)

TCA 74.3% (81/109) 4.1% (5/121) 44.6% (54/121)

CSF = cerebrospinal fluid; EEA = endoscopic endonasal approach; GTR = gross total resection; NSF = nasoseptal flap; TCA = transcranial approach.

IV.E.5. Suprasellar meningioma: risk of vascular
injury

Among the 11 EEA-specific series included in this
review, 4 series reported an intraoperative vascular
injury.446,451,454,455 A total of 4 episodes of vascular in-
jury were documented in these 4 series (n = 122), in-
clusive of 2 anterior cerebral artery (ACA) injuries,446,454

1 recurrent artery of Heubner injury,451 and 1 unspecified
arterial injury with resultant subarachnoid hemorrhage,455

averaging an overall 3.3% rate of intraoperative vascular
injury among these 4 series. The 2 patients with ACA in-
juries both developed completed strokes, with 1 patient
developing new postoperative right leg weakness and the
other patient developing new postoperative abulia.446,454

The patient with the recurrent artery of Heubner injury
developed a completed stroke with associated contralat-
eral weakness.451 The patient with subarachnoid hem-
orrhage developed hydrocephalus requiring external ven-
tricular drain (EVD) placement and vasospasm requiring
intraarterial nicardipine injection; the patient developed no
permanent focal deficits.451,455

Among the 5 series reporting outcomes in TCA vs EEA
patients, 3 vascular injuries were reported in the EEA subset
of patients (n = 87), inclusive of 2 asymptomatic perforat-
ing artery infarcts and 1 delayed intraventricular hemor-
rhage (IVH), for an average EEA vascular injury rate of
3.4%.444,456 The patient with delayed IVH had a history of
severe hepatic dysfunction and presented with IVH 3 weeks
after surgery, ultimately dying. In contrast, the TCA subset
of patients (n = 121) reported in these series accumulated
5 vascular injuries, inclusive of 2 asymptomatic perforating
artery infarcts, 1 symptomatic perforating artery infarct, 1
cavernous carotid injury, and 1 ICA injury, for an average
TCA vascular injury rate of 4.1%.345,456,459 No additional
clinical details were available regarding the patient who
developed a symptomatic perforating artery infarct or the
patient with ICA injury.456 The patient who developed a
cavernous carotid injury had previously been treated with
a craniotomy as well as an EEA for debulking; the injury
was repaired with a muslin gauze and the patient developed
no pseudoaneurysm and no neurological deficits.455

Summary for the role of EEA in suprasellar menin-
giomas. Currently available data via retrospective series

from 2007 through 2017 suggest that EEA for resection of
suprasellar meningiomas is a safe and effective treatment
option. When compared to select TCAs, patients undergo-
ing EEAs appear to have similar rates of tumor resection
and posterior pituitary dysfunction with improved rates
of postoperative vision. Postoperative CSF leak rates have
dramatically decreased from an average of 22.2% to 9.8%
following use of the NSF.274 Vascular injury remains an un-
common but concerning complication for both TCAs and
EEAs.

Three prior systematic reviews that focused on out-
comes following EEA for suprasellar meningiomas reported
outcomes similar to our findings.461–463 Specifically, rates
of GTR in these reviews ranged from 77.2% to 79.9%
and rates of postsurgical vision improvement ranged from
79.5% to 87.0%, similar to the findings in our study.
These older reviews report rates of CSF leak ranging from
21.5% to 24.3%, primarily reflecting older series, predat-
ing widespread use of a vascularized NSF. Our analysis
of CSF leak rates with use of a vascularized NSF demon-
strates an average leak rate of 9.8%. Prior reviews re-
ported rates of pituitary dysfunction ranging from 9.4% to
11.7%, with most dysfunction manifest as only transient
dysfunction, similar to our findings. Vascular injury was re-
ported in only 1 prior systematic review at a rate of 2.6%,
demonstrating the relatively rarity of these injuries.463

Two prior systematic reviews focused on comparing out-
comes between EEA and TCA for suprasellar meningiomas
also demonstrated similar findings to our study.464,465

These prior reviews have reported rates of GTR ranging
from 71.8% to 88% in the EEA group relative to rates
of 73.1% to 87% in the TCA group, with no statistically
significant difference noted between groups. Similarly, rates
of vision improvement were consistently greater in the EEA
group, with rates ranging from 73.5% to 87%, relative to
the TCA group, with rates ranging from 54.8% to 60%.
Finally, rates of CSF leak were significantly higher in the
EEA group, with rates ranging from 19% to 24.8%, rel-
ative to the TCA group, with rates ranging from 4.3%
to 5%.

Prospective studies directly comparing the efficacy and
adverse effect profile of the TCA vs EEA are cur-
rently lacking in the literature. Future studies may take
the form of prospective, multi-institutional registries us-
ing proposed tumor classification schemes to categorize
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patients.334,438–440 Variables of interest would include tu-
mor size, goals of surgery, duration of visual symptoms,
objective measures of vision (such as the German Oph-
thalmologic Society Scale),466 detailed history of past treat-
ments and operative approaches, and presence as well as
degree of optic canal invasion, peritumoral edema, and ar-
terial involvement.

� Aggregate Grade of Evidence: C (Level 3b: 5 studies;
Level 4: 11 studies)

� Benefit: Use of the EEA for tuberculum sella menin-
giomas has been associated with similar rates of exten-
sive resection and excellent rates of visual improvement
relative to the TCA.

� Harm: Potential harm associated with the EEA for resec-
tion of suprasellar meningiomas includes pituitary dys-
function, vascular injury, and CSF leak.

� Cost: No widely reported studies have yet described costs
associated with use of EEA for resection of suprasellar
meningiomas. One study comparing EEAs and TCAs
noted longer operative times for the TCA group, al-
though it is unclear if this increased operative time lead
to significantly greater intraoperative and postoperative
costs.458

� Benefit-Harm Assessment: Greater operative experience
with EEA seems to be associated with decreased harm
and improved rates of extensive resection.451 Use of a
vascularized NSF has been associated with decreased
rates of cerebrospinal fluid leak.461

� Value Judgments: Use of EEA for suprasellar menin-
giomas allows for (1) direct extradural access to the tu-
mor’s meningeal origin and osseous attachment; (2) up-
front devascularization of the tumor’s meningeal blood
supply; (3) early, extradural, bilateral, and wide optic
nerve decompression; (4) direct identification and access
to the paraclinoidal ICA, the medial aspect of optic canal,
the diaphragm, and the pituitary stalk; (5) minimization
of brain and optic nerve manipulation; (6) tumor debulk-
ing prior to approaching the optic apparatus; and (7) a
potentially better cosmetic result.

� Policy Level: Opinion
� Intervention: Use of EEA for suprasellar meningiomas is

likely the preferred surgical approach for small-size to
medium-size tuberculum sellae meningioma with infero-
medial optic canal invasion.

IV.F. Olfactory groove meningioma
There have been significant advances in the EEA to the
skull base over the past 15 years and they have be-
come a valuable addition to the skull-base surgeon’s ar-
mamentarium. Indeed, EEAs have in many cases replaced
open procedures especially in benign extradural patholo-
gies of the paranasal sinuses. Although increasingly ac-
cepted and currently widely used for other pathologies and
locations including pituitary adenomas, clival chordomas,
and suprasellar tumors such as craniopharyngiomas, their

role in other skull-base lesions is still a matter of debate
and controversy. This is especially true for anterior skull-
base meningiomas including olfactory groove meningiomas
(OGMs).

OGMs account for 8% to 13% of all intracranial menin-
giomas. They are slow growing tumors, often remaining
clinically silent in their early phases of growth and reaching
large sizes by the time of diagnosis thus making them surgi-
cally challenging. They have traditionally been approached
using a number of open transcranial approaches. The EEA
for OGM offers a number of theoretical advantages over
traditional transcranial approaches including: (1) a direct
midline access to the skull base providing a wide panoramic
view of the relevant anatomy; (2) avoiding brain retraction,
possibly leading to less neurosurgical morbidity; (3) early
tumor devascularization prior to dural opening, by liga-
tion of anterior and posterior ethmoidal arteries and coag-
ulation of the dural base; (4) removal of any hyperostotic
bone of the skull base during the approach allowing for
a more complete removal and thus minimizing the risk of
recurrence467; and (5) improved cosmetic result.

Although the EEA has been increasingly used for OGMs,
its role has not been properly defined and there is no con-
sensus in terms of GTR, complication rates, and impor-
tantly the criteria for proper patient selection to achieve best
possible patient outcomes. This can be partially explained
by the paucity of published literature and heterogeneity of
studies reporting EEA series. Studies comparing EEA and
transcranial approaches have many important limitations
including selection bias, varied lesion characteristics, and
lack of uniformity in reporting, thus making interpretation
of any conclusions debatable.

Eleven studies met our inclusion criteria, 4 of which were
systematic reviews.444,454,461,462,468–474 Reviewed studies
with clinical endpoints and conclusions are summarized
in Table IV.F.

There is also paucity, heterogeneity, and selection bias in
the literature regarding EEA for OGM. However, over the
past few years with increasing experience and awareness of
the learning curve for EEA, there has been a better under-
standing of the indications and limitations of the approach.
An EBR of the literature is important in understanding what
if any advantages the EEA has to offer for OGM and may
help to define the criteria for proper patient selection in
order to optimize outcomes.

IV.F.1. Rate of GTR in OGM
There is considerable heterogeneity in the literature regard-
ing GTR rates for EEA in OGM. In the most recent sys-
tematic review by Shin et al.462 in 2015, which included
80 patients, GTR was reported in 87.5%. In 2 previous
systematic reviews, each including 30 patients, the GTR
rate was reported to be 73% and 89.7%.461,470 In the first
systematic review in 2012 by Komotar et al.,471 which in-
cluded 19 patients, GTR was reported to be 63.2%. In
the largest series of 50 patients, Koutourousiou et al.472

S206 International Forum of Allergy & Rhinology, Vol. 9, No. S3, July 2019



ICAR:ESBS

TABLE IV.F. Evidence for EEA for olfactory groove meningiomas

Study Year LOE Study design Study group Clinical findings Conclusion

Hayhurst454 2016 4 Case series 9 Patients GTR: 88.8%
CSF leak: 0%, intraoperative

lumbar puncture, fat graft,
nasoseptal flap

Olfaction preservation: “Some
patients” with unilateral
approach

Complications: Meningitis
(1/9)

Careful patient selection to
EEA leads to low rates of
morbidity.

Shin462 2015 4 Systematic review of case
series

80 Patients GTR: 87.5%
CSF Leak: 26%
Visual outcome: improved

92.3%
Complications: 8.8% serious

neurological deficits, 12.5%
possibly fatal systemic
complications as DVT/PE

EEA outcomes in literature are
suboptimal. Small round
tumors extra-arachnoidal
are the best candidates for
EEA. Unacceptable high
rates of CSF warrant
consideration of
reconstruction techniques.

Banu468 2016 4 Case-control Endoscopic endonasal (6
patients)

Endoscopic assisted
supraorbital eyebrow (7
patients)

Combined approach (6
patients)

GTR: 50% (EEA group).
CSF leak: 16%, routine LD,

intrathecal fluorescein,
gasket seal (EEA group)

Visual outcome: Improved
100% (1/1 EEA group)

Olfaction preservation: 100%
Anosmia (EEA group and
combined group)

Complications: 83.3% (EEA
group)

EEA is associated with lower
rates of resection and more
complications than
endoscopic assisted
supraorbital eyebrow
approach. EEA can be
useful in tumors extending
to ethmoid sinus either
alone or combined with
TCAs.

De Almeida469 2015 4 Case-control (matched
pair)

EEA (10 patients)
Bifrontal craniotomy (BFC) (10

patients)

GTR: 70% (EEA group)
CSF Leak: 40% (EEA group)
Complications: 40% (EEA

group)

EEA can provide good
outcomes in selected
patients. Less
post-operative radiographic
frontal lobe injury than
TCAs. Clinical correlation of
these findings needs to be
further investigated.

Koutourousiou472 2014 4 Case series 50 Patients GTR: 66.7% (45 patients with
intended GTR)

CSF leak: 30%, multilayer
reconstruction, nasoseptal
flap, no routine LD. 2
Patients with leaks were
managed by extracranial
pericranial flaps. Brain
herniation in 1 patient
managed by VP shunt.

Visual outcome: improved or
restored in 86.7%.

Complications: 58%

Tumors <4 cm, with cortical
vascular cuff and no
calcifications are the best
candidates for EEA.

Extension beyond mid orbit in
coronal plane and to
posterior table of the frontal
sinus in the sagittal plane is
an indication for a TCA. CSF
leak rates are high, more
with lobular tumors, and
require innovative
measures.

Graffeo461 2014 4 Systematic review of case
series

30 Patients GTR: 89.7%
CSF leak: 21.9%
Visual outcome: improved

78.9%, unchanged 21.9%
Complications: 5.9%

EEA can be safe alternative to
TCAs in selected cases.
CSF leaks are higher in EEA
compared to TCAs.

(Continued)
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TABLE IV.F. Continued

Study Year LOE Study design Study group Clinical findings Conclusion

Khan470 2014 4 Case series and
systematic review of
case series

6 Patients (case series)
30 Patients (systematic
review)

GTR: 66.7% to 73%
CSF leak: 33% to 30%,

multilayer reconstruction,
fat graft, nasoseptal flap

Visual outcome: improved
100% (2/2)

EEA can be safe alternative to
TCAs in selected patients.
Lateral extension,
significant mass effect and
calcifications are relative
contraindications.

Komotar471 2012 4 Systematic review of case
series

EEA group (19 patients)
TCA group (474 patients)

GTR: 63.2% (EEA group)
CSF leak: 31.6% (EEA group)
Visual outcome: improved

(20%), stable (80%) (EEA
group)

EEA show less GTR rates and
more CSF leak rates than
TCAs. EEA can be safe and
effective with proper patient
selection and multilayer
closure techniques.

Padhye473 2012 4 Case series 10 Patients GTR: 90%
CSF leak: 40%, multilayer

reconstruction, fat graft,
nasoseptal flap. Brain
herniation managed by 2
endoscopic revision
surgeries

Complications: 10%

EEA can provide safe
alternative, with significant
advantages, to TCAs in
carefully selected patients.

Zhang474 2012 4 Case series 6 Patients GTR: 100%
CSF leak: 16%, multilayer

reconstruction, fat graft
Visual outcome: improved

100% (2/2)
Complications: 16%

EEA is safe and feasible for
anterior skull-base
meningiomas with
intracranial and extracranial
extension in one stage
procedure.

de Divitiis444 2008 4 Case series 4 Patients GTR: 100%
CSF leak: 25%, multilayer

reconstruction, nasoseptal
flap

EEA is a minimally invasive
approach. CSF leak needs
further refinement of
technique. More studies
with longer follow-up are
needed to ascertain
benefits.

CSF = cerebrospinal fluid; DVT = deep vein thrombosis; EEA = endoscopic endonasal approach; GTR = gross total resection; LD = lumbar drainage; PE = pulmonary
embolism; TCA = transcranial approach; VP = ventriculoperitoneal.

reported a GTR rate of 66.7% in 45 patients where GTR
was the intended goal of surgery. Thus, although GTR rates
have improved over the years, they remain less than GTR
rates for transcranial approaches, which are reported to be
in the range of 92.8% to 93.6%.461,471

Tumors with dural attachment extending beyond the
mid-orbital line in the coronal plane and with anterior ex-
tension to the posterior table of frontal sinus have been
cited as important anatomical limitations for GTR via
EEA.468,472 In the coronal plane anteriorly, the orbit repre-
sents the lateral limit of the approach while, posteriorly,
the optic nerve and the clinoid segment of the internal
carotid artery are stated to represent the lateral limits. The
EEA for OGM also poses challenges in skull-base recon-
struction, because the NSF, so commonly used in extended
endoscopic procedures, may not able to cover the entire
defect, with some authors reporting augmenting the recon-
struction with extracranial pericranial flaps.472 Other fac-
tors reported to pose a limitation for GTR in EEA include:

(1) absence of a cortical cuff with neurovascular encase-
ment; (2) significant brain edema; and (3) tumor size >4
cm.454,470,472,475 These factors have been flagged as rela-
tive contraindications, the importance of which having of-
ten been left to the discretion of the surgeon. Thus, although
some authors consider the absence of cortical cuff and vas-
cular encasement as an absolute contraindication,454 others
have deemed them not as important in predicting outcomes
when compared to proper patient selection and surgeon
experience.476 In the largest series of 50 presented by Kou-
tourousiou et al.,472 absence of cortical cuff, tumor calcifi-
cations, and tumor size >4 cm were shown to be statistically
significant limitations for GTR.

IV.F.2. Risk of postsurgical CSF leak after EEA for
OGM

CSF leak rates have often been described as the major lim-
itation for EEA to the skull base. CSF leak rates in the
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literature have been consistently high in EEA for OGM.
In studies with the largest number of patients it has been
reported to be between 26% and 30%.462,472 The CSF leak
rates reported following transcranial surgery are reported
to be around 9.2%.461 Although the introduction of the
NSF has significantly decreased CSF leak rates following
EEA,477 this does not seem to be the case for OGM when
compared to other pathologies. Reconstruction techniques
adopted and reported by different centers are variable, all
with the same principle of a multilayer reconstruction and
the use of a vascularized flap.234,478,479 Routine LD and
rigid skull-base reconstruction (using fat, muscle, septal
cartilage and/or titanium mesh, and Gasket seal closure)
are highly debatable topics with no consensus as to the
best technique. Likewise, the role of the different materials
used has not been well investigated because the majority
of reports in the literature report reconstruction outcomes
following EEA for different skull-base pathologies collec-
tively. The current literature continues to show that recon-
struction following EEA for OGM (large cribriform de-
fects) is much more challenging, with higher rates of failure
compared to other skull-base pathologies. Another factor
for which there is no consensus is the use of some form
of nasal packing (Foley, Vaseline gauze, etc.) to support
the relatively heavy reconstructive materials and their im-
pact on CSF leak rates. A recent study reported by Fathalla
et al.480 reported that although both NSF and nasal pack-
ing individually did reduce CSF leak rates following EEA
for skull-base pathologies, it is recommended that both are
needed.

Another important and overlooked issue with reconstruc-
tion includes brain herniation into a large cribriform defect
following EEA for OGM.481 Although brain herniation fol-
lowing EEA to OGM is indeed rare, it has been reported in
a number of series473,475,481–483 and may have serious se-
quelae. Risk factors and management of this issue requires
further investigation.

IV.F.3. Visual outcomes after EEA
Patients with OGM with posterior extension to the planum
and tuberculum sella that involve the optic nerve and chi-
asm may present with visual symptoms including decreased
VA, VF defects, or both. EEA has shown consistently better
outcomes in the literature regarding visual symptoms when
compared to transcranial approaches.470,471 In the system-
atic review by Graffeo et al.,461 visual symptoms were im-
proved or stable in 78.9% and 21.1%, respectively, with no
visual deterioration reported in the EEA group. In the tran-
scranial group, visual symptoms were improved, stable, or
deteriorated in 63.8%, 29.3%, and 2.7%, respectively.470

Unlike transcranial approaches, EEA allows early decom-
pression of the optic nerves, avoiding any manipulation of
the already compromised optic apparatus either by com-
pression or ischemic insult. Further decompression of the
optic nerve can be achieved by drilling the medial optic-
ocarotid recess and opening the inferomedial part of the

optic canal. EEA also allows for superior visualization of
the blood supply to the undersurface of the optic apparatus,
namely branches from the superior hypophyseal artery, an
important factor in determining the visual outcome.445 A
major limitation of the EEA is optic canal invasion supero-
lateral or lateral to the optic nerve.

IV.F.4. Olfaction preservation after resection of
OGM

The issue of olfaction preservation is often overlooked
in the literature, and anosmia often regarded as minor
morbidity, despite its significant impact on the QOL of
patients.484 None of the reviewed studies formally reported
olfaction outcomes, with the exception of Banu et al.468

reporting 100% anosmia and noting that anosmia is “in-
evitable” following EEA. Hayhurst et al.454 reported ol-
faction preservation in “some patients” with a unilateral
approach, but recommend advising the patients that anos-
mia is “almost certain” following EEA. This may be an
important factor in deciding the best approach for OGM
in patients with preserved olfaction. Jang et al.484 inves-
tigated factors associated with olfaction preservation fol-
lowing transcranial approaches to OGM in a series of 40
patients. They reported olfaction preservation in 55% of
patients. They concluded that in tumors <4 cm olfaction
preservation is “high” via transcranial approaches. This
raises the bar for EEA because smaller tumors (<4 cm) are
the ones deemed as best candidates for EEA, and the ones
most likely to achieve better outcomes.472 This highlights
the importance of investigation and formal reporting of
preoperative and postoperative olfactory outcomes follow-
ing EEA as well as transcranial approaches with validated
olfactory measuring tools.

Recently there have been reports in the literature of more
tailored minimally invasive EEA to OGM.485–487 Youssef
et al.487 presented a case report following a cadaveric study
where a unilateral transcribriform approach with septal
transposition was able to preserve preoperative olfaction.
The author suggested that for this approach to be success-
ful, strictly unilateral cribriform involvement with func-
tional contralateral olfactory epithelium is a prerequisite.
Though these are preliminary reports, which need to be
studied in larger series, these approaches have the poten-
tial of decreasing sinonasal morbidity following EEA and
possibly preserving olfaction in small unilateral OGMs.

IV.F.5. Role of multistage surgical resection in
OGM

Koutourousiou et al.472 reported staged EEA in 18 pa-
tients in their 50-patient series. Staged procedures were re-
served for large tumors with a mean maximum diameter of
52 mm. De Divitiis et al.444 also reported a staged pro-
cedure in 1 out of 4 cases they presented in their study.
Staged EEA procedures can be useful for large tumors with
significant vertical extension in the sagittal plane. The aim
of the first procedure is to debulk the tumor and ideally see

International Forum of Allergy & Rhinology, Vol. 9, No. S3, July 2019 S209



Wang et al.

brain pulsations transmitted through the walls of the re-
section cavity. This allows the debulked residual tumor to
descend, making it more accessible in a second-stage proce-
dure. Staging of EEA procedures also allows for shortening
the individual procedure time, which helps ease the bur-
den on the surgical team and patient as EEA for OGM can
have long operative times. The disadvantages of staged pro-
cedures are increased collective operative time, increase in
hospital stay, and repeat general anesthetic, which makes
patients more prone to complications.462,472 The decision
to proceed with a staged EEA procedure should be carefully
discussed with the patient. Transcranial approaches are of-
ten sufficient to achieve complete resection of the tumor in
a single stage, representing a significant advantage of this
approach with the potential for lower cost.

IV.F.6. Complications excluding CSF leak
associated with OGM resection

In the most recent systematic review presented by Shin
et al.,462 8.8% of 80 patients in the EEA cohort had seri-
ous neurological deficits; cerebral hemorrhage (3 patients),
brain abscess (3 patients), and 10 patients (12.5%) had
potentially fatal systemic complications including deep ve-
nous thrombosis (DVT) and pulmonary embolism (PE). In
the largest series of 50 patients reported by Koutourousiou
et al.,472 the overall complication rate was 58%: hydro-
cephalus 3 patients (6%), new onset seizures 2 patients
(4%), meningitis 1 patient (2%), frontopolar artery injury
1 patient (2%), brain abscess (6%) DVT/PE 10 patients
(20%), sinus infection 5 patients (10%), and respiratory
failure 4 patients (8%). This high rate of complications, in
this study, can be attributed to long operating times (av-
erage 9 hours) and the fact that 40% of patients had a
staged EEA procedure.462,472 There was positive correla-
tion between DVT/PE with elderly patients and tumors >4
cm.

Although some studies suggest that the complication
rates of EEA are higher than that of transcranial ap-
proaches, others suggest no significant difference between
the 2 groups.468,469 In the 2 systematic reviews where com-
parison of postoperative complications between the EEA
cohort and transcranial cranial cohort was made, no sig-
nificant difference was found between the 2 groups461,471

excluding CSF leak.

Summary
GTR rates following EEA for OGM show heterogeneity in
the literature. More recent reports show increased rates
of GTR but still less than those reported for transcra-
nial approaches. Limitations of GTR include: (1) exten-
sion beyond mid-orbit in the coronal plane; (2) extension
to the posterior table of the frontal sinus in the sagittal
plane; (3) absence of a cortical cuff with neurovascular
encasement; (4) extensive calcification; and (5) tumor size
>4 cm.454,472,475,484

Although CSF leak rates reported in the literature have
improved with time, they remain high following EEA
for OGM, ranging from 26% to 30%.462,472 This warrants
reconsideration of reconstructive techniques used. The rou-
tine use of lumbar drains, rigid skull-base reconstruction,
and nasal packing are possible measures that may improve
CSF leak rates and should be a focus for future research.
The potential for brain herniation into large cribriform de-
fects (though rare) also requires further investigation look-
ing at possible risk factors and their management.

Visual outcomes are generally reported as being better
following EEA for OGM than transcranial approaches. Al-
though this may favor EEA, this usually applies to larger
lesions with posterior extension to the optic apparatus and
so this has to be weighed against size and significant lateral
extension of the tumor.

Current evidence suggests that staged EEA procedures
for OGM are associated with an increased incidence of
complications. Therefore, larger tumors for which staged
EEA are usually reserved are potentially better managed
through a transcranial approach.

Case selection bias limits attempts to adequately compare
transcranial and endoscopic approaches for skull-base le-
sions. Outcomes of EEA for OGM are largely dependent on
proper patient selection. Relatively small tumors (<4 cm)
showing no significant lateral extension, no extension to
the posterior wall of the frontal sinus in the sagittal plane
with a cortical vascular cuff and compromised olfaction
are the best candidates for EEA for OGM. Additionally,
patients with extension of the tumor into the nasal cav-
ity and/or paranasal sinuses may also benefit from an EEA
approach alone or in conjunction with a transcranial ap-
proach. Patients with intact olfaction preoperatively have
a higher chance of olfaction preservation through a tran-
scranial approach. Unilateral transcribriform approaches
with septal transposition may have the potential for olfac-
tory preservation in very select patients with strictly unilat-
eral OGM with functioning contralateral epithelium. Skull-
base reconstruction and CSF leak are still major concerns
with EEA and need to be addressed with new innovative
changes in the current techniques. Until many of these is-
sues are resolved, transcranial approaches remain the pro-
cedure of choice for the majority of OGMs. The EEA may
provide certain potential advantages in selected cases in-
cluding those with significant paranasal sinus extension.

� Aggregate Grade of Evidence: D (Level 4: 11 studies)

IV.G. Petroclival meningioma
Petroclival meningiomas (PCMs) are rare tumors account-
ing for 3% to 10% of posterior fossa meningiomas and
less than 2% of intracranial meningiomas.488 However,
given their deep and complicated location, PCMs have
long represented a formidable challenge and the opti-
mal strategy for approaching this type of lesion remains
controversial.488–492

S210 International Forum of Allergy & Rhinology, Vol. 9, No. S3, July 2019



ICAR:ESBS

PCMs exhibit an indolent yet progressive growth rate,
with small-to-medium sized lesions prone to growing at a
faster speed. These tumors originate around the petroclival
synchondrosis, and it is not uncommon for highly eloquent
neighboring structures to become compromised,493,494

warranting frequent follow-up and timely management as
a strategy to limit morbidity.

The advantages of surgical management of meningiomas
are well-documented in cases involving rapidly progres-
sive lesions, the need for immediate decompression of crit-
ical structures, and the occasional need for pathological
diagnosis.495,496

IV.G.1. Surgery for PCM
The theoretical goal of PCM surgery is to achieve Simp-
son Grade 1 resection (GTR) without the development of
a new neurologic deficit or the exacerbation of a previous
one. Historically, resection of petroclival meningiomas was
associated with 50% mortality.497 With improvements in
skull-base surgery techniques, better technology and less ag-
gressive resections, the mortality has decreased to 10%.496

However, accomplishing Simpson Grade 1 GTR for PCM
is extremely challenging and infrequent. Thus, the routine
use of traditional grading systems is inaccurate and im-
practical to assess PCM resection.498 Fortunately, various
classification systems highlighting the importance of the
degree of brainstem re-expansion have been proposed.492

In light of these changes, the goal of surgery is now to
achieve brainstem decompression regardless of the extent of
resection.492

The focus of current practice is to achieve as extensive
a resection as possible while limiting the development of
neurological deficits.488,491,492,496 This new paradigm ap-
plies in particular to lesions demonstrating preoperative
radiologic invasion, with compromise of the brainstem and
surrounding neurovascular structures or of sizes >4 cm in
either plane. Additionally, tumor capsule devascularization
was recently proposed as a technique to improve tumor
control and thereby limit their growth.499 With less ag-
gressive surgery, most deficits are self-limited, with most
patients showing signs of improvement 3 months after
surgery, followed by a return to the preoperative baseline
or continuous long-term improvements.500,501

For subtotal resections, regardless of the selected ap-
proach, studies have noticed that significantly favorable
postoperative outcomes are associated with younger pa-
tients, primary tumors, and tumors <4 cm without evi-
dence of posterior circulation encasement.496,499 However,
it should be noted that patients who were eligible for resec-
tion with “less invasive” techniques such as EEA tend to
have slightly greater postoperative functional improvement
and lower complication rates as opposed to patients whose
tumors were resected through lateral or combined surgical
routes.496,501

The benefits of adjuvant RT in the management of skull-
base meningiomas have been reported. Consequently, many

surgeons have shifted to combined-treatment paradigms
with STR followed by adjuvant therapy of the remnant.
Nonetheless, recent studies have demonstrated a strong
inverse correlation between the extent of tumor resec-
tion, a risk of radiologic progression, and rate of volu-
metric growth.502 The latter is especially true for cases
where <70% of the preoperative tumor volume was re-
sected, with disease progression rates ranging from 2.9%
to 66.7%.488,499,503 By contrast, GTR has been equated
with lower recurrence rates. Despite this, a lack of cor-
relation between GTR and higher survival rates has been
observed.502

In general, residual tumors can be followed on peri-
odic imaging until progression is evident.504 However,
the optimal schedule for such imaging has not yet been
defined. Alternatively, adjuvant stereotactic radiosurgery
(SRS) can be employed for small remnant control, with
minimal morbidity. The latter is preferred particularly in
patients with evidence of tumor progression detected on
serial imaging or indicated by the new onset or worsening
of symptoms.491,492,495,499,505,506

Prior to surgery, 2 imperative elements should be consid-
ered. First, the MRI appearance, with particular attention
to T2-weighted imaging, is helpful for estimating the de-
gree of brainstem invasion, which can appears on imaging
as edema of the brainstem. The vast majority of petrocli-
val meningiomas are not high grade and do not develop
brainstem invasion. However, this finding has shown an
increased risk of developing long-term morbidity after sur-
gical intervention, particularly when the surgeon attempts
complete resection.504 Second, attention should be paid to
the presence or absence of the arachnoid plane between the
brainstem and the lesion. Absence of the arachnoid plane
indicates pial invasion and is considered a strong predic-
tor of a more difficult resection.493 Similarly, this can re-
sult in brainstem edema on T2-weighted MRI. Pirayesh
et al.501 showed that the presence of arachnoid plane was
associated with 80% of gross total resection cases, whereas
in 88% of the cases with near total resection, the latter was
absent.

Preoperative angiography helps assess the intracranial
vascular involvement of the tumor. This is essential
for determining if preoperative tumor embolization is
necessary.507 Although embolization is not an absolute re-
quirement and is often not feasible, this technique may
be useful to increase resectability, at times making the tu-
mor consistency less fibrotic and decreasing intraoperative
blood loss. Importantly, tumor size >4 cm was recently
found to be a significant independent determinant of the
degree of intraoperative bleeding.508

The risks and benefits of preoperative embolization have
to be carefully considered. Although rare, direct vessel in-
jury or ischemic injury from vascular occlusion can occur.
Also, there may be significant risk of tumor swelling in the
immediate postembolization period. In general, emboliza-
tion is considered a safe procedure, with an average com-
plication rate of 1% to 6%.508–511
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Numerous surgical approaches are available to resect
PCMs. However, during approach selection, in addition
to patient and surgeon factors, tumor factors such as le-
sion extension and degree, and direction of neurovascular
displacement are essential to consider. Given that PCMs
originate around the petroclival fissure, lesion growth of-
ten causes CNs V, VII, VIII, IX, X, and XI to be displaced
posterolaterally with the brainstem often displaced posteri-
orly and medially. By contrast, the direction to which CN
VI is displaced is variable.

Although PCM can be approached via EEA, the approach
is limited laterally precluding adequate resection of lat-
erally extending tumor components, and for such cases,
a combination with transcranial approaches is preferred.
In appropriately selected cases, however, EEA alone is es-
pecially useful to resect lesions with a predominant mid-
line extension because it allows for early devasculariza-
tion of the clival and petroclival dura, significantly min-
imizing intraoperative blood loss. In addition, EEA pro-
vides a direct route to the petroclival region and com-
pletely avoids the need for cerebral, cerebellar, and CN
retraction.

However, for lesions that originate further laterally in
the paramedian skull base, lateral transcranial techniques
(ie, retrosigmoid, presigmoid, far lateral, and anterior pet-
rosectomy approaches) are favored. For lesions confined
to the lateral skull base, exclusive use of lateral tran-
scranial techniques is warranted. However, as mentioned
earlier, for tumors with medial components, lateral tech-
niques can be adequately combined with EEA. The latter
applies particularly to cases where both approaches can
complement each other such as when CN VI is displaced
medially, or encasement of the posterior circulation is
present.

To summarize, the primary aim of surgery should be
to achieve total resection balancing any other risk with
the main goal of avoiding neurological complications. For
that reason, subtotal lesion resection is absolutely reason-
able in patients showing signs of impending neurologic
compromise or presenting with neurologic symptoms. This
strategy should also be implemented in the management
of asymptomatic patients with larger lesions. By contrast,
in older patients with asymptomatic small-size to medium-
size lesions or patients presenting a low baseline functional
status, a more conservative strategy with periodic imag-
ing surveillance or radiosurgery should be sought. In such
cases, surgery should be reserved for patients presenting
with the sudden onset of symptoms or with proved signifi-
cant tumor growth.

The degree of tumor resection and the morbidity associ-
ated with the procedure are dependent on various factors,
including but not limited to surgical experience. In addition,
patient-specific factors such as comorbidities and preoper-
ative functional status (in particular CN VII/VIII status), as
well as tumor-specific factors, such as location, size, con-
sistency, and critical neurovascular relationships, should all
be considered.488–492,496,499

IV.G.2. Cranial neuropathies
The most common clinical presentation observed in up to
60% of the patients with PCM arises secondary to brain-
stem compression.496 Although, in most cases, the pattern
of CN involvement is variable, lower CN compression is
seen in up to 50%, followed by CN VIII (48.6%), CN V
(23.5-31.2%), and CN III, IV, and VI, with signs of ex-
traocular movement deficits (28.1%).496,499

The most common complication of surgery involves
CN deficits, occurring in up to 44% of the cases
regardless of the selected approach, with extraocular
muscle deficits being the most frequently encountered
complication.488,491,496,499,504 Depending on the series, an
overall rate of new postoperative cranial neuropathies was
observed in up to 53.1% of the cases, whereas 33.3% pre-
sented with worsening of preoperative diplopia,496 with
72% of patients presenting during the immediate postop-
erative period, becoming permanent in 17%.501

With increased adoption of less aggressive approaches
such as EEA and retrosigmoid, the most frequently affected
nerves are now CN VI (18.7%), followed by the lower CNs
(3.1.%).496 By contrast, with lateral approaches, the most
frequently affected nerve is CN VII,488,490,491,501 being tem-
porary in 33%, whereas a permanent dysfunction was ob-
served in 11% of the cases.501 On the other hand, lower
CN deficits were observed in 22% of the cases during the
immediate postoperative period, with 6% of the deficits re-
maining unresolved.501 Overall, the severity of cranial neu-
ropathies tends to be higher immediately after surgery, with
most patients experiencing long-term improvements.496

Understanding the direction of CN displacement by the
tumor is paramount to the surgeon for minimizing com-
plications. PCMs have their primary base at the petrocli-
val fissure, anterior to the internal auditory canal (IAC),
displacing CNs V, IX, X, and XI and, in particular, CNs
VII and VIII,489,492 posteriorly, while displacing CN VI
medially.512 Neurophysiologic monitoring is the mainstay
for safe and efficient resection of the lesion, and its use
should be routine.491,492,496,499

Tumor size >4 cm in any plane,496 as well as GTR, have
been found to be significant risk factors for the development
of cranial neuropathies, reaffirming the decision to shift
toward less aggressive approaches with more conservative
local resections.491,492,496,499,503

IV.G.3. Hydrocephalus management
The development of postoperative hydrocephalus in pa-
tients treated for PCM occurs in about 6% to 18% of
the cases, the majority requiring ventriculoperitoneal shunt
placement.488,496,501 The diagnosis of hydrocephalus is usu-
ally made during the immediate postoperative period. Al-
though not statistically significant, a greater incidence of
postoperative hydrocephalus has been observed in patients
who underwent resection via a lateral surgical approach as
opposed to those in which a less aggressive approach (ie,
EEA, retrosigmoid) was employed.496,499

S212 International Forum of Allergy & Rhinology, Vol. 9, No. S3, July 2019



ICAR:ESBS

Ventriculoperitoneal shunt placement should only be per-
formed in patients with clinical hydrocephalus. In asymp-
tomatic patients with ventriculomegaly detected on imag-
ing, ventricular size monitoring is recommended, with
shunt placement only after the new onset of symptoms or
deterioration of clinical status occurs.

Summary of literature
The summary of the literature and conclusions is presented
in Table IV.G with the respective LOE.

Conclusions
PCM is 1 of the most challenging tumors in neurosurgery.
Its treatment is still controversial. There is no evidence in
the literature supporting 1 approach vs the other when all
“flavors” of petroclival meningiomas are grouped together.
It can be managed via conservative observation, radiation,
or surgery. Most would agree that the decision to treat
should be based on location, growth rate, and if the patient
is symptomatic. Every tumor is different, and the epicenter
of the tumor seems to be a very important consideration in
order to understand the pathway of tumor progression and
dislocation/encasement of CNs and vessels. The position of
the CNs will dictate the approach to these tumors allowing
the least manipulation of neurovascular structures as possi-
ble. The surgery has been and can be approached via mul-
tiple standard transcranial approaches including anterior
transpetrosal, posterior transpetrosal, combined approach,
complete petrosectomy, and retrosigmoid approach with
known outcomes. ESBS may also serve as an option when
the goal of surgery is central debulking to relieve brain-
stem decompression. This may also be used in preparation
for other adjuvant treatment options such as radiosurgery.
However, the role of the EEA for PCM is controversial and
needs to be further clarified.

� Aggregate Grade of Evidence: D (Level 4: 1 study)

V. Benign lesions
V.A. Juvenile nasopharyngeal angiofibroma

Juvenile angiofibroma (JNA) was first described in the 4th
century BC by Hippocrates.513 With a general incidence
of 1:150,000, accounting for 0.5% of all head and neck
tumors, JNAs are rare, benign, and highly vascular.514

JNAs most commonly affect males, 9 to 19 years old, who
present with nasal obstruction (76-90%) and epistaxis (45-
72%).515 Arising from the lateral basisphenoid, extension
occurs through existing foramina and fissures including:
(1) the sphenopalatine foramen into the nasopharynx and
paranasal sinus, (2) the pterygomaxillary fissure into the
infratemporal fossa, and (3) the infraorbital fissure into the
orbit and middle fossa. JNAs have the potential for skull
base erosion and intracranial extension, as seen in 10% to
20% of cases.516

Although JNA are classified as benign tumors, some con-
sider them to be vascular malformations.517 This theory is
supported by the identification of laminin α-2 in the ves-
sel walls, a marker of early developmental angiogenesis.518

Clinically, they usually originate from the posterior nasal
cavity, near the basisphenoid and the superior margin of
the sphenopalatine foramen. Extensive vascularity derives
from vascular contributions from both the internal max-
illary and the internal carotid arteries.519 Hormonal fac-
tors, although controversial, have been considered to ex-
plain the occurrence of JNAs in young men.520 Tumors
express various levels of estrogen, progesterone, and an-
drogen receptors. Exogenous testosterone was found to in-
duce tumor growth, yet correlation with tumor growth,
proliferative index, and hormonal receptors has not been
confirmed.520

Both CT and MRI are used to assess JNAs. On CT, JNAs
appear as a lobulated, heterogeneous soft tissue mass. There
is intense enhancement after iodine contrast administra-
tion. The sphenopalatine foramen will mostly commonly be
widened or eroded, but all skull-base fissures and foramina
can be involved. Anterior bowing of the posterior wall of
the maxillary sinus, also known as the Holman-Miller sign,
was originally described for plain films but can be seen on
80% of CT scans.

On MRI, JNAs appear isointense to hyperintense on T1-
weighted and T2-weighted sequences. Flow voids related to
small, high-flow vessels supplying the tumor can be seen.
There is intense enhancement following administration of
gadolinium contrast.521

V.A.1. Staging systems for JNA
Many staging systems have been proposed for JNA. A
good staging system should be universal, have prognostic
value, and therapeutic correlation. Khoueir et al.522 per-
formed a systematic review of JNA staging, identifying 92
studies. Thirty-two percent of the cases did not specify a
staging system. The most common staging systems used
were Radkowski (31%), Fisch (14%), Andrews (12%),
Chandler (4%), Sessions (3%) and Bremer (1%). The
authors concluded that, as the existing staging systems were
established prior to the advent of endoscopic approaches,
a new staging system was needed. In 2010, Snyderman
et al.523 developed an updated staging system (UPMC stag-
ing system) that included prognostic factors for endoscopic
techniques. Residual vascularization following emboliza-
tion is 1 of the key components in addition to skull-base
erosion and intracranial extension. Compared to previous
staging systems, the UPMC staging system demonstrated
stronger correlation with intraoperative blood loss and the
need for multiple surgeries (staged, residual, or recurrent
tumor). For the purpose of this review, the UPMC staging
system will be used. This staging system considers orbital
and cranial base involvement (stage III to V) as part of
advanced-stage JNA. Table V.A.1 outlines the major char-
acteristics of the available staging systems.
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TABLE IV.G. PCM

Study Year LOE Study design Study group Clinical endpoint Conclusions

Pirayesh501 2016 4 Retrospective
review

Patients with PCM treated
surgically with various
skull-base techniques.

1. Preoperative
radiological features
(MRI)

2. EOR
3. Postoperative clinical

outcome

1. Preoperative radiological feature analysis
is the mainstay for predicting EOR and
postoperative clinical outcome.

2. Brainstem edema statistically correlates
with long-term postoperative
deterioration.

3. Irregular tumor margins and absence of
an arachnoidal plane (especially if edema
is present) are predictors of surgical
radicality but have no influence on
postoperative clinical outcome.

Nanda488 2011 4 Retrospective
review

Patients with PCM treated
surgically with various
skull base techniques.

1. Presenting symptoms
2. EOR
3. Postoperative

neurological outcome
(GOS)

4. Postoperative
complications

5. Tumor recurrence
rate

1. Maximal tumor removal represents the
best chance for cure and should be the
primary goal of surgery while preserving
neurological function.

2. GTR was achieved in 28%.
3. SRS is the modality of choice for residual

or recurrent disease.

Xu491 2013 4 Retrospective
review

Patients with large (ie,
>3 cm) PCM treated
surgically with various
skull-base techniques.

Postoperative clinical
outcomes

1. GTR or NTR of large petroclival
meningiomas should be the primary goal
of surgical treatment.

2. Tumor location in relation to the IAC,
involvement of one or both cranial fossae,
and preoperative hearing functional status
are critical considerations in determining
the optimal strategy.

3. Retrosigmoid craniotomy is a workhorse
approach for the management of most
PCM cases regardless of tumor size.

4. Treatment of tumors medial to IAC and
spanning MCF and PCF is best achieved
with combined transpetrosal approaches.

Hunter499 2018 4 Retrospective
review

Patients with PCM treated
surgically with:

(1) STR (EOR >70%) or
(2) PR (EOR <70%)
achieved with various

skull-base techniques

1. Radiological tumor
progression.

2. Rate of tumor
volumetric growth.

EOR is strongly associated with tumor
progression and rate of volumetric growth.

Koutourousiou496 2017 4 Retrospective
review

Patients with PCM treated
surgically with: 1)
lateral (retrosigmoid or
far-lateral); 2) anterior
midline (EEA); or 3)
combined approaches.

1. Postoperative clinical
outcome

2. Postoperative
functional status
(KPS).

1. EEA and RSA are effective alternatives to
transpetrosal approaches for debulking
petroclival meningiomas associated with
a significantly greater potential for
improved KPS, significantly earlier clinical
improvement, and limited major surgical
complications.

2. Opposite to EEA and RSA, combination
surgery did not offer significant benefits.

EEA = endoscopic endonasal approach; EOR = extent of resection; GOS = Glasgow Outcome Scale; GTR = gross total resection; IAC = internal auditory canal; KPS =
Karnofsky performance scale; LOE = level of evidence; MCF = middle cranial fossa; MRI = magnetic resonance imaging; NTR = near total resection; PCF = posterior
cranial fossa; PCM = petroclival meningioma; PR = partial resection; RSA = retrosigmoid suboccipital approach; SRS = stereotactic radiosurgery; STR = subtotal resection.
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TABLE V.A.1. Current staging systems for juvenile angiofibroma

Source Year Stage I Stage II Stage III Stage IV Stage V

Snyderman523 2010 Nasal cavity, medial
PPF

�1 Sinus, lateral PPF; no residual
vascularity

Skull base erosion, orbit, ITF;
no residual vascularity

Skull base erosion, orbit,
ITF; residual vascularity

Intracranial extension,
residual vascularity;
M, medial extension;
L, lateral extension

Carrillo524 2008 (A) Medial, limited to
NP, nasal fossae,
maxillary antrum
and anterior
ethmoid

(B) invasion to PMF or anterior ITF
with tumor <6 cm

(C) extension to PMF or
anterior ITF with tumor
>6 cm

(D) extension to posterior
ITF or root of skull base

(E) extensive skull base
and intracranial
invasion

Onerci525 2006 Nose, NP, ethmoid and
sphenoid sinuses or
minimal extension
into PMF

Maxillary sinus, full occupation of
PMF, extension to anterior
cranial fossa, limited extension
into ITF

Deep extension into
cancellous bone at
pterygoid base or body and
GW sphenoid, significant
lateral extension into ITF or
pterygoid plates, orbit,
cavernous sinus
obliteration

Intracranial extension
between pituitary gland
and ICA, tumor
localization lateral to
ICA, middle fossa
extension, and
extensive intracranial
extension

NA

Radkowski526 1996 IA: limited to nose or
NP

IB: as in stage Ia
with extension
into 1 sinus

IIa: Minimal extension into
medial PMF

IIb: Full occupation of PMF,
displacing posterior wall of
maxilla forward, orbit
erosion

IIc: ITF, cheek, posterior to
pterygoid plates

IIIa: Minimal intracranial
extension

IIIb: Extensive intracranial
extension ± cavernous
sinus

NA NA

Andrews527 1989 Limited to NP; minimal
bone destruction or
limited to SPF

Invading PPF or maxillary, ethmoid
or sphenoid sinus with bone
destruction

Invading ITF or orbit:
IIIa: No intracranial
IIIb: Extradural, parasellar

Intracranial, intradural:
IVa: With
IVb: Without cavernous

sinus, pituitary or optic
chiasm infiltration

NA

Antonelli528 1987 Limited to NP or nasal
fossa

Extending into sphenoid sinus or
PMF

Extension to �1 of: maxillary
sinus, ethmoid, orbit, ITF,
cheek, palate

Intracranial extension NA

Bremer529 1986 Ia: Limited to
posterior nares
or NP

Ib: Extension to � 1
sinus

IIa: Minimal lateral extension
through the sphenopalatine
foramen in medial PPF

IIb: Full occupation of PPF
displacing posterior wall of
antrum forward, superior
extension eroding orbital
bone

IIc: Extension through PMF into
cheek and ITF.

III: Intracranial extension NA NA

Chandler530 1984 Limited to NP Extension into nasal cavity or
sphenoid sinus

Tumor into antrum, ethmoid
sinus, PMF, ITF, orbit ±
cheek

Intracranial extension NA

Fisch531 1983 Limited to NP and
nasal cavity without
bone destruction

Invading the PMF and �1 sinus
with bone destruction

Invading ITF, orbit, parasellar
region remaining lateral to
the cavernous sinus

Massive invasion of the
cavernous sinus, the
optic chiasmal region,
or pituitary fossa

NA

Sessions532 1981 Stage Ia: limited to
nose and NP

Stage Ib: extension
into �1 sinus

IIa: Minimal extension into PMF
IIb: Full occupation of PMF ±

orbit erosion
IIIc: ITF ± cheek extension

Intracranial extension NA NA

GW = greater wing; ICA = internal carotid artery; ITF = infratemporal fossa; NA = not applicable; NP = nasopharynx; PMF = pterygomaxillary fossa; PPF = pterygopalatine
fossa; SPF = sphenopalatine foramen.
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V.A.2. Preoperative embolization
Embolization is typically performed 24 to 48 hours be-
fore surgery. The vascular supply of JNA is most com-
monly from the distal internal maxillary and vidian arter-
ies. Involvement of the basisphenoid and pterygoid canal,
which contains the vidian artery, has been associated with
recurrence.533 Larger tumors, depending on their exten-
sion, can receive additional blood supply from the ascend-
ing pharyngeal, accessory meningeal, deep temporal, facial,
and middle meningeal arteries.534,535 With orbital and in-
tracranial extension, vascularization from the ophthalmic
artery, inferolateral trunk, and meningohypophyseal trunk
of the ICA can be seen.

Although the routine use of preoperative embolization
has been contested in early-stage tumors,536–539 most au-
thors consider it an important component of management.
The main benefit of preoperative embolization when using
an endoscopic approach is to improve visualization and re-
duce blood loss, especially in large tumors that may require
tumor transection. Furthermore, postembolization angiog-
raphy may reveal residual vascularity and optimize plan-
ning of tumor resection. In their meta-analysis of 345 cases
(individual patient data), Boghani et al.515 found that pre-
operative embolization reduced the average blood loss in
endoscopic cases in a statistically significant fashion from
828.3 to 406.7 mL. Bilateral external carotid artery sup-
ply, which can be seen in 54% of tumors, can be safely
embolized. Although ICA branches can be embolized, the
risk of a complication (stroke, visual loss, facial paral-
ysis, carotid dissection) is high and its use is therefore
not recommended.538,540–542 The presence of vascularity
from the ICA has been associated with increased opera-
tive blood loss, multiple procedures, residual disease, and
recurrence.523,535,543 Therefore, preoperative angiography
of both external and internal carotid vessels will help tu-
mor staging and treatment planning. Preoperative balloon
occlusion testing of the ICA can be considered when the
tumor extensively invades the cavernous sinus or encases
the ICA, especially in postradiation cases where the risk of
vessel injury is higher. In patients with adequate collateral
circulation and favorable balloon occlusion test results, the
artery can be occluded preoperatively or intraoperatively if
an injury occurs.

V.A.3. Endoscopic surgery for early-stage JNA
Case reports and case series using endoscopic only ap-
proaches for early stage tumors were first published in
the 1990s. Endoscopic techniques became more popular
with the advent of technical refinements such as preop-
erative embolization, development of hemostatic materi-
als, and 2-surgeon–4-hand technique dissection.544 This
led to reduced blood loss and improved visualization of
deep anatomical landmarks such as the clivus, foramen
lacerum, pterygoid plates, and infratemporal fossa.545 The
objective of surgery for these tumors is complete tumor
resection, preservation of major neurovascular structures,

and minimizing morbidity such as blood loss. Early-stage
disease includes tumors involving the nasal and sinus cavi-
ties without orbital or skull-base involvement (UPMC stage
I and II).

In their systematic review, Boghani et al.515 analyzed indi-
vidual patient data from 345 cases (either endoscopic only,
endoscopic-assisted, or open procedures). Of these, opera-
tive blood loss was available for 138 cases. Although highly
susceptible to selection bias, they found that the average
blood loss in the endoscopic surgery group was statistically
decreased compared to open surgery (544 vs 1579.5 mL, re-
spectively). Because of the small intravascular blood volume
in younger pediatric patients, management of blood loss is
imperative. The reduced blood loss identified by Boghani
et al.515 potentially reflects the avoidance of osteotomies
and improved plane of dissection afforded by endoscopic
techniques.

The average recurrence rate for endoscopic only proce-
dures compared to open procedures was 10.8% (range,
0.0% to 23.1%) and 14.5% (range, 0.0% to 50.0%), re-
spectively. Of these patients, staging was available for 105
patients using the Radkowski or Sessions systems. When
controlled for tumor stage, there was no difference in re-
currence rates between endoscopic (60 cases) and open pro-
cedure (44 cases). Therefore, exclusively endoscopic proce-
dures are at least as effective as open procedures in terms
of recurrence rates for early stage tumors (UPMC stages I
and II).

Khoueir et al.522 did a systematic review of exclusively
endoscopic treatment, identifying 62 studies with reported
complications (699 patients). The estimated complication
rate was 9.3% (95% confidence interval [CI], 7.2% to
11.5%). Complications included synechiae (n = 19), neu-
rologic disorders (most commonly infraorbital nerve hy-
poesthesia) (n = 12), bleeding (n = 9), ocular disorders
(n = 5), facial edema/atrophic rhinitis (n = 5), Eustachian
tube dysfunction (n = 2), and 1 case of CSF leak. The
authors concluded that the nature and rate of complica-
tions from endoscopic approaches is favorable compared
to open approaches.

No RCTs were identified comparing endoscopic to open
procedures. All data included in published meta-analyses
and systematic reviews515,522 are from heterogeneous case
series and case reports. Nonetheless, the available data sug-
gests that purely endoscopic surgery for early stage JNA
offers similar or improved recurrence rates with reduced
blood loss and morbidity, compared to open approaches.
A systematic review of the available published outcomes is
listed in Table V.A.2.

V.A.4. Endoscopic surgery for advanced-stage
JNA

Advanced-stage JNAs are challenging because of in-
volvement of neural and vascular structures. Open ap-
proaches have traditionally been the mainstay of treatment.
Midfacial degloving gives access to both nasal cavities;
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TABLE V.A.2. Evidence for EEA in early stage juvenile angiofibroma (Radkowski staging unless specified)

Study Year LOE

Study

design Study groups Clinical endpoint Conclusion

Khoueir522 2014 3a Systematic
review

821 Cases, all endoscopic Blood loss,
complication rate,
residual and
recurrence rates

Blood loss 564 mL, complication rate
9.3%, residual 7.7%, recurrence
10%

Boghani515 2013 3a Systematic
review

Individual patient data: 158
endoscopic, 15 combined, 172
open

Average blood loss,
recurrence rate.

Blood loss: Endoscopic 544.0 mL
(20–2000 mL) vs open 1579.5
(350–10,000 mL). When controlled
for tumor stage, no difference in
recurrence between endoscopic,
combined or open.

Overdevest535 2018 4 Case series Endoscopic: 2 UPMC stage III, 6
stage IV, 2 stage V

Combined: 1 stage II, 1 stage IV
Open: 3 stage II, 2 stage III, 5

stage IV, 2 stage Vm

Blood loss Endoscopic 1690 mL
Combined 412 mL
Open 1380 mL
Bilateral arterial supply is predictive of

increased blood loss (p < 0.1).

McLaughlin546 2016 4 Case series 16 Traditional endoscopic,
13 Radiofrequency-assisted

endoscopic
12 UPMC stage II, 6 stage III, 3

Stage IV, 8 stage V.

Blood loss, duration
of surgery,
recurrence rate

Blood loss: traditional endoscopic 375
mL vs FRA 500 mL (p = 0.27)

Duration: traditional endoscopic 6.3
hours vs RFA 7.8 hours (p = 0.29)

Recurrence: traditional endoscopic
25% vs FRA 23% (p = 0.99)

Combined recurrence 7/29.

Janakiram541 2016 4 Case series 15 Endoscopic cases. No
individual stage

Blood loss, length of
hospitalization,
complication,
residual and
recurrence rate

Blood loss 67.2 mL, length of
hospitalization 3.66 days, 2/15
residual, 1/15 recurrence.

Garofalo547 2015 4 Case series Endoscopic: 1 Onerci stage I, 3
stage II, 1 stage III

Combined: 2 stage III
Open: 2 stage II, 4 stage III

Transfusion rate
Length of

hospitalization
Recurrence rate

Transfusion: endoscopic 0, combined
0, open 2

Hospitalization: endoscopic 8 days vs
open + combined 14 (p = 0.02)

Recurrence: endoscopic 1, combined
0, open 0

Chan548 2014 4 Case series Endoscopic only (9), combined
(17), open procedures (11)

3 stage IA, 3 stage IB, 14 stage
IIA, 3 stage IIB, 5 stage IIC, 5
stage IIIA, 4 stage IIIB.

Blood loss,
complication
rates, recurrence
rates

2660 mL additional blood loss with
open vs endoscopic only. With
every 100-mL increase in the EBL,
the odds of complication increased
by 5% (95% CI, 0%–10%).

Huang549 2014 4 Case series Endoscopic: 4 stage IA, 5 stage IB,
6 stage IIA, 11 stage IIB, 24
stage IIC, 6 stage IIIA, 10 stage
IIIB

Open: 10 stage IA, 10 stage IB, 22
stage IIA, 6 stage IIB, 30 stage
IIC, 10 stage IIIA, 8 stage IIIB

Blood loss,
complication,
recurrence rate

Blood loss: endoscopic 800 mL vs
1100 open (p = 0.017)

Complication: endoscopic 1 vs open
10

Recurrence: endoscopic 17/60 (28%)
vs open 32/96 (33%)

Ballah550 2013 4 Case series Endoscopic: 1 UPMC stage I, 1
stage II, 3 stage IV, 2 stage V
Combined: 2 stage I, 4 stage II,
1 stage IV, 2 stage V
Open: 1 stage V

Blood loss
Complication
Recurrence rate

Blood loss: 450 mL (50-2000 mL),
endoscopic 644 mL, combined 637
mL, open 1500

Complication: endoscopic 0/7,
combined 1/8, open 1/1

Recurrence 2/17

(Continued)
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TABLE V.A.2. Continued

Study Year LOE

Study

design Study groups Clinical endpoint Conclusion

El Sharkawy536 2013 4 Case series All endoscopic
6 stage Ia, 7 stage Ib, 5 stage IIA
No angioembolization

Blood loss,
complication,
residual, and
recurrence rates

342.3 mL blood loss.
2 Orbital hematomas, 1 epistaxis.

2/18 residual, 0% recurrence. The
endonasal endoscopic approach is a
safe and effective technique for
stage IA&B and IIA without
preoperative angiographic
embolization.

Cloutier545 2012 4 Case series Group 1 2000–2005 (45.1%
endoscopic); group 2
2005–2010 (82.9% endoscopic)

2 Stage IB, 3 stage IIA, 8 stage IIB,
8 stage IIC, 34 stage IIIA, 17
stage IIIB; 48 endoscopic, 24
open approach

Average blood loss,
duration of
hospitalization,
complication rate,
recurrence rate

No difference in complication
Hospitalization: endoscopic 6.76 days

vs open 9.74 days
Residual: group 1 (n = 10), group 2

(n = 3) (p = 0.015)
Recurrence: group 1 (n = 3), group 2

(n = 3) (p = 0.94)
Endoscopic approach associated with

reduced blood loss and duration of
hospitalization. Similar complication
and recurrence rate

Lopez551 2012 4 Case series 11 Endoscopic (all Andrews-Fisch
stage I and II)
37 Open (stage II to IVb)

Blood loss, residual,
and recurrence
rate

Blood loss: endoscopic 895 mL vs
open 2833 mL

Residual: endoscopic 3/11 vs open
10/37

Recurrence: endoscopic 0/11 vs open
2/37.

Recommend endoscopic resection for
early stage tumors (stages I to IIIA).

Fyrmpas552 2011 4 Case series 10 Endoscopic.
1 Stage Ia, 2 stage 1B, 1 stage IIA,

2 stage IIb, 2 stage IIc, 2 stage
IIIA

Blood loss, length of
hospitalization,
and recurrence
rates

Blood loss 444 mL.
Hospitalization 5 days.
1 Recurrence in stage IIb underwent

repeat excision.

El Morsy553 2011 4 Case series 15 Endoscopic cases, all stage IIc Blood loss, residual,
and recurrence
rate

Blood loss 350 mL, Residual 0%,
Recurrence 3/15.

Endoscopic 2-surgeon technique is an
excellent approach for managing
JNA extending to the
pterygopalatine and infratemporal
fossae

Baser554 2011 4 Case series 12 Endoscopic.
7 Fisch stage II, 4 stage IIIA, 1

stage IIIb

Complication and
recurrence rate

0 complication, 0 recurrence.
Endoscopic excision is a very
effective method to resect JNA
even for extensive tumors.

Ye555 2011 4 Case series 23 Endoscopic (all Fisch stage I)
11 Coblation
12 Traditional

Blood loss, duration
of surgery,
recurrence rate

Blood loss: coblation 121 mL vs
traditional 420 mL (p < 0.001);

Duration: coblation 87 vs traditional
136 min (p < 0.001).

0 recurrence.

Hyun556 2011 4 Case series 4 Endoscopic: 3 stage IIA, 1 stage
IIc
16 Open

Complication and
recurrence rate

Recurrence: endoscopic 1/4, open
6/16
Complication: endoscopic 0, open
4/16
Endoscopic surgery is the
treatment of choice for stage IIA
and IIb tumors

(Continued)
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TABLE V.A.2. Continued

Study Year LOE

Study

design Study groups Clinical endpoint Conclusion

Wang557 2011 4 Case series All stage I or II
11 Endoscopic,
13 Open (all transpalatine)

Blood loss, duration
of surgery,
complication,
recurrence rate.

Blood loss: endoscopic 375 vs open
635 mL

Duration of surgery: endoscopic 115
vs open 141 minutes

Complication: Endoscopic 1/11 vs
open 6/13

No significant difference in recurrence
rate

Nicolai543 2010 4 Case series 47 Endoscopic: 5 Andrews stage I,
24 stage II, 14 stage IIIA, 3
stage IIIb

Blood loss,
complication,
duration of
hospitalization,
residual and
recurrence rate

Blood loss 580 mL, 0 complication,
duration of hospitalization 5 days.
8.6% overall residual disease (3
observed and stable, 1
re-operated). 1/29 recurrence in
early stage

Mohammadi539 2010 4 Case series 23 Endoscopic:
2 stage IA, 4 stage IB, 2 stage IIA,

3 stage IIB, 4 stage IIC, 4 stage
IIIA, 4 stage IIIB

Blood loss
Treatment cost
Recurrence rate

Blood loss: embolized group 1260 ±
1060 mL; non-embolized group
1625 ± 1140 mL (p = 0.472)

Treatment cost: embolized $1700 ±
380 vs non-embolized $970 ± 340

Recurrence: 2/23

Bleier558 2009 4 Case series 10 Endoscopic, 8 open.
1 Andrews stage I, 8 stage 2, 5

stage 3a, 1 stage Iva, 3 stage 4b

Blood loss, length of
hospitalization

Blood loss: endoscopic 506 mL vs
open 934 mL

Hospitalization: endoscopic 3 vs open
4 days

No recurrence in endoscopic group

Midilli559 2009 4 Case series 12 Endoscopic:
2 stage IB, 6 stage IIA, 1 stage IIB,

2 stage IIC, 1 stage IIIA
30 Open approach;
6 stage IB, 6 stage IIA, 5 stage IIB,

8 stage IIC, 4 stage IIIA, 1 stage
IIIB

Blood loss, duration
of hospitalization,
recurrence rate

Reduced bleeding in endoscopic
group (no values)

Hospitalization: endoscopic 4–5 days
vs open 5–9

Recurrence: endoscopic 0 vs open
7/30

Ardehali560 2010 4 Case series 45 Endoscopic:
5 stage IA, 9 stage IB, 4 stage IIA,

2 stage IIB, 21 stage IIC, 3 stage
IIIA, 1 stage IIIb

Blood loss, duration
of hospitalization,
recurrence rate

Blood loss: 1336.2 mL
Hospitalization: 3.1 days
Recurrence rate: 19.1%

Hackman561 2009 4 Case series 31 cases:
15 Endoscopic,
12 Combined
4 Open
(no individual stage)

Blood loss, operative
time

Recurrence rate

Blood loss: endoscopic 280 mL,
combined 1850 mL, open 2500 mL

Operative time: endoscopic 128
minutes, combined 268 minutes,
open 410 minutes

Recurrence: endoscopic 1, combined
3, open 1

Yiotakis562 2008 4 Case series 9 Endoscopic,
11 Open.
3 stage Ia, 3 stage 1B, 3 stage IIA,

8 stage IIb, 3 stage IIc

Blood loss, duration
of hospitalization,
complication rate,
recurrence

Blood loss: endoscopic 248.8 mL,
midface degloving 880 mL,
transpalatal 925 mL.

Hospitalization: endoscopic 2 days,
midfacial degloving 4.4 days,
transpalatal 6.8 days.

Complications transpalatal group 2,
others 0

Recurrences: transpalatal group 2,
other 0

(Continued)
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TABLE V.A.2. Continued

Study Year LOE

Study

design Study groups Clinical endpoint Conclusion

Gupta563 2008 4 Case series 28 Endoscopic. 6 stage I, 14 stage
IIA, 6 stage IIb, 2 stage IIc

Blood loss, residual
and recurrence
rate

Blood loss: 154 mL for primary
surgery, 390 mL for revision
surgery.

1 residual (IIc), no recurrence.

Fonseca537 2008 4 Case series Endoscopic only (7): 5 Fisch stage
I, 2 stage II

Combined (3): 1 stage II, 2 stage III
Open (5):
4 stage II, 1 stage III

Units of red blood
cells,
complication, and
recurrence rate

Units RBC: endoscopic 2 u/pp
combined 1 u/pp, open 0.6 u/pp

Complication: endoscopic 1,
combined 0, open 2

Recurrence: endoscopic 1 combined
1, open 1

Eloy564 2007 4 Case series 6 Endoscopic: 1 stage Ia, 1 stage
1B and 4 stage IIb

Blood loss,
recurrence rate

Blood loss: 575 mL. 2 recurrences: 1
re-operated, 1 observed.

Andrade565 2007 4 Case series All endoscopic:
8 Andrews stage I, 4 stage II

Blood loss, duration
of hospitalization,
residual and
recurrence rate

Blood loss: 200 mL. Duration of
hospitalization: 33 hours stage I,
54 hours stage II. No residual no
recurrence.

Tosun566 2006 4 Case series Endoscopic (9):2 stage IA, 2 stage
IB, 3 stage IIA, 2 stage IIIA

open approach (15):
9 stage IA, 2 stage IIA, 1stage IIB,

3 stage IIIA

Complication and
recurrence rate

No complication, no recurrence in
endoscopic group.

1 Recurrence in open group (stage
IIA), 1 complication in open group
(stage IIA)

Sciarretta567 2006 4 Case series All endoscopic:
1 stage Ia, 4 stage IIA, 1 stage IIb,

2 stage IIc, 1 stage IIIA.

Blood loss,
recurrence rate

Blood loss: 300 mL
Recurrence 1/9

Borghei538 2006 4 Case series 23 Endoscopic:
5 stage IA, 9 stage IB, 4 stage IIA,

5 stage IIB

Blood loss,
complication,
recurrence rate

3 Postoperative synechiae.
1 recurrence at 19 months

Chen568 2006 4 Case series 8 Endoscopic.
1 stage Ia, 2 stage IIA, 1 stage IIb,

1 stage IIc, 3 stage IIIA

Blood loss, residual
and recurrence
rates

1 Major bleed (IIIA) due to cavernous
dissection.

1 Recurrence (IIA) 28 months
postoperation.

Hofmann569 2005 4 Case series 21 Endoscopic. (Andrews/Fisch)
1 stage 1, 15 stage II, 5 stage IIIA

Blood loss, residual
and recurrence
rates

Blood loss 541 mL.
3 Recurrences: 2 resected, 1 gamma

knife.

Pryor570 2005 4 Case series 6 Endoscopic (stages not
available)

59 Open

Blood loss, length of
hospitalization,
complication and
recurrence rates

Blood loss: endoscopic 225 mL vs
open 1250 mL

Hospitalization: endoscopic 2 days vs
open 5 days

Recurrence: endoscopic 0% vs open
24%

Mann571 2004 4 Case series 15 Endoscopic
15 Open
(no individual stage)

Recurrence rates 1/15 Recurrence in the endoscopic
group. 5/15 in open group.

Naraghi572 2003 4 Case series All endoscopic:
2 Bremer stage Ia, 2 stage Ib, 3

stage IIA, 5 stage IIB

Length of
hospitalization,

Complication rate,
recurrence rate

Hospitalization 3.5 days
No complication.
2 Recurrences (18%)

Wormald573 2003 4 Case series All endoscopic:
1 stage I and 2 stage IIA, 3 stage

IIB, 1 stage IIC

Recurrence rate Recurrence: 0%

(Continued)
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Study Year LOE

Study

design Study groups Clinical endpoint Conclusion

Onerci574 2003 4 Case series All endoscopic:
1 stage IB, 2 stage IIA, 4 stage IIB,

1 stage IIC, 4 stage IIIA

Blood loss, residual
and recurrence
rate

Early stage blood loss: 1000 mL.
Advanced stage: 1500 mL.

2 Residual diseases observed and
stable (stage IIIA)

Endoscopic resection of JNA in this
group of patients must be the
treatment of choice

Roger575 2002 4 Case series All endoscopic
4 Stage I
7 Stage II
9 Stage IIIA

Blood loss, duration
of surgery,
complication,
residual and
recurrence rate

Blood loss: 350 mL, duration 135
minutes, 2 infraorbital nerve
anesthesia. 2 residual disease (IIC
and IIIA) observed and stable. No
recurrence.

Hazarika576 2002 4 Case series 7 Endoscopic only, 2 combined.
All stage II or less

Recurrence rate Recurrence: endoscopic 0, combined
1/2

Scholtz577 2001 4 Case series 7 Endoscopic (Stage IIB or less), 7
open

Complication and
recurrence

0 Complication, 2/14 recurrence

Jorissen578 2000 4 Case series All endoscopic (13):
2 stage Ia, 2 stage Ib, 2 stage IIA,

2 stage IIB, 4 stage IIC, 1 stage
IIIA

Recurrence rate Recurrences: endoscopic 1/7 (stage
IIA), open 1/7 (stage IIC)

Schick579 1999 4 Case series 5 Fisch type II Recurrence and
residual rates

0 Residual, 0 recurrence

EBL = estimated blood loss; JNA = juvenile angiofibroma; LOE = level of evidence; pp = per patient; RBC = red blood cells; RFA = radiofrequency ablation-assisted;
u = unit.

maxillary, ethmoid, and sphenoid sinuses; pterygopalatine
fossa; nasopharynx; and infratemporal fossa. Intracranial
extension that remains medial or inferomedial to the cav-
ernous sinus can be accessed with anterior craniofacial
approaches.580,581 Lateral approaches allow access to tu-
mor extension in the middle cranial floor, carotid canal,
and the lateral aspect of the cavernous sinus. However,
morbidity and complication rates of 6% to 80% have been
reported with these classical approaches.548,581

The EEA is now increasingly being used for selected
advanced tumors. Endoscopic approaches allow access
to deep neurovascular structures and avoid facial inci-
sions and osteotomies. Hemostatic control becomes crit-
ical to maintain visualization and optimize outcome.548

Improvements in instrumentation and surgical techniques
have allowed better visualization and thus, better tumor
dissection. Preoperative angioembolization and 4-hand–2-
surgeon dissection technique are now being increasingly
used. Radiofrequency coblation, potassium titanyl phos-
phate (KTP), Nd:YAG laser, and ultrasonic cautery are
other instrumental adjuncts that have been described.577,582

When approaching large JNAs endoscopically, multiple
surgical corridors can be employed: the traditional en-
donasal endoscopic approach with posterior septectomy,
complete posterior ethmoidectomies, and sphenoidotomies
can be augmented with unilateral or bilateral anterior max-
illotomies (Caldwell-Luc). Medial maxillectomies can be

included to improve access to the masticator space and in-
fratemporal fossa, provide additional room for instrumen-
tation, and allow early identification of the internal maxil-
lary artery and the second division of trigeminal nerve (V2).
The tumor can be dissected in vascular segments, corre-
sponding to major feeding arteries. Each vascular segment
is approached sequentially, leaving devascularized intracra-
nial extensions for last. This organized approach reduces
blood loss and allows optimal staging of the surgery, if
needed.534

There is an increasing body of literature supporting en-
doscopic only techniques in advanced JNA. Langdon et al.
performed a multi-institutional review, identifying 74 pa-
tients with Radkowski stage IIIA or IIIB JNAs.583 Seventy-
one patients underwent preoperative angiography and em-
bolization with 19% having an ICA contribution. The
mean operative blood loss was 1279.7 mL (median, 600
mL). The authors found that the blood loss was posi-
tively correlated with increased number of involved sub-
sites. Complete surgical resection was performed in 77.7%
of cases. Of the 18 patients with residual disease, 1 un-
derwent adjuvant RT, 1 underwent re-resection plus ad-
juvant RT. The remaining 16 patients were observed and
showed no growth with a mean follow-up of 35.6 months.
Regarding postoperative complications, 3 patients had V2
paresthesia or neuralgia, 1 patient had a transient 6th nerve
palsy, and 1 patient had palatal insufficiency. Other large
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TABLE V.A.3. Evidence for EEA in advanced stage juvenile angiofibroma (Radkowski staging unless specified)

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Langdon583 2016 3a Multicenter
retrospective
review

Endoscopic (74)
resection of stage
IIIA or IIIB

Blood loss, residual rate Blood loss 1279.7 mL (positive correlation
between number of involved subsites and
blood loss).

Residual: 33.3% (18/54) (16 observed and
stable, 1 adjuvant radiation therapy, 1
revision surgery and radiation therapy)

Leong584 2013 3a Systematic
review

Endoscopic (5),
combined (2) and
open approach (65)
for stage IIIA or IIIB

Blood loss,
complication rates,
rate of persistence
and recurrence

Blood loss: endoscopic 2998 mL (2 cavernous
sinus injuries) vs open 1500 mL (p < 0.05)

Complication rate 46% (all groups combined)
Recurrence rate 18% (all groups combined)

Boghani515 2013 3a Systematic
review

7 Stage IIIA and B: 3
endoscopic, 4 open

Recurrence rate Recurrence: endoscopic 0% vs open 25%
(p = 1.00)

Huang549 2014 4 Case series Endoscopic: 6 stage
IIIA, 10 stage IIIB
Open: 10 stage IIIA,
8 stage IIIB

Blood loss,
complication,
recurrence rate

No individual patient data.
Recurrence rate in stage IIIB was 61.1%

Liu585 2016 4 Case series 2 Endonasal (IIA, IIC), 2
combined (IIIA, IIIB)

Residual rate Residual rate: 0%

McLaughlin546 2016 4 Case series 10 Traditional
endoscopic, 7
radiofrequency
assisted endoscopic
6 UPMC stage III, 3
Stage IV, 8 stage V

Blood loss, duration of
surgery, length of
hospitalization,
recurrence rate

No individual patient data

Chan548 2014 4 Case series 5 Stage IIIA, 4 stage
IIIB

Blood loss,
complication rates,
recurrence rates

No individual patient data

Godoy586 2014 4 Case series All stage IIIA
Endoscopic: 3
Combined: 3
Open 7

Complication rate,
residual, recurrence
rate

Complication: endoscopic 1, combined 2,
open 1

Residual: endoscopic 0, combined 1, open, 1
Recurrence: endoscopic 0, combined 3, open

3

Ballah550 2013 4 Case series Endoscopic: 3 UPMC
stage IV, 2 stage V

Combined: 1 stage IV,
2 stage V

Open: 1 stage V

Blood loss
Complication
Recurrence rate

Blood loss: endoscopic 880 mL, combined
1066 mL, open 1500 mL

Complication: endoscopic 0, combined 0,
open 1

Recurrence: endoscopic 1, combined 1, open
0

Cloutier545 2012 4 Case series Radkowski stage IIIA
(34) and IIIB (17).

Average blood loss,
duration of
hospitalization,
complication rate,
recurrence rate

No individual patient data. Open approach for
ICA encasement, foramen lacerum
invasion and cavernous invasion

Baser554 2011 4 Case series Endoscopic:
4 stage IIIA, 1 stage

IIIB

Complication and
recurrence rate

0 Complication, 0 recurrence. Blood loss
average 720 mL

Nicolai543 2010 4 Case series Endoscopic:
17 Andrews stage IIIA,

1 stage IIIB

Blood loss,
complication rate,
recurrence rate

3/17 Residual.
Contraindications for an endoscopic approach

are encasement of ICA, intracranial
extension lateral to the paraclival segment
of ICA, or intradural dura growth

(Continued)
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TABLE V.A.3. Continued

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Ardehali560 2010 4 Case series Endoscopic:
3 stage IIIA, 1 stage

IIIB

Blood loss,
complication rate,
recurrence rate

Stage III blood loss 3450 mL, 2 recurrence
(IIIA). 2 cavernous sinus injuries. 1 multiple
cranial nerve injuries.

Best to refer stage IIIB with cavernous
invasion or ICA encasement to radiotherapy.

Khalifa587 2008 4 Case series All Andrews Stage III
A) Endoscopic
assisted with antral
window +
preoperative
embolization (16) vs
B) Endoscopic
assisted midfacial
degloving (16)

Blood loss, operative
time, complication
rate, residual and
recurrence rate

Blood loss group A 575 mL vs group B 1.075
mL (p < 0.001).
Operative time reduced by 16% in group A.
No major complication. Recurrence: Group
A 2/16 recurrence, group B 2/16
recurrence.
Endoscopic assisted with antral window
offers similar results as more invasive
combined approaches

Eloy564 2007 4 Case series 6 Endoscopic: 1 stage
Ia, 1 stage 1b and 4
stage IIB

Blood loss, recurrence
rate

Blood loss: 575 mL. Recurrence: 2 (1
re-operated, 1 observed)

Tosun566 2006 4 Case series Endoscopic:
2 Stage IIIA
Open approach:
3 stage IIIA

Complication and
recurrence rate

No complication no recurrence in both groups

Hofmann569 2005 4 Case series Endoscopic:
(Andrews/Fisch)
5 stage IIIA

Blood loss, residual and
recurrence rates

Blood loss 590 mL.
1 Recurrence (had gamma knife therapy)

Onerci574 2003 4 Case series 4 Stage IIIA Blood loss, residual and
recurrence rate

Blood loss 1500 mL. Residual in 2 but no
growth at 2 years.

Roger575 2002 4 Case series 9 Stage IIIA Blood loss, residual and
recurrence rate

No individual patient data.
1 Residual observed and stable. No

recurrence.

ICA = internal carotid artery; LOE = level of evidence.

case series have shown similar results using endoscopic only
approach in advanced stage tumors.515,523,543,545,575 Table
V.A.3 presents the available published data using endo-
scopic approach in advanced disease. Series with more than
2 advanced-stage cases were included. The reported aver-
age blood loss from endoscopic approaches varied between
575 mL and 3450 mL. Reported rates of GTR ranged from
77.7% to 100% and recurrence rates varied between 0%
and 61.1% (see Table V.A.3).

The limits of the endoscopic approach are still evolving.
Advanced JNA with intracranial extension, residual vascu-
larity after embolization, cavernous sinus invasion, or ICA
encasement remains a challenge. In these cases, the goals of
surgery should be clear, and surgeons should consider stag-
ing the surgery if needed. A systematic surgical approach
by an experienced skull-base team of surgeons will provide
the best outcomes.

V.A.5. Radiation therapy for JNA
The use of radiation therapy is controversial as JNAs are be-
nign tumors affecting a young population. The potential for

growth impairment, encephalopathy, radiation-induced tu-
mors, and malignant transformation is still unknown. Fur-
thermore, the location of these tumors is associated with
strict radiation dose constraints to organs at risk such as
the brainstem, ocular lens, cochlea, optic nerve, and retina.
In addition, as demonstrated by the study by Langdon
et al.,583 the vast majority of residual tumors can be ob-
served with little or no growth.

Fractionated radiation therapy has been described in ret-
rospective series for definitive treatment of primary tumors,
recurrent tumors, and in the adjuvant setting. Cummings
et al.588 published a series of 55 patients, 42 of which were
treated with RT as the primary modality. The remaining
patients were treated for recurrence after surgical therapy.
A total of 30 to 35 Gy was delivered in 14 to 16 frac-
tions, with local control achieved in 80% of patients. Two
patients developed secondary tumors: 1 basal cell carci-
noma (13 years posttreatment) and 1 thyroid carcinoma
(14 years posttreatment). Other large series have reported
similar outcomes.589–591 Amdur et al.592 reported a poten-
tial dose response for tumor control with patients who
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received 36 Gy having higher control rates than patients
treated with 30 Gy or less (91% vs 77%).

Lopez et al.520 described the use of adjuvant Gamma
Knife radiosurgery in the setting of postoperative residual
disease. Out of their series of 48 cases, 10 patients had
residual disease in challenging surgical locations: cavernous
sinus, ICA, and orbital apex. Six were treated with adjuvant
fractionated RT and 4 with Gamma Knife radiosurgery. In
the latter group, 3 had stable disease and 1 had significant
tumor reduction at 3-year follow-up.

In patients with advanced stage JNA considered unre-
sectable because of involvement of critical structures, sur-
gical debulking with adjuvant radiation therapy has been
described. The extracranial portion of the tumor is re-
sected, leaving a smaller tumor volume for radiation ther-
apy. This potentially reduces the radiation field and thus
potential for complications.520,589,593 Other authors advo-
cate for a wait-and-see policy in case of residual or recurrent
disease.525,549

V.A.6. Follow-up and management of recurrence
in JNA

Tumor recurrence is most likely due to incomplete resec-
tion of the primary tumor and usually occurs within 6 to 36
months.520,594 It is associated with increased number of in-
volved subsites and is reduced by drilling the basisphenoid
and base of pterygoids.514,516,543,583 Most investigators rec-
ommend follow-up with nasal endoscopy and MRI for at
least 3 to 5 years postoperatively.516,594 The management
of recurrence depends on the size, growth rate, location,
and patient symptoms. A second endoscopic surgery is the
recommended option when the likelihood of complete tu-
mor resection is high, and the risk of morbidity is low.561,584

Medical therapies are in the investigative stages and there is
no current consensus for their use.595–600 Ardehali et al.560

found no difference in recurrence rate when comparing the
endoscopic approach in primary (6/31) to revision surgery
(3/16). When complete resection of recurrent disease is im-
possible or high risk (cavernous sinus, ICA, intracranial),
a wait-and-see policy can be adopted.516,574,594 Adjuvant
stereotactic radiosurgery or fractionated RT have both been
described in small series but have never been compared to
observation.
� Aggregate Grade of Evidence: C (Early stage JNA: Level

3b: 2 studies; Level 4: 42 studies; Advanced-stage JNA:
Level 3b: 3 studies; Level 4: 16 studies)

� Benefit: Endoscopic only approach offers comparable re-
currence rates to classical open approaches in selected
advanced-stage tumors.

� Harm: Endoscopic approach is associated with low com-
plication rates and morbidity. Advanced-stage disease
has a higher incidence of residual disease.

� Cost: No studies have examined the issue of cost.
� Benefit-Harm Assessment: The majority of studies sup-

port the efficacious use of endoscopic endonasal surgery
for the resection of JNA with minimal morbidity.

� Value Judgment: In experienced hands and with mod-
ern technological advances, endoscopic resection of se-
lected advanced-stage JNA offers better tumor visualiza-
tion and safe resection. Conversion or combination with
an open approach should be available if necessary.

� Policy: Recommendation
� Intervention: Advanced-stage JNA should be managed in

an institution that offers preoperative embolization and
experienced endoscopic and open team(s) of surgeons.

V.B. Fibro-osseous lesions
Fibro-osseous lesions (FOLs) are common benign bony ab-
normalities that affect the paranasal sinuses with common
subtypes being osteoma, ossifying fibroma (OF), and fi-
brous dysplasia (FD).601 These lesions share similar symp-
toms and presentation but can have unique features that
require different management. Treatment varies from con-
servative observation to partial or complete excision using
open, endoscopic or a combination of approaches.602–604

Surgery may be indicated to relieve symptoms, manage
complications, or address cosmesis.602 Observation with
periodic imaging is a preferred option for asymptomatic or
minimally symptomatic FOL as most are slow growing or
do not grow at all.605

Although many FOL are identified incidentally on imag-
ing studies, presenting symptoms can include headaches
(36%), pain/pressure (19%), and nasal obstruction
(17%).601 In severe circumstances these lesions have the po-
tential for expansion into the orbit, resulting in proptosis,
diplopia, and/or visual disturbances (4.5%).601 Intracra-
nial extension has the potential for dural erosion, cerebral
compression, increased intracranial pressure, and neurolog-
ical symptoms including headaches, facial pain, CN palsies,
convulsions, seizures, and meningitis.605

CTs are the mainstay of imaging for paranasal sinus
FOL.606 Classic radiologic characteristics of osteoma and
FD do not necessarily warrant biopsy but the preopera-
tive diagnosis of OF or indeterminate lesions may warrant
biopsy to establish the diagnosis.607 Serial imaging can
be used to monitor growth of the lesion during watchful
waiting.608

V.B.1. Common FOLs
V.B.1.a. Osteoma. Osteomas are composed of dense,
compact lamellar bone, similar to cortical bone, and tend to
be unifocal and slow growing, found mostly in the frontal
sinus, followed by the ethmoid, maxillary, and sphenoid
sinuses.604,609,610 Osteomas have been found in 1% of
frontal sinus radiographs in asymptomatic individuals.611

Osteomas typically have a slow pattern of growth and
may not change in size over the course of a patient’s life,
whereas others may grow rapidly such that ongoing surveil-
lance is recommended.601 The presence of multiple osteo-
mas may be an indication of Gardner’s syndrome (a variant
of familial adenomatous polyposis), an autosomal domi-
nant condition associated with increased risk of colon and
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thyroid cancers, epidermal cysts, fibromas, and dermoid
cysts.612 If Gardner’s syndrome is suspected, genetics and
cancer screening workup by a primary care physician is
warranted. On CT, osteomas appear as homogenous, well-
circumscribed lesions that are very dense.613

V.B.1.b. OF. OFs are rare FOLs further subdivided into
cemento-ossifying fibroma and juvenile-ossifying fibroma
(JOF).614 In general, OF is a rare, benign FOL with sim-
ilar symptoms as the other subtypes. Cemento-ossifying
fibroma occur mostly in the mandibulo-odontal region
whereas juvenile-ossifying fibroma are more common in
the paranasal sinuses.610,614 Cemento-ossifying fibromas
are usually painless, slow-growing tumors that can be ex-
cised surgically with limited recurrence. Extramandibular
lesions in the paranasal sinuses tend to be more aggressive
and grow more rapidly.615 On CT imaging, OFs are well-
circumscribed, expansile masses covered with a bony shell
of varying densities.615 This sharply demarcated bony shell
is considered the most important radiological sign for dis-
tinguishing it from FD, where there is merging of diseased
bone with healthy bone.

V.B.1.c. FD. FD exists in monostotic (70-75%) and
polyostotic (25-30%) forms, with the monostotic form be-
ing more common in the craniofacial bones.616 The under-
lying genetic cause is due to a subunit of G-protein recep-
tors, found on chromosome 20 (20q13). Patients with the
monostotic form are frequently asymptomatic and are of-
ten diagnosed incidentally during radiographic evaluation
for another purpose. Conversely, patients with the polyos-
totic form have early manifestations including bone pain
and/or bone deformity.617 FD may be associated with other
syndromes such as McCune–Albright (precocious puberty,
FD, and cutaneous pigmentation–cafe au lait spots).616 The
polyostotic form has a more aggressive phenotype and
higher risk of malignant transformation usually to osteosar-
coma (4%, compared to the monostotic risk of transforma-
tion of 0.5%).618

FD on CT scanning shows bone replaced with a more
radiolucent, “ground-glass” pattern with no visible trabec-
ular pattern.618 There may be endosteal scalloping of the
inner cortex, but the periosteal surface is smooth and non-
reactive. On MRI, FD has intermediate signal on T1 and
hypointense signal on T2. In the absence of CT imaging, FD
is often misinterpreted as an aggressive bone neoplasm with
MRI alone. FD is usually much more irregular or ill-defined
on imaging than both osteoma and OF.

V.B.2. Management
Because most FOLs are benign, slow growing, and asymp-
tomatic, watchful waiting is a reasonable option with reg-
ular imaging to monitor the growth of the lesion.611,619,620

The location and extent of the FOL as well as the expe-
rience of the surgical team are critical factors in choosing

an open, endoscopic, or combined approach if surgery is
required. In most cases, osteomas and OFs can be com-
pletely removed.621,622 For FD, complete removal is often
technically challenging or impossible and most often, a par-
tial resection or debulking surgery to improve symptoms or
cosmesis is performed.623

In cases where the lesion is causing intracranial/orbital
complications, facial deformities, or when conservative
treatments fail, the lesion should be removed. Historically,
open procedures were preferred, but with improvements
in technology and techniques, endoscopic endonasal resec-
tions are being utilized more commonly.621,622 EEAs are
useful for midline lesions, whereas open approaches are
more suitable for lesions located beyond the medial orbital
wall.

Chiu et al.’s624 frontal sinus osteoma grading system con-
siders the location of tumor attachment, anterior-posterior
dimension of the lesion, and tumor location relative to the
virtual sagittal plane through the lamina papyracea when
deciding the approach (see Table V.B).

For grade II or lower, an endoscopic approach is rec-
ommended. Open surgical or combination approach is rec-
ommended for grade III/IV due to risk of CSF leak and
difficulty in accessing the tumor for total resection.621,624

Open procedures used to treat FOL in the frontal sinus
include trephination, frontoethmoidectomy (Lynch pro-
cedure), and osteoplastic flaps.606 Although Ledderose
et al.604 showed that 3 of 16 grade III/IV patients could
be treated endoscopically, the majority still required an
open or combination approach. An open approach is pre-
ferred in the presence of large lesions (occupying >75%
of the frontal sinus), posterior table erosion, attachment to
the floor of the frontal sinus, narrow frontal anteroposte-
rior dimension, previous meningitis or CSF leak, extensive
intracranial extension, supraorbital involvement, and or-
bital mucocele formation.611,625

OFs have 2 distinct subtypes, each with contrasting prog-
nosis. Mandibular lesions are usually asymptomatic and
thus conservative management is preferred. However, OFs
outside of the mandible tend to be more aggressive and lo-
cally destructive, requiring a complete resection.613 Radical
resection of paranasal OF is widely considered the treat-
ment of choice due to their locally aggressive behavior.514

Endoscopic approaches are viable in some settings.626,627

However, surgeons must be prepared for open or endo-
scopic approaches depending on the individual character-
istics of the patient and pathology concerned. RT is inef-
fective for dealing with OF and may result in malignant
transformation.628 Because of the relatively common rate
of recurrence, close follow-up and long-term surveillance is
recommended after surgical resection.629

FDs are rare and may stabilize over time.514 Because of
the low risk of malignant transformation, asymptomatic
FD may be monitored radiologically.629 When the disease
is not associated with symptoms, partial or radical resection
is not indicated.623 Bone pain and risk of fractures can be
treated medically with bisphosphonates.630
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TABLE V.B. Frontal sinus osteoma grading system (as proposed by Chiu624)

Grade Criteria

I � Base of attachment is posterior–inferior along the frontal recess
� Tumor is medial to a virtual sagittal plane through the lamina papyracea
� Anterior–posterior diameter of the lesion is 75% of the anterior–posterior dimension of the frontal recess

II � Base of attachment is posterior–inferior along the frontal recess
� Tumor is medial to a virtual sagittal plane through the lamina papyracea
� Anterior–posterior diameter of the lesion is 75% of the anterior–posterior dimension of the frontal recess

III � Base of attachment is anterior or superiorly located within the frontal sinus and/or
� Tumor extends lateral to a virtual sagittal plane through the lamina papyracea

IV � Tumor fills the entire frontal sinus

Endonasal endoscopic optic nerve decompression for
symptomatic compressive optic neuropathy in FD has
been shown to be effective in experienced hands.631 Meta-
analysis shows most patients with FD remain asymptomatic
during long-term follow-up, and expectant management is
recommended even in the presence of radiologic optic nerve
compression because surgery is associated with visual dete-
rioration in otherwise asymptomatic patients.632

FD has an irregular growth pattern and is thought to be
active during adolescence and pregnancy, intimating a hor-
monal association.633 FD may also stabilize over time, and
given this tendency and the overall low risk of malignant
transformation, lesions that are asymptomatic may be ob-
served with both clinical and radiological monitoring.605

Symptomatic, disfiguring, or suspicious lesions may be
treated; however, the exact approach (open vs endoscopic),
and extent of resection depends on individual characteris-
tics of the patient and the disease. Efforts should be made to
decompress any affected structures and/or to restore cosme-
sis as best as possible. Often, complete resection of these
lesions is difficult due to the lack of defined borders of the
lesion itself, with added desire to avoid damage to major
structures. For these reasons, FD has a relatively high re-
currence rate.610

V.B.3. Complications
Certain anatomical features must be identified prior to
and during surgical procedures to prevent serious compli-
cations. The surrounding structures of the paranasal si-
nuses such as the orbit, anterior ethmoidal artery, and the
skull base require close attention. Injury to the eye, the
optic nerve, or the extraocular muscles may lead to vision
changes.621 Damage of the arteries can lead to intranasal or
intraorbital hemorrhage.634 CSF leak and/or serious central
nervous system infection are rare.603,604,611

Conclusion
FOLs are a heterogeneous group of benign bony lesions
of the paranasal sinuses. The most common type is an os-
teoma, followed by OF and FD. They are most often dis-
covered incidentally. Observation is often recommended

in asymptomatic osteoma and FD patients. Large, symp-
tomatic, or complicated bony FOL should be excised com-
pletely (or partially removed if not feasible) using tech-
niques appropriate to the lesion (endoscopic, open, or com-
bination depending on the training and skill-set of the sur-
gical team). Patients should be followed with serial imaging
to monitor for growth or recurrence.

V.C. Cholesterol granuloma
Cholesterol granulomas (CGs), also called xanthogranulo-
mas, are expansile, cystic lesions within an air-filled space
(ie, air cells of the paranasal sinuses or temporal bone)
caused by a chronic, giant cell–mediated, granulomatous
reaction to cholesterol crystals. Within the confines of
ESBS, CGs can occur in the petrous apex of the tempo-
ral bone (most common site635), sella and parasellar re-
gion, frontal sinus (most common sinonasal site636), eth-
moid sinus, and sphenoid sinus (as well as the maxillary
sinus, middle ear, and mastoid cavity, though generally
without skull-base involvement, and thus is not discussed).
Although the exact mechanism for pathogenesis is unclear,
it is thought that blood products containing cholesterol
content, either from trauma or iatrogenic causes, may in-
cite a foreign body response and lead to CG formation
over time.637 In a systematic review, Durgam and Batra636

found that only 14% and 11% of patients with CGs of the
paranasal sinuses had a history of craniofacial trauma and
prior surgery, respectively. Sellar and parasellar CGs are
thought to have a distinct pathogenesis, wherein inflamma-
tion develops around RCCs or craniopharyngiomas (46%
and 20% have xanthomatous change on pathologic exam-
ination, respectively638) and leads to formation of CG.639

As a result of being associated with these conditions, sellar
and parasellar CGs are often misdiagnosed as neoplasms as
opposed to inflammatory lesions.640

Clinical manifestations of skull-base CGs are related
to local pressure upon surrounding structures exerted
by the lesion and include headache, oculo-orbital symp-
toms (retro-orbital pain, visual changes, proptosis, dis-
placement of orbital contents), sinonasal symptoms (nasal
obstruction, rhinorrhea), or, in some cases, may be
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asymptomatic.636 As in many benign skull-base patholo-
gies, asymptomatic lesions are generally those that are small
and have not expanded outside normal anatomic bound-
aries yet. Leonetti et al.641 reported that, in a series of 88
patients with incidentally discovered petrous apex lesions
on MRI obtained for unrelated reasons, 14 (16%) were
CGs.

CGs appear as hypodense, expansile, and rounded masses
on CT; this appearance is often nonspecific and difficult to
distinguish from other benign lesions (eg, cholesteatoma,
mucocele, epidermoids, congenital, or acquired cysts)642,643

or even indolent chondroid tumors such as chondrosar-
coma. There is often cortical thinning with eventual de-
hiscence of the surrounding bone due to slow, gradual
expansion of the lesion. However, on MRI, CGs are gen-
erally hyperintense on both T1-weighted and T2-weighted
sequences (78% and 67%, respectively, in 1 review2), and
do not enhance with gadolinium contrast.642

V.C.1. Traditional management
The mainstay of treatment for CGs involves marsupial-
ization of the lesion cavity and decompression of its con-
tents, which often appears thick, “greasy,” and dark with
cholesterol crystals. To confirm the diagnosis, the sur-
geon may consider sending some expressed contents for
histopathologic examination, which usually shows giant
cells, cholesterol crystals, and hemosiderin deposits. Tra-
ditionally, petrous apex CGs have been primarily man-
aged by neurotologists and approached via a transtem-
poral approach (eg, transcanal infracochlear, transmas-
toid infralabyrinthine, translabyrinthine, transotic), often
with placement of stents or irrigating catheters or mid-
dle fossa approaches.644 Sellar and parasellar CGs and
sinonasal skull-base CGs may frequently be managed via
EEA, though lesions located in difficult-to-access areas (eg,
lateral frontal sinus, orbital roof) may require an open ap-
proach.

V.C.2. Endoscopic endonasal treatment and
outcomes

More recently, with endonasal endoscopic techniques gain-
ing in prominence, a subset of petrous apex CGs may be
successfully approached through an EEA approach (Table
V.C.1).

Those lesions that have eroded into the medial sphenoid
sinus, especially medial to the ICA, in the setting of a well-
pneumatized sphenoid are generally good candidates.648

Needless to say, the surgeon should be mindful about
the location of the paraclival and petrous ICA segments,
which underscores the importance of anatomical under-
standing and the use of intraoperative image guidance
during dissection.647 When compared to transtemporal
approaches, the aggregate evidence to date suggests excel-
lent outcomes with regard to symptomatic improvement
with the endoscopic approach. In a systematic review of
53 patients, Eytan et al.645 reported that only 7.5% ex-

perienced recurrent symptoms. In contrast, transtemporal
approaches are effective in management of symptoms as
well, but outcomes are generally more guarded. Of note, 3
of the largest series involving otoneurological management
of CGs yielded a symptomatic recurrence rate of 15.4%
(Sanna et al.,666 3/15, 20%; Brackmann and Toh,644 6/34,
18%; and Kusumi et al.,667 1/16, 6%).

In a series of 17 patients, Paluzzi et al.653 proposed
an objective radiographic metric to determine the optimal
EEA to petrous apex CGs based on its location relative to
the ICA. On review of preoperative MRI, one can define
the “V angle” as a measure of the surgical corridor, where
the vertex is the lateral edge of the piriform aperture con-
tralateral to the CG, the lateral limit is the lacerum segment
of the internal carotid artery, and the medial limit is me-
dial edge of the CG cavity.653 If the V angle is �5 degrees,
the authors advocated for a transsphenoidal, transclival ap-
proach; if <5 degrees, then the paraclival carotid may need
to be exposed and retracted laterally for access; and if the
angle were negative (carotid is more medial than CG cav-
ity), then an infrapetrous approach involving Eustachian
tube dissection may be required.653,668

Paranasal sinus CG tends to have excellent outcomes
following surgical treatment. According to Durgam and
Batra’s636 systematic review, 91.8% of patients experi-
ence complete symptomatic resolution following treatment.
Maintaining patency of the marsupialized cavity mirrors
those principles employed for functional endoscopic sinus
surgery and mucoceles, wherein wide access will prevent
scarring over time. For those lesions within the frontal si-
nus, consideration should be given to performing a mod-
ified endoscopic Lothrop procedure for access, decreased
risk of restenosis, and postoperative cavity surveillance.669

To maintain functional patency of the marsupialized CG
cavity within the petrous apex, many reports advocate for
placement of a stent, which is removed months later after
healing is complete.653,655 Additionally, some authors have
emphasized the importance of using an NSF (full-length or
mini) to promote remucosalization of the cavity.653–655,663

Based on the only systematic review on this topic, stents
were used in 45.1% of cases, with an overall cavity resteno-
sis rate of 20%.645 Symptomatic recurrence occurred in
4.3% with stent use as compared to 10.7% without stent
use, though this difference did not reach statistical signifi-
cance (p = 0.6).645

The major risk associated with endonasal management of
petrous apex CG is ICA injury. Eytan et al.,645 in their sys-
tematic review, found no such cases of this. Surgery for
sellar and parasellar CGs have a similar risk profile to
that of any pathology surrounding the pituitary gland—
namely, hypopituitarism, DI, visual loss, CSF leak, and
stroke. For sellar and parasellar CGs, numerous case re-
ports and case series have described relatively poor out-
comes for endocrine function postoperatively, whereas vi-
sual outcomes are much better (Table V.C.2).

Potential risks encountered in management of paranasal
sinus CGs parallel those in any endoscopic sinonasal
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TABLE V.C.1. Evidence for endoscopic endonasal surgical management of petrous apex CGs*

Study Year LOE Study design Study groups Clinical endpoints Conclusions

Eytan645 2014 2a Systematic
review of case
series and
case reports

53 Cases with petrous
apex CG

1. Symptomatic
improvement

2. Tract patency
3. Complications

45.1% used stenting; 97.7% symptomatic
resolution or improvement; 20% restenosis
rate; 13.2% complication rate; 7.5%
symptomatic recurrence

Griffith646 1996 4 Case series 2 Patients with petrous
apex CG

1. Symptomatic
improvement

2. Tract patency

Resolution of symptoms with limited tract
patency at 12–18 months follow-up

Kingdom647 2003 4 Case series 1 Patient with petrous
apex CG

Lesion marsupialization Complete endonasal approach with IGS is safe
and cost-effective

Georgalas648 2008 4 Case series 4 Patients with petrous
apex CG

Symptomatic
improvement

All patients had symptomatic improvement at 6
months to 10 years follow-up. Those lesions
that have extended medial to the carotids are
good candidates.

Jaberoo649 2010 4 Case series 2 Patients with petrous
apex CG

1. Symptomatic
improvement

2. Tract patency

Resolution of symptoms with tract patency at
18–24 months follow-up

Prabhu650 2010 4 Case series 2 Patients with petrous
apex CG (both 30
mm)

Symptomatic
improvement

Resolution of symptoms at 6 months follow-up

Emanuelli651 2012 4 Case series 5 Patients with petrous
apex (4) or clival (1)
CG

1. Recurrence
2. Complications

No complications intraoperatively or
postoperatively with no recurrence at 12–50
months follow-up

Sade652 2012 4 Case series 3 Patients with petrous
apex CG (22-37
mm)

1. Functional patency
2. Recurrence

All patients had functional patency of
marsupialized cavity at 10–36 months
follow-up. 2 recurrences (67%) which required
revision surgery.

Paluzzi653 2012 4 Case series 17 patients with
petrous apex CG, 11
stented, 4 had
miniflap

1. Symptomatic
improvement

2. Recurrence
3. Tract patency

All patients had symptomatic improvement at
3–67 months follow-up. 2 recurrences (12%)
that required revision surgery. No major
complications (1 epistaxis, 1 transient sixth
nerve palsy). V angle determines approach of
choice.

Karligkiotis654 2015 4 Case series 10 Patients with
petrous apex CG

Recurrence 90% (9/10) Symptomatic resolution; 1 failure was
due to technical error

Shibao655 2015 4 Case series 2 Patients with petrous
apex CG

1. Recurrence
2. Tract patency

Nasoseptal flap with silicone T-tube placed for
stenting of cavity; no recurrence at 12–24
months follow-up

Bruchhage656 2017 4 Case series 3 Patients with petrous
apex CG

Symptomatic
improvement

Endoscopic transsphenoidal approach is superior
when anatomic is conducive; infralabyrinthine
approach can be used otherwise

DiNardo657 2003 5 Case report 1 Patient with petrous
apex CG

1. Symptomatic
improvement

2. Tract patency

Resolution of symptoms with tract patency at 12
months follow-up

Oyama658 2007 5 Case report 1 Patient with petrous
apex CG

1. Symptomatic
improvement

2. Recurrence

Initial presentation of trigeminal neuralgia;
resolution of symptoms with no recurrence at
24 months follow-up

Presutti659 2006 5 Case report 1 Patient with petrous
apex CG

Symptomatic
improvement

Resolution of symptoms at 3 months follow-up;
T-shaped stent placed

Dhanasekar660 2011 5 Case report 1 Patient with petrous
apex CG (58 mm)

Symptomatic
improvement

Uneventful recovery; very large lesions are likely
easier to drain

(Continued)
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TABLE V.C.1. Continued

Study Year LOE Study design Study groups Clinical endpoints Conclusions

McLaughlin661 2012 5 Case report 1 Patient with petrous
apex CG (25 mm)

1. Symptomatic
improvement

2. Recurrence
3. Tract patency

After initial drainage, symptoms resolved but
cavity scarred at 4 months; intrapetrous
approach was performed with placement
of Doyle splint

Park662 2013 5 Case report 1 Patient with petrous
apex CG (21 mm)

Symptomatic
improvement

CG was located directly posterior to carotid
which made surgical approach
challenging; clival plexus bleeding and CSF
leak encountered, but symptoms resolved
after drainage

Terranova663 2013 5 Case report 1 Patient with petrous
apex CG

1. Symptomatic
improvement

2. Recurrence
3. Tract patency

Nasoseptal flap used to maintain tract
patency; resolution of symptoms with no
recurrence at 3 years follow up

Miyamura664 2014 5 Case report 1 Patient with petrous
apex CG

Symptomatic
improvement

Improvement of ocular symptoms
postoperatively

Turan665 2016 5 Case report 1 Patient with
petroclival CG (22
mm)

1. Symptomatic
improvement

2. Recurrence

CG was lower than usual with conchal
sphenoid pneumatization, and thus a high
nasopharyngeal corridor was used. Stable
improvement at 9 months follow-up.

*Size range reported whenever available.
CG = cholesterol granuloma; CSF = cerebrospinal fluid; IGS = image guided surgery.

surgery and include CSF leak, orbital injury, epistaxis, hy-
posmia, or intracranial injury.

CGs of the skull base can present in the petrous apex
of the temporal bone, the sellar and parasellar regions,
frontal sinus, and sphenoid sinus. They typically present
with headache and retro-orbital pressure, though they may
be asymptomatic in some cases. On CT, they present as
expansile, hypodense lesions, while they are characteristi-
cally hyperintense on both T1-weighted and T2-weighted
images on MRI (and do not enhance). Contemporary man-
agement of skull-base CGs involves EEA with wide marsu-
pialization; stenting or coverage with an NSF may promote
remucosalization and patency of the tract. Overall recur-
rence rates are under 10%, and complication rates appear
to be extremely rare.

� Aggregate Grade of Evidence: D (Level 2a: 2 studies;
Level 4: 20 studies; Level 5: innumerable; Table V.C.1,
Table V.C.2, and Table V.C.3)

V.D. Trigeminal schwannoma
Trigeminal schwannomas (TSs) are the most common
skull-base schwannomas after vestibular schwannomas
and account for up to 0.36% of all intracranial neo-
plasms and 8% of skull-base schwannomas.699–727 Most
of them develop in the Gasserian ganglion, but they
can occur anywhere along the course of the trigeminal
root, ganglion, and peripheral branches. Therefore, they
can be intradural, interdural, and extradural, can exist
in the posterior fossa and middle fossa/Meckel’s cave,

and extend along V1 into the orbit, V2 into the ptery-
gopalatine fossa (PPF), and V3 into the infratemporal
fossa.699–727

Main symptoms are due to involvement of trigeminal
roots and compression of surrounding structures and
include hypoesthesia, paresthesia, pain in the area of
innervation of the respective trigeminal branches, and
reduction of the corneal reflex. If there is large amount
of tumor in the posterior fossa, there may be symptoms
of cerebellopontine angle nerves, especially VI to VIII. In
advanced lesions, there may be a cerebellar syndrome.710

Most TSs are benign, have a soft consistency and are al-
most avascular in nature, with few exceptions. They are
usually separable from neighboring neurovascular struc-
tures, because CNs and ICA are typically displaced rather
than engulfed. They do not intrude into the cavernous sinus
and subdural space.699–724

Jefferson introduced a classification of TSs in 1953.
Yoshida and Kawase modified Jefferson’s classification
scheme by adding Type D (Table V.D).

Indications for surgical intervention are demonstrated
growth of a previously diagnosed tumor and newly diag-
nosed lesion with associated symptoms. The goal of surgery
is complete resection.700,705,727 However, radiosurgery can
also be effective in the treatment of some TSs. In some cases,
leaving tumor behind for observation or radiosurgery may
be acceptable.705

Several open surgical approaches have been reported in
the surgical management of TSs.705,725 EEAs have also
added new options in the management of TSs. Thirty-three
manuscripts were identified.
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TABLE V.C.2. Evidence surrounding surgical management of sellar and parasellar CGs*

Study Year LOE Study design Study groups Clinical endpoints Conclusions

Jung670 2006 4 Case series 2 Patients with sellar CG
treated via transsphenoidal
approach (both 25 mm)

None Both lesions initially suspected to be
craniopharyngioma

Kamoshima671 2011 4 Case series 5 Pediatric patients with sellar
CG treated via endoscopic
transsphenoidal approach
(4) or transcranial approach
(1)

1. Recurrence
2. Postoperative visual

function
3. Postoperative

pituitary function

Improved postoperative visual function
and no recurrence, but no
improvement of pituitary function at 6
months follow-up

Rahmani639 2015 4 Case series 4 Patients with parasellar CGs
treated via extended
endoscopic transsphenoidal
approach (10–21 mm)

1. Postoperative CSF
leak

2. Postoperative visual
function

3. Postoperative
pituitary function

4. Recurrence

All patients had improvement of visual
function with no recurrence at 61
months mean follow-up. No CSF leak.
Two (50%) patients developed
hypopituitarism.

Kleinschmidt-
DeMasters672

2017 4 Case series 14 Patients with
xanthogranulomas of the
sella

1. Recurrence
2. Postoperative

pituitary function
3. Postoperative DI

Variable postoperative pituitary function
and DI through 4 months to 7 years of
follow-up

Kurisaka673 1998 5 Case report 1 Patient with suprasellar RCC
treated via microscopic
transsphenoidal approach

1. Symptomatic
improvement

2. Recurrence

Resolution of symptoms with no
recurrence at 8 months follow-up

Hama674 1999 5 Case report 1 patient with RCC treated via
transsphenoidal approach

1. Recurrence
2. Postoperative

pituitary function
3. Postoperative DI

No recurrence at 7 years with complete
recovery of pituitary function.
Persistence of DI.

Nakasu675 1999 5 Case report 1 Patient with suprasellar RCC
treated via transsphenoidal
approach

1. Recurrence
2. Postoperative

pituitary function

Recurrence 4 years after initial surgery
requiring revision. No improvement in
pituitary function postoperatively.

Yonezawa676 2003 5 Case report 1 Patient with sellar CG
treated via transsphenoidal
approach

1. Weight
2. Postoperative

pituitary function

Improved weight but no improvement in
pituitary function at 3 months follow-up

Liu677 2008 5 Case report 1 Patient sellar CG treated
through transcranial
approach

None Only reported case to cause obstructive
hydrocephalus

Sugata678 2009 5 Case report 1 Patient with suprasellar CG
treated via
interhemispheric approach

1. Postoperative visual
function

2. Postoperative
pituitary function

3. Recurrence

Improved postoperative visual function
and no recurrence, but no
improvement of pituitary function at 12
months follow-up

Arai679 2010 5 Case report 1 Patient with suprasellar CG
treated via endoscopic
transsphenoidal approach

1. Recurrence
2. Symptomatic

improvement
3. Postoperative

pituitary function

Resolution of symptoms and no
recurrence, but no improvement of
pituitary function at 18 months
follow-up

Miyajima680 2011 5 Case report 1 Patient with suprasellar CG
associated with RCC
treated via pterional
approach

Postoperative DI No improvement in DI. CG definitively
associated with RCC.

(Continued)
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TABLE V.C.2. Continued

Study Year LOE Study design Study groups Clinical endpoints Conclusions

Agarwal681 2012 5 Case report 1 Patient with suprasellar
CG treated via
endoscopic
transsphenoidal
approach

1. Recurrence
2. Postoperative

pituitary function

No recurrence and partial recovery of
pituitary function at 6 months follow-up

Nishiuchi682 2012 5 Case report 1 Patient with suprasellar
CG treated via
transsphenoidal
approach (18 mm)

1. Symptomatic
improvement

2. Postoperative visual
function

3. Postoperative
pituitary function

Resolution of symptoms and improvement
in visual function, but no improvement
of pituitary function postoperatively

Gurcay683 2016 5 Case report 1 Patient with suprasellar
CG treated via
endoscopic
transsphenoidal
approach

1. Recurrence
2. Symptomatic

improvement
3. Postoperative visual

function

Resolution of symptoms, no recurrence,
and improvement of visual function at
15 months follow-up

Dai684 2017 5 Case report 1 Patient with sellar CG
treated via
transsphenoidal
approach (18 mm)

1. Recurrence
2. Symptomatic

improvement
3. Postoperative

pituitary function

Resolution of symptoms, no recurrence,
and improvement of pituitary function
at 36 months follow-up

*Size range reported whenever available.
CG = cholesterol granuloma; CSF = cerebrospinal fluid; DI = diabetes insipidus; RCC = Rathke’s cleft cyst.

Most of the literature on endonasal endoscopic resec-
tion of TSs consists of case series. High-quality trials
comparing endoscopic to open approaches are lacking.
Raza et al.700,705 described 4 patients who had under-
gone a purely endoscopic transpterygoid approach. There
were no major complications or CSF leaks. In follow-up,
there was 1 case of regrowth that was treated with ra-
diosurgery. They concluded that tumors in the posterior
fossa were associated with a more difficult approach, risk
of incomplete resection, and CN injuries.700,705 Several
other studies describe resection techniques including com-
bined approaches in different tumor stages. Those stud-
ies demonstrate the feasibility of endoscopic resections of
TSs.708,711,714

Konovalov et al.710 reported ESBS in 5 cases. In 4, tu-
mor resection was performed in 2 stages combining the
retrosigmoid suboccipital approach (RSA) and lateral ex-
tended transsphenoidal endoscopic approach; in 1 case, the
TS was resected in a single session via EEA.

Other uses of the endoscope for the resection of TS have
also been described. Haidar et al.703 described 2 cases of
infratemporal fossa schwannomas that were completely re-
sected using minimally-invasive approaches: the first case
using an open preauricular subtemporal approach and the
second case using a purely endoscopic transnasal approach.
Wallace et al.716 described a case of a 59-year-old pa-
tient with TS involving the ventral margin of Meckel’s
cave and the cavernous sinus, abutting the ICA. They
described a unique technique of endoscopic-assisted re-

section via lateral orbitotomy. Samii et al.709 described
an endoscope-assisted retrosigmoid intradural suprameatal
approach for dumbbell TSs. Twenty patients were enrolled:
8 had dumbbell-shaped tumors, 8 had middle fossa tumors,
3 had extracranial extension, and 1 had a posterior fossa
tumor. GTR was achieved in 15 and near-total resection
(NTR) in 5 patients. They conclude that endoscopy enlarges
the surgical view and may be safely applied to increase tu-
mor resection rate.

Several microsurgical and endoscopic approaches, rang-
ing from ventral to anterolateral, lateral, and posterolat-
eral, have been reported in the surgical management of
TSs. Functional outcomes have varied depending on the
existence of preoperative symptoms, tumor size, location,
and surgical team experience.699–727

In larger reported series, either permanent or transient
postoperative deterioration in neurological function, in-
cluding trigeminal neuropathy, abducens nerve palsy, and
trigeminal neuralgia, was experienced. When microsurgery
alone is applied, up to 85% of cases can be safely resected,
with minor complications reported.699–724 The most chal-
lenging type is the dumbbell-shaped tumor that crosses
the petrous apex to occupy the posterior and middle
cranial fossa or has both intracranial and extracranial
extension.700,705,707,709

Providing a ventral trajectory, EEAs to Meckel’s cave
and surrounding structures have been described alone or
in combination with microsurgery to increase resection
and decrease overall complications. Type A tumors could
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TABLE V.C.3. Evidence surrounding surgical management of sinonasal skull-base CGs*

Study Year LOE Study design Study groups Clinical endpoints Conclusions

Durgam636 2012 2a Systematic
review of case
series

135 Patients with paranasal sinus
CG

1. Symptomatic
improvement

2. Recurrence

Frontal sinus CG was approached by open (18,
22%) or endoscopic approaches. Overall
symptomatic improvement was 91.8% at 34.5
months mean follow-up, with 8.2% recurring
within that time frame.

Butler685 1989 4 Case series 2 Patients with frontal sinus CG
approached through
osteoplastic flap

None Open approach ultimately indicated for superior
orbital location

Hill686 1992 4 Case series 31 Patients with frontal sinus CG Recurrence 1 (3%) Recurrence at 2 years

Arat687 2003 4 Case series 8 Patients with orbitofrontal CG
approached through subbrow
incision (7) and frontal sinus
exploration (1)

1. Symptomatic
improvement

2. Recurrence

Resolution or improvement of symptoms with no
recurrence at 1–9 years follow-up. 1 patient
required a second surgery to further improve
symptoms.

Hughes688 2016 4 Case series 4 Patients with orbitofrontal CG
approached through
fronto-orbital craniotomy
(15-25 mm)

Recurrence No recurrence at 1–20 years follow-up. 7%
recurrence rate overall when combined with
literature review. Bony curettage of cavity is
critical.

Shrirao689 2016 4 Case series 4 Patients with orbitofrontal CG
approached through superior
lid crease approach

Recurrence No recurrence at 22 months mean follow-up;
endoscopic-assisted approach through
superior lid crease incision can expand access

Armengot690 1993 5 Case report 1 Patient with ethmoid sinus CG
approached through external
frontoethmoidectomy

Symptomatic
improvement

Improvement in vision and exophthalmos at 1
month follow-up

Ochiai691 2001 5 Case report 1 Patient with frontal sinus CG
approached through bicoronal
incision with cranioplasty
(60 mm)

Symptomatic
improvement

Resolution of ocular symptoms at 1 month
follow-up

Aferzon692 2002 5 Case report 1 Patient with frontal sinus CG
approached through medial
brow incision with frontal sinus
obliteration

Symptomatic
improvement

Resolution of headache at 5 months follow-up

Weiland693 2007 5 Case report 1 Patient with pterygoid plate CG
approached through
fluoroscopic needle aspiration

Symptomatic
improvement

Needle aspiration is a potential option for
accessible lesions, though the lesion may
eventually require marsupialization

Hwang694 2009 5 Case report 1 Patient with sphenoid sinus CG
approached through
endoscopic transsphenoidal
surgery

Visual function Partial improvement of visual function as
confirmed on formal testing

Hammami695 2010 5 Case report 1 Patient with frontal sinus CG
approached through eyebrow
incision

1. Symptomatic
improvement

2. Recurrence

Resolution of seizures, headache, and eye
swelling without recurrence at 2 months
follow-up

Korbmacher696 2011 5 Case report 1 Patient with sphenoid sinus CG
approached through
endoscopic transsphenoidal
surgery (55 mm)

Lesion size Partial reduction in size, currently under
observation

Marco697 2012 5 Case report 1 Patient with frontal sinus CG
approached through combined
Lynch incision and endoscopic
sinus surgery

1. Recurrence
2. Frontal sinus

patency

Frontal recess patent with no recurrence at 18
months follow-up

(Continued)
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TABLE V.C.3. Continued

Study Year LOE Study design Study groups Clinical endpoints Conclusions

Deep669 2014 5 Case report 1 Patient with frontal sinus CG
approached through
modified endoscopic
Lothrop

1. Recurrence
2. Frontal sinus

patency

Wide marsupialization of frontal sinuses via
modified endoscopic Lothrop allows for
excellent surveillance and frontal recess
patency

Imre698 2015 5 Case report 1 Patient with orbitofrontal CG
approached through
osteoplastic flap (37 mm)

1. Symptomatic
improvement

2. Recurrence

Resolution of symptoms with no recurrence at 1
year follow-up

*Size range reported whenever available.
CG = cholesterol granuloma.

TABLE V.D. Modified Jefferson staging for trigeminal
schwannomas

Type A Middle cranial fossa lesions derived from the
gasserian ganglion

Type B Derived from the root of the trigeminal nerve

Type C Middle and posterior fossa (dumbbell-shaped tumors)
and are derived from the Gasserian ganglion

Type D Extracranial tumor with intracranial and infratemporal
fossa extension

be managed by extradural supraorbital, subtemporal,
or endonasal transpterygoid approaches. Type D could
be reached by a transpterygoid approach, effectively
exposing the pterygopalatine fossa, foramen rotundum,
and Meckel’s cave along the course of V2.700,705,707 A
Type D tumor with a small amount of infratemporal fossa
extension could be resected via the extradural subtemporal
approach. However, the transmaxillary transpterygoid
approach would be more suitable for Type D tu-
mors that are primarily located in the infratemporal
fossa.700,705,707,710

Some proposed contraindications for an EEA resection
are significant disease extension into the posterior fossa;
tumor size larger than 2.5 cm within Meckel’s cave and
the middle cranial fossa. Preexisting V1 neuropathy, due to
the elevated risk of vidian nerve injury with a transptery-
goid approach, can place patients at risk for postopera-
tive corneal keratopathy if they have diminished corneal
sensation.700,705

With respect to Type B tumors, endoscopic remains
controversial. Purely posterior fossa tumors may be re-
sected with open retrosigmoid surgery or retrosigmoid ap-
proach assisted with endoscopy. In dumbbell-shaped Type
C tumors, the extradural subtemporal approach can opti-
mally expose the structures around Meckel’s cave, and an
endoscopic-assisted anterior petrosectomy would create a
corridor to the posterior cranial fossa. Alternatively, stereo-
tactic radiosurgery can be used to control residual disease

in the posterior fossa if decompression of the brainstem is
not required.699–724

Because of the location of TSs adjacent to or within
the cavernous sinus, the trigeminal nerve, its branches,
and the 4th and 6th nerves are more vulnerable to in-
jury and care is needed in lateral EEA approaches. Risk
of injury is probably related to tumor size and preoper-
ative dysfunction.699–727 Surgical injury to the abducens
nerve (8%), trochlear nerve (3.7%), and oculomotor nerve
(1.9%) have been reported. The abducens nerve is the most
threatened CN because of its close relationship with trigem-
inal roots, its long path in the posterior fossa, and its super-
ficial disposition along the cavernous sinus. The limitation
of the endoscopic approach in accessing posterior fossa dis-
ease is supported by the higher rate of abducens palsy. The
rates of dry eye and corneal neurotrophic keratopathy re-
quire consideration given that either can be a devastating
complication.699–727

Direct access to many TSs via EEA offers advantages such
as avoiding any need for temporal lobe exposure or re-
traction, avoiding temporalis muscle split, and minimizing
surgical opening. One of the most common complications
of EEA, CSF fistula, has been mitigated with multilayer
reconstruction with autograft or allograft.699–727

Conclusions
Although guidelines for the application of EEA for resecting
TSs are still lacking, growing evidence in the form of case
series is revealing a pertinent role for endoscopic surgery in
maximizing resection and minimizing complications with
less invasive procedures. Additionally, due to the rarity
of TSs, even most referral centers are still on the learning
curve.

As a general rule, extracranial (Type D) and Meckel’s
cave tumors are ideal candidates for an EEA. The op-
timal choice between EEA or conventional approaches
must depend on the anatomic details of each case, pa-
tient preference, and the surgeon’s level of comfort and
expertise.

� Aggregate Grade of Evidence: D
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VI. Optic nerve and orbit
VI.A. Endoscopic optic nerve decompression for

traumatic and nontraumatic optic
neuropathy

Optic neuropathy (ON) is defined as damage to the optic
nerve and resultant visual loss. The etiology of ON is multi-
factorial and can be broadly classified as traumatic or non-
traumatic. Nontraumatic causes include ischemia, inflam-
mation (optic neuritis), and compression or infiltration by
tumors. Traumatic ON may be due to various mechanisms,
including direct injury to the nerve by fractured bony frag-
ments, intraneural edema, shearing injury, or compression
from hematoma.728

The EEA for decompression of the intracanalicular seg-
ment of the optic nerve, eg, endoscopic optic nerve de-
compression (EOND), has been extensively described in
the literature,729–735 and provides a minimal access route
to obtain excellent exposure of the orbital apex and optic
nerve. Although high-dose corticosteroid therapy is con-
sidered the initial and/or mainstay of treatment for trau-
matic ON,736,737 some evidence suggests no benefit or even
detrimental effects of steroids in these patients.738,739 Thus,
there have been multiple studies that attempt to assess the
utility of endoscopic decompression in management of trau-
matic ON.728,740–753 To date, evidence is limited to 1 sys-
tematic review and several retrospective case series. Ev-
idence for nontraumatic ON is even more limited, with
only small case series available,728,754–758 highlighting the
need for evidence-based recommendations regarding surgi-
cal management of this rare and challenging patient popu-
lation.

The available evidence for EOND in traumatic ON that is
not responsive to corticosteroid therapy and nontraumatic
ON was reviewed in regard to the postintervention visual
outcomes, timing of surgical intervention, and the safety
and complications of EOND were evaluated. Inclusion cri-
teria included evaluation of EOND for either traumatic or
nontraumatic ON, case series of at least 10 EOND, and
clearly defined endpoints.

There were 21 studies that met criteria and were included
in this review. There were 15 studies representing 718 pa-
tients that assessed EOND in the setting of traumatic ON,
5 studies representing 58 patients in nontraumatic ON, and
1 study that assessed EOND in both etiologies (15 patients
with traumatic ON and 4 with nontraumatic ON).

Of the 58 patients with nontraumatic ON, 40 (69%)
were caused by tumors. The most common tumor was
meningioma (23/40, 58%). There were 10 patients who
underwent EOND for IIH and papilledema, 4 for fibrous
dysplasia, and 4 for endocrine orbitopathy (Table VI.A).

VI.A.1. Visual outcomes after EOND
There was significant heterogeneity of studies in report-
ing visual outcome measurements, with most studies con-
sidering any improvement in vision a surgical success. In

patients undergoing EOND for nontraumatic ON, visual
acuity improved in 28% to 89% of patients.728,754–758 In
those with traumatic ON, improvement was seen 35% to
82% of the time.728,740–753 Although there was no data
assessing differences in outcomes in patients who present
with clinical blindness (no light perception [NLP]) com-
pared to those with partial visual loss in the setting of non-
traumatic ON, in cases of traumatic ON evidence suggests
that patients with partial vision (light perception or bet-
ter) have better visual outcomes postoperatively. Rates of
improvement in patients presenting with NLP range from
0% to 62%,741,743,747,750,753 whereas rates of improve-
ment in those with partial vision loss range from 50%
to 100%.741,743,747,750,752,753 In a large systematic review
of traumatic ON, rates of improvement were decreased in
those with NLP preoperatively (41% vs 84-93% in pa-
tients with partial vision loss).740 Although improvement
in vision is seen in the majority of cases, there is insufficient
granularity and follow-up data to establish whether the
improvements seen in these patients are clinically meaning-
ful. Only 1 study on traumatic ON in this review actually
reported on rates of “useful vision” (equivalent of 20/60
or better) after EOND, and demonstrated a rate of 24%
(10/42).752

VI.A.2. Timing of surgery in EOND
The timing of EOND for optimization of visual outcomes
remains controversial. Although optic nerve axon damage
has shown to occur after 72 hours,759 evidence in the litera-
ture is equivocal in terms of the benefit of early intervention.
For patients with nontraumatic ON, no evidence exists on
the benefit of early intervention. This is likely due to de-
layed presentation of these patients in the setting of a more
insidious onset of ON. In cases of traumatic ON, 3 studies
suggested better visual prognosis if surgery is performed �3
days from diagnosis.745,747,750 A large systematic review of
576 patients did not show any significant difference in out-
comes with early vs late surgical intervention.740

VI.A.3. Complications after EOND
Complications were inconsistently reported in the in-
cluded studies, with 4 articles assessing EOND in
patients with traumatic ON not documenting any
complications.744,746,749,750 In patients with traumatic ON,
the rate of major complications was 2.3% (14/622). These
included 10 CSF leaks, 6 bleeding complications (including
1 carotid artery injury and 1 cavernous sinus hemorrhage),
4 infections, and 2 cases of worsened vision. The largest
systematic review to date on traumatic ON reported 52
total complications, of which 42 (80.7%) were considered
minor.740

In patients with nontraumatic ON, the overall rate of
complications reported in 5 studies was 8 of 58 (13.8%).
Major complications included 4 cases of visual changes
(2 decreased visual acuity, 2 worsened diplopia) and 1
CSF leak. Another small case series reported 1 case of
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TABLE VI.A. Evidence for endoscopic optic nerve decompression

Study Year LOE Study design Study group Clinical endpoints Conclusion

Dhaliwal740 2016 3 Systematic
review of case
reports/case
series

567 Patients with traumatic
optic neuropathy

Visual acuity, time to
surgery

Visual acuity improved in 309/567 (54%) of patients.
There was no significant increase in improvement
with early surgery (�3 days). Patients with NLP at
presentation less likely to recover (41%) compared
to those with intact vision (LP 89%, HM 93%, FC or
better 84%)

Berhouma754 2014 4 Retrospective
case series

11 Patients nontraumatic optic
neuropathy (8
meningiomas, 1 trigeminal
neuroma, 1 ossifying
fibroma, 1 orbital
pseudotumor)

Visual acuity, visual fields,
and fundoscopy at
6-month follow-up

Visual acuity improved in 6/11 (54%); visual acuity
stable in 4 (36%); visual acuity worsened in 1
(9%). Visual fields improved in 3/11 (27%).
Fundoscopy improved in 2/11 (18%)

Emanuelli746 2015 4 Retrospective
case series

26 Patients with traumatic
optic neuropathy

Visual acuity Visual acuity improved in 17/26 (65%)

Hameed747 2014 4 Prospective case
series

10 Patients with traumatic
optic neuropathy

Visual acuity, complete vs
partial visual loss
preoperatively, time to
surgery

Visual acuity improved in 7/10 (70%) patients. 1/3
(33%) with NLP improved, 6/6 (100%) with partial
vision loss improved. 2/2 (100%) with surgery �3
days improved vs 5/6 (83%) with surgery >3 days.

Sencer755 2014 4 Retrospective
case series

10 Patients with nontraumatic
optic neuropathy (idiopathic
intracranial hypertension)

Visual fields, visual acuity,
fundoscopy

Visual fields improved in 8/10 (80%). Visual acuity
improved in 8/9 (89%). Papilledema resolved in
7/9 (78%).

Xu748 2014 4 Retrospective
case series

74 Patients with traumatic
optic neuropathy

Visual acuity, optic nerve
sheath incision

Visual acuity improved in 47/74 (64%) patients
overall; 19/31 (61%) improved with nerve sheath
incision vs 28/43 (65%) without.

Song749 2013 4 Retrospective
case series

85 Patients with traumatic
optic neuropathy

Visual acuity, time to
surgery

Visual acuity improved in 38/85 (44%). Visual acuity
improved in 19/45 (42%) of patients with surgery
�3 days, 19/40 (48%) of patients with surgery >3
days.

Yang750 2012 4 Retrospective
case series

96 Patients with traumatic
optic neuropathy

Visual acuity, complete vs
partial visual loss
preoperatively, time to
surgery

Visual acuity improved in 39/96 (41%) overall, 19/72
(26%) in NLP patients, 20/24 (83%) in LP or better
patients. Surgery >3 days significantly associated
with unrecovered visual acuity. No significant
association with optic nerve sheath incision.

Murchison756 2011 4 Retrospective
case series

18 Patients with nontraumatic
optic neuropathy (14 skull
base tumors, 1
meningioma, 3
inflammatory cases)

Visual acuity, diplopia Visual acuity improved in 5/18 (28%), stable in 10/18
(56%); diplopia improved in 5/6 (83%)

Peng751 2011 4 Retrospective
case series

41 Patients with traumatic
optic neuropathy

Visual acuity, time to
surgical intervention

Visual acuity improved in 33/41 (81%) overall; 27/28
(96%) improved when surgery <7 days, 6/13
(46%) improved when surgery >7 days.

Thaker752 2009 4 Retrospective
case series

55 Patients with traumatic
optic neuropathy

Visual acuity, optic nerve
sheath incision,
complete vs partial
visual loss
preoperatively

Visual acuity improved in 1/13 (8%) of patients with
NLP preoperatively and 34/42 (81%) of patients
with LP or better preoperatively. Visual acuity
�6/18 in 8/24(33%) of patients undergoing sheath
incision, 2/18 (11%) with sheath intact (p = 0.14).

(Continued)

hyponatremia and 1 corneal abrasion in patients with non-
traumatic ON.757

Most studies did not discuss minor complications, with
only 1 study describing a rate of intranasal synechia for-
mation of 26% in patients with traumatic ON.741 The

rate of minor complications noted in both the traumatic
and nontraumatic ON groups is likely also underesti-
mated as most studies focused solely on rates of ma-
jor complications including CSF leak, bleeding, wors-
ening vision or blindness, and diplopia. Although the
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TABLE VI.A. Continued

Study Year LOE Study design Study group Clinical endpoints Conclusion

Li753 2008 4 Retrospective
case series

176 Patients with traumatic
optic neuropathy

Visual acuity Visual acuity improved in 96/176 (55%) patients. In
patients with NLP, 41/108 (38%) improved vs
86/129 (67%) in those with partial visual loss.

Wang741 2008 4 Retrospective
case series

46 Patients with traumatic
optic neuropathy

Visual acuity, complete vs
partial visual loss
preoperatively

Visual acuity improved in 29/46 (63%) overall, 21/34
(62%) in NLP patients, 7/8 (88%) in LP or better
patients

Li753 2008 4 Retrospective
case series

42 Patients with traumatic
optic neuropathy

Visual acuity, time to
surgery

Visual acuity improved in 4/42 (9.5%). 14/42 (33%)
had surgery within 3 days, 19/42 (45%) between 3
and 7 days, 9/42 (21%) �7 days.

Pletcher757 2007 4 Retrospective
case series

7 Patients with nontraumatic
optic neuropathy (4 fibrous
dysplasia, 2 meningioma, 1
mucopyocele, 1 osteoma, 1
endocrine orbitopathy)

Visual acuity Visual acuity improved in 7/10 (70%) eyes

Lund758 2006 4 Retrospective
case series

12 Patients with nontraumatic
optic neuropathy secondary
to meningiomas

Visual acuity, visual fields,
ocular balance,
ductions,
exophthalmometry

Visual acuity improved in 7/12 (58%); ocular
balance/ductions improved in 4/12 (33%); 2.3 mm
mean reduction in proptosis

Rajiniganth742 2003 4 Prospective case
series

44 Patients with traumatic
optic neuropathy

Visual acuity, time to
surgery

Visual acuity improved in 16/23 (70%) patients
undergoing surgery at <7 days vs 5/21 (24%) >7
days.

Jiang743 2001 4 Retrospective
case series

17 Patients with traumatic
optic neuropathy

Visual acuity, time to
surgery

Visual acuity improved in 6/17 (35%) patients. 0/2
(0%) improved with surgery <7 days, both NLP.
6/12 (50%) improved with surgery �7 days (all
patients with partial vision loss).

Kountakis744 2000 4 Retrospective
case series

17 Patients with traumatic
optic neuropathy

Visual acuity Visual acuity improved in 14/17 (82%) patients.

Luxenberger728 1998 4 Retrospective
case series

15 Patients with traumatic
optic neuropathy, 4 with
endocrine orbitopathy

Visual acuity Visual acuity improved in 7/15 (47%) of traumatic
patients, 3/4 (75%) of endocrine patients

Nayak745 1991 4 Retrospective
case series

63 Patients with traumatic
optic neuropathy

Visual acuity, time to
surgery

Visual acuity improved in 19/63 (30%) overall, 18/26
(69%) <3 days, 1/14 (7%) �7 days, 0/23 (0%)
>7 days.

FC = finger counting; HM = hand motion; LOE = level of evidence; LP = light perception; NLP = no light perception.

major complication rate of 2.3% in patients with trau-
matic ON is likely underestimated given the heterogene-
ity of reporting practices in the literature, current evidence
suggests that EOND is a safe procedure in experienced
hands.

In comparison to EOND, the lateral orbitotomy ap-
proach first described by Kronlein in 1889 has more re-
cently been modified to gain access to lesions of the lat-
eral orbit, orbital apex, parasellar region, and middle fossa
while avoiding the need for craniotomy.760–763 In the 2
largest series to date, complication rates were comparable
to EOND for nontraumatic ON. One study of 13 patients
reported postoperative CSF leaks in 3 of 13 (23%) patients,
supraorbital numbness in 2 of 13 (15%) patients, and par-
tial ptosis in 2 of 13 (15%) patients.763 Another study of
18 patients reported no postoperative CSF leaks, transient
lateral rectus paresis in 3 of 18 (17%) patients, decreased vi-

sual acuity in 1 of 18 (6%) patients, and worsened diplopia
in 1 of 18 (6%) patients.762

The currently available evidence on EOND for trau-
matic and nontraumatic ON suggests the possibility for
improvement in visual acuity, although the ability to pro-
vide clinically meaningful visual improvement has yet to be
clearly established. The heterogenous pathology involved,
the varying severity of presentation as well as the relative
rarity of patients with ON undergoing EOND precludes
the ability to determine a statistically significant improve-
ment in visual outcomes in these patients. Moreover, the
majority of available evidence assesses traumatic ON, with
data on nontraumatic causes notably lacking. Based on this
evidence, management of patients with traumatic ON un-
responsive to corticosteroids would include the option of
EOND. There is insufficient data to assess whether timing
of surgery improves outcome, although there is no evidence
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of harm with earlier intervention. Patients presenting with
NLP are less likely to achieve benefit from EOND than
those presenting with partial vision loss (Table VI.A).

Although the available evidence is quite limited for non-
traumatic causes of ON, it appears that based upon the
pathology involved and overall prognosis for the patient,
having an experienced surgeon perform an EOND could
improve visual outcomes and potentially enhance success
in underlying disease management (eg, in the case of tu-
mors). There is insufficient data for specific recommenda-
tions or further stratification at the present time on the role
of EOND in nontraumatic ON.

� Aggregate Quality of Evidence: C (Level 3: 1 study; Level
4: 20 studies).

� Benefit: Improved visual acuity
� Harm: Potential for major complications such as CSF

leak, worsening vision loss, major bleeding. Risks of gen-
eral anesthesia, sinonasal complications

� Cost: Moderate, requires operative intervention under
general anesthesia.

� Benefit-Harm Assessment: Preponderance of benefit over
harm (when performed by experienced surgeons).

� Value Judgments: Additional studies with larger sample
sizes and prospective studies are needed to improve the
LOE and determine efficacy and timing of intervention;
however, a preponderance of benefit over harm favors
option in appropriately selected patients.

� Recommendation Level: Option
� Intervention: EOND may be considered in traumatic ON

as an adjunctive treatment in patients with minimal re-
sponse to corticosteroid therapy. EOND may also be
considered an option in appropriately selected cases of
nontraumatic ON.

VI.B. Intraconal tumors
Intraconal tumors have historically been addressed via open
approaches by ophthalmic plastic and neurosurgeons. With
the proliferation of endoscopic skull-base surgery, endo-
scopic approaches to intraconal orbital tumors have gained
popularity. For appropriate lesions, endoscopic approaches
offer the advantage of enhanced visualization and illumina-
tion of the posterior inferomedial orbit with reduced mor-
bidity as compared to external techniques.764–769 A multi-
disciplinary team approach is an essential component for
surgical planning and management.

Orbital tumors are rare with an incidence of only 3 to
5 tumors per 1 million people per year.770,771 Most or-
bital tumors present in patients between the 4th and 7th
decade. Vasculogenic lesions are most common and ac-
count for 17% of orbital masses. Among these, orbital cav-
ernous hemangiomas (OCH) are the most common. Other
common benign lesions include optic nerve glioma (4%),
meningioma (4%), and pseudotumor (8%). The most com-
mon malignant lesion is non-Hodgkin’s lymphoma (8%)
followed by orbital metastases.

Due to the relatively recent application of the endoscopic
approach and the low incidence of intraconal tumors, to
date, no RCTs or cohort studies have been performed. The
majority of data has been acquired by retrospective case
reports and case series. The highest LOE has been provided
by 2 systematic reviews as well as 2 multicenter retrospec-
tive review studies.769,772–774

Adaptation of the endoscopic approach to address in-
traconal lesions represents a natural evolution from the
more established techniques of medial orbital decompres-
sion and transsphenoidal optic nerve decompression. Mod-
ifications for increasing bony exposure, such as resection of
the orbital process of the palatine bone have been described
in order to facilitate bimanual dissection of intraconal le-
sions. This technique has been shown to enhance surgical
exposure by a volume of 0.36 ± 0.42 cm3, facilitating ex-
traocular muscle retraction as well as circumferential tumor
dissection.775

The medial rectus muscle represents the doorway to the
intraconal space and must be safely retracted to provide
adequate access. Described retraction techniques include
external medial rectus muscle retraction at the globe in-
sertion point by using a vessel loop, static transseptal and
retrochoanal retraction using a vessel loop, and dynamic
4-handed transseptal retraction using an instrument such
as a ball-tipped probe.773,774,776,777 Both transseptal tech-
niques provide the greatest intraconal exposure by surface
area; however, the 4-handed approach allows for continu-
ous adjustments in tension, leading to increased protection
of the neuromuscular inputs to the medial rectus muscle.776

This view is supported by other studies773 in which avoid-
ance of prolonged tonic medialization is recommended over
concerns of potential neurovascular traction injury.777

Within the intraconal space, considerable variability
of the neurovascular supply to the medial and inferior
rectus muscles is evident. However general branching pat-
terns of the inferior division of the oculomotor nerve and
inferomedial muscular trunk of the ophthalmic artery en-
able a conceptualization of the medial intraconal space
into 3 zones. As lesions move from the anterior inferior
to posterior superior zones, the complexity of the dissec-
tion and risk of neurovascular injury increase.778 These
zones may therefore also be used to provide a graduated
approach as orbital teams gain experience in tackling these
lesions.

The largest multicenter study of endoscopic manage-
ment of orbital lesions focused specifically on methods
of OCH resection. As compared to extraconal lesions,
methods for approach and resection of intraconal OCHs
were associated with a larger disparity in techniques. The
majority (69.6%) of all cases were performed as a team
approach. Postoperative outcomes were favorable, with an
improved visual acuity in 52.2% of the cases, while no pa-
tients showed worsening of vision. Postoperative diplopia
rates were also favorable, with 78.3% of cases resulting
in a symmetric eye position. Immediate preservation of
binocular vision was achieved in 60.9% of patients, while
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the majority of patients with iatrogenic diplopia resolved
within 2 to 3 months. These rates are comparable to open
approaches including transconjunctival, transorbital, and
craniotomy techniques.779–782

As compared to extraconal lesions, intraconal lesions
were more likely to be associated with incomplete resec-
tion (31.25% and 14.29%, respectively). Additionally, in-
traconal lesions showed a higher risk of immediate post-
operative diplopia and enophthalmos, prompting a higher
rate of immediate orbital reconstruction. Among all pa-
tients with postoperative diplopia, none were associated
with the use of the transseptal dynamic retraction tech-
nique. Binarial approaches after performance of a sep-
tectomy or septal window were exclusively used for in-
traconal lesions. Among those, 37.5% used a 4-handed
approach.

The second, earlier, multicenter study mainly addressed
the extent of medial rectus retraction techniques. The
authors concluded that detachment of the medial rectus
muscle (MRM) was useful in the setting of intraconal
tumors.767 However, in light of subsequent demonstration
of the utility dynamic MRM retraction, the need for MRM
disinsertion has been called into question.

In the majority of extraconal lesions, formal orbital re-
construction is not required. However, in the setting of
extensive intraconal dissection, recapitulation of the me-
dial and inferior orbital walls helps to prevent enophthal-
mos and resultant diplopia. An NSF has been shown to be
capable of providing complete coverage of the entire me-
dial and inferior orbit.783,784 This technique is favored be-
cause it contracts around the orbitotomy in a delayed fash-
ion, allowing for immediate blood egress and resolution of
edema thereby obviating the risks of orbital compartment
syndrome associated with immediate rigid reconstruction.
However, evidence is weak and based on limited small case
series and expert opinions.

Although the field of endoscopic intraconal surgery re-
mains in its infancy, the limited available studies sug-
gest that the functional outcomes are comparable to ex-
ternal approaches with the advantage of improved vi-
sualization, decreased morbidity, and the avoidance of
scars767,769,774,775 (see Table VI.B). As the field contin-
ues to expand through the growth of multidisciplinary
orbital teams, additional higher-quality outcomes data is
anticipated.

� Aggregate Grade of Evidence: D (Level 3a: 4 studies;
Level 4: 23 studies)

� Benefit: Endoscopic approaches for intraconal tumors
show a reduced morbidity as compared to open ap-
proaches, including avoidance of globe retraction and
external incisions in appropriately selected cases. The
major indication for the endoscopic orbital surgery is for
tumors medial to the optic nerve.

� Harm: Potential optic nerve and ophthalmic artery in-
jury, diplopia, vision loss, and enophthalmos.

� Cost: No studies have examined the issue of cost related
to endoscopic orbital surgery.

� Benefits-Harm Assessment: Although the evidence
mainly consists of small case series and expert opinions,
endoscopic orbital approaches are described as safe, as-
sociated with reduced external morbidity, and do not
appear to have an increased recurrence or complication
rate as compared to open approaches. Because of changes
in the extraocular muscle vectors after endonasal orbito-
tomy, the risk of diplopia might be increased as com-
pared to open approaches, although no study specifically
addressed this issue.

� Value Judgment: Endoscopic orbital surgery appears to
provide comparable functional outcomes and short-time
recurrence rates as compared to traditional open ap-
proaches. No study to date has compared endoscopic and
open approaches directly. However, for patients with tu-
mors medial to the optic nerve, the endoscopic orbital
approach, if needed as a multidisciplinary orbital team
approach, is an option with similar resection outcomes
and reduced external morbidity.

� Policy Level: Option
� Intervention: Endoscopic orbital surgery is likely a rea-

sonable option for patients with tumors medial of the
optic nerve. A multidisciplinary approach should be
strongly considered.

VII. Vidian neurectomy
The evolution of endoscopic skull-base surgery combined
with improved understanding of the anatomy and func-
tion of the vidian nerve has led to a resurgence of interest
in the procedure of vidian neurectomy.799–801 The proce-
dure was very popular in the 1970s and 1980s before it
lost favor because of reports of complications and ques-
tions regarding long-term efficacy.802–806 Golding-Wood is
credited with the development of vidian neurectomy in
1961. However, studies soon after started noting short-
term and long-term recurrence of symptoms. Adverse ef-
fects such as dry eyes resulting from decreased lacrimation
as well as severe arterial bleeding from the sphenopala-
tine artery and maxillary artery were being reported. Other
complications such as numbness of the cheek and palate,
ophthalmoplegia, and even blindness were reported. These
complications, along with the development of pharmaco-
logic therapy for rhinitis, resulted in disfavor for vidian
neurectomy by the 1990s.804 Robinson and Wormald801

were critical to the reintroduction of the technique after
publishing their case series in 2006. More selective pro-
cedures that may spare secretomotor innervation to the
lacrimal gland such as posterior nasal neurectomy and in-
office posterior nasal tissue cryoablation have now been
described.805,806

Vidian neurectomy has been described for treating symp-
toms of allergic, nonallergic, and mixed rhinitis refractory
to medical therapy.800 In particular, several authors de-
scribe its utilization in intractable vasomotor rhinitis, a
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TABLE VI.B. Intraconal tumors

Study Year LOE Study design Study group Study endpoint Conclusion

Bleier772 2016 3a Retrospective,
multicenter
study

23 Patients from 6 centers with
cavernous hemangioma

Endoscopic endonasal
outcomes with cavernous
hemangioma

Management for intraconal and extraconal is similar;
there is more variability for intraconal lesions due
to increased technical complexity, continued
research is needed

Lenzi773 2016 3a Systematic
review

12 Papers, 17 cases with
cavernous hemangioma

Endoscopic endonasal
outcomes with cavernous
hemangioma

MRM management is key. Larger multi-institutional
studies needed.

Yao774 2016 3a Review N/A Endoscopic endonasal
outcomes with cavernous
hemangioma

A multidisciplinary team approach, including an
oculoplastic surgeon, is essential; as the
cumulative surgical experience increases, the
indications for this approach will likely continue to
expand

Wu785 2013 3a Multicenter,
retrospective
case series

12 Patients with cavernous
hemangioma

Endoscopic endonasal
approaches with medial
rectus detachment as an
adjunct via transcaruncular
approach

Detachment of the medial rectus muscle can be
useful for intraconal tumors

Mueller775 2018 4 Morphometrical
analysis,
cadaveric
study, surgical
validation

59 Human dry skulls, 15
cadaveric and live orbits

Necessity of resection of the
OPPB, retraction of inferior
rectus muscle

Complete surgical resection of the OPPB improves
surgical exposure facilitating retraction of the
inferior rectus muscle and circumferential
dissection of lesions within this space.

Lin776 2016 4 Cadaver
dissection

8 Orbits Medial rectus retraction
techniques

Transseptal MRM retraction was most favorable and
provided the largest endoscopic corridor to the
medial intraconal space.

Alimohamadi786 2015 4 Retrospective
case review

5 Patients (chronic,
granulomatous inflammation,
malignant peripheral nerve
sheath tumor of trigeminal
nerve, chordoma,
angiofibroma, meningioma)

Endoscopic sublabial and
transmaxillary approach

The combined endoscopic sublabial and endonasal
transmaxillary approach is a safe and effective
method for resection of lesions in the PPF and
inferomedial orbital apex.

Chhabra769 2014 4 Anatomic
cadaveric
study

5 Orbits Feasibility of vascularized flap
for reconstruction of medial
and inferior orbit

Immediate vascularized flap reconstruction of the
orbit may help to limit the attendant morbidity
including diplopia and enophthalmos. Feasibility
was demonstrated

Bleier778 2014 4 Cadaveric study 10 Orbits Neurovascular supply to
medical rectus muscle;
compartmentalization of
Intraconal space into 3
spaces

The neurovascular supply to the medial rectus
muscle describes a varied but predictable pattern.

Bleier787 2014 4 Surgical
dissection

12 Orbits Orbital floor decompression
with inferomedial strut
preservation

Orbital floor decompression with inferomedial strut
preservation may be reliably performed using
purely endoscopic techniques.

Berhouma754 2014 4 Retrospective
chart review

11 Patients (spheno-orbital
meningioma (4), optic nerve
meningioma (3), trigeminal
neuroma (1), orbital apex
meningioma (1), ossifying
fibroma (1), inflammatory
pseudotumor (1))

Orbital and optic nerve
decompression

Endoscopic endonasal optic nerve decompression is
a safe, effective, and minimally invasive technique
affording the restoration of visual function in
patients with nontraumatic compressive processes
of the orbital apex and optic nerve.

(Continued)
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TABLE VI.B. Continued

Study Year LOE Study design Study group Study endpoint Conclusion

Jacquesson788 2014 4 Retrospective
surgical
review

N/A Visual outcomes with
transorbital approaches.

This strategy proved to be beneficial for patients and
showed improvements in visual outcome. Further
studies are needed.

Felippu789 2013 4 Retrospective
case review

100 Patients with lesions of the
orbital apex, cavernous sinus,
optic nerve, clivus,
parapharyngeal space,
infratemporal fossa, or
pterygopalatine fossa

Surgical instrument positioning The surgeon can precisely identify the position of the
surgical instrument without losing his or her way,
thereby significantly reducing the rate of
complications

Sia790 2012 4 Retrospective
case series

2 Patients with fibrous
dysplasia, meningioma

Orbital/optic nerve
decompression, additional
lateral wall decompression

Transnasal endoscopic approach may be a viable
option for decompression of benign orbital apex
lesions.

Murchison756 2011 4 Retrospective
chart review

18 Patients with cavernous
hemangioma (2), juvenile
angiofibroma (2), sino-orbital
aspergillosis (2), SCCa (3),
Wegener granulomatosis (1),
idiopathic orbital
inflammatory disease (2),
cavernous sinus/superior
orbital foramen (1)
schwannoma (1), atypical
meningioma(1), metastatic
renal cell carcinoma (1),
osteoblastoma (1),
chondrosarcoma (1),
chordoma (1)

Efficacy of endonasal
approaches with
transconjunctival
supplementation

In carefully selected cases, this technique provides
excellent visualization and access to the orbital
apex and avoids larger craniofacial surgeries.

Vohra791 2011 4 Review N/A Differential diagnosis for orbital
apex lesions

An awareness of common imaging patterns can help
to generate a focused differential diagnosis of
orbital apex tumors.

Lee792 2012 4 Retrospective
case review

5 Patients with fibrous dysplasia
(2), ethmoid adenoid cystic
carcinoma (1), schwannoma
(1), cavernous hemangioma
(1)

The safety of orbital apex
decompression for
sino-orbital apical lesions.

The endonasal endoscopic technique can be a safe,
effective and minimally invasive surgical modality
for the removal of sino-orbital and orbital apical
lesions.

Chen793 2010 4 Retrospective
case series

10 Patients with cavernous
hemangioma

Outcomes with transnasal
transssphenoidal
microsurgical approaches

Transnasal transsphenoid microsurgical approaches
are minimally invasive surgeries for cavernous
hemangiomas located at inferomedial part of
orbital apex.

Almond794 2009 4 Retrospective
chart review

5 Cases with fibrous dysplasia
(1), hemangioma or
schwannoma (3), cavernous
hemangioma (1)

Orbital decompression for visual
improvement

Orbital apex lesions can often be effectively and
relatively safely treated by endoscopic
decompression alone.

Murchison795 200 4 Retrospective
case review

3 Patients Access to the orbital apex with a
posterior septectomy

The use of posterior nasal septectomy in endoscopic
surgery improves visualization and surgical access
to the orbital apex.

Miller796 2008 4 Case report 1 Patient with solitary fibrous
tumor

Endoscopic transethmoidal
approach for biopsy of a
posterior orbital lesion.

The transnasal endoscopic technique is useful in both
biopsy and removal of posterior medial orbital
lesions.

Kloek797 2006 4 Retrospective
interventional
case series

5 Patients with cavernous
hemangioma.

Orbital decompression (5)
(endoscopic endonasal) plus
external lateral orbitotomy (2)
for compressive optic
neuropathy

Orbital decompression is a therapeutic option for
patients with compressive optic neuropathies from
benign orbital apex tumors.

(Continued)
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TABLE VI.B. Continued

Study Year LOE Study design Study group Study endpoint Conclusion

Karaki768 2006 4 Case study 1 Patient with cavernous
hemangioma

Endoscopic transethmoidal
approach for cavernous
hemangioma.

An endoscopic transethmoidal approach provides
excellent cosmetic results with less bleeding.

Tsirbas798 2005 4 Retrospective
case series

3 Patients with cavernous
hemangioma (1), anaplastic
high-grade sarcoma (1),
myxoid liposarcoma (1)

Transantral endoscopic
approach using a modified
Caldwell-Luc incision, medial
and inferior, orbital
decompression, lateral
decompression, frontal
craniotomy for orbital apex
lesions

Benefit from a multidisciplinary and individualized
plan for apical lesions. Endoscopic approaches can
be used to improve visualization and access to a
difficult surgical area. They also allow extra
instrumentation to be used through the relatively
capacious paranasal sinuses.

Sethi767 1997 4 Case series 6 Patients with orbital apex
lesions

Orbital decompression,
transnasal endoscopic
technique to biopsy the
orbital apex

The transnasal endoscopic approach to the orbital
apex provides excellent illumination,
magnification, and a panoramic view.

LOE = level of evidence; MRM = medial rectus muscle; N/A = not applicable; OPPB = orbital process of the palatine bone; PPF = pterygopalatine fossa; SCCa =
squamous cell carcinoma antigen.

form of chronic rhinitis that is characterized by watery
rhinorrhea presumed to be resulting from an imbalance
of parasympathetic and sympathetic input to the nose.801

In the realm of skull-base surgery, vidian neurectomy as
well as resection of pterygopalatine fossa contents is of-
ten intentionally performed to treat or access a skull-base
lesion. Complications or sequelae from vidian neurectomy
should therefore also be known to nonrhinologic skull-base
surgeons.

Eighteen original studies published after 1997 are dis-
cussed in Table VII.801,806–822

The year 1997 was chosen to evaluate the efficacy and
safety of vidian neurectomy in the past 2 decades, after
evolution and adoption of contemporary endoscopic en-
donasal techniques. Of these 18 studies, two-thirds were
case series (12/18). Other original studies also included:
3 case-control studies,807,811,814 1 cohort trial,813 and 2
RCTs.810,815

VII.A. Indication for the use of vidian neurectomy
Five of the 18 studies were selectively performed in patients
of vasomotor rhinitis.801,808,809,812,819 Most studies em-
ployed surgery when symptoms were refractory to medical
therapy, although descriptions of inclusion criteria varied
(Table VII). Preoperative therapy, when reported, included
intranasal corticosteroids, oral antihistamines (6 studies),
immunotherapy and septoplasty, or inferior turbinate
surgery (1 study). In these situations, vidian neurectomy
was performed based on poor response to therapeutic inter-
ventions. Robinson and Wormald801 used a good response
to anticholinergic nasal spray as an indication for a predic-
tion of good response to vidian neurectomy. Eleven studies
were performed in patients with allergic rhinitis, or a mixed
population.806,807,810,811,813–818,820–822

VII.B. Efficacy of vidian neurectomy
Studies reported efficacy of vidian neurectomy in the
management of vasomotor rhinitis and allergic rhinitis
(Table VII) in the short term. Where outcomes were re-
ported, all the studies reported a significant improvement in
rhinorrhea and most of them also observed an improvement
in nasal obstruction for vasomotor rhinitis801,808,809,812,819

(Table VII). Studies on allergic rhinitis subjects also re-
ported improvement in rhinorrhea and nasal obstruction
but had mixed results in terms of benefits for sneezing and
itching.806,807,810,811,813–818,820–822 Results are detailed in
Table VII.

In a recent study, in-office cryosurgical posterior nasal
tissue ablation was performed under local anesthesia in
27 patients with allergic or nonallergic rhinitis.806 Total
nasal symptom scores were significantly reduced at 7 days,
and sustained at 365 days, and no complications were
reported.806 Of the remaining 17 studies, endoscopic vidian
neurectomy was studied in 11 (61%) and posterior nasal
neurectomy in 6 (33.3%) studies.

The studies however had variable follow-up, with a mini-
mal average of 18.5 months in the studies reporting follow-
up.800 At this duration, patient-reported symptoms and
physician-recorded objective measurements were noted to
be improved (Table VII provides details). The average max-
imal follow-up time reported in 18 studies with 1622 pa-
tients was 65 months, and patients were noted to have im-
proved symptoms and objective measures in these studies as
well. Ten studies (470 patients) reported a mean follow-up
time of 33.6 months.800 The relatively short mean duration
of follow-up makes predication of long-term efficacy prob-
lematic. However, in general, vidian neurectomy appears
to be relatively safe and effective in the modern surgical
era.
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TABLE VII. Evidence for the efficacy and complications associated with vidian neurectomy

Study Year LOE Study design Study group

Surgical technique

(sides where reported) Clinical endpoint(s) studied Complications reported

Lai807 2017 3b Case control 118 Patients with
“refractory rhinitis”
with a poor treatment
response to 6-month
trial of corticosteroid
nasal sprays

Diode laser-assisted
endoscopic
intrasphenoidal
vidian neurectomy
(43) vs cold
instrument (75);
(217 sides;
breakout not
reported)

Significant reduction in VAS score
for global rhinitis symptoms in
both groups at 6 months

Temporary dry eyes, mild nasal
crusting, cheek numbness and
severe postoperative bleeding.
Authors reported: “All
complications subsided within
6 months.” No statistically
significant difference in
epistaxis was noted (rates not
reported) between the groups.
Epistaxis requiring return to
surgery reported in 3 patients
in the cold instrument group.

Hwang806 2017 4 Case series 27 Patients with AR or
nonallergic rhinitis

Cryosurgical posterior
nasal tissue
ablation;
office-based under
local anesthesia

TNSS was reduced significantly
at 7 days postintervention.
Improvement sustained at 30
days, 90 days, and 365 days

No complications were noted to
occur during the study

Zhang808 2015 4 Prospective
case series

11 Patients of VMR
refractory to medical
therapy and with
significant impact on
QOL, negative allergy
history and skin
testing. CT to rule out
skull-base defect or
CSF fistula

Transnasal EVN via
PPF approach; with
navigation system;
bilateral in all

Average follow-up: 19.4 months.
Statistically and clinically
significant improvement in
SSQ and SNOT-22 compared
with baseline scores (p <

0.0001). Rhinorrhea and nasal
congestion significantly
improved (p < 0.05).

No incidence of permanent or
measurable dry eye by testing
(existence of dry eyes, visual
disturbance, reflex tearing)
upon comparison of
preoperative and 3-month
postoperative testing. Other
complications: None reported.

Ma809 2014 4 Case series 45 Patients with VMR
and at least a 3-year
history of chronic
rhinitis symptoms

Transnasal EVN;
bilateral PPF
approach

On Chinese traditional symptom
scoring system, 88.2% had
complete response, 8.9% had
partial response and 8.9% had
no response in 8.9%. RQLQ:
improved in 82.2%; p < 0.05;
sneezing and rhinorrhea had
best response (p < 0.01)

Temporary (3–6 month) dry eyes
in 33.3% by Schirmer test 3
days postoperation. Palatal
numbness in 22.2% (resolved)
“No serious complications”
reported

Su810 2014 2b Randomized,
double-
blind
(patients
and
ophthal-
mologic
examiner),
controlled
study (1:1)

Group 1: cauterization
was used in both distal
and proximal vidian
nerve stumps in 40
patients

Group 2: only the
proximal vidian nerve
stump was cauterized
in 23 patients (40
sides). Subjects were
classified as Group 1 if
2 nerve stumps distal
(caudal or SPG side)
could be precisely
cauterized and Group
2 where 1 vidian nerve
stump was cauterized
proximal to SPG
(cranial side): 21
patients (40 sides)

Primary outcome
studied was
incidence of dry eye,
measured by
Schirmer’s test and
OSDI before surgery,
and at 7–10 days
postoperation and
30 days
postoperation.

The mean follow-up
period was 24

months

In Group 1, the Schirmer’s test
showed a mean decline of 20
mm (20/30, 66%) at 7–10 days
and 15 mm (15/30, 50%) at 30
days.

In Group 2, the Schirmer’s test
revealed significantly lesser dry
eye problems, with a mean
decline of 16 mm (16/30; 52%)
at 7–10 days and 2 mm (2/30;
6%) at 30 days.

OSDI at 7–10 days, but not 30
days was better for Group 2.

“Complete cessation” of nasal
obstruction, sneezing,
rhinorrhea without recurrence
of symptoms reported for
follow-up period.

Postoperative nasal bleeding
occurred in 3 patients (6.8%)
with 1 patient from group 1
(4.3%) and 3 patients (14.3%)
from group 2.

Temporary dry eye occurred in
both groups, less in Group 2.

(Continued)

S242 International Forum of Allergy & Rhinology, Vol. 9, No. S3, July 2019



ICAR:ESBS

TABLE VII. Continued

Study Year LOE Study design Study group

Surgical technique

(sides where reported) Clinical endpoint(s) studied Complications reported

Albu811 2014 3b Case control 76 Patients with AR with
severe ITH

EMAIT: 13;
EMAIT plus
transnasal PNN: 63

Outcomes similar in both
groups.

Nasal obstruction, rhinorrhea,
sneezing, snoring decreased
(p < 0.001); RQLQ, nasal
resistance significantly
improved in both groups by
rhinomanometry.

Higher rate of postoperative
bleeding in EMAIT-PNN
(28%) vs EMAIT (6%) (p <

0.043). Mucociliary
clearance decreased
significantly in both groups
in “postoperative period”.

No serious or other
complications reported.

Hsu812 2013 4 Case series 8 Patients with VMR EVN bilateral by
powered
instrumentation and
coblation

No objective or patient
reported outcomes reported

No complications occurred in
any patient

Tan813 2012 2b Prospective
cohort

199 Patients AR (3
groups of
intervention)

Group 1: transnasal
bilateral EVN; PPF)
in 85 patients;
Group 2: partial
inferior
turbinectomy
-septoplasty in 46
patients; Group 3:
medical treatment
in 68

RQLQ and VAS scores at 6
months, 1 year, and 3 years
after treatments in groups 1
and 2 significantly lower
than group 3. Effect
sustained after 3 years in
group 1. No improvement
with EVN in 10%.

Schirmer’s test – only used to
determine whether vidian
nerve was cut off; results
not reported

Dry eyes in 30.6% for <1
month; mild nasal dryness:
15.3%; palate numbness:
9.4% (all temporary)

Loss of emotional tearing in
females only: 7 (8.2%)

No epistaxis other severe
complications reported

Kobayashi814 2012 3b Case control 24 Patients with drug
therapy-resistant,
intractable AR

Group 1: endoscopic
transnasal selective
resection of
peripheral branches
of posterior nasal
nerve identified
submucosally in the
inferior turbinate (13
patients) vs Group 2:
endoscopic PNN (11
patients)

All patients had
inferior turbino-
plasty/septoplasty

Sneezing, rhinorrhoea,
obstruction significantly
improved in both groups
without significant
difference between groups.
Postoperative drug therapy
not required in 54%
patients

Postoperative epistaxis
requiring packing in 3.33%;
transient upper dental
numbness in 6.7%. Both
complication in Group 2 with
PNN.

No “major complications” in
either group reported

Cassano815 2012 2b Randomized
control
study

60 Patients with VMR
with bilateral nasal
polyps

Group 1: FESS and
PNN with inferior
turbinoplasty in 30
patients vs FESS
with IT in 30 patients

Nasal breathing improved at
1-year and 3-year follow-up
(p < 0.001) in both groups.
Rhinorrhea (p < 0.001),
sneezing and itching
improved only in Group 1 (p
< 0.01). Statistically
significant improvement in
rhinorrhea and nasal itching
(p = 0.002) and in sneezing
(p < 0.001) in Group 1 at 3
years.

Rhinomanometry improved in
both treatment groups (p <

0.01).

Group 1 (FESS + IT PNN):
intraoperative nasal packing
for bleeding in 2 patients
(6.7%); no postoperative
epistaxis; nasal dryness in 2
patients (6.7%).

Group 2 (FESS + IT):
intraoperative nasal packing
for bleeding in 4 patients
(13.3%), postoperative
epistaxis requiring nasal
packing in 2 (6.7%)
synechia in 1 (3.3%).

No orbital or cerebral
complications reported in
either group

(Continued)
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TABLE VII. Continued

Study Year LOE Study design Study group

Surgical technique (sides

where reported) Clinical endpoint(s) studied Complications reported

Su816 2011 4 Case series 174 Patients with AR
with poor response to
3 months therapy
with intranasal
corticosteroid spray

Transsphenoidal
EVN; bilateral in 62

patients, unilateral in
112 (236 sides)

Mean follow-up 23
months

VAS scores for rhinorrhea, sneezing,
obstruction, nasal and eye
itching, postnasal drainage
significantly improved and
sustained at 23 months.
However, p values were not
reported. Failure rate: 1.27% at 1
year

Temporary dry eyes reported 172 of
174 patients (98.85%) with mean
duration of 23 days. Long-term
dryness over 6 months reported in
6 patients (3.44%)

Transient maxillary (V2) nerve
numbness was reported in 7
patients (4%) with duration less
than 21 days.

Epistaxis was reported in 6 patients
(3.44%)

Lee817 2011 4 Case series VMR (75) and AR (14) Transsphenoidal
EVN; bilateral
Septoplasty was

co-intervention in 3
patients

84 of 89 Patients completed
postoperative QOL
questionnaires; 91.7%
subjectively satisfied with results.
Failure rate was 8.3%

Temporary dry eyes in 23.8%
(20/84) patients; postoperative
epistaxis requiring SPA
cauterization: 1.2%

Jang818 2010 4 Case series 6 Patients with
“intractable rhinitis”

Non-allergic rhinitis: 1
AR: 5

Transsphenoidal
EVN, PPF

Changes in VAS significant for nasal
obstruction (p < 0.05) and
rhinorrhea (p < 0.05) sustained
for up to 7 years postoperatively.

During the follow-up period, no
patient needed additional
treatment, such as antihistamines
or corticosteroids.

1 patient reported mild deterioration
of symptoms compared to the
immediate postoperative period

Dry eyes postoperatively in 100%; 1
patient (16.67%) continued to
have dry eyes at 2 months.

Schirmer’s test significantly
decreased at 1 day, 1 month and
2 months

Temporary cheek numbness in 1
(16.7%) that resolved in 1 week

Postoperative bleeding controlled
with cauterization resolved in 1
(16.7%)

No cases of numbness of the palate
or teeth, visual disturbance, or
facial pain reported.

Liu819 2010 4 Case series 67 Patients with VMR Studied transnasal vs
transsphenoidal

EVN (106 sides, laterality
not reported)

Transsphenoidal
approach was
performed
successfully on 42 of
106 sides (39.6%),
while the transnasal
approach was
performed
successfully on 91 of
106 sides (85.8%).

Transsphenoidal approach was
successful only in patients without
an embedded canal. A deviated
septum made the transsphenoidal
approach more difficult, resulting
in failure of this approach in 6
patients.

Authors reported “rhinorrhea,
obstruction, sneezing significantly
improved but not postnasal drip”

Dry eyes in 6 procedures and one
patient had long-term dry eyes
(1.49%) requiring treatment.

No changes in visual acuity were
noted.

Authors reported: “No intraoperative
complications were encountered”

Ikeda820 2008 4 Case series VMR: 3
AR: 5 patients
Surgery after a

minimum of 8 weeks
after discontinuation
of oxitropium bromide

Transnasal with “partial”
septoplasty and
cartilage graft
coverage of resected
PNN

Primarily studied effect of PNN on
functional and morphological
changes in the inferior turbinate
mucosa Authors reported
significant improvement in
rhinorrhea and nasal obstruction,
noting that “ the effect of surgery
on rhinorrhea resembled that of
oxitropium bromide, suggesting
that the pharmacological effect of
section of the PNN can be
explained by inhibition of the
parasympathetic nerve”

No discussion

(Continued)
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TABLE VII. Continued

Study Year LOE Study design Study group

Surgical technique (sides

where reported) Clinical endpoint(s) studied Complications reported

Ogawa821 2007 4 Prospective
case series

23 Patients with AR
resistant to
medications and ITH

Submucosal reduction of
inferior turbinate plus
transturbinate

PNN, septoplasty

Sneezing, rhinorrhea, and
nasal obstruction were
decreased until 3 years
after surgery. Levels of IL-5
and eotaxin significantly
decreased after surgery in
the nasal lavages, but
RANTES remained
unchanged. Histopathology
showed that the
inflammatory cells and
nasal glands numbers were
markedly reduced in lamina
propria, with epithelial layer
metaplasia to stratified
columnar cells

Transient numbness of gingiva
and teeth in 4.3%

Ikeda822 2006 4 Case series AR: 55 patients with
failure with topical
inhalant steroids, oral
antihistamine and
antileukotriene
treatment

1 patient with
nonallergic rhinitis
with eosinophilia
syndrome

Submucosal reduction of
the inferior turbinate
and resection of the
posterior nasal nerve
(intraturbinate or
extraturbinate)

IT outfracture, septoplasty
was also performed in
53 patients

Postoperative data available
for 50 patients. Rhinorrhea,
nasal obstruction, and
nasal resistance by
significantly improved (p <

0.01). Failure rate: 4%

1 patient (1.78%) reported
both transient palatal
numbness and dry eyes. 1
hospitalized for “severe and
excessive nasal blowing.”
No postoperative epistaxis
requiring surgical
management

Robinson and
Wormald801

2006 4 Case series 9 Patients with VMR Transnasal EVN; bilateral
(5), unilateral (4) with
total of 14 sides. Mean
follow-up 25 months
(range 21–36 months)

Obstruction, sneezing,
rhinorrhoea, PND.
Significant improvement in
rhinorrhea (p < 0.018) and
nasal obstruction (p <

0.011) by symptom scores.
There was no significant
postoperative improvement
for PND and sneezing.
Seven patients (50%)
reported success for
rhinorrhea, and 57% in
nasal obstruction.
Worsened sneezing noted
in 3 patients (33.3%);
patient satisfaction: poor =
1; good = 13. 1 patient
(7.14%) reported poor
result within 6 months

Complications reported in 7 of
14 procedures (50%). Mild
crusting was noted in 28%.
Mild dry eye was reported
with 35%, with 1
permanent dry eye
requiring treatment (11.1%
of patients). Temporary
cheek and palate
numbness were reported in
1 patient (11.1%)

AR = allergic rhinitis; CSF = cerebrospinal fluid; CT = computed tomography; EMAIT = endoscopic microdebrider-assisted inferior turbinoplasty; EVN = endoscopic
vidian neurectomy; FESS = functional endoscopic sinus surgery; IL-5 = interleukin 5; IT = inferior turbinoplasty; ITH = inferior turbinate hypertrophy; LOE = level of
evidence; OSDI = ocular surface disease index; PND = postnasal drip; PNN = posterior nasal neurectomy; PPF = pterygopalatine fossa; QOL = quality of life; RQLQ =
Rhinoconjunctivitis Quality of Life Questionnaire; SNOT-22 = 22-item Sino-Nasal Outcome Test; SPA = sphenopalatine artery; SPG = sphenopalatine ganglion; SSQ =
Sinusitis Symptom Questionnaire; TNSS = Total Nasal Symptom Score; VAS = visual analogue scale; VMR = vasomotor rhinitis.

VII.C. Complications associated with vidian
neurectomy

The most frequent complication in all was temporary dry
eye, which occurred in up to 30% of patients (range,

23.8-100%805 of the patients, depending on the study;
Table VII). In 1 report, temporary dry eye occurred in
98.85% of patients undergoing endoscopic transsphenoidal
vidian neurectomy, with long-term eye dryness lasting more
than 6 months reported in 6 of 174 (3.45%) patients with
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allergic rhinitis.816 The other most frequently reported com-
plications were postoperative epistaxis requiring packing
or surgical management, and temporary numbness of the
palate, cheek, or gingiva in 2.97% to 22.2% of patients.805

Mild nasal crusting and dryness were also recorded in
15.3% to 28% of patients.805 Major complications such
as CN deficit (CN III, IV, or VI) or disturbances of eye
movement were not reported in any study since 1997. Since
2006, after the report by Robinson and Wormald,801 all
procedures were performed using an endoscopic approach.
CN injury or eye-movement disturbance were not reported
in any of these studies. Temporary dry eyes and palatal
numbness were the most common adverse events reported
in almost all patients. Lin et al.823 presented a single case
report of bilateral neurotrophic keratopathy after vidian
neurectomy in 2001. Su et al.816 were the only authors that
compared complication rates between the intrasphenoidal
and transsphenoidal approaches; they reported dry eyes in
67% of patients undergoing intrasphenoidal procedure vs
73% of those in the transsphenoidal group.816 No patient
in the intrasphenoidal group experienced cheek or palatal
numbness, but 3% of subjects in the transsphenoidal group
did.816 Thirteen percent of the patients who underwent
the pterygopalatine fossa approach to approach the an-
terior end of the vidian canal experienced palatal/gingival
numbness compared with 2% of the patients who had a
transsphenoidal approach (p < 0.00001).816

VII.D. Posterior nasal neurectomy
Posterior nasal neurectomy was studied in 6 public
ations.811,814,815,820–822 Four studies were performed on
patients with allergic rhinitis,811,812,821,822 whereas 1 was
performed for vasomotor rhinitis patients with nasal
polyposis815 and 1 had a mixed population of allergic and
nonallergic rhinitis patients.820 However, almost all studies
reported on the results of posterior nasal neurectomy in the
setting of simultaneous submucous reduction or resection
of the inferior turbinate; septoplasty was also deployed in
some patients. Endoscopic sinus surgery was performed
simultaneously in 1 study.815 These variables confound
studying the outcomes of posterior nasal neurectomy. Post-
operative bleeding was most common complication from
posterior nasal neurectomy, with a risk in up to 17.5%
when combined with inferior turbinate reduction.811,814,815

Other complications from posterior nasal neurectomy are
rare; transient numbness of the gingiva and teeth occurred
in about 1.7% of patients.814,821 Transient dry eye and hy-
pesthesia of the soft palate821,822 have also been reported.

Summary of published systematic reviews for
vidian neurectomy

In 2016, Marshak et al.800 published a systematic review
of the evidence base for vidian neurectomy in managing
rhinitis. They evaluated 32 studies for qualitative synthe-
sis. Of the 2185 patients, 59% (1291) were diagnosed with
vasomotor rhinitis, 36.15% (790) with allergic rhinitis,

and 4.75% (104) with “rhinitis.” Patient-reported outcome
measures were reported in 8 studies with a total of 529 pa-
tients. Significant improvement in rhinorrhea was reported
in all 8 studies. Thirty studies (93.75%) reported on post-
operative complications (n = 2134). Temporary dry eye
may occur in 96.46% of cases, but usually resolves within
6 months in most patients. Paresthesia in the maxillary CN
(CN V2) distribution is the next most common adverse
event, reported in 8.2% of patients and usually transient.
Postoperative infection was reported in 5.34%; palatal fis-
tula in 4.85% and epistaxis in 1.75%. Major complications
such as CN deficit (CN III, IV, or VI) or disturbances of eye
movement were reported in 11 studies in 2.42% (25/1029)
cases. All of these patients underwent vidian neurectomy
via the traditional non-endoscopic approach.

Halderman and Sindwani805 published a systematic re-
view in 2015 on the surgical management of vasomotor
rhinitis. Their study focused on the safety and efficacy of
vidian neurectomy and posterior nasal nerve section for
treatment of vasomotor rhinitis. The authors studied 6
studies on vidian neurectomy with a total of 403 patients.
The average follow-up time reported in the studies was
37 months (range, 19.6 to 82.8 months). Four studies fo-
cused on allergic or mixed rhinitis, and 2 on vasomotor
rhinitis.801,809 Success rates for endoscopic vidian neurec-
tomy for vasomotor rhinitis varied between 50% and 91%.
Rhinorrhea improved significantly in both studies,801,809

but only 1 (Robinson and Wormald801) showed signifi-
cant improvement in nasal obstruction. Ma et al.809 re-
ported that sneezing significantly improved, but Robinson
and Wormald801 did not. No significant improvement in
symptoms was noted by 8.9% to 50% of patients imme-
diately following surgery,801,809 but in those that showed
benefit, relapse of symptoms occurred only in 1 patient
(1.9%). Halderman and Sindwani805 proposed that these
results suggest that in patients with immediate benefit from
endoscopic vidian neurectomy, long-term control of vaso-
motor rhinitis symptoms are likely to be sustained. The
most common complication after vidian neurectomy for
all 6 of the studies was temporary postoperative xeroph-
thalmia in 23.8% to 100% of patients801,809,813,816–818 that
resolved in 1 to 6 months. No long-term complications
from dry eyes were reported. Nasal crusting or dryness
occurred in 15.3% to 28% of patients.801,816 Temporary
numbness of the cheek, palate, and/or gingival numbness
that resolved in 1 week to a year occurred in 2.97% to
22.2% of patients801,809,813,816,817; no case of permanent
numbness was reported. Postoperative bleeding occurred
in 8 of 403 of patients (2%), with sphenopalatine artery
cauterization performed in 0.49%. Dry eyes occurred in
52 of 150 sides/patients (35%) in those undergoing the
pterygopalatine fossa approach vs 192 of 320 sides/patients
(60%) in those who underwent a transsphenoidal approach
(p < 0.00001).805 Halderman and Sindwani805 also con-
cluded that the endoscopic approach was associated with
less morbidity compared to the transantral approach for
vidian neurectomy, with no reported long-term sequelae.
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The authors805 then focused on 5 studies of posterior nasal
neurectomy with a total of 174 patients (average follow-up
time of 22.5 months; range, 9.7 to 36). All studies for pos-
terior nasal neurectomy in their study period focused on
allergic rhinitis and patients showed improvement in nasal
obstruction, rhinorrhea, and sneezing symptoms.814,820,822

A limitation of this reiterative review is the heterogeneous
nature of surgical interventions, subject populations, and
nonstandardized outcome measures. Most of the studies
are case series. Patient-reported outcomes were also not
available in many studies. These factors limit the ability
to conduct a meta-analysis. Conclusions are also difficult
to draw regarding the best indications and techniques for
vidian neurectomy. In general, authors propose that it be
used for cases that are refractory to medical therapy (which
is also either not described or heterogeneous).

The data supporting vidian neurectomy are supportive of
the technique, with the majority of studies being case series.
The procedure appears to be a relatively safe procedure in
the modern era, when performed by experienced surgeons
in relieving symptoms of rhinorrhea and nasal congestion
in subjects with vasomotor rhinitis. Allergic rhinitis sub-
jects also reported improvement in rhinorrhea and nasal
obstruction but had mixed results for sneezing and itch-
ing. Endoscopic vidian neurectomy is effective and safer
than traditional transantral vidian neurectomy. Endoscopic
vidian neurectomy does have a role in the surgical man-
agement of refractory rhinitis (allergic, nonallergic, and
mixed), particularly in patients with nonallergic rhinitis
or mixed rhinitis where pharmacotherapy may not be as
effective as it is for allergic rhinitis. Temporary dry eyes,
temporary palatal numbness, and epistaxis are the most
common adverse events reported for endoscopic vidian
neurectomy. Permanent CN deficits (CN III, IV, VI) and
visual disturbances have been reported with traditional
transantral vidian neurectomy but are rare with modern
endoscopic vidian neurectomy.

� Aggregate Grade of Evidence: C (Level 2b: 3 studies;
Level 3a: 2 studies; Level 3b: 5 studies; Level 4: 34 stud-
ies)

� Benefit: Robust data on long-term benefits are lacking,
but in the short term, the procedure appears to be ef-
ficacious for relieving rhinorrhea and nasal obstructive
symptoms.

� Harm: Endoscopic vidian neurectomy may result in tem-
porary dry eyes and palatal numbness. Severe complica-
tions are rare.

� Cost: Moderate direct costs for testing, treatment, and
postoperative care. May reduce need for postoperative
medical therapy.

� Benefit-Harm Assessment: Preponderance of benefit over
harm only in well-selected patients (allergic, nonallergic,
and mixed rhinitis patients that have failed optimal med-
ical therapy)

� Value Judgments: None.
� Policy Level: Option

� Intervention: Endoscopic vidian neurectomy is an option
for allergic, nonallergic, and mixed rhinitis patients that
have symptoms refractory to optimal medical therapy.

VIII. Sinonasal malignancies
VIII.A. Olfactory neuroblastoma and

esthesioneuroblastoma
Though historically treated surgically through an open
bifrontal craniotomy, olfactory neuroblastoma (ONB) has
been in the forefront of ESBS for malignant sinonasal tu-
mors. ONB is particularly well-suited for endoscopic re-
section because of its origin in the midline ventral skull-
base, typically presenting with a large exophytic compo-
nent compared to a relatively focal area of local invasion.
In contrast to a soft-tissue sarcoma with multiple sites of
circumferential peripheral invasion, the invasive compo-
nent of ONB is typically isolated at the base of the tu-
mor stalk at the central skull-base. In the early stages the
lesion rarely extends laterally beyond the orbits, making
it ideal for endoscopic resection. Additionally, after re-
moval of the bulk of the tumor, close endoscopic inspec-
tion can potentially facilitate a complete margin-negative
resection. Indications for an open approach remain, how-
ever, and include the degree of intracranial involvement, or-
bital invasion, lateral extent of tumor growth past the mid-
plane of the orbital roof, extensive frontal sinus invasion,
and posterior extension to the optic canal and cavernous
sinus.824

As techniques improve, high-volume skull-base centers
have the ability to tackle increasingly large tumors with
even greater intracranial extension. Through the use of
vascularized flaps, reconstruction of even large skull-base
defects rivals the closure rates in open surgery.477 Addi-
tionally, there is evidence that endoscopic approaches to
skull-base tumors may provide benefits in neurological,469

visual,825 and functional826 outcomes when compared to
traditional open surgery.827 Finally, patients undergoing
an endoscopic resection have been found to recover faster
with shorter hospital stays postoperatively.828

Because ONB is a rare malignancy making up only 3%
to 5% of all sinonasal tumors, most cases in the medical
literature have been described as case reports or small case
series.829 In recent years, multicentered investigations and
meta-analyses have enabled the aggregation of data in order
to draw conclusions regarding the safety and long-term out-
comes of endoscopic skull-base tumors in the management
of ONB. Previous studies have been limited by an intrinsic
selection bias given that those tumors selected for resec-
tion via an endoscopic skull-base approach are on aver-
age lower-stage than those treated with an open approach.
Additionally, because skull-base surgery is a more recent
development in the surgical treatment of ONB, the aver-
age time to follow-up is shorter than in patients treated
with an open approach, which could affect comparisons of
long-term outcomes between the 2 groups.
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Only studies that reported 10 or more patients were in-
cluded. Studies that had been included in a subsequent pub-
lished systematic review, non-English, nonsurgical, or were
not peer-reviewed were excluded. In the past 5 years alone,
the search resulted in n = 916 titles (Medline n = 225,
Embase n = 691).

VIII.A.1. Endoscopic endonasal resection of ONB
Most of the research completed to date has been limited by
the rarity of the disease. Most studies are retrospective case-
series and can involve very low patient numbers, but there
have been a few recent cohort studies describing differences
in patient outcomes by their surgical approach.824,830 By
combining patient numbers in multicentered studies, the
recent data has been more convincing. There have been
some excellent systematic reviews of case-series previously
published, but most of these have now been superseded
by more recent reviews that incorporate historical studies
and more recent publications.831–833 This summary presents
the updated findings but acknowledges the prior research
efforts (Table VIII.A.1).

The most recent meta-analysis was performed in 2016
by Fu et al.,831 who compiled a systematic review of 36
studies including 609 patients. The goal of this study was
to evaluate outcomes in patients with ONB treated with
craniofacial resection (CFR) vs endoscopic resection while
controlling for known prognostic factors such as Kadish
stage and Hyams grade. Endoscopic resection was found
to have statistically better OS and DFS (p = 0.001 and
p = 0.004, respectively) but was not found to have any
difference in locoregional control or metastasis-free sur-
vival (MFS). Advanced stage was associated with worse
DFS, locoregional control, and MFS (p = 0.02, p = 0.001,
p = 0.03, respectively). Advanced Hyams grade was not
found to correlate with any outcome, though data was
limited.

There was a significant difference between the surgical
modality used in terms of Kadish stage distribution (p <

0.001), Hyams grade distribution (p = 0.02), and percent-
age of people receiving chemotherapy (p = 0.01). The endo-
scopic group had a lower proportion of advanced Kadish
stage (C/D) tumors (p = 0.04) but a higher proportion
of advanced Hyams grade (III/IV) tumors (p = 0.004). In
those with advanced Kadish stage, patients managed with
endoscopic resection had a higher OS (p = 0.04); however,
no differences were detected in DFS, locoregional control,
or MFS (p = 0.051, p = 0.56, p = 0.82, respectively). In
patients with advanced Hyams grade, tumors treated en-
doscopically were seen to have higher OS and DFS (p =
0.001 and p = 0.002, respectively). No difference was seen
between the groups for locoregional control or MFS (p =
0.15 and p = 0.78, respectively).

When compared to the CFR group, the rate of CSF leak
was higher in the endoscopic resection group, though this
was not statistically significant (12.7% vs 10.3%, p =
0.62). Endoscopically-treated patients were found to have

lower rates of intracranial complications (7.5% vs 20.1%,
p < 0.001) and total complications (28.1% vs 52.9%, p =
0.001). The endoscopic resection group was also found to
have lower crude rates of locoregional recurrence (17.4%
vs 45%, p < 0.001), distant metastasis (1.1% vs 7.5%, p =
0.02), cause-specific mortality (0% vs 15.2%, p < 0.001),
and overall mortality (0% vs 19.9%, p < 0.001).

Within this larger meta-analysis, a major contributing
article was included with long-term retrospective data by
Rimmer et al.830 This study analyzed a large cohort of 95
patients with CFR (65 patients) or endoscopic resection (30
patients) of ONB over a 35-year period. OS was found to be
83.4% at 5 years and 76.1% at 10 years. DFS was found to
be 80% at 5 years and 62.8% at 10 years. Mean follow-up
was 88.66 months (range, 1 to 309 months). Endoscopic
resection was found to have significantly improved OS and
DFS compared to the CFR group (p = 0.004 and p = 0.022,
respectively). As expected, patients with advanced staging
(p = 0.008), orbital involvement and/or brain involvement
(p = 0.05) were significantly more likely to undergo CFR.

DFS was significantly worse for more advanced-stage tu-
mors using both the Kadish and Dulguerov staging systems.
Using a Cox regression analysis, significant independent
factors affecting outcome were found to be orbital exten-
sion and intracranial involvement. Degree of orbital and
intracranial involvement significantly impacted DFS. Pa-
tients without orbital involvement had better 5-year DFS
compared to those with periosteal involvement, who again
did better than those with frank involvement of the globe.
Similarly, DFS was found to be significantly higher without
intracranial involvement than if the dura was involved. Un-
derstandably, intracerebral disease demonstrated the worst
DFS.

Local recurrence was found in 25.3% of patients at an
average of 59 months (range, 3 to 233 months). Twenty-
five percent of cases recurred within a year; however, 33%
developed after 5 years and 8% after 10 years, indicating
the importance of long-term surveillance. Identifying and
treating local recurrence prolonged survival by an average
of 29 months (range, 3 to 58 months) in those who eventu-
ally died, and by an average of 93 months to date (range,
3 to 128 months) in those still alive.

A comparative cohort study between open and endo-
scopic surgical treatment in stage-matched patients from 6
tertiary hospitals in the United States and Australia has been
recently reported.824 At presentation, 10.1% were found
to have Kadish A stage, 24.8% had Kadish B stage, and
65.1% had Kadish C stage disease. Tumor histology was
grade I in 9.1%, grade II in 46.8%, III in 36.4%, and IV in
7.8%. Dural involvement was found in 54.7% of patients
on histology and regional disease within 7.4% of patients
at presentation, all found in level 2. Median follow up was
42.1 months (range, 6 to 421 months). Of those treated
surgically, endoscopic resection was performed in 61.5%,
endoscopic-assisted in 17.4%, and CFR in 21.1% of pa-
tients. RT was used as adjuvant therapy in 75.2%, neoad-
juvant in 9.2%, and surgery alone in 15.6%. The use of RT
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TABLE VIII.A.1. Evidence for ONB

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Harvey824 2017 2b Retrospective
and
prospective
cohort study

Patients with ONB undergoing
treatment at 6 tertiary
hospitals via radiotherapy,
surgery, and combinations.
Surgery was defined as
endoscopic, endoscopic
assisted, or open CFR
(n = 109)

1. Local recurrence
2. Regional recurrence
3. Distant metastasis

1. Stage-matched survival was better in the
endoscopically treated group compared to
CFR.

2. Margin-negative resection regardless of
approach is a major predictor of DFS.

3. Those with Kadish C tumors treated
endoscopically had better DFS than those
treated with CFR.

Rimmer830 2014 2b Retrospective
cohort study

Patients with ONB undergoing
CRF vs endoscopic
resection (n = 95)

1. DFS
2. OS
3. Locoregional

metastases
4. Distant metastases

1. Endoscopic resection found to have better OS
and DFS compared to CRF, though also lower
stage on average.

2. Intracranial and orbital involvement were
independent factors affecting OS and DFS.

3. Long-term surveillance necessary with
recommendation for exam and MRI of neck
and intracranial compartment every 4 months
for 2 years, then every 6 months for the until
5 years, then every 9 months for life.

Konuthula834 2017 2c Outcomes
research

Patients with ONB in the
National Cancer Database
(n = 1167)

1. OS
2. 5-year survival

1. Kadish B had greater survival than Kadish A
regardless of treatment.

2. Age <60 years, female sex, having private
insurance, and margin-negative resection
was found to be associated with improved
survival on univariate analysis.

Stokes835 2015 2c Outcomes
research

Males and females with ONB
in the SEER program from
1988 to 2010 (n = 611)

1. DFS 1. Male patients presented with higher grade
and a trend toward higher stage.

2. Male patients had worse DFS than female
patients (significance was lost after
case-matching).

Tajudeen836 2014 2c Outcomes
research

Patients in the SEER database
with diagnosis of ONB
between 1973 and 2010
(n = 281)

1. OS
2. DFS

1. Advanced tumor grade and modified Kadish
stage were associated with worse DFS.

2. RT improved DFS.
3. Surgery was found to be the only prognostic

factor for DFS in low-grade tumors.
4. In high-grade tumors, modified Kadish stage

predicted worse DFS and RT independently
predicted improved DFS.

Fu831 2016 3a SR of
retrospective
case series

Patients with ONB undergoing
CRF vs endoscopic
resection; subgroup
analysis in patients with
high Kadish stage and
Hyams grade (n = 609)

1. DFS
2. OS
3. Locoregional control
4. MFS

1. Endoscopic approaches have improved OS for
all patients, those with Kadish C/D disease,
and those with Hyams III/IV disease.

2. Endoscopic resection shows improved DFS
for all patients and Hyams III/IV disease but
not higher Kadish stage.

Komotar832 2013 3a SR of
retrospective
case series

Patients with ONB undergoing
CRF, cranionasal, vs
endoscopic resection (n =
453)

1. OS
2. DFS

1. Endoscopic cohort had a greater proportion of
Kadish stage A tumors

2. Gross total resection was achieved in 98.1%
in the endoscopic group compared to 81.3%
in the CFR group and 100% in cranionasal
cohorts.

3. Cranionasal and endonasal approaches can
be safe and effective.

Higgins833 2011 3a SR of
retrospective
case series

Patients with sinonasal
malignancies (including
ONB) undergoing CRF vs
endoscopic resection
(n = 226)

1. OS
2. DFS
3. Locoregional control

1. Statistically improved outcomes were seen in
endoscopic resection over CFR in 5-year OS
in all ONB.

2. There was no statistical significance between
surgical approaches in low-stage ONB.

(Continued)
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TABLE VIII.A.1. Continued

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Xiong837 2017 4 Retrospective
case series

Patients with ONB treated in
China between 1981 and
2015 (n = 187)

1. OS
2. DFS

1. Surgery combined with radiotherapy with or
without chemotherapy led to improved OS and
DFS (p < 0.0001).

2. Patients who underwent surgery with or without
another treatment modality had better OS and
DFS compared to those treated with other
treatment modalities without surgery.

3. Independent prognostic factors of poor survival
included distant metastasis and unimodality
treatment. All results were not separated by
staging.

Schmidt838 2016 4 Retrospective
case series

Patients with ONB treated
with curative intent
between 2000 and 2014
(n = 11)

1. OS
2. DFS

1. Late locoregional recurrence suggests that
long-term follow-up is necessary.

Nakagawa839 2018 4 Retrospective
case series

Patients with ONB treated
between 2008 and 2016
with unilateral or bilateral
endoscopic resection
(n = 22)

1. OS
2. DFS
3. Postoperative

olfaction
4. Locoregional control

1. Unilateral resection is a valid surgical approach to
ONB with 95.5% of patients achieving
margin-negative resections (100% of patients
treated unilaterally and 90% of those treated with
bilateral endoscopic resection) and DFS
comparable to previous literature.

2. 91.6% of patients with unilateral resection
maintained olfactory function.

Konig840 2017 4 Retrospective
case series

Patients with ONB treated or
palliated between 1998
and 2016 (n = 20)

1. OS
2. DFS

1. Negative margins, tumor size <40mm, Kadish
stage A/B, and TNM stages I–III were associated
with improved outcomes regardless of open
surgical approach (endoscopic resection not
studied).

Zhang841 2016 4 Retrospective
case series

Patients with ONB treated
between 2000 and 2010
with endoscopic
resection with or without
RT vs combined RT and
chemotherapy (n = 13)

1. OS
2. DFS
3. Locoregional
4. Distant metastasis

1. Related prognostic factors included TNM stage, N
stage, M stage, Kadish stage, and treatment
modality.

2. Combined treatment including surgery achieved
improved outcomes compared to nonsurgical
treatments.

Yin842 2016 4 Retrospective
case series

Patients with ONB evaluated
between 1979 and 2014
(n = 113)

1. OS
2. Locoregional control
3. MFS

1. Overall survival was found to be best in the
preoperative RT group, followed by postoperative
RT group, and worst in those treated only with RT.

2. No survival difference for patients treated by
primary RT vs combined treatment was seen
between those in Kadish A/B stages.

3. In patients with node-negative Kadish C disease,
combination treatment was superior, with
preoperative RT demonstrating the best survival.

Tajudeen843 2016 4 Retrospective
case series

Patients with ONB who
underwent endoscopic
unilateral resection with
preservation of 1
olfactory bulb between
2003 and 2015 (n = 14)

1. Olfactory function
2. Locoregional control

1. No patient had disease recurrence at mean
follow-up of 51.7 months, all with
margin-negative resection.

2. Olfactory testing showed 43% had residual smell
function and 14% with normal or mildly reduced
smell function.

Manthuruthil844 2016 4 Retrospective
case series

Patients with ONB
undergoing endoscopic
resection between 2010
and 2013 (n = 10)

1. Locoregional control
2. SNOT-20 score
3. Complication rates

1. Postoperative SNOT-20 scores were not
statistically different from preoperative scores.

2. Endoscopic resection in select patients may
demonstrate equivalent or improved outcomes.

(Continued)

S250 International Forum of Allergy & Rhinology, Vol. 9, No. S3, July 2019



ICAR:ESBS

TABLE VIII.A.1. Continued

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Banuchi845 2016 4 Retrospective
case series

Patients with ONB
presenting between 1979
and 2009 (n = 57)

1. OS
2. Locoregional control
3. MFS

1. Intracranial tumor extension, positive margins, neck
metastases were associated with worse OS.

2. Regional metastasis developed in 17% at a median
time of 60 months; distant metastasis in 39% at a
median time of 40 months.

3. Advanced stage (Kadish C/D) had increased risk of
distant failure.

4. Survival was decreased in patients with regional and
distant metastasis.

Tsang846 2015 4 Retrospective
case series

Patients with ONB treated by
endoscopic assisted CFR
(n = 14)

1. OS
2. DFS

1. Endoscopic-assisted CFR technique has comparable
outcomes to CFR alone technique.

Tajudeen847 2015 4 Retrospective
case series

Patients undergoing
treatment for ONB
(n = 36)

1. OS
2. DFS

1. Modified Kadish Stage was the only factor to affect
OS.

2. Tumor grade had an independent impact on DFS.
3. No difference in OS between surgical approach (CFR

with craniotomy, transfacial CFR without craniotomy,
expanded endoscopic endonasal craniofacial
resection).

Petruzzelli848 2015 4 Retrospective
case series

Patients with ONB evaluated
from 1994 to 2012
(n = 37)

1. OS
2. DFS

1. Kadish stage C and stage T3/4 tumors were
associated with worse outcome.

2. Total radiation dose, margin status, patient age were
not found to have significant prognostic value. Only n
= 3 had a curative resection.

Feng849 2015 4 Retrospective
case series

Patients with ONB treated
with only endoscopic
resection between 2011
and 2012 (n = 24)

1. OS
2. DFS

1. Dulguerov staging predicted OS
2. Kadish staging predicted DFS between early and

advanced stages.
3. Endoscopic resection showed successful survival

rates (3 year OS and DFS of 82% and 70.8%) with
decreased complications.

Bell850 2015 4 Retrospective
case series

Patients with ONB evaluated
and treated (n = 124)

1. OS
2. DFS
3. Locoregional

recurrence
4. 4) Distant metastasis

1. High grade of ONB was associated with poor
outcome, but not with advanced stage.

2. DFS was worse for high-grade than low-grade ONB.
3. No statistically significant differences between

recurrence, distant metastases, or 5-year OS were
identified via the Kadish or the TNM staging system.

Ow851 2014 4 Retrospective
case series

Patients with ONB treated
between 1992 and 2007
(n = 70)

1. OS
2. DFS
3. Locoregional control

1. Patients treated with surgery with postoperative
radiation had a statistically significantly improved
DFS.

Montava852 2014 4 Retrospective
case series

Patients with ONB treated
endoscopically from 2000
to 2013 (n = 18)

1. OS
2. DFS
3. Locoregional control
4. Distant metastasis

1. Dural extension and frontal invasion were associated
with recurrence and should be treated with
aggressive treatment.

2. Endoscopic resection shows low rate of
perioperative morbidity and efficient local control.

Gallagher853 2014 4 Retrospective
case series

Histology of patients with
ONB 1995–2007 (n = 27)

1. OS
2. DFS
3. Locoregional control

1. Necrosis and mitoses were associated with OS (but
not in multivariate analysis).

2. Gland hyperplasia was found to be a positive
prognostic variable and associated with OS and DFS
but only in combination with no spindle features and
without necrosis.

Modesto854 2013 4 Retrospective
case series

Patients with ONB treated
between 1998 and 2010
(n = 43)

1. OS
2. DFS
3. Locoregional control

1. Major prognostic factor was modified Kadish stage.
2. Cervical lymph node relapses occurred in 9% of

patients with Kadish stage B and C disease without
elective nodal irradiation and 0% with elective
irradiation.

(Continued)
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TABLE VIII.A.1. Continued

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Malouf855 2013 4 Retrospective
case series

Patients with ONB treated
between 1979 and 2009
(n = 44)

1. OS
2. DFS
3. Locoregional

recurrence

1. T staging of TNM staging and Hyams grade >III
were independent prognostic factors for OS.

2. Patients with high-grade ONB were found to have
higher T4 staging, frequent lymph node
involvement, and more often unresectable.

3. High-grade ONB more frequently displayed
leptomeningeal metastasis vs low-grade ONB more
typically experience late locoregional recurrence.

Kumar856 2013 4 Retrospective
case series

Patients with ONB treated
between 2006 and 2010
(n = 15)

1. OS
2. DFS
3. Locoregional

control
4. Distant metastasis

1. Multimodality approach is necessary to achieve
good control.

Back857 2012 4 Retrospective
case series

Patients with ONB from
1990 to 2009 (n = 17)

1. OS
2. DFS
3. Locoregional

recurrence

1. Inconsistency in management was noted in the
management of ONB and the treatment should be
managed by an experienced head and neck
surgeon.

2. Multimodality treatment and long-term follow-up is
preferred.

CFR = craniofacial resection; DFS = disease-free survival; LOE = level of evidence; MFS = metastasis-free survival; MRI = magnetic resonance imaging; ONB = olfactory
neuroblastoma; OS = overall survival; RT = radiotherapy; SEER = Surveillance, Epidemiology, and End Results; SR = systematic review; SNOT = Sino-Nasal Outcome
Test; TNM = tumor-node-metastatis.

increased with Kadish stage (p = 0.011). Positive regional
disease was treated with surgery with or without adjuvant
RT.

Local recurrence occurred in 12.8% of patients, regional
metastasis in 9.2%, and distant metastasis in 15.6% of pa-
tients. The 5-year and 10-year DFS were 85% and 63%, re-
spectively. There was no clear relationship between Kadish
stage and regional disease (p = 0.43), but a trend toward
Kadish stage and development of metastatic disease was
found (p = 0.06).

Importantly, it was found that the ability to achieve clear
surgical margins was greater in the endoscopic resection
group compared to the open surgery group for both Kadish
B (90% vs 71.4%, p = 0.001) and Kadish C (84.2%
vs 53.1%, p = 0.001). The ability to clear surgical mar-
gins was a major predictor of survival for the group as a
whole (p = 0.004). Dural involvement and delayed regional
disease were also found to impact DFS (p = 0.032 and
p < 0.001, respectively). Interestingly, positive neck disease
at presentation did not affect survival (p = 0.82). Hyams
grade did not significantly affect DFS (p = 0.61) and also
did not correlate with Kadish stage (p = 0.61).

As endoscopic techniques and equipment have evolved,
most intracranial extension has been successfully managed
in highly-skilled skull-base centers. Overwhelmingly, recent
retrospective data has shown that endoscopic resection is
superior to CFR if margin-negative resection is achievable
after considering clinical and radiographic assessment re-
gardless of staging.824,830–833,844,846,847,849,852 Residual mi-
croscopic margin status remains an important prognos-
tic factor. Though traditional oncologic principles favor

en-bloc resection of malignancies, the bulk of disease in tu-
mors such as ONB has the potential to obscure the site of
invasion. Thus, systematic piecemeal resection with aid of
magnifying endoscopes is ideal in the resection of malig-
nancies such as ONB. It is also important to note that use
of intranasal vascularized flaps must not be prioritized over
margin status. If intranasal flap options are not available,
then dural reconstruction can be accomplished via graft
techniques or optimally via tunneled pericranial flap or sec-
ondary flap options.477,858,859 The current staging system
does not stratify patients well in terms of prognostic groups.
High-risk features should guide the use of adjuvant treat-
ment of the local site and N0 neck (N0 indicates no cancer
in nearby lymph nodes).

Historical teaching in the surgical resection for ONB in-
cludes resection of the bone, dura, falx, olfactory bulbs, and
tracts bilaterally. However, given the improvement in out-
comes with current endoscopic techniques, modification of
the traditional surgical concepts for improvement in QOL
factors may be considered as long as the modification does
not impact patient survival or margin-negative status. A re-
cent study by Tajudeen et al.843 has examined outcomes in
unilateral resection of the bone, dura, olfactory bulbs and
tract, showing improved smell outcomes without sacrificing
patient survival. This same principal could also be applied
in CFR for appropriate patients, but as always, the surgeon
should strive for a complete margin-negative resection.

Outcomes studies performed on large, population-based
databases have also been performed in recent years to iden-
tify key prognostic factors. Identifying patients at risk of
poor outcome can potentially help to guide the need for
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adjuvant treatment. These studies have found improved
survival with age less than 60 years, female sex, having
private health insurance, lower tumor grade, lower Kadish
stage, N0 neck status, and margin-negative resection.834–836

Furthermore, male patients were found to present with
higher-grade disease and a trend toward higher stage.835

RT was found to improve survival in high-grade tumors.836

� Aggregate Grade of Evidence: C (Level 2b: 2 studies;
Level 2c: 3 studies; Level 3a: 3 studies; Level 4: 21 stud-
ies).

� Benefit: There is good evidence that patients undergoing
endoscopic surgery spend less time in hospital, avoiding
approach-related morbidity, lower complications rates,
quicker return to daily activities, and better QOL out-
comes. In centers with strong tumor care programs data
has shown increased margin-negative resection rates in
tumors treated via an endoscopic approach.

� Harm: Potential harm of more endoscopic surgery is the
possible compromise of oncologic outcomes with an in-
complete excision or higher rates of positive margins,
though this has not been seen in data from high-volume
skull-base centers.

� Cost: Cost comparison has not yet been examined in
clinical study.

� Benefit-Harm Assessment: Endoscopic surgery for olfac-
tory neuroblastoma at experienced centers appears to
provide as good or better oncologic results for appropri-
ately selected cases.

� Value Judgments: Kadish B tumors have equivalent or
better outcomes when performed by open or endoscopic
resection, but the avoidance of frontal lobe injury favors
the endoscopic approach. Approach for surgical treat-
ment of Kadish C tumors are a heterogenous and depen-
dent on tumor location.

� Policy Level: Recommendation for endoscopic surgery
for Kadish A and B. Option for Kadish C.

� Intervention: Kadish A and B tumors should be resected
endoscopically. Kadish C tumors should be performed
endoscopically where negative margins can be obtained
endonasally. Kadish C involving the orbit, spread lateral
to the orbital axis, hard/soft palate, or midface should
be resected with an open approach.

VIII.A.2. Treatment of the neck in ONB
Staging systems have often neglected to stratify regional
metastases. Morita et al.860 revised the traditional Kadish
staging system to establish a group D for patients with cervi-
cal or distant metastases. Dulguerov et al.861 also proposed
a tumor-node-metastasis (TNM) staging system to allow
for staging of the neck. However, these staging systems
have still not superseded the most commonly used Kadish
staging system, which does not take regional disease into
account.

In a recent multicenter retrospective review with long-
term follow-up by Nalavenkata et al.,862 it was found that
7.1% of patients presented with primary neck disease and

an additional 8.8% of patients went on to develop neck
disease. The ipsilateral level 2 was commonly involved,
followed by level 3 and 4. Retropharyngeal lymph nodes
were uninvolved in all 113 patients studied although have
been reported.862 Patients with primary neck disease were
found to have a higher Hyams grade; however, higher grade
did not portend a higher risk of developing delayed re-
gional metastasis. No patients with Kadish A tumors were
found to have delayed neck disease, whereas 6.7% and
11.1% of Kadish B and C lesions developed neck disease
(p = 0.42). This corroborated prior findings by Demiroz
et al.863 that there was no increased risk of developing neck
disease with increased staging between Kadish B and C
tumors.

Delayed neck disease was previously attributed to slow
tumor grown from occult metastasis. However, given that
the only major risk factor for the development of delayed
neck disease was found to be a positive surgical margin
(17.9% in positive surgical margins vs 5% in clear mar-
gins, p = 0.034), it is possible that in this subpopulation,
delayed metastases are due to local recurrence and regional
spread. Examination and follow-up of regional disease was
found to be important, with 5-year survival determined to
be significantly lower in patients with delayed neck disease
(73.8% vs 91.8%, p = 0.043).

Current recommendation is for the treatment of positive
neck disease with selective neck dissection with adjuvant
RT if histology finds >1 positive lymph node, extracapsu-
lar spread, or high-grade features.862 Trimodality treatment
with surgery, RT, and chemotherapy has yielded promising
results; however, no consensus exists.864 Elective treatment
of the N0 neck is less clear. In studies with smaller popu-
lations, the rate of regional metastasis has been found to
be >20% and thus a case could be made for elective treat-
ment of the neck. Incidence of delayed regional metastasis
has been highly variable in the literature; however, low pa-
tient numbers have been a major limitation of many of these
studies (Table VIII.A.2824,830,832,837,845,862,863,865–869

Nalavenkata et al.862 has published the largest retro-
spective review to date investigating this clinical question,
showing only an 8.8% delayed regional metastasis rate,
suggesting that elective treatment of the neck in all patients
with ONB may be overtreatment. Instead, the authors rec-
ommend for long-term active surveillance in the N0 neck,
with salvage surgery and RT reserved for those with delayed
cervical metastases. Consensus was determined for clinical
review every 3 months for 2 years, then every 6 months
until 5 years, then yearly thereafter with serial imaging of
the neck at 6 months and 1 year and yearly thereafter.

Alternatively, other recent studies have shown signifi-
cantly worse OS and DFS in patients with delayed regional
metastasis.824,837,845,867 Harvey et al.824 recently showed in
a multicentered review that delayed regional disease was a
major predictor of mortality even despite subsequent ther-
apy (log rank p < 0.001). Prophylactic treatment of the
N0 neck with radiation has been reviewed in small groups
with improvements in regional control.868,869 In a previous
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TABLE VIII.A.2. Evidence regarding elective treatment of the N0 neck in ONB

Study Year LOE Study design Study groups

Incidence of

primary

neck

disease (%)

Incidence of

regional failure (%) Conclusions

Harvey824 2017 2b Retrospective and
prospective
cohort study

Patients with ONB
undergoing treatment
at 6 tertiary hospitals
via radiotherapy,
surgery, and
combinations. Surgery
was defined as
endoscopic, endoscopic
assisted, or open CFR
(n = 109).

7.4 9.2 1. Delayed regional disease was
a significant predictor of
mortality despite subsequent
therapy.

2. No clear relationship between
Kadish stage and regional
recurrence.

Rimmer830 2014 2b Retrospective
cohort study
series

Patients with ONB
undergoing CRF vs
endoscopic resection
(n = 95)

5.3 18.9 1. Of those patients with delayed
neck recurrence, 61.1% had
no evidence of local disease at
the time (11.1% of the total
population).

2. In the CFR group 21.5%
developed cervical metastasis
compared to 13.3% in the
endoscopic group.

Komotar832 2013 3a SR of retrospective
case series

Patients with ONB
undergoing CRF,
cranionasal, vs
endoscopic resection
(n = 453)

N/A 6.0 in endoscopic
group; 17.3 in

CFR; 8.3 in
cranionasal

1. Outcomes are improved with
the addition of the endoscope
to surgical approach with
equivalent complication rates.

Naples867 2016 3a SR of retrospective
case series

Patients with ONB where
study data included
mortality from disease
in patients with neck
recurrence (n = 269)

N/A 14.1 1. OS and DFS were worse for
patients with neck recurrence
(32% vs 26%).

2. There was an increased
incidence of neck recurrence
seen in Kadish stage D
compared to stage A.

Xiong837 2017 4 Retrospective case
series

Patients with ONB treated
in China between 1981
and 2015 (n = 187).
Incidence of elective
treatment of the neck
not discussed.

11.2 14.5 1. Regional metastasis was
associated with DFS but not
OS. Specific treatment of the
neck was not discussed.

Peacock865 2017 4 Retrospective case
series (n = 52)

Patients with ONB and N0
neck disease who did
not undergo elective
neck treatment (n = 52)

0 41 1. Delayed regional metastases
are common, indolent, and
effectively salvaged.

2. 4-year cervical node RFS is
70%, 5-year OS is 39%.

3. Patients with ONB and N0
neck status may forgo elective
treatment of the neck.

Marinelli866 2018 4 Retrospective case
series,
retrospective
cohort study

Patients with ONB who
presented with or
developed neck disease
(n = 61)

15 21 1. Within the entire population,
ipsilateral neck involvement
was most often observed (level
2 in 83%, then level 1 in 54%).

2. Contralateral neck disease
was found to be unrelated to
the degree of laterality of the
primary tumor.

(Continued)
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TABLE VIII.A.2. Continued

Study Year LOE Study design Study groups

Incidence of

primary

neck

disease (%)

Incidence of

regional failure (%) Conclusions

Nalavenkata862 2016 4 Retrospective case
series

Patients with
biopsy-proven ONB
(n = 113)

7.1 8.8 1. Tumor grade was higher in
patients with primary neck
disease.

2. Positive surgical margins were
associated with a higher risk
of developing delayed neck
disease

Banuchi845 2016 4 Retrospective case
series

Patients with ONB
presenting between
1979 and 2009 that did
not undergo elective
neck irradiation
(n = 57)

9 17 1. Patients developing regional
and distant metastasis had
significantly decreased
survival.

Jiang868 2016 4 Retrospective case
series

Patients with N0 ONB who
underwent irradiation
as part of their
treatment between
1970 and 2013
(n = 71)

0 18.3 1. 31% of patients studied
underwent elective neck
irradiation (n = 22) and none
of these went on to develop
neck disease.

2. Elective neck irradiation was
associated with improved
regional control but not OS or
DFS.

Yin869 2015 4 Retrospective case
series

Patients with newly
diagnosed ONB from
1979 to 2014 (n = 116)

28 23% without; 2%
with elective

radiation

1. Regional failure rate
decreased significantly from
23% to 2% after elective neck
irradiation.

2. Elective neck irradiation was
an independent favorable
predictor for regional control.

Demiroz863 2011 4 Retrospective case
series

Patients with clinically N0
ONB without elective
neck therapy (n = 26)

0 27 1. DFS was significantly better in
those who received
postoperative RT.

2. Regional failure was seen in
those with Kadish stage B and
C disease.

3. Elective treatment of the neck
with RT was recommended in
addition to the tumor bed.

CFR = craniofacial resection; DFS = disease-free survival; LOE = level of evidence; MFS = metastasis free survival; N0 = no cancer in regional lymph nodes; ONB =
olfactory neuroblastoma; OS = overall survival; RFS = recurrence-free survival; RT = radiotherapy; SR = systematic review.

of a large population of 95 patients, regional metastases
developed in 18.9% after an average of 74 months (range,
3 to 233 months).830 Out of these, 61.1% had no evidence
of recurrent local disease at the time of regional metasta-
sis (11.1% of the total subject population). Two patients
went on to have further regional recurrence after treatment
at intervals of 1 and 7 years. In those treated with CFR,
21.5% developed regional metastasis compared to 13.3%
in the endoscopic group. Intracranial metastases were seen
in 20% overall, all within the CFR group at an average time
of 58 months (range, 1 to 139 months). Metastatic disease

to the spine, liver, and skin was also observed in 1 patient
each. It has been shown that regional and distant metasta-
sis can present up to 10 years after treatment in as great
as 10% and 20% of patients, respectively, highlighting the
need for long-term surveillance.830

Management of the N0 neck in ONB.

� Aggregate Grade of Evidence: C (Level 2b: 2 studies;
Level 3a: 2 studies; Level 4: 8 studies).
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� Benefit: Delayed regional involvement in the neck is com-
mon. Those patients with delayed regional involvement
have a worse OS and DFS and the benefit from elective
treatment of the N0 neck is unknown. Regional recur-
rence has been described as occurring over 10 years fol-
lowing treatment. Elective treatment of the neck with
irradiation shows improved regional control in small
studies.

� Harm: Surgical resection of the regional disease is associ-
ated with complications including hematoma, wound in-
fection, and CN palsies among others. RT of the regional
neck nodes is also associated with increased xerostomia,
skin changes, and long-term toxicity.

� Cost: There are no studies investigating the costs of up-
front or delayed treatment of the N0 neck.

� Benefit-Harm Assessment: Upfront treatment of the N0
neck in high-grade and high-stage local disease may
equate to better long-term DFS.

� Value Judgments: For high-grade tumors and those with
advance local stage, elective treatment of the N0 neck is
likely to prevent long-term regional recurrence.

� Policy Level: Option.
� Intervention: In a node-positive neck, the role of surgical

treatment with or without adjuvant treatment is well
established. However, in patients with an N0 neck and
high Hyams grade (3/4) and Kadish C stage involving
more than dura, elective treatment of the neck should be
considered. Long-term surveillance (over 10 to 20 years)
of the neck is recommended.

VIII.B. Squamous cell carcinoma
Sinonasal squamous cell carcinoma (SNSCC) represents a
rare malignancy of the upper aerodigestive tract with a re-
cent SEER database analysis by Sanghvi et al.870 revealing
an average incidence of 0.36 cases per 100,000 patients,
with males accounting for 64.44% (3218/4994) of the
study cohort, resulting in a male incidence of 0.52 cases per
100,000 patients. A comparable SEER database analysis of
paranasal sinus squamous cell carcinoma (SCC) by Ansa
et al.871 identified 2553 patients during the study period of
1973 to 2009, with males representing 63.6% (1623/2553)
of the study cohort.

Subgroup analyses in each study revealed that the ma-
jority of patients were white (75.7-82.50%) and the vast
majority were greater than 55 years of age at the time of
diagnosis.870,871

Sanghvi et al.870 found that the nasal cavity was defined
as the primary site in 46.08% (2301/4994) of the cohort,
whereas the paranasal sinuses were defined as the primary
site in the remaining 53.92% (2693/4994) of the cohort.
Ansa et al.871 found that the maxillary sinus represented
76.3% (1947/2553) of the cohort followed by the ethmoid
sinuses (10.5%), sphenoid sinus (4.1%), and frontal sinus
(1.9%). It should be noted that in 7.3% of the cohort there
was overlapping or nonspecific data. Interestingly, the pro-
portion of patients with advanced disease at presentation

was highest in the ethmoid sinuses (12%) and sphenoid
sinus (11%).

Ansa et al.871 found that the 5-year relative survival (RS)
remained relatively stable over the study period. Addition-
ally, the 5-year and 10-year OS estimates were 30.2%
and 21%, respectively, with corresponding 5-year and 10-
year RS estimates of 34.8% and 28.3%, respectively. Sex-
specific and race-specific OS and RS estimates were higher
in males than females and higher in white patients. Of
note, patients who underwent surgical therapy as part
of the treatment plan had better survival outcomes com-
pared to those patients who did not receive tumor-directed
therapy.

Sanghvi et al.870 performed survival analyses on a pa-
tient cohort from 1973 to 1989 to allow at least 20-year
survival data. This revealed a mean 20-year OS of 29.37%.
Subgroup analyses revealed 5-year, 10-year, and 20-year
RS of 54.26%, 46.80%, and 30.68% for males, respec-
tively, and 50.52%, 40.60%, and 26.35% for females, re-
spectively. White patients were found to have the highest
20-year RS of 30.93% compared to black patients who had
a 20-year RS of 19.23%. It should be specifically noted that
although trend analyses revealed a statistically significant
decline in the incidence of SNSCC during the study pe-
riod, a statistically significant difference in survival was not
noted.870,871

The last several decades have seen vast improvements
in endoscopic endonasal instrumentation/technology with
concurrent advances in the surgical manipulation of the
sinonasal tract and skull base with resultant application
in patients with SNSCC. Appraisal of the literature re-
veals a relative lack of data specifically evaluating SNSCC.
Table VIII.B summarizes the data acquired from
manuscripts including evaluation of endoscopic resection
of SNSCC.

These manuscripts include 1 retrospective cohort study,
1 systematic review, and 7 retrospective case series. EBR of
these studies revealed comparable oncologic outcomes be-
tween endoscopic and open resection of SNSCC in properly
selected patients with experienced surgeons/centers.

The European Position Paper on Endoscopic Manage-
ment of Tumours of the Nose, Paranasal Sinuses, and Skull
Base514 published in 2010 represents the most current and
comprehensive evidence-based review; this concluded that
the data on endoscopic resection of SNSCC was limited,
but promising, with overall DFS comparable with con-
ventional open approaches, recognizing outcome is related
to the completeness of resection. A pooled data analysis
of 150 patients with SNSCC found only 23 patients un-
dergoing purely endoscopic resection with available data.
This cohort had a mean age of 59.8 years with a 2:1
male:female ratio and a preponderance (65.2%) of low-
stage (T1 to T2) disease at presentation. Local recurrence
was noted in 6 patients (26.8%) and distant metastases
were noted in 2 patients. At last reported follow-up, 19
patients (82.6%) were alive with no evidence of disease.
It should be noted that follow-up ranged from 3 to 92
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TABLE VIII.B. Evidence for endoscopic surgery for SNSCC

Study Year LOE Study design Study groups Clinical endpoint Conclusion

de Almeida872 2015 4 Retrospective
case series

Patients undergoing
endoscopic surgery for SCC:

1. Definitive resection
(a) de novo
(b) associated with IP

2. Debulking surgery

1. Staging
2. Overall survival
3. Disease-free

survival
4. Complications

1. Definitive resection of sinonasal SCC with
EEA provides sound oncologic outcomes.
SCC arising from IP does not have
prognostic significance.

Lund514 2010 3a Systematic
review

Studies reporting outcomes
following endoscopic
resection of SCC with clear
description of pathology

1. Survival outcomes
2. Endoscopic vs open

approaches

1. Data on endoscopic surgery for sinonasal
SCC is limited but the accrued data from
the pooled patients appears promising.

2. For both open or endoscopic approaches
there is good evidence that the outcome
is related to completeness of resection.

3. The use of an endoscopic approach
depends on factors related to the patients’
general health and medical co-morbidities
together with their availability for
long-term follow-up should be an
important consideration.

4. Survival outcomes of SCC arising from IP
were comparable to primary sinonasal
SCC, although some patients presented
with highly aggressive disease with
hematogenous distant metastasis.

But-Hadzic873 2011 4 Retrospective
case series

Patients with concurrent IP
and SCC of nasal cavity and
paranasal sinuses

1. Clinical
characteristics

2. Treatments
3. Outcomes

1. For operable sinonasal IP/SCC, initial
surgery and postoperative radiotherapy to
the tumor bed with dose levels
comparable to those used for invasive
SCC are recommended.

2. For nonresectable disease, radical
radiotherapy to a dose of 66–70 Gy could
be of benefit.

Karligkiotis874 2016 4 Retrospective
case series

Patients treated with
endoscopic approach for
IP-SCC between 1997 and
2014

1. Disease
characteristics

2. Overall and
disease-free
survival

3. Recurrence-free
survival

1. The endoscopic approach provides
encouraging oncologic outcomes for
sinonasal IP-SCC, comparable to those
observed with traditional open approaches
while minimizing morbidity for patients.

2. Advanced pathologic T classification, high
grade of differentiation of the tumor,
expanded surgical approach, and
recurrences of disease were factors
negatively affecting the prognosis.

3. Recurrent disease can develop after a
prolonged period of time requiring
long-term follow-up.

Kilic875 2018 2b Retrospective
cohort

Patients from National Cancer
database with sinonasal
SCC treated between 2010
and 2014.

1. Endoscopic approach
2. Open approach

1. Clinical/disease
characteristics

2. Overall Survival

1. Patients with sinonasal SCC treated with
endoscopic surgery had statistically
similar 5-year overall survival compared
to patients treat with open approaches.

2. Poorer survival associated with large
tumor size, advanced stage, and positive
margins.

3. Endoscopic approach associated with
shorter hospital stays.

Luong876 2010 4 Retrospective
case series

Patients with sinonasal
malignancy treated with
endoscopic approach

1. Clinical/disease
characteristics

2. Overall survival
3. Disease-free

survival

1. Patient outcomes support efficacy of
endoscopic approach.

2. The endoscopic approach also useful in
select case for palliative resection.

(Continued)
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TABLE VIII.B. Continued

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Nicolai877 2008 4 Retrospective
case series

Patients with malignant
sinonasal tumors treated
between 1996 and 2006.

1. Endoscopic only
2. Open and endoscopic

1. Tumor
characteristics

2. Clinical
characteristics

3. 5-year
disease-specific
survival

1. Endoscopic surgery alone or with
adjuvant treatment may be an
effective alternative to standard
approaches.

Shipchandler878 2005 4 Retrospective
case series

Patients undergoing
endoscopic resection of
sinonasal SCC.

1. Patient and tumor
characteristics

2. Oncologic
treatments

3. Recurrence rates
4. Overall and

disease-free
survival

1. Endoscopic approach in conjunction
with adjuvant therapy is a viable
alternative to open approaches.

Yan879 2017 4 Retrospective
case series

Patients with sinonasal SCC
from 2000 to 2015

1. de novo SCC
2. IP-SCC

1. Clinical outcomes
2. Surgical approach
3. Overall and disease

specific survival

1. Patients with IP-SCC had improved
disease-specific survival compared to
de novo SCC.

2. Difference between tumors noted in
early stages.

3. Endoscopic approaches have similar
outcomes to open approaches.

4. Distant metastases are a poor
prognostic indicator for all SCC.

EEA = endoscopic endonasal approach; IP = inverted papilloma; LOE = level of evidence; SNSCC = sinonasal squamous cell carcinoma.

months with an average follow-up of 41.6 months in this
cohort.

A recent National Cancer Database review of SNSCC
by Kilic et al.875 compared outcomes of endoscopic and
open resection of SNSCC. This retrospective cohort review
identified 353 patients undergoing endoscopic resection
and 1130 undergoing open resection. Propensity score
matching generated a cohort of 652 patients with equal
endoscopic and open contributions with no statistically sig-
nificant difference in OS between the 2 groups (50.8% in
the endoscopic group and 63.5% in the open group). Inter-
estingly, analysis of the entire cohort revealed a relatively
greater proportion of stage IVB tumors treated endoscopi-
cally, but subgroup analysis revealed a greater rate of mar-
gin positivity in this group, suggesting that a less invasive
approach without a goal of complete resection was em-
ployed.

Retrospective case series represent the remaining in-
cluded studies each showing comparable rates of onco-
logic outcomes between endoscopic and open resection
techniques.872–874,876–879 Of the noted studies, only 2 stud-
ies included outcome data specific to the endoscopic resec-
tion of SNSCC. Nicolai et al.877 noted an overall recur-
rence rate of 16.2% (7/43) with a 12% (3/25) recurrence
rate in those treated with endoscopic resection and 22.2%
(4/18) recurrence rate in those treated with open resection.
Histologic stratification based on biologic aggressiveness
(adenocarcinoma, squamous cell carcinoma, and salivary

tumors) revealed a 5-year disease-specific survival (DSS)
of 78.6%.

Luong et al.876 reported 21 patients undergoing endo-
scopic resection of SNSCC with an OS of 93.3% and cal-
culated 2-year and 5-year DFS of 43.8% and 25%, re-
spectively. The remaining studies included patients with
de novo SNSCC and SNSCC originating from inverted
papilloma (IP).872–874,878,879 These studies showed com-
parable oncologic results when comparing endoscopic
and open techniques. Interestingly, de Almeida et al.872

found no prognostic significance in those SNSCC aris-
ing from IP, whereas Yan et al.879 found that SNSCC
arising from IP appeared to have DSS benefit as com-
pared to de novo SNSCC primarily among early-stage tu-
mors. It should be noted that in these analyses de Almeida
et al.872 only included endoscopic tumor resection, whereas
Yan et al.879 included both endoscopic and open tumor
resection.

EBR of the available literature reveals favorable onco-
logic outcomes in SNSCC managed via endoscopic resec-
tion as compared to those treated with open techniques.
It is clear that appropriate patient selection and thorough
margin-negative surgery confers optimal outcome. It is im-
portant to emphasize that evidence-based guidelines for ap-
propriate patient selection are limited and insufficient, but
expert opinion has suggested the following criteria would
indicate a patient is not an appropriate candidate for endo-
scopic resection of SNSCC: hard palate, anterior maxillary,
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inferior maxillary, extensive posterior maxillary, orbital
floor, ascending process of the maxilla, nasal bone, anterior
table of the frontal sinus, or posterior table of the frontal
sinus osseous extension, soft palate extension, extensive
ptergyopalatine fossa/infratemporal fossa extension, CN
extension to or beyond their respective skull-base fora-
men, cavernous sinus extension, orbital extension, brain
parenchymal extension, or involvement of the soft tissues
of the face. Given the low incidence of SNSCC, sufficient
provider/center experience is a requisite to management of
this pathology and ongoing data acquisition for continued
critical appraisal of the endoscopic management of SNSCC
(see Table VIII.B).

� Aggregate Grade of Evidence: C (Level 2b: 1 study; Level
3a: 1 study; Level 4: 7 studies872–874,876–879)

� Benefit: Oncologic outcomes are similar between endo-
scopic and open approaches in select patients. Survival
outcomes of SCC arising from IP appear comparable to
primary SNSCC.

� Harm: Inappropriate patient selection may lead to less
optimal outcomes.

� Cost: Insufficient data to make recommendation.
� Benefit-Harm Assessment: Evidence of benefit for endo-

scopic approaches for resection of SNSCC.
� Value Judgments: Proper patient selection is imperative

in the decision-making process for whether to utilize en-
doscopic, open, or combined approaches.

� Policy Level: Endoscopic resection of SCC or IP-SCC is
an option in properly selected patients and experienced
surgeons.

� Intervention: Patients with SNSCC may have favor-
able oncologic outcomes when treated with endoscopic
surgery and appropriate adjuvant therapies.

VIII.C. Neuroendocrine and sinonasal
undifferentiated carcinoma

Neuroendocrine malignancies of the sinonasal tract en-
compass several distinct entities that included ONB or
esthesioneuroblastoma (ENB), neuroendocrine carcinoma
(NEC), sinonasal undifferentiated carcinoma (SNUC), and
small cell carcinoma (SmCC). These tumors can be di-
vided into ENB and non-ENB neuroendocrine carcinomas
based on the observation that local treatment of ENB of-
ten leads to lasting locoregional and distant control of the
disease, whereas this is not the case with NEC, SNUC,
or SmCC.880 NEC was first described by Silva et al.881

in 1982 as uniform cells growing from benign glandular
epithelium, whereas SNUC was first described by Frier-
son et al.882 in 1986 as neoplasms forming nests, trabec-
ulae, and sheets containing medium-sized cells with small
to moderate amounts of eosinophilic cytoplasm. They were
thought to originate from Schneiderian epithelium or from
the nasal ectoderm of the paranasal sinuses.882 Since this
classification, there has been ongoing debate about how to
pathologically classify SNUC.883 More recently the cytok-

eratin (CK) pattern on immunohistochemistry has been em-
ployed to differentiate SNUC from other sinonasal tumors
because they have been reported to express CK8, CK7,
and CK19884 while lacking CK5 and CK6.885 SNUCs have
also been investigated using a mass spectroscopy–based ap-
proach, but the authors were unable to identify any ac-
tivating mutations in the 95 single-nucleotide variations
examined.886

Viral factors have been posited in the etiology of both
NEC and SNUCs, but the evidence in the literature is mixed.
Alos et al.887 reported that although NEC samples tested
were positive for p16, this was due to dysregulation of the
retinoblastoma pathway rather than human papillomavirus
(HPV) infection because all the samples tested negative for
this. Conversely, Thompson et al.888 reported that 3 of 10
NEC samples tested were positive for HPV infection; admit-
tedly though, 2 of these samples came from tumors arising
in the oropharynx. With regard to SNUC, Jeng et al.889

reported that Epstein-Barr virus (EBV) infection does not
play a role in its pathogenesis. However, the situation is
less clear in relation to HPV infection because Wadsworth
et al.890 found no HPV infection in their study, but Gray
et al.891 found that 9 of 11 SNUC samples had evidence of
infection.

Although it is clear that the diagnosis of these 2 rare enti-
ties is an evolving situation, the advent of modern molecular
biology may soon lead to improved diagnostic testing, with
the real possibility that both NEC and SNUC may be recog-
nised as a variety of closely related but new pathological
entities.892,893 Separate from the histological and molecular
biological advances, improvements in imaging, specifically
CT–positron emission tomography (PET), may also soon
be able to reliably differentiate SNUC from other sinonasal
tumors.894

Both NEC and SNUC often present late with a poor
outcome. However, 5-year survival of NEC is consider-
ably better than that of SNUC (70.2% vs 35.9%).895 Fre-
quently, the presenting complaint will include unilateral
nasal obstruction, headache, and facial pain. In a study
of SNUCs by Musy et al.,896 serosanguinous rhinorrhea
was the most common complaint (57%), whereas visual
change and diplopia were also common (47%). Dural in-
vasion was observed in 50% of patients, 30% had orbital
involvement, whereas another 30% had disease extending
to the cavernous sinus at presentation. If left untreated, the
natural history of these lesions is for rapid growth, locore-
gional recurrence, and distant metastasis, accounting for
the poor prognosis.

The Kadish staging system897 for ENB has been used for
SNUC. Kuan et al.898 demonstrated that advanced-stage
and increasing tumor size is associated with worse survival
and that surgery with adjuvant RT was associated with
improved survival. Others argue that the Hyams system
can be used for staging SNUC899; however, this is not uni-
versally employed. Whichever staging system is used, ad-
vanced clinical stage or pathological grade of SNUC have
poorer prognosis.898,899 Additionally, O’Reilly et al.900
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performed a retrospective review in 12 patients with SNUC,
showing that dural invasion and/or orbital involvement
at time of diagnosis were negative prognostic indicators,
whereas surprisingly cribriform plate involvement or in-
tracranial involvement did not predict prognosis. Similarly
in NEC, Patel et al.,901 in a retrospective review of 201
patients, demonstrated that advanced disease was associ-
ated with poorer survival as was tumor site (maxillary
and ethmoid origin were worse than nasal cavity). They
also showed that survival was better in those treated with
surgery with or without RT rather than primary RT. In
contrast, Rawal et al.902 showed that in patients who un-
derwent EEA surgical resection, the pathological grade of
tumor was associated with survival while overall stage
was not.

VIII.C.1. Treatment of SNUC and NEC
Following the ICAR:ESBS protocol, 738 articles were ini-
tially identified, the titles and abstracts were examined, and
studies were excluded if they did not pertain to SNUC or
NEC. More than 30 single-patient case reports were iden-
tified, but they were excluded and only studies with greater
than 3 patients were included. Finally, only studies with
multiple treatment groups and survival data were included
in the final analysis. This left 28 studies that are described
in Table VIII.C.

The evidence presented in Table VIII.C is comprosed, at
best, from pooled analysis of small-sized to medium-sized
case series. The data is heterogeneous and the quality of the
data, in terms of treatment and outcomes, is often poor.
There are no RCTs, nor any prospective trials of any na-
ture reported in the literature. Thus, it is extremely difficult
to arrive at any firm conclusions. However, the vast ma-
jority of studies do recommend some form of multimodal
treatment for both NEC and SNUC, the exact form of this
therapy is contentious.

The 4 largest studies were Kuo et al.,904 van der Laan
et al.,895 Reiersen et al.,917 and Xu et al.913 Kuo et al.904 was
a retrospective cohort study (level 2b evidence); as such,
it was the study with the highest LOE. They performed
a multivariate analysis on 435 patients with SNUC; they
determined that surgery with adjuvant chemoradiation or
primary chemoradiation was associated with significantly
improved OS compared to surgery with adjuvant RT or
RT alone. Van der Laan et al.895 and Reiersen et al.917 per-
formed meta-analyses of the published case series (level 3a
evidence). Van der Laan et al.895 identified 701 cases (127
NEC, 459 SNUC, 115 SmCC); tumor type was the biggest
predictor of survival (5-year survival: SNUC [35.9%], NEC
[70.2%]). They reported that SNUCs were best treated with
surgery and adjuvant RT (5-year survival 57.7%), whereas
surgery alone and primary RT did less well, with 5-year
survival of 15.7% and 17.9%, respectively. In their study
chemotherapy did not appear to benefit survival. With re-
spect to NEC, they reported that surgery was the best form
of treatment, with a 5-year survival of 83.3%, whereas if

the patient was not treated with surgery they had an in-
creased risk of dying (odds ratio [OR] 11.464; CI, 1.125 to
116.796; p = 0.039). Reiersen et al.917 had fewer patients
in their meta-analysis (167 patients), but broadly agreed
with the other studies. They had similar OS to other stud-
ies, with 26.3% alive with no evidence of disease and 21%
alive with disease. They reported that surgery with adjuvant
chemoradiation had a 260% increase in survival compared
to surgery alone. They were unable to perform any other
comparisons with different treatment groups because of the
lack of data in the underlying studies. Finally, Xu et al.913

presented 20 patients from their own institution with a re-
view of the literature (level 4 evidence). They identified 140
patients in literature with SNUC in addition to their own 20
patients. The majority of the patients received multimodal
treatment with a median OS of 12.7 months. On Cox re-
gression analysis they did not show any difference in DFS
based on initial treatment, whether single or multimodal in
nature.

VIII.C.2. Chemotherapy regimens for SNUC and
NEC

When considering which chemotherapy regime might be
best for NEC and SNUC, one is again hampered by the
paucity of high-level evidence within the literature. Patil
et al.928 reported on 25 patients, 13 with SNUC and 12
with ENB, treated with neoadjuvant cisplatin and etopo-
side then, if amenable, surgery with concurrent chemora-
diation. They concluded that this strategy improved out-
comes with reported 2-year OS of 78.5%. Rischin et al.924

reported favorable results treating SNUCs when employing
induction chemotherapy followed by concurrent chemora-
diation, with 2-year OS of 64%, whereas Mourad et al.909

used platinum-based chemotherapy concurrently with
RT with or without induction chemotherapy, reporting
4-year survival of 56%. Ansari et al.929 reported a novel
chemotherapy regime to treat SNUC in 2 patients us-
ing cisplatin, etoposide, doxorubicin, and metformin with
adjuvant melatonin therapies based on morphoproteomic
guidance. However, the majority of treatment studies in
Table VIII.C used platinum-based chemotherapy regimens.
Rosenthal et al.880 treated both NEC and SNUC with in-
duction chemotherapy before surgery or RT with or with-
out concurrent chemotherapy, reporting 5-year OS of 63%
for SNUCs and 64% for NEC, respectively. Likhacheva
et al.918 recommended a multimodal approach in treating
NEC, combining surgical resection and adjuvant chemora-
diation. The chemotherapy was given as neoadjuvant, con-
currently or in an adjuvant setting, either cisplatin plus
etoposide or 5FU or carboplatin plus etoposide or doc-
etaxel. They reported an OS of 59 months. Finally, Fitzek
et al.930 performed a prospective study of ENB, NEC, and
other tumors with some neuroendocrine features. They em-
ployed a strategy of induction chemotherapy with cisplatin
and etoposide followed by either proton or photon RT with
reported OS of 74% at 5 years.
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TABLE VIII.C. Treatment of neuroendocrine carcinoma and SNUC

Study Year LOE Design Study groups

Clinical

endpoints Conclusion

Bhasker903 2017 4 Retrospective
case series

Sx + RT (3), Sx + CRT (4), RT (6), CRT
(4), PRT (4),

Survival Surgery is best treatment for SNUC with
postoperative RT for advanced disease and
close margins

Kuo904 2017 2b Retrospective
cohort study

Sx (37), Sx + RT (32), Sx + CRT
(157), Sx + C (14), RT (16), CRT
(120), C (25), No Rx (34)

Survival CRT or Sx + CRT has improved survival
compared to other groups in SNUC

Hosokawa905 2016 4 Retrospective
case series

Sx (2), Sx + RT (1), CRT (8) Survival CRT is a reasonable treatment for head and neck
SNECa

van der Laan895 2016 3a- Meta-analysis of
case series

SNUC: Sx (15), RT (43), C (7), Sx + RT
(54), Sx + C (2), Sx + CRT (110),
CRT (85), Palliative (31); SNEC: Sx
(22), RT (4), Sx + RT (22), Sx + C
(3), Sx + CRT (16), CRT (21),
Palliative (2)

Survival Surgery should be the cornerstone of treatment,
supplemented by RT in poorly differentiated
subtypes (SNUC, SmCC). Chemotherapy does
not appear to contribute to survival.

Lund906 2015 4 Prospective case
series

Sx + CRT (5) Survival Supports use of CRT followed by wide-field ES to
staging/confirm response and excise residual
tumor

Lopez907 2015 4 Retrospective
case series

Sx + CRT (10), Sx + RT (1), C + Sx
+ CRT (3), CRT (3)

Survival Sx + RT gave best outcomes in SNUC

Christopherson908 2014 4 Retrospective
case series

Sx + CRT (10), Sx + RT (5), CRT (6),
RT (2)

Survival Sx + CRT where possible offered the best
treatment

Mourad909 2013 4 Retrospective
case series

Sx (3), Sx + CRT (5), CRT + Sx (7),
CRT (3)

Survival Trimodality approach (Sx and CRT) offered best
LC and lower DM

Yoshida910 2013 4 Retrospective
case series

Sx (6), Sx + CRT (4), CRT (6) Survival Sx + CRT gave best outcomes in SNUC

van der Laan911 2013 4 Retrospective
case series

Sx (2), RT (4), CRT + Sx (6), PRT (3) Survival CRT + Sx gave best outcomes in SNUC/SNEC

Gorner912 2013 4 Retrospective
case series

CRT + Sx (2), C + Sx (4), C (2), RT +
Sx (1)

Survival Multimodal treatment including the combination
of platinum-based chemotherapy drugs should
be first-line treatment

Xu913 2013 4 Retrospective
case series
and review of
literature

No Rx (2, 5), single modality (7, 42),
CRT (4, 37), Sx + RT (3, 22), Sx +
CRT (4, 34)

Survival No evidence that Sx + RT offer any survival
advantage compared to other modalities

Al-Mamgani914 2013 4 Retrospective
case series

CRT (7), C + Sx + RT (7), Sx + RT
(5), Sx + CRT (2)

Survival 2 or 3 modality treatment offers best LC

Fried915 2012 4 Retrospective
case series

CRT (8), CRT + Sx (11) Survival CRT + Sx seems to be an efficacious sequence of
multimodality therapy

Mitchell916 2012 4 Retrospective
case series

Sx + RT (5), Sx (6), CRT (10), Sx + C
(1), C (4), Sx + CRT (1)

Survival Definitive treatment with Sx or RT offers durable
LC. Chemotherapy response could help to
stratify patients in to treatment groups

Reiersen917 2012 3a- Meta-analysis of
case series

C (6), RT (21), CRT (36), Sx (15), Sx +
C (1), Sx + RT (46), Sx + CRT (34),
No Rx (8)

Survival Surgery and adjuvant treatment (RT and/or C) is
the best option for SNUC

Likhacheva918 2011 4 Retrospective
case series

MDNEC: Sx + RT (3), Sx + CRT (4);
PDNEC: Sx (1), Sx + C (2), CRT (4),
Sx + RT (3), Sx + CRT (3)

Survival Recommends multimodal treatment

(Continued)
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TABLE VIII.C. Continued

Study Year LOE Design Study groups

Clinical

endpoints Conclusion

Lin919 2010 4 Retrospective
case series

CRT + Sx (10), CRT (7), C (1), RT (1) Survival Suggest neoadjuvant RT or CRT gives best
chance of LC but Sx is mainstay of treatment

Tanzler920 2008 4 Retrospective
case series

Sx (1), Sx + RT (9), RT (5) Survival Sx + RT offers best treatment option for SNUC

Chen921 2008 4 Retrospective
case series

Sx + CRT (17), CRT + Sx (2), CRT (2) Survival Gross surgical resection is a key component of
treatment before or after another modality
therapy

Babin et al.922 2006 4 Retrospective
case series

CRT (5), RT (3), C (2), Sx + RT (5), Sx
+ CRT (5), Sx (1)

Survival No evidence of one treatment better than any
other

Kim923 2004 4 Retrospective
case series

Sx + RT (2), Sx +CRT (2), Sx (1), CRT
(3)

Survival Recommends multimodality treatment including
surgical resection

Rischin924 2004 4 Retrospective
case series

CRT (7), RT (1), Sx + RT (2) Survival Induction chemotherapy followed by concurrent
chemoradiation is promising treatment
strategy for SNUC

Musy896 2002 4 Retrospective
case series

CRT + Sx (10), CRT or PRT (10) Survival If patients are fit recommend CRT + Sx, if not
then CRT

Smith925 2000 4 Retrospective
case series

4 SNEC, 6 SNUC, Sx + CRT (1), Sx +
RT (7), Sx + C (1), CRT (1)

Survival Supports use of adjuvant chemotherapy and RT

Gorelick926 2000 4 Retrospective
case series

Sx + CRT (4) Survival Supports use of radical surgery in combination
with CRT

Righi927 1996 4 Retrospective
case series

Sx + CRT (1), Sx + RT (3), RT (1), CRT
(2)

Survival Recommends multimodal treatment

Frierson882 1986 4 Retrospective
case series

CRT (2), RT (4), Sx + RT (2) Survival No conclusion on treatment but first detailed
account of histology of SNUC

(a, b) = number of people treated by that modality in case series, number treated in literature review; C + Sx + CRT = neoadjuvant chemotherapy then surgery and
postoperative chemoradiation; C = chemotherapy; CRT + Sx = chemoradiation therapy then surgery; CRT = chemoradiation therapy; Sx + C = surgery + chemotherapy;
DM = distant metastases; ES = endoscopic surgery; LC = local control; MDNEC = moderately differentiated neuroendocrine carcinoma; No Rx = no treatment;
PDNEC = poorly differentiated neuroendocrine carcinoma; PRT = palliative radiation therapy; RT = radiation therapy; SmCC = small-cell carcinoma; SNEC = small-cell
neuroendocrine carcinoma; SNUC = sinonasal undifferentiated carcinoma; Sx + CRT = surgery then chemoradiation therapy; Sx + RT = surgery followed by RT; Sx =
surgery.

VIII.C.3. Endoscopic vs open surgery in the
management of SNUC and NEC

Various early studies have demonstrated that endoscopic
endonasal surgery could be comparable to CFR in se-
lected cases in terms of survival in sinonasal malignancies
in general.876,931 Revenaugh et al.932 have published the
only study specifically looking at EEA in the treatment of
SNUC. Their preliminary results, although based on only
13 patients, show that EEA can play a role in selected pa-
tients as part of a multimodal treatment with overall DFS
of 57% with a mean follow-up of 32.3 months, which
is comparable with other published data on SNUC. Al-
though not specifically looking at treatment of SNUCs
alone, Rawal et al.902 reported that, assuming the cases
are suitable for EEA and the principles of oncologic resec-
tion can be adhered to, in their meta-analysis of pooled
case series (952 patients with various tumors including
ENB, sinonasal carcinoma, SCC, and SNUC), 2-year and
5-year survival was comparable between the CFR and EEA
groups.

Conclusions
Although there is a consensus within the literature about
the need for multimodal treatment for SNUC and possibly
for NEC, the temporal relationship of the various therapies
has not been clearly resolved. There is certainly no answer
in terms of whether surgery with adjuvant chemoradiation
is necessary or whether chemoradiation alone is sufficient.
Also, the role of induction chemotherapy has not been es-
tablished; some studies strongly advocate this approach,
whereas others found no role for it. Despite the hetero-
geneity of the studies’ data, it is probably reasonable to
conclude that SNUC and NEC are best treated with a multi-
modal strategy that should at least involve chemoradiation
with possibly EEA or if necessary CFR surgery. The ad-
vantage of EEA is that it can provide a low-morbidity con-
firmation of response to chemoradiation by undertaking a
wide-field excision once the effects of the chemoradiation
have settled.906

This situation could be clarified with better study data.
Fortunately, there are currently 2 phase II trials recruiting
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patients, SINTART 1 and 2; these are 2 open-label, phase
II, multicenter clinical trials, designed to assess the effi-
cacy in term of progression-free survival of a multimodality
treatment in patients with sinonasal carcinomas (intestinal-
type adenocarcinoma, SNUC, NEC, squamocellular can-
cer, Hyams grade 3-4 ENB; Clinicaltrials.gov identifier:
NCT02099175 and NCT02099188).

� Aggregate Grade of Evidence: D (Level 2b: 1 study; Level
3a: 2 studies; Level 4: 25 studies).

� Benefit: Majority of studies have shown benefit in mul-
timodal treatment of both SNUC and NEC.

� Harm: Multimodal treatments appear to offer sur-
vival advantages over single-therapy treatments for both
SNUC and NEC.

� Cost: No studies examined the costs of the various dif-
ferent multimodal strategies.

� Benefit-Harm Assessment: The heterogeneity of the stud-
ies included here, combined with the poor outcomes and
rarity of the tumors, make it very difficult to assess the
harm that the various proposed strategies might cause
long term in surviving patients. However, it is clear that
some form of multimodal treatment improves survival.

� Value Judgments: These are rare tumors with no high-
level evidence to support clinical decision making; how-
ever, multimodal treatment appears to offer a survival
advantage and surgery can be considered for tumors that
are resectable with negative margins.

� Policy Level: Option.
� Intervention: Chemoradiation with or without surgery

in the form of ESBS if amenable or CFR if not.

VII.D. Sinonasal adenoid cystic carcinoma
Sinonasal tract adenoid cystic carcinoma (ACC) is a rare
malignant tumor arising most frequently from minor sali-
vary glands. These tumors account for approximately 3%
to 15% of all paranasal sinus malignant tumors and are
the third most common sinonasal malignancy overall, fol-
lowing SCC and adenocarcinoma. An American Cancer
Society SEER study based on a population of 3026 patients
with head and neck ACC from 1973 to 2007933 found
that oropharynx and nasopharynx ACC accounted only
for 4.56% of cases. Within the sinonasal tract, 47% to
60% arise from the maxillary sinus and 25% to 30% from
the nasal cavity.934,935 The rate of adenoid cystic cancers
tends to be higher in females.933,936,937

Sinonasal tract ACC originates from the respiratory ep-
ithelium or the underlying mucoserous glands. Usually, 2
cell populations can be identified: epithelial and myoepithe-
lial cells. Histological types and subtypes are tubular, cribri-
form, solid, or mixed. Sinonasal tract ACC is characterized
by a variety of histologic growth patterns, all of which may
be exhibited in a single tumor mass. The cribriform (most
common) and tubular patterns exhibit low-grade behavior,
and the solid, high-grade pattern confers a worse prog-
nosis. Histologically, sinonasal tract ACC should be dif-

ferentiated from ONB, epitheial-myoepthelial carcinoma,
basaloid SCC, and small-cell neuroendocrine carcinoma.

An association between high-risk HPV and sinonasal
tract ACC has been described,938,939 which is different from
ACCs outside of the sinonasal tract where no such associ-
ation exists. Enigmatically, p16 overexpression does not
necessarily suggest HPV association as a potential etiol-
ogy, as it does for oropharyngeal carcinoma. Thompson
et al.938 found p16 overexpression in 86 sinonasal tract
ACC cases; however, none of his cases exhibited high-risk
HPV. In sinonasal tract ACC, strong and diffuse p16 stain-
ing can be observed in the absence of HPV E6/E7 mes-
senger RNA (mRNA) expression.939 Interestingly, HPV-
related carcinoma with adenoid cystic–like features does
not exhibit perineural invasion (PNI), unlike true ACC. In
the cases reported thus far, the clinical behavior seems to be
less aggressive than other high-grade sinonasal malignan-
cies. At the immunohistochemical level they are the same;
however, unlike true ACC, HPV-related carcinoma with
adenoid cystic–like features does not harbor MYB gene fu-
sions. Thus, it is important to differentiate this ACC-like
from true sinonasal tract ACC for prognostic reasons.

ACCs have a high propensity for PNI. Neuronal cell ad-
hesion molecules are expressed by ACC, which accounts for
their tendency for PNI in up to 55% to 66% of cases.940

There is no difference in the incidence of PNI between ACC
from major salivary glands and the minor salivary glands
from the oral cavity or paranasal sinuses941; in addition,
there is no statistical correlation between PNI and stage
with the ability of the tumor to invade adjacent structures
such as the orbit and dura942 (probably due to close prox-
imity to these structures). For these reasons the role of PNI
on sinonasal ACC is still a matter of debate.

Sinonasal tract ACCs are tumors with slow and insidious
growth, discovered at a locally advanced stage (III/IV) in
more than 55% to 70% of cases.943,944 ACC can present
with subtle symptoms of nasal obstruction, clear/purulent
rhinorrhea, and anosmia, in many instances mimicking
chronic sinusitis. As they progress, symptoms can start to
become more aggressive, such as epistaxis, facial deformity,
proptosis, diplopia, cutaneous involvement, or neurologi-
cal deficits. Lymph node and distant metastasis are rare
because of the sparse lymphatic system in the sinonasal
tract; more than 90% are N0 and no metastasis (M0) at
initial presentation (N0 96.4% and M0 92.9%).944 Imag-
ing studies for assessment of skull-base tumors mainly in-
clude CT and MRI with and without gadolinium. CT scan
is useful to assess craniofacial bony abnormalities (erosion,
hyperostosis). Contrast MRI is the best study to evaluate
soft-tissue masses, as well for the evaluation of the presence
of perineural spread.

VIII.D.1. Management of sinonasal ACC
Table VIII.D summarizes the available literature.

Surgical resection is the backbone of curative therapy.
In 5 retrospective reviews,946–948,954,955 patients treated
with surgery followed by RT were noted to have a survival
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TABLE VIII.D. Evidence in the treatment of sinonasal ACC

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Thompson945 2014 4 Retrospective
review (n = 86)

Sinonasal tract ACC (single
institution)

Histology, immunohis-
tochemistry
demographics,
stage, prognostic
factors, treatment
outcomes, survival
rates

Poor prognostic factors include high tumor stage,
skull-base involvement, lymphovascular
invasion, solid histology, bone invasion,
perineural invasion, mixed anatomical site, and
recurrence status.

Postoperative RT does not affect outcome
5-year OS + 67.4%

Amit943 2014 2a Meta-analysis
(n = 520)

99 International cohort
421 patients from 15 PubMed

Overall survival,
disease-specific
survival

Margin status and tumor site significant
predictors of outcome

Sphenoid and ethmoid poor prognosis
PORT/CRT did not improve outcome
5-year OS = 62%, DSS = 67%.

Lupinetti946 2007 4 Retrospective
review
(n = 105)

Sinonasal tract ACC Prognostic factors
Treatment outcomes
Recurrence patterns
survival rates

Surgery/PORT offers durable local control
Best 5-year OS 62.9% and DSS of 70.9%

Askoxylakis947 2016 4 Retrospective
review
(n = 122)

Primary (82) and recurrent
(40) sinonasal tumors -
multiple histologies.
Sinonasal tract ACC
(n = 47)

Survival outcomes RT in the primary or postoperative setting
improves tumor control

5-year OS = 60%

Wiseman948 2002 4 Retrospective
review (n = 35)

Sinonasal tract ACC (single
institution)

Treatment outcomes
Survival rates

Surgery/PORT best disease control
5-Year OS = 65%

Liu949 2011 4 Retrospective
review (n = 80)

Maxillary sinus ACC Prognostic factors
Treatment outcomes
Survival rates

Surgery/PORT improves the LC/survival. 5-year
OS = 65.2%

Husain950 2013 2a Systematic review
(n = 86)

Case reports/series (n = 86),
Large case
series/institutional
reviews/prospective studies
(n = 366)

Incidence Presentation
Treatment outcomes

Poor prognosis
Surgery and surgery/PORT equivalent. Slight

benefit from PORT

Michel951 2013 4 Retrospective
review (n = 25)

Sinonasal tract ACC Clinical features
Prognostic factors

5-year OS 63% and DSS 43%Factors that
improve 5-year OS:

1. TNM stage (p = 0.03)
2. Histological subtype(p = 0.023)
3. Surgery/PORT (p = 0.03)
4. Local control (p = 0.05)
Positive margins poor 5-year DFS

Seong952 2014 4 Retrospective
review (n = 30)

Sinonasal tract ACC Clinical features
Prognostic factors

Local recurrence rate = 26.7%
Distant metastasis rate = 23.3%
Stage IV and T4 worse survival
Distant metastasis affects disease-free
survival but not disease-specific survival

Rhee953 2006 4 Retrospective
review (n = 25)

Chart review of patients with
sinonasal tract ACC

Clinical features
Treatment outcomes

5-year OS 86%, 5-year local recurrence rate
30%, distant metastasis rate 25%. Presence of
distant metastasis correlated with decreased
5-year survival (p = 0.001)

ACC = adenoid cystic carcinoma; CRT = chemoradiation therapy; DFS = disease-free survival; DSS = disease-specific survival; LC = local control; OS = overall survival;
PORT = postoperative radiotherapy; RT = radiotherapy; TNM = tumor-node-metastasis.
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advantage. In addition, a retrospective review by Liu
et al.949 specifically on maxillary sinus ACC supports the
role of surgery followed by postoperative RT. The use of
postoperative RT was guided mainly by the presence of
positive margins, which was present in up to 63% to 85%
of the cases.946–948,952 Patients who received only surgical
treatment were those who had negative margins and those
who received RT alone had severely advanced tumor stage,
for unresectable palliative care or because they were unfit
for surgery. Because radiation improves survival in patients
with ACC outside the sinonasal tract,956,957 it may be of
benefit for sinonasal tract ACC; although it is noted that
96% of ACC tumors respond to radiation, the recurrence
rate after RT as definitive therapy has been reported as
high as 94%.958,959 Although these data are not specific to
sinonasal tract ACC, they support the notion that surgery
should play a key role in the management of sinonasal
tract ACC.

In contraposition, Thompson et al.938 found that RT
when combined with surgery does not seem to significantly
alter overall patient outcome (p = 0.545), but may result
in longer DFS. Husain et al.,950 in a systematic review that
consolidated 454 patients, found similar survival rates be-
tween the surgery with RT group (68.4%) and the surgery
alone group (63.2%), but lower in the RT alone group
(42.1%). These findings were also supported by a meta-
analysis by Amit et al., (10) who found no added outcome
benefit from adjuvant therapy. Margin status, PNI, skull
base, dural, and orbit compromise should also be consid-
ered in the treatment plan. Michel et al.951 and Amit et al.943

found that positive margins lower 5-year OS and DFS; how-
ever, Thompson et al.938 did not find this to be a signifi-
cant risk factor for DSS and DFS (p = 0.128). Wiseman
et al.948 found that patients with positive margins experi-
enced higher local recurrence rates when compared to pa-
tients with negative margins (41.7 vs 22.2%, respectively,
p = 0.34). Furthermore, the presence of local recurrence
was a poor 5-year OS prognostic factor (p = 0.05). Al-
though the impact of positive margins on DSS and OS is
variable, most of the literature agrees on the negative im-
pact it has on local recurrence.

The impact of PNI, skull base, dural, and orbit involve-
ment on recurrence and survival is limited because of the
limited literature available on sinonasal tract ACC. Skull-
base invasion has been identified as a significant factor for
OS and DSS when compared with no skull-base invasion
(p = 0.029 and p = 0.031, respectively).946 The role of
PNI on local recurrence and survival is still a manner of
debate. Because of sinonasal tract ACC proximity to im-
portant neurovascular structures, so far the question still
remains if local recurrence is due to positive margins or
PNI. One can conclude that compromise of important neu-
rovascular structures, such as the skull base and orbit, will
impact local recurrence rate and, this way, indirectly impact
survival.

The current evidence available does not support the rou-
tine use of postoperative RT (Recommendation C) and it

should be considered on a case-by-case basis taking into
account the margin status, tumor stage, and location.

Salivary gland neoplasms respond poorly to chemother-
apy, and adjuvant concurrent chemoradiation therapy is
currently not recommended, but can be considered for
advanced-stage disease, nonresectable tumors, or pallia-
tion. The Radiation Therapy Oncology Group (RTOG)
1008 is investigating whether systemic therapy in combi-
nation with RT has any role in this disease, although this
is for non–sinonasal tract ACC.960

Because of the low incidence of this disease, randomized
data is completely absent. Treatment outcomes for open
and endoscopic approaches for sinonasal tract ACC are
limited961,962 because the majority of reports only docu-
ment surgery without specifying long-term results. Michel
et al.,951 in a cohort of 25 patients with sinonasal tract
ACC, found no significant difference in 5-year OS or
5-year DFS between endoscopic and open surgery; how-
ever, they only had 4 T2 exclusively endoscopic cases, so
both small numbers and selection bias are issues. Nonethe-
less, negative margin status, should apply to endoscopic
techniques and should be the goal for ESBS.

VIII.D.2. Recurrence, outcomes, and prognosis
after sinonasal tract ACC

Recurrences for sinonasal tract ACC are frequent (30%)950

and occur late, sometimes many years after initial manage-
ment. Patients with sinonasal tract ACC require lifelong
follow-up. The following characteristics, when present, pre-
dict an increased incidence of recurrence: multiple areas
of tumor involvement, advanced disease stage (stage IV),
skull-base involvement, PNI, bone invasion, and lympho-
vascular invasion.

Given the scarcity of sinonasal tract ACC, the majority
of reports on demographic and survival data are limited
to retrospective systematic and single-institutional reviews.
Survival rates for sinonasal tract ACC have been reported
in a few studies. Liu et al.949 reported a 5-year survival rate
of 65.2% in a series of 80 patients with ACC of the max-
illary sinus. Wiseman et al.948 in patients with sinonasal
tract ACC, the 5-year, 10-year, and 15-year OS rates were
65%, 55%, and 28%, respectively. Wei et al.955 and Zhang
et al.,954 in 2 articles published in Chinese, based on 2 series
of 40 patients and 80 patients with sinonasal tract ACC,
reported 5-year OS rates of 76.9% and 64%, respectively.
Amit et al.,941 in a cohort of 98 patients with sinonasal tract
ACC, found an OS and DSS of 64% and 65%, respectively.
In a meta-analysis the 5-year OS and DSS of a 520-patient
cohort with sinonasal tract ACC were 62% (range, 25% to
81%) and 67% (range, 40% to 86%), respectively.943

Tumor location has a pivotal impact on survival because
of the proximity to important neurovascular structures.
Sinonasal tract ACC is more frequent in the maxillary sinus
and nasal cavity, followed by the ethmoid and sphenoid
sinus.938,941,943,948,950 Amit et al.943 found a DSS rate of
83% and 64% for the nasal cavity and maxillary sinus, re-
spectively, whereas ethmoid or sphenoid sinus involvement
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resulted in a DSS of 25% (p < 0.001; hazard ratio [HR] 7.7;
95% CI, 1.7 to 23.5). This may be explained by the close
proximity of the ethmoid and sphenoid sinuses to the orbit
and skull base, because skull base involvement is associated
with lower OS. Thompson et al.938 found a survival aver-
age of 6.5 years for patients with skull-base involvement,
compared to 12.1 years from those without (p = 0.005). In
addition to this, 80.8% with skull-base involvement were
dead of disease compared to 41.7% without skull-base in-
volvement. Furthermore, positive/close tumor margins are
significantly more associated with poorer OS than negative
tumor margins (69% vs 27%, respectively, p < 0.04, HR
3.1).943 Although it is possible that proximity of sinonasal
tract ACC to the skull base and other vital structures limits
the impact of PNI on survival, its presence is associated with
positive margins. Even when surgical margins may be neg-
ative, it has been suggested skip lesions along nerve trunks
may invalidate a negative margin.941,942,963 The existence
of skip lesions in large nerve PNI from cutaneous SCC has
been challenged, but no such data exists on ACC.964 In ad-
dition to tumor origin; positive lymph node, metastasis, and
age (>70 years) are also considered independent predictors
of outcome (OS and DSS).943,952 Sinonasal tract ACC is
associated with the lowest rate of distant metastases, but
has the poorest outcome when compared to non–sinonasal
tract ACC.933 Although lung is the more common, bone
and brain metastasies behave more aggressively.941

Extensive surgical planning is necessary to obtain the
highest chance of a clear surgical margin. Surgical approach
must be based upon tumor location, patient desire, and sur-
geons’ experience/preference. In general, optimal treatment
in the management of sinonasal tract ACC should be sur-
gical resection with negative margins. The use of postop-
erative RT must be decided on a case-by-case base (skull
base, dural, or orbital compromise). Patients with positive
margins should be treated with postoperative RT.948,953

� Aggregate Grade of Evidence: C (Level 2a: 2 studies,
Level 4: 4 studies).

� Benefit: Surgery with negative margins improves overall
5-year survival and DSS.

� Harm: Surgical complications and morbidity are largely
related to the approach and tumor primary site. The
addition of RT can possibly result in both temporary
and long-term morbidity.

� Cost: Moderate direct costs from surgery. The addition
of RT increases cost; complications increase costs (eg,
wound dehiscence, flap failure, osteoradionecrosis).

� Benefit-Harm Assessment: Primary surgery is beneficial
in the management of sinonasal tract ACC. The prepon-
derance of benefit over harm has not been demonstrated
for postoperative RT or its avoidance. Benefits are largely
theoretical and should be balanced against the significant
RT morbidity.

� Value Judgments: It is important to understand radia-
tion nuances specific to skull-base areas when consider-
ing postoperative RT. Characteristics affecting prognosis

such as tumor location (eg, maxillary sinus vs sphenocli-
val or ethmoid sinus), tumor histology (eg, solid vs crib-
iform), margin status, and TNM disease stage should be
taken into account.

� Policy Level: Option
� Intervention: Primary surgery should be considered in

all patients. Postoperative RT should be considered on a
case-by-case basis for patients with sinonasal tract ACC.
Current literature does not support its routine usage. Pri-
mary radiation, with the possible addition of concurrent
chemotherapy, should be reserved for those patients with
unresectable disease and patients who are not surgical
candidates.

VIII.E. Endoscopic nasopharyngectomy
Surgical management of nasopharyngeal tumors is chal-
lenging due to the restricted anatomy and difficult access.
Nasopharyngectomy is typically indicated in cases of resid-
ual or recurrent local nasopharyngeal carcinoma (NPC),
but may also be used to treat epidermoid carcinomas,
lymphoepitheliomas, adenoid cystic carcinomas, adenocar-
cinomas, mucoepidermoid carcinomas, and sarcomas of
the nasopharynx.965,966 Nasopharyngectomy is tradition-
ally performed using an open approach such as a maxil-
lary swing, midface degloving, transpalatal approach, or
transinfratemporal fossa approach.967–969 However, such
techniques risk significant morbidities including oronasal
fistula, palatal incompetence, trismus, numbness, facial
scarring, and carotid rupture.970

First reported in 2005, experience with endoscopic na-
sopharyngectomy (ENP) is increasing.971 Best described in
patients with recurrent NPC, the endoscopic approach in-
cludes adequate visualization of the tumor cavity through
the nasal cavity and oral cavity, complete surgical resection
to negative margins, and identification of critical neurovas-
cular structures such as the ICA. The endonasal approach
is attractive because of the avoidance of an external scar,
perceived reduction of functional deficits, and improved vi-
sualization afforded by the high endoscopic magnification.

A limited number of anatomic cadaver studies and
expert opinion reports have described the approach to
ENP.965,966,971–980 Most reports focus on recurrent NPC.
There is no standardized procedure and the endoscopic sur-
gical plan must be customized for the individual patient’s
tumor. For small tumors confined to the posterior nasopha-
ryngeal wall, a posterior septectomy can be performed to
visualize the floor of the sphenoid sinus and the posterior
wall. This can be extended superiorly to include the ante-
rior wall and floor of the sphenoid sinus with removal of
the intersphenoidal septum. For larger tumors with more
lateral extension, the surgeon can perform an endoscopic
medial maxillectomy with removal of the inferior turbinate,
medial maxillary wall, and/or nasolacrimal duct. Access to
the nasopharynx and adjacent structures can be achieved
by removal of the posterior wall of the maxillary antrum,
ligating the sphenopalatine artery and associated vascula-
ture, clearing the tissue of the pterygopalatine fossa, and
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removing the medial and lateral pterygoid plates. This ex-
poses the cartilaginous Eustachian tube, which can be re-
moved. The limits of resectability are poorly defined and
debatable, but some authors cite the clivus posterosupe-
riorly, lateral pterygoid plate laterally, inferior turbinate
anteriorly, and the level of the soft palate inferiorly.976–980

The parapharyngeal ICA is at risk during dissection after
removal of the pterygoid plates and is the oncologic limit of
dissection. Intracranial invasion is not typically addressed
with an endoscopic approach. Identification of key surgi-
cal landmarks and their relationship to the ICA is critical
to minimize the risk of injury.979–981 Stereotactic image-
guided navigation is commonly used during the operation.

Tumor resection can be achieved with sharp dissection,
electrocautery, or laser.973,982 En bloc resection of tumors
is difficult or impossible in most cases given the nar-
row confines of the nasopharynx limiting working space.
The resection area can be left open to heal secondarily,
or a number of local rotational flaps can be utilized for
coverage.974,975,983–985 Prior preoperative and postopera-
tive radiation considerations should be taken into account
when planning reconstruction. However, there is no defini-
tive evidence that flap coverage of the defect helps prevent
osteoradionecrosis.975,985

Patient selection is critical for the success of ENP. Extent
of the tumor must be determined prior to deciding the ap-
proach. Preoperatively, patients should undergo a thorough
workup including both imaging and flexible nasopharyn-
goscopy to delineate the tumor’s location and extent. The
likelihood of successful surgical excision diminishes with
increasing tumor size and lateral extension. Locoregional
disease factors include significant parapharyngeal space ex-
tension, ICA involvement, involvement of the bony skull
base beyond the clivus, significant dural involvement, cav-
ernous sinus involvement, and brain invasion. The extent of
parapharyngeal space involvement that precludes resection
has not been well studied, although Chen et al.982 reported
that 29% of patients with tumors in the superficial para-
pharyngeal space recurred compared to no recurrences in
patients with T1 disease.

There have only been a small number of publications on
the literature studying the results of ENP. Yoshizaki et al.971

first reported on the use of ENP in 5 patients. Four pa-
tients had recurrent T2 (rT2) NPC, whereas 1 patient had
sinonasal malignant melanoma. Four of the 5 cases were
successfully resected, while the fifth patient with rT2 disease
had massive parapharyngeal extension not amenable to re-
section. There were no major complications. Chen et al.972

published their experience with 6 patients who underwent
ENP for recurrent T1 (rT1) and rT2 NPC. There were no
intraoperative complications in this study. The local con-
trol rate was 83.3% at 29 months. One patient died of
osteoradionecrosis causing significant bleeding 19 months
after surgery. Ko et al.973 reported on the use of endo-
scopic titanyl-phosphate (KTP) laser nasopharyngectomy
in 28 patients with rT1 and rT2 disease. Two-year OS was
59.4%, and 2-year DFS was 57.6%. Rohaizam et al.986

reported on a series of 6 patients with rT1 NPC. They had
no recurrences or deaths in a follow-up period of 3 to 14
months. Castelnuovo et al.,987 in 2009, looked at 4 patients
with rT1, 1 patient with rT2, and 3 patients with recurrent
T3 (rT3) disease undergoing ENP. With a mean follow-up
of 28 months, there were no recurrences in patients with
rT1 or rT2 disease. Two of the patients with rT3 disease
were alive, whereas 1 was dead of disease. Chen et al.972

reported on a series of 37 patients with disease ranging
from rT1 to rT3 NPC. With a median follow-up of 24
months, 2-year OS was 86.2%, local relapse-free survival
was 86.3%, and progression-free survival was 82.6%. Tay
et al.988 studied 6 patients with locally-contained nasopha-
ryngeal tumors undergoing ENP and found a mean DFS and
OS of 90.7 months. Castelnuovo et al.989 updated their pre-
viously reported series in 2013 and looked at intraperative
and postoperative complications in a larger group of pa-
tients with early-stage recurrent NPC (rNPC) undergoing
ENP. They found no major complications in their series of
36 patients. Nine patients experienced minor complications
including headache, numbness of hard palate, otorrhea, and
temporary postoperative masticatory impairment.

In 2012, Ho et al.975 examined 13 patients with early-
stage rNPC and found 2-year local DFS and OS rates of
69.2% and 100%, respectively. There was a 52.6% rate
of minor complications. Otitis media with effusion was
the most common complication (30%) in the 15-person
cohort after postoperative crusting (100%). Mild epistaxis
occurred in 1 case. In 2014, Hsu et al.980 reported on a
group of 9 patients with rT1 to rT3 tumors and found a
2-year survival rate of 100%, 2-year disease-free rate of
80%, and no significant complications.

Recently, Vlantis et al.985 conducted a systematic review
of the ENP literature along with a pooled analysis of 300
patients who underwent ENP for rNPC. The pooled anal-
ysis found a local recurrence rate of 20.1%, a DSS rate
of 85.8%, and an OS rate of 82.9%. The study also re-
vealed 20 major postoperative complications in the liter-
ature. There were 15 cases of osteoradionecrosis, 2 cases
of flap necrosis, 1 hypoglossal nerve palsy, 1 intracranial
infection, and 1 case of velopharyngeal insufficiency.

Only 1 recent study has looked at the use of ENP in
patients with only locally advanced disease. Wong et al.990

recently reported on a series of 15 patients with rT3 and
rT4 disease who underwent ENP and suggested it was a
safe and effective option. The study included patients with
advanced disease as defined by tumor extent rather than
volume, and excluded those with tumors that crossed dura.
There were no serious complications, and there was an
overall reported 2-year survival of 66.7%. However, this
conclusion is limited by the retrospective study design and
small sample size.

No studies have directly compared ENP to traditional
open approaches. In 2014, Na’ara et al.991 performed a
meta-analysis of the literature on treatment of rNPC over
a 22-year period and determined prognostic factors asso-
ciated with outcomes. Within the study, they performed
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a survival analysis according to surgical approach on 84
patients. They found a statistically significant difference in
the 5-year OS rate between the open approach patients
(49%) and the endoscopic approach group (70%). In a
subgroup analysis, endoscopic and open approaches had
no significant effect upon survival for early-stage disease
(rT1 and rT2); however, the endoscopic approach had
a statistically significant survival advantage compared to
open approaches for rT3 and rT4 tumors (66% vs 12%,
respectively).27,991

A few studies have compared ENP to re-irradiation
for rNPC. Zou et al.,992 reported on a retrospective co-
hort study comparing patients who underwent intensity-
modulated RT (IMRT), conventional RT, and ENP. In pa-
tients with rT1 to rT2 disease, both IMRT and ENP resulted
in better OS than conventional RT. ENP was superior to
IMRT in terms of OS (79.2% vs 62.1%, p = 0.007). How-
ever, there was no difference in survival among patients
with rT3 to rT4 disease (29.8% vs 16.8%, respectively,
p = 0.351). In You et al.’s993 study, ENP was found to be
superior to IMRT for OS (77.1% vs 55.5%, p = 0.003),
QOL conservation as defined by the mean global health
status score (57.6 vs 29.8, p < 0.001), and decrease in post-
treatment complications (12.5% vs 65.3%, p < 0.001).

Current available data suggests that ENP is a reasonable
option for patients with rT1 and rT2 disease. Although
there is lack of long-term follow up data, 2-yearand 5-year
survival rates suggest that there is a relatively good short-
term survival for patients with minimal complications after
ENP in appropriately selected patient. There is insufficient
evidence to support the expansion of ENP to patients with
later stage rT3 and rT4, except in possibly some select cases
(see Table VIII.E).

� Aggregate Grade of Evidence: C (Level 3a: 1 study; Level
3b: 2 study; Level 4: 11 studies)

� Benefit: ENP is a reasonable and safe option for the
treatment of rT1 and rT2 NPC tumors with acceptable
complication rates and good survival. Although no stud-
ies have directly compared ENP with traditional open
approaches, endoscopy may reduce functional and cos-
metic morbidities inherently associated with open ap-
proaches.

� Harm: Potential harm of the endoscopic approach in-
cludes insufficient removal of residual or recurrent dis-
ease. This is in addition to the well-described risks as-
sociated with endoscopic approaches to the skull base,
including bleeding, infection, and damage to surround-
ing structures such as the orbit, brain, and nerves.

� Cost: No studies have examined the cost of ENP. Po-
tentially, ENP may lead to shorter operative time, faster
recovery, and shorter hospital length of stay, which may
translate to lower costs.

� Benefit-Harm Assessment: Preponderance of benefit over
harm for early-stage rT1 and rT2 nasopharyngeal
cancers.

� Value Judgments: ENP appears to result in outcomes
that are comparable to those from traditional open ap-
proaches in patients with rT1 and rT2 recurrent or per-
sistent nasopharyngeal cancer; however, there have been
no studies directly comparing the 2. All studies to date
suggest that for select patients with disease in this area,
ENP is safe, results in lower surgical morbidity, and pro-
vides a good rate of local control and survival. There
is little evidence supporting the use of ENP for patients
with rT3 and rT4 tumors.

� Policy Level: Recommendation
� Intervention: ENP is a reasonable option in patients

with locally-confined recurrent or persistent nasopharyn-
geal SCC that reduces morbidity compared to open ap-
proaches and provides good disease control and survival
rates.

IX. Clival tumors
IX.A. Clival chordoma

Multiple open approaches are used to address lesions of the
clivus. The relative anatomic inaccessibility of this region in
conjunction with critical adjacent structures has made sur-
gical management challenging, and only in recent decades
with the further refinement of techniques have less invasive
approaches for this region, including EEA, been employed.

The clivus is located behind the nasopharynx and the
body of the sphenoid and can be categorized into 3 parts:
the upper, middle, and lower clivus. The lower clivus is
below the sphenoid sinus floor, the middle portion spans
from the sphenoid sinus floor inferiorly to the sellar floor
superiorly, and the upper portion is from the sellar floor to
the dorsum sella.994 There are numerous critical neurovas-
cular structures adjacent to the clivus, including the ICA;
brainstem (ie, the pons), the vertebral arteries; the basilar
artery; CNs III, IV, V, and VI; and the lower CNs inferiorly.
Furthermore, the clivus is adjacent to the sella and associ-
ated structures, including the optic chiasm. The intimate
proximity of these critical structures makes an anatomic
understanding of common lesions and surgical approaches
paramount.

Lesions of the clivus encompass a broad differen-
tial diagnosis, with chondrosarcomas and chordomas
representing the majority of these lesions, with the latter
being the most common. Comprised of physaliferous cells
theoretically derived from the notochord (with a “soap
bubble” appearance on histology), chordomas represent a
low-grade malignancy with significant potential for func-
tional deficits because of the crucial structures adjacent to
the clivus.995,996 Patients often present with discrete symp-
toms from CN deficits, commonly CN VI palsy, nonspe-
cific complaints including headaches, or can have lesions
detected incidentally on imaging studies. Certain radiologic
features can assist diagnosis; eg, chordomas tend to be more
midline, with T2 hyperintensity on MRI, and can have
cystic/lytic components best illustrated on CT, whereas
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TABLE VIII.E. ENP

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Vlantis985 2017 3a Systematic review
with pooled
analysis

Patients who underwent ENP for
rNPC

Survival rate,
complications

Local recurrence rate 20.1%,
disease-related death rate
14.2%, all cause mortality
17.1%

Na’ara991 2014 3a Systematic review
with
meta-analysis

Patients undergoing salvage
surgery for rNPC

Prognostic factors
associated with
outcomes after surgery

Statistically significant 5-year
OS advantage for
endoscopic vs open
approach

You993 2015 3b Case-control ENP vs IMRT for patients with
rT1-T2 rNPC

Survival, morbidity, long
term oncologic results,
treatment-related
complications, QOL

Statistically significant
increase in survival, QOL,
decrease in posttreatment
complications for ENP

Zou992 2015 3b Case control ENP vs IMRT vs conventional RT
for rNPC

Survival Better survival for ENP
compared to IMRT

Wong990 2017 4 Case series Patients with rT3 and rT4 NPC
undergoing ENP

Survival, complication
rates

2-Year OS 66.7%, DFS 40%,
no severe operative
complications

Castelnuovo989 2013 4 Case series Patients with early stage rNPC
undergoing ENP

Intraoperative and
postoperative
complications, survival

No serious intraoperative or
postoperative
complications

Hsu980 2014 4 Case series 9 Patients with rT1–rT3 tumors Survival, complications 2-Year survival rate of 100%,
2-year DFS rate of 90%, no
significant complications

Ho975 2012 4 Case series 13 Patients with rT1–rT3 rNPC Survival and recurrence
rates, complications,
intraoperative blood
loss

2-Year local DFS and OS rates
of 69.2% and 100%, overall
minor complication rate
52.6%, no major
complications

Castelnuovo987 2010 4 Case series Patients with rT1, rT2, and rT3
disease undergoing ENP

Survival, recurrence No recurrences in patients
with rT1 and rT2 disease, 2
patients alive with rT3
disease with a third dead
on follow-up

Tay988 2009 4 Case series 6 Patients with locally contained
nasopharyngeal tumors
undergoing ENP

Survival Mean DFS and OS 90.7
months

Chen982 2009 4 Case series 37 Patients with rT1, rT2 and rT3
disease undergoing ENP

Survival 2-Year OS 84.2%, local
relapse-free survival of
86.3% and
progression-free survival of
82.6%

Rohaizam986 2009 4 Case series 6 Patients with rT1 disease
undergoing ENP

Recurrence No recurrences after 3–14
months

Ko973 2009 4 Case series Use of KTP laser ENP in 28
patients with rT1 and rT2 NPC

Survival 2-Year OS of 59.4, 2-year DFS
of 57.6%

Chen972 2007 4 Case series 6 Patients with rT1 and rT2 NPC
that underwent ENP

Survival, recurrence and
complications

No complications, only 1
recurrence at 33 months

Yoshizaki971 2005 4 Case series 4 Patients with rT2 NPC, 1 patient
with sinonasal melanoma who
underwent ENP

Complications No complications, successful
resection in 4 of 5 cases

ENP = endoscopic nasopharyngectomy; DFS = disease-free survival; IMRT = intensity-modulated radiation therapy; KTP = potassium titanyl phosphate; NPC =
nasopharyngeal carcinoma; OS = overall survival; QOL = quality of life; rNPC = recurrent nasopharyngeal carcinoma; RT = radiation therapy; rT1 = recurrent T1 disease;
rT2 = recurrent T2 disease; rT3 = recurrent T3 disease.
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chondrosarcomas tend to be paramedian and may be par-
tially calcified.997–1001 Nevertheless, pathologic specimen is
generally needed for a definitive diagnosis.

At centers with appropriate expertise, clival chordomas
are largely amenable to endoscopic endonasal resection
when surgical intervention is considered. There are sev-
eral factors (detailed later in this section) that come into
play when considering this approach, including the later-
ality of the tumor and surgeon experience. Preoperatively,
an evaluation of the CNs is critical. In addition to conven-
tional preoperative imaging such as CT and MRI, many
authors recommend obtaining angiography, preferably CT
angiography, because it is less invasive and offers infor-
mation regarding vessel involvement, bony involvement,
craniocervical junction stability, and resectability.

The primary goal of surgical resection is the complete re-
section of tumor and the involved bone and extracompart-
mental disease extension. The surgical steps for endoscopic
endonasal resection certainly differ by institution and sur-
geon preference, but in general are as follows. Bilateral wide
sphenoidotomies are performed, taking care not to injure
the sphenopalatine artery, which supplies the pedicles for
vascularized NSFs for skull-base reconstruction. After ele-
vation of an NSF (usually unilateral) and placement away
from the surgical site, the sphenoid rostrum is removed. Sel-
lar bone is drilled away, exposing the dura, and the clivus
bone is drilled medial to the vidian nerves bilaterally just
below the second genu of the carotid arteries.996 The ICAs
are avoided using several strategies, including knowledge of
the location of the vidian nerve, neuronavigation, Doppler,
and carefully removing bone with a diamond burr rather
than a cutting bur.996,1002 Clival drilling continues at the
clivus until the dura is exposed, and if dural opening is nec-
essary, it is done so in the midline to avoid CN VI injury. If
a lesion involves the lower clivus, mucosa and soft tissues of
the nasopharynx are raised prior to further bony removal.
Further nuances are dictated by the extent of the lesion and
goals of surgical resection.

The EBR in the next section is intended to dissemi-
nate knowledge about outcomes and other clinical con-
siderations relating to patients undergoing endonasal en-
doscopic resection of clival chordomas. Following the
ICAR:ESBS protocols, 111 articles were initially identi-
fied with 89 excluded because of the following reasons:
anatomic/cadaveric study (7), case report (15), not about
clival chordoma (39), no endoscopic approaches (4), non-
English (9), review paper (9), skull-base reconstruction
techniques manuscript (4), and overlapping/duplicate co-
hort (3). The bibliographies of the 22 publications meet-
ing inclusion criteria were searched, resulting in the addi-
tion of 2 publications. Included publications are detailed in
Table IX.A.1.

Three publications from which data were not included
in our aggregate numbers are included in Table IX.A.2:
1 of these publications is a systematic review and meta-
analysis1027 and is described separately to avoid double-
counting patients; another focuses on tumor seeding rates

and also involves the same patient population as patients
in another analysis; and another contains a cohort already
contained in 1 of the included manuscripts.

IX.A.1. Outcomes of EEA for clival chordoma
The majority of included studies evaluated outcomes for
these patients; however, most conclusions were limited by
a modest follow-up period. In fact, only 6 of the included
analyses had follow-up periods averaging greater than 2
years, even though chordomas both in the skull base and
elsewhere have been known to recur several years after
initial management. Among studies with longer follow-
up periods, recurrences did occur in several patients. Tan
et al.’s1015 review of 14 patients who underwent EEAs for
clival chordomas had a mean follow-up of 41.5 months,
with 2 reported recurrences. One of these patients died of
recurrence whereas another patient underwent further ad-
juvant IMRT.

Shidoh et al.1013 reported their experience with 18 cli-
val chordomas, including 9 performed using an endoscopic
endonasal technique and the other 9 performed using a
transpalatal/pharyngeal technique. Median operating room
time and hospitalization length was shorter among the en-
donasal cohort, with improved postoperative oral intake
in this group as well. On the other hand, surgical com-
plications were noted to be higher among the endoscopic
endonasal patients, mainly caused by aggressive manage-
ment of subdural invasion. Importantly, case selection was
affected by lesion location (ie, upper clivus vs lower le-
sions), making any comparisons among this modest cohort
somewhat confounded. Nearly all other included analyses
were retrospective series examining solely EEAs rather than
comparison among different techniques. Additionally, the
lack of a standardized stating system further limits compar-
ison between surgical techniques.

As a result of modest sample sizes and the LOE among
these studies (predominantly Level 4 LOE), a review of
these series may not be optimal for judging outcomes
and comparisons, and further higher-quality prospective
comparisons will likely prove invaluable. Another strat-
egy for evaluating outcomes may be using population-
based resources, such as the SEER database. One SEER
analysis examining skull-base chordomas noted that
patients undergoing resection had a greater 10-year survival
(61.4%) than those receiving primary radiation (44.8%),
although differences among surgical approaches were not
differentiated in this study.1029 Skull-base chordomas have
been noted in other SEER analyses to have significantly
lower survival than that of other clival lesions such as
chondrosarcoma.1030 However, these population databases
cannot differentiate between surgical approaches or extent
of surgery.

Table IX.A.1, Table IX.A.2, and Table IX.A.3 offer a
summary of clinical details and conclusions.

The literature focusing on endoscopic resection of chor-
domas is comprised predominantly of single-institution
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TABLE IX.A.1. Summary of evidence for endoscopic endonasal resection of clival chordomas

Study Year LOE Design Study groups Clinical endpoint(s) Conclusion

Arbolay1003 2009 4 Retrospective
review

Invasive adenomas (4),
clival chordomas (2),
craniopharyngioma
(2), astrocytoma (1),
pituitary adenoma (3)

GTR in 66.7% of cases EEA to the clivus is feasible

Frank1004 2006 4 Retrospective
review

9 Chordoma, 2
chondrosarcoma

3 Patients died of
chordoma; 1 patient
experienced 2
recurrences

EEAs are feasible in the surgical
management of aggressive cranial
base tumors, including chordomas and
chondrosarcomas of the clivus

Chibbaro1005 2014 4 Prospective
review

54 EEAs for skull-base
chordomas

88% GTR rate among
newly diagnosed;
65% overall GTR
rate

The EEA management of skull-base
chordomas has a gradual learning
curve that once acquired offers similar
or better resection rates compared to
traditional approaches with less
morbidity

Fraser1006 2010 4 Retrospective
review

10 Chordoma GTR or NTR in 90% of
patients in which
maximal resection
was the goal

The endonasal endoscopic transclival
approach represents a less invasive
and more direct approach than a
transcranial approach to treat certain
moderate-sized midline skull-base
chordomas. Large tumors with
significant extension lateral to the
carotid artery may not be suitable for
this approach.

Garzaro1007 2016 4 Retrospective
review

9 Chordoma GTR in 66.6% When dural opening is required, 3D vision
allowed an accurate intradural sharp
dissection and a precise repair of the
skull base.

Holzmann1008 2010 4 Retrospective
review

13 Chordoma Radical or near total
removal in 92.3%

The transnasal transclival approach
provides an elegant alternative to
classical approaches to clival lesions
especially for midline tumor locations.
For large tumors iMRI is of significant
help. Dural reconstruction of large
defects emerged as the greatest
challenge of this technique even for
experienced endoscopic surgeons.

Hwang1009 2007 4 Retrospective
review

3 Chordoma All 3 patients with near
total removal

The neuronavigation image-guided
transsphenoidal approach is a viable,
minimally invasive alternative for
surgical treatment of clival tumors.

Koutourousiou1010 2012 4 Retrospective
review

60 EEAs for 50 cranial
base chordomas (35
primary, 25
recurrent/persistent)

GTR rate of 66.7%. EEA is an alternative for cranial base
chordomas, with minimal morbidity
and high success of GTR when
performed by experienced surgeons.

Messerer1011 2016 4 Retrospective
review

3 Chordoma GTR in all chordomas EEAs allow direct access to the skull base,
limiting the incidence of neurological
morbidities. For midline epidural clival
tumors, this approach allows a total
excision and also offers excellent
access to the clival component
intradural lesions. A combined
approach permits good tumor control
with minimal complications.

(Continued)

International Forum of Allergy & Rhinology, Vol. 9, No. S3, July 2019 S271



Wang et al.

TABLE IX.A.1. Continued

Study Year LOE Design Study groups Clinical endpoint(s) Conclusion

Ramm-
Petersen1012

2016 3 Retrospective
cohort

10 Chordoma (6 EEA, 4
observation)

Total or gross total
resection in 4 of 6
patients (66.7%)

The endoscopic transsphenoidal approach
is a valid, minimally invasive alternative
for the treatment of clival chordoma. In
selected patients a wait-and-scan
strategy can be considered.

Shidoh1013 2014 3 Retrospective
cohort

9 EEA, 9
transoral/transpalatal

GTR in 3 cases in EEA
group, 1 case in
transoral group

Surgical complications are higher in
endoscopic endonasal approaches
than the transoral/transoropharyngeal
cohort, mainly caused by aggressive
management of subdural invasion
among EEAs. Postoperative PO intake
and operating room time is shorter
among individuals who underwent
endoscopic endonasal approaches for
clival chordomas.

Solares1014 2010 4 Retrospective
review

19 EEA to sphenoclival
region

This study demonstrates that transnasal
endoscopic access to the sphenoclival
region is technically feasible and
allows successful surgical extirpation
of tumors with a low complication rate
and acceptable patient outcomes.

Tan1015 2012 4 Retrospective
review

7 Primary chordomas, 7
recurrent chordomas

Macroscopic resection
rates in primary and
revision groups
were 71% and
29%, respectively

Endoscopic resection of clival chordomas
is a safe and viable alternative to the
traditional open approach. The
nasoseptal flap is an excellent method
of obtaining a watertight skull-base
closure. Furthermore, this series
highlighted the fact that the primary
attempt at surgery offers the best
chance to achieve a total resection.

Taniguchi1016 2012 4 Retrospective
review

4 Chordomas extending
into retro-carotid
space

100% GTR Though a longer follow-up is needed to
evaluate its effectiveness in long-term
tumor control, the surgical maneuver
using the side-viewing endoscope is
effective for removing laterally
extended clival chordomas.

Vellutini Ede1017 2014 4 Retrospective
review

38 EEAs for clival lesions GTR in 48% of patients
with indications for
GTR

Endoscopic transnasal surgery is an
alternative approach to treatment of
clivus lesions, and, in expert hands,
this technique can obtain good results.
Lateral extension and previous
treatment were factors that could
make the surgery more difficult.
Intradural extension did not limit the
radicality of the removal.

Zhang1018 2008 4 Retrospective
review

9 EEAs for clival lesions Total removal in 6
chordoma and 1
chondrosarcoma

EEA: Provides better visualization of the
deeper anatomical structures in the
skull base and affords a means to
“look around corners.” This approach
promises a simple and rapid access to
the clivus. It is both a safe and efficient
procedure.

Hong Jiang1019 2008 4 Retrospective
review

9 EEA for
upper/mid-clival
chordomas

7 of 9 achieved GTR
(77.8%)

The endoscopic approaches developed for
treatment of chordomas according to
the different clival location provide the
possibility for more complete tumor

(Continued)
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TABLE IX.A.1. Continued

Study Year LOE Design Study groups Clinical endpoint(s) Conclusion

resection with maximal preservation of
anatomic structures and reduction of
the overall incidence of complications.

Zoli1020 2018 4 Retrospective
review

65 Patients who
underwent 80 EEAs

58.7% GTR The EEA was associated with a high rate
of tumor removal and symptom
control, with low morbidity and
preservation of a good QOL. These
results allow for a satisfactory overall
survival rate, particularly after GTR and
for primary surgery. Considering these
results, the authors believe that an EEA
can be a helpful tool in chordoma
surgery, achieving a good balance
between as much tumor removal as
possible and the preservation of an
acceptable patient QOL.

Dehdashti1021 2008 4 Retrospective
review

12 Chordoma GTR in 58% The EEA is a valid minimally invasive
alternative for the treatment of
centrally located clival chordomas or as
an adjunct for the central part of
chordomas with lateral extension. The
early results of this technique indicate
at least equivalency to more extensive
open approaches, and its versatility
may widen the horizon of surgical
management of these aggressive
lesions. The challenge with the CSF
leakage is being addressed with novel
local flap repair techniques. This
approach should be in the
armamentarium of cranial base
surgeons as an option in the
management of clival chordomas.

Fraser1022 2010 4 Retrospective
review

17 EEAs for clival lesions > 95% Resection for
11 of 12 cases
(92%) in which it
was the surgical
goal

The endonasal endoscopic transclival
approach provides a minimal-access
approach to the ventral midline
posterior fossa skull-base. The risk of
CSF leak is low if appropriate closure
techniques are applied.

Saito1023 2012 4 Retrospective
review

6 Chordomas GTR in 3 cases (50%) The endoscopic endonasal transclival
approach allows an appropriate extent
of resection with acceptable
complication rates in comparison with
other approaches. In our series, the
accomplishment of gross total removal
was associated with the relationship
between the tumors and surrounding
structures, such as the pituitary gland
and the cavernous portion of the ICA.

Jho443 2001 4 Retrospective
review

160 Transsphenoidal
resections

5 of 7 Clival
chordomas with
GTR

Endoscopic endonasal transsphenoidal
surgery in this series resulted with
comparable surgical outcomes to
conventional microscopic
transsphenoidal surgery. Patients’
quick recovery, short hospital stays,
and minimal postoperative discomfort
have been observed.

(Continued)
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TABLE IX.A.1. Continued

Study Year LOE Design Study groups Clinical endpoint(s) Conclusion

Solares1024 2005 4 Retrospective
review

6 EEAs for clival lesions The transnasal endoscopic management
of clival lesions is a viable option to
traditional open approaches with
acceptable morbidity and mortality.
The use of computer-aided surgery
further minimizes surgical risks while
maximizing tumor resection.

Kim1025 2018 4 Retrospective
review

42 EEAs for clival lesions GTR in 66.7% An EEA can provide favorable clinical and
surgical outcomes. However, the tumor
laterality should be considered as a
potential obstacle to total removal.

3D = 3-dimensional; CSF = cerebrospinal fluid; EEA = endoscopic endonasal approach; GTR = gross total resection; ICA = internal carotid artery; iMRI = intraperative
magnetic resonance imaging; LOE = level of evidence; NTR = near-total resection; PO = per os; QOL = quality of life.

TABLE IX.A.2. Additional publications: summary of evidence for endoscopic endonasal resection of clival chordomas*

Study Year LOE Design Conclusion

Fernandes
Cabral1026

2018 4 Retrospective review Iatrogenic seeding during EES for clival chordomas is
likely a result of decreased visualization during tumor
removal combined with mucosal trauma. Tumors with
more aggressive biology at likely at a higher risk for
seeding and recurrence.

Labidi1027 2016 1 Systematic review and
meta-analysis (clival
chordoma, all approaches)

There was a 5-year progression free survival and overall
survival of 49.9% and 73.9%, respectively, reported in
clival chordoma series published between 2006 and
2016. The GTR rate in these studies was 39.9%, with
reduced recurrence with complete resection. Although
anterior midline approaches may allow for higher GTR
rates and lesser morbidity, their impact of long-term
survival and disease control remains largely unknown.

Stippler1028 2009 4 Retrospective review Endoscopic endonasal resection of cranial base
chordomas is safe once adequate experience is gained
with the technique. This approach provides the
potential for, at the least, similar resections compared
with traditional cranial base approaches while
potentially limiting morbidity.

*The patient population in these publications overlapped with already included publications, thus these figures were not included in overall numbers reported in the
present analysis.
EES = endoscopic endonasal surgery; LOE = level of evidence; GTR = gross total resection.

case series, with widely varying follow-up times and
heterogeneous outcome measures (eg, not all publications
offered recurrence and mortality data). These issues high-
light the need for higher-quality multi-institutional series,
and at some point, more prospectively designed analyses
in an attempt to facilitate patient and physician decision-
making. As the skull-base community acquires more ex-
perience with EEAs to clival chordomas, a clearer pic-
ture will likely emerge pertaining to the incidence of neu-
rovascular complications, impact of endoscopic resection
on QOL, and survival. A relatively modest rate of neu-
rovascular complications, including cerebrovascular acci-
dent, paralysis, and CN palsy, was reported among anal-
yses included (detailed in Section IX.A.2.). Nonetheless,

the intimate proximity of critical structures necessitates the
inclusion of these risks in a comprehensive preoperative
informed consent process, because perceived deficits in in-
formed consent have been raised in litigation related to
skull-base surgery.1031

IX.A.2. Neurovascular complications associated
with EEA for clival chordoma

A comprehensive knowledge of skull-base anatomy is req-
uisite for the safe performance of endoscopic clival surgery,
because injury to adjacent structures harbors the potential
for devastating neurologic sequelae. Several analyses have
suggested an association with the extent of resection and
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TABLE IX.A.3. Neurovascular complications of EEAs for clival chordoma

Study Year Study sample

Number of EEA

chordoma resections Neurovascular complications

Arbolay1003 2009 Invasive adenomas (4), clival chordomas (2),
craniopharyngioma (2), astrocytoma (1), pituitary
adenoma (3)

2

Chibbaro1005 2013 54 EEAs for skull base chordomas 54 ICA pseudoaneurysm, death

Frank1004 2006 9 Chordoma, 2 chondrosarcoma 9 1 ICA injury

Fraser1006 10 Chordoma 10

Garzaro1007 2016 9 Chordoma (3D-guided system) 9 1 Transient CN VI palsy

Holzmann1008 2010 13 Chordoma 13

Hwang1009 2007 3 Chordoma 3 1 Postoperative hydrocephalus

Koutourousiou1010 2012 60 EEAs for 50 cranial base chordomas (35 primary,
25 recurrent/persistent)

60 CN palsy (4), carotid injury (2),
hematoma (1), pontine hemorrhage
(1)

Messerer1011 2016 3 Chordoma 3

Ramm-Pettersen1012 2017 10 Chordoma (6 EEA, 4 obs.) 6

Shidoh1013 2014 9 EEA, 9 transoral/transpalatal 1 Pharyngeal fistula; 1 hydrocephalus;
1 brainstem infarction

Solares1014 2010 19 EEA to sphenoclival region 4

Tan1015 2012 7 Primary chordomas, 7 recurrent chordomas 14 1 Hydrocephalus, 1 brainstem bleed,
1 basilar artery injury, 1 transient
CN III palsy

Taniguchi1016 2012 4 Chordomas extending into retro-carotid space 4 1 CN VI injury

Vellutini Ede1017 2014 38 EEAs for clival lesions 24 1 CVA leading to death

Zhang1018 2008 9 EEAs for clival lesions 7 1 Subarachnoid hemorrhage

Hong Jiang1019 2008 9 EEA for upper/mid-clival chordomas 9

Zoli1020 2018 65 Patients who underwent 80 EEAs 80 5 Transient CN VI palsies (6.2%); 2
internal carotid artery injuries
(2.5%); 3 patients (3.8%) with
permanent neurological deficits
due to a postoperative hematoma
(1.2%) causing hemiparesis, and 2
permanent ophthalmoplegias
(2.5%).

Dehdashti1021 2008 12 Chordoma 12 1 Hemiparesis

Fraser1022 2010 17 EEAs for clival lesions 8

Saito1023 2012 6 Chordomas 6 1 Brainstem infarction and
hydrocephalus

Jho443 2001 160 Transsphenoidal resections 7

Solares1024 2005 6 EEAs for clival lesions 3

Kim1025 2018 42 EEAs for clival lesions 37 1 CN VI injury

3D = 3-dimensional; CN = cranial nerve; CVA = cerebrovascular accident ; ICA = internal carotid artery; EEA = endoscopic endonasal approach.
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degree of complications encountered; these are discussed
further in Section IX.A.5 Prognostic factors including GTR
in clival chordoma. Several neurovascular complications
were identified among the series analyzed. In addition to be-
ing familiar with technical pearls to prevent these injuries, it
is important to include these possibilities in a preoperative
comprehensive informed consent discussion. Out of 395
endoscopic endonasal resections for chordomas included,
there was a 7.8% rate of significant neurovascular compli-
cations, including stroke, hydrocephalus, brainstem injury,
and CN injury. Importantly, this encompassed a 2.8% rate
of stroke and major vessel injury, including injuries to the
ICA and basilar arteries. A variety of strategies can be em-
ployed to minimize risks to these structures. During the
initial endoscopic approach, identifying the Vidian nerves
bilaterally and drilling down the clivus along this facilitates
identification of the second genu of the ICAs at the foramen
lacerum.996,1002

Palsy of the CNs controlling eye movements, particularly
CN VI, is a common presenting feature. These nerves are
also at increased risk of injury during surgical intervention.
In cases requiring dural incision, it is important for inci-
sions to begin medially in order to prevent CN VI injury at
the intradural segment. Out of 281 EEAs for clival chor-
domas, there was a 3.1% rate of new onset postoperative
abducens nerve palsy. All but 3 of these injuries were tran-
sient, making the permanent rate of abducens nerve injury
0.8%. Hence, it is important to include this possible risk in
a preoperative discussion of risks, as well as relaying that
most of these injuries are transient.

Another sequela (not necessarily a complication)
surgeons should be aware of is the potential for atlanto-
occipital instability due to tumor invasion of the
craniovertebral junction structures. In a single-institution
retrospective review specifically investigating this sequela
among patients undergoing EEAs for lower clival lesions,
3.3% of patients required arthrodesis (the majority after
combined endoscopic and open approaches).1032 The
degree of occipital condyle involvement by tumor invasion
or subsequent iatrogenic resection was associated with
subsequent occipitocervical instability and the use of com-
bined approaches ultimately necessitated atlanto-occipital
fixation. Clival resection alone did not lead to instability.

IX.A.3. Patterns of recurrence and seeding after
EEA for clival chordoma

Of 18 analyses with individual patient data providing suf-
ficient details about recurrence, 39 patients (17.3%) were
noted to have recurrent disease detected during their sur-
gical follow-up periods. Of course, follow-up time varies
considerably among series in which this information was
available, ranging from 5.9 months to 91 months; hence,
taken together, these data may not be optimal for judging
recurrence rates. What has been established is that chordo-
mas generally grow slowly, and recurrence rates may not
necessarily stabilize after 5 years. In 1 of the larger datasets,

encompassing aggregate patient data from 80 endoscopic
endonasal resections, Zoli et al.1020 reported 24 patients
(40%) presenting with concern for recurrence and/or resid-
ual tumor (several recurred multiple times), with a median
time of recurrence at 20.5 months. Interestingly, 22 pa-
tients experienced regrowth after a partial resection, and
only 4 had recurrence as demonstrated on MRI after GTR.
Ultimately, 26.2% of patients in Zoli et al.1020 passed away
from tumor progression. It is important to understand these
results come from a larger cohort of 80 surgeries, and con-
trast them with many of the smaller available series with
limited follow-up. In dataset of Koutourousiou et al.1010 en-
compassing 60 patients, 14 patients (23.3%) demonstrated
either growth of residual tumor or recurrence, undergoing
revision surgery. Chibbaro et al.1005 represented another
large series of skull-base chordomas resected endoscopi-
cally, reporting a 11% recurrence rate. Both a greater ex-
tent of intradural extension on preoperative MRI as well as
postoperative residual tumor on early postoperative MRI
had significant associations with early recurrence and sub-
sequent progression. One of the main points of controversy
within many series includes discussion of the appropriate
indications for choosing a purely EEA; there is a general
consensus agreeing on the utility of this approach for mid-
line lesions, but in lesions with more lateral extension as
well as lesions of the lower clivus, decisions of whether
to undergo endoscopic approaches varied and appear to
be a function of each individual center’s experience with
this approach. As the skull-base community acquires more
experience with longer-term follow-up of clival chordoma
patients who have undergone EEAs, these data will likely
be revisited.

There have been several reports with recurrence in which
authors believe seeding along the surgical pathway may
have played a role, particularly in open cases.1033–1039 It can
be difficult to attribute a recurrence to “seeding” and no
definitive consensus has emerged regarding this; however,
it has been suggested that minimally invasive techniques
such as the EEA may limit seeding.1037 In a large series,
specifically examining iatrogenic seeding following 173 en-
doscopic endonasal resections for skull-base chordomas,
Fernandes Cabral et al.1026 noted a 1.2% rate of seeding.

IX.A.4. Reconstruction after EEA for clival
chordoma

One of the initial concerns with EEA for clival lesions was
the ability to address CSF leaks. With greater experience
and subsequent technical innovations, this has become less
of an issue, because CSF leak rates with endoscopic tech-
niques have decreased significantly. An important differ-
ence in the surgical management of clival lesions is that
these defects tend to be significantly larger than those for
other ventral skull-base locations and involve the higher-
risk posterior fossa. Furthermore, extra care must be taken
to avoid overpacking of reconstructive materials, because
compression of the brainstem as well as the surrounding
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critical neurovascular structures have the potential for dev-
astating consequences. The level of detail provided for clo-
sure and CSF leak rates varied tremendously in the series
included. For example, numerous series encompassed var-
ious types of clival lesions, but did not differentiate the
CSF leak rate for each pathology. Of the 17 series that did
report sufficient details there was an 11.8% postoperative
CSF leak rate after EEA resection of chordomas. Twelve of
these series reported individual patient data in a manner al-
lowing for evaluation of the relationship between extent of
resection and postoperative leak rates. There was a 20.3%
postoperative CSF leak rate among patients who under-
went GTR compared to an 8.7% leak rate among patients
who underwent a less than total resection.

In addition to extent of resection, several other factors
may be associated with an increased risk for postoperative
CSF leak. For example, there is the possibility that intradu-
ral clival defects likely harbor a greater risk of postoperative
CSF leak, although data was reported inconsistently among
these series and this assertion was not supported as strongly
as the relationship with extent of resection. Another poten-
tial factor deals with surgeon experience with EEAs for cli-
val lesions. Koutourousiou et al.1010 notes strong evidence
for the presence of a learning curve, with a 27.3% postop-
erative CSF leak rate dropping to 15.8% upon comparison
of consecutive 4-year periods.

Skull-base reconstruction is further detailed in later sec-
tions (see Section X.A. Vascular reconstruction and Section
X.B. Free-graft reconstruction). Briefly, nearly all authors
in the included analyses advocate multilayer closure. The
vast majority of authors advocated the use of vascularized,
pedicled flaps, specifically an NSF, in cases with dural
defect. Furthermore, a large proportion of authors also
support using it more routinely in endoscopic resection of
clival lesions. Intradural clival lesions are also associated
with a 17% incidence of postoperative pontine encephalo-
cele, a radiographic finding that could limit radiation
dosing to the surrounding area and is dramatically reduced
by the use of fat in the reconstruction.1040 In the 16
analyses in which sufficient detail was provided, 7 author
groups advocated use of fibrin sealants, while 9 made no
mention of the use of these products. This issue is further
detailed in Section XII.C. Perioperative and postoperative
management in ESBS.

IX.A.5. Prognostic factors including GTR in clival
chordoma

A variety of factors have been suggested to correlate with
long-term prognosis, and population-based resources have
previously evaluated these relationships. Focusing on skull-
base chordomas, 1 SEER analysis reported larger tumor size
and older age as negative predictors of survival.1030 In an-
other analysis examining these lesions, positive predictors
of survival included patients who underwent surgical re-
section, younger age, and management in a higher-volume
institution.1029

GTR has been associated with improved outcomes and
decreased recurrence in multiple older series predating the
popularization of endoscopic approaches. In an older series
from the pre-endoscopic era examining chondrosarcoma
and chordoma patients, patients with more extensive re-
sections (either total resection or NTR) had a significantly
greater 5-year recurrence-free survival rate vs those with
partial resections (84% vs 64%).1041 With regard to the in-
dividual series included in this EBR, follow-up times were
inconsistent and often short-term, allowing only limited
conclusions. Nonetheless, numerous series reported GTR
or near total resection as being associated with fewer re-
currences and greater survival. As noted in Section IX.A.3.
Patterns of recurrence and seeding after EEA for clival chor-
doma, Chibbaro et al.1005 noted the absence of postoper-
ative residual tumor on early postoperative MRI to have
a significant association with not developing recurrence.
Numerous series, including those with microscopic or lat-
eral approaches as well as authors reporting experiences
with endoscopic approaches, have concluded that extent
of resection has a strong association with decreased recur-
rence and increased survival.1010,1041–1044 For the 17 series
in which individual patient data detailing the extent of re-
section was available, the rate of GTR was 64.5%.

In 1 of the larger detailed retrospective reviews reporting
aggregate patient data, Zoli et al.1020 explored outcomes
of 65 patients who underwent a total of 80 EEAs for clival
chordomas. GTR was noted in 58.7% of cases; the extent of
tumor removal and having primary (rather than recurrent)
lesions were both correlated with longer survival. Primary
procedures, lesions located in the upper two-thirds of the
clivus, and extradural lesions were noted to have an associ-
ation with a greater likelihood of GTR.1020 In another series
of 60 cranial base chordomas, the GTR rate was 66.7%,
although this was heavily influenced by whether this was a
primary surgery vs surgery in a previously treated patient
(82.9% GTR vs 44% GTR, respectively).1010

There are several practical issues to consider with regard
to the extent of resection performed. Importantly, the de-
gree of tumor extension around adjacent nerves and blood
vessels sometimes dictates the degree to which a safe resec-
tion can be achieved. Greater rates of GTR and decreased
complication rates have been suggested to be a function of
surgical team experience.1010

IX.A.6. Adjuvant therapy for clival chordoma
Despite being a low-grade lesion, clival chordoma resec-
tion has a high potential for significant morbidity and even
death due to involvement of surrounding critical structures.
Although GTR is the goal, several factors including the po-
tential injury to critical neurovascular structures must be
balanced with this benefit. Particularly in lesions with ex-
tension lateral to the ICAs, this goal of total resection may
require a variety of surgical approaches and multimodality
treatment. Although the relative rarity of skull-base chordo-
mas is at least in part responsible for a lack of high-quality
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prospective trials, there is a general consensus that adju-
vant radiation may play a role in disease control.1045–1047

In contrast, the role of adjuvant chemotherapy and im-
munotherapy are largely undefined and not routinely used.

Among the studies with individual patient data in which
adjuvant therapy was discussed, 52.0% of patients who
underwent EEAs underwent adjuvant RT. Furthermore,
these radiation regimens differed by series and even within
series, making an understanding of their differences im-
portant for practitioners involved in the care of these pa-
tients. Conventional external beam RT was used among
several patients in the analyses included, but other radiation
modalities were adopted more frequently, including IMRT,
stereotactic radiosurgery, and proton beam therapy. In gen-
eral, proton beam RT is employed when critical unaffected
structures are located directly adjacent to tumors.1047,1048

Importantly, there is a pronounced dose decrease beyond
targeted tissue,1045 which minimizes damage to surround-
ing critical skull-base structures including the brainstem
and CN VI. Among series in which specific radiation modal-
ity was detailed, a plurality (46.5%) of patients underwent
adjuvant proton beam RT. A recent systematic review has
suggested that proton beam therapy likely has higher lo-
cal control and survival than other radiation modalities for
clival chordomas, although trials with direct comparison
are needed to further solidify this into a consensus.1047 The
primary disadvantages of proton beam therapy include a
lack of availability and cost. Increasing experience with its
use in clival chordomas will further define the role of this
modality and its role in adjuvant treatment.

Conclusion
The EEA can be utilized in midline chordomas of the clivus
in skull-base centers with sufficient experience and exper-
tise. Patient selection is critical and may be complementary
to open approaches. GTR is the goal of treatment with
adjuvant RT to minimize recurrence.

� Aggregate Grade of Evidence: C/D (Level 3: 2 studies;
Level 4: 22 studies)

� Benefit: EEAs to the clival region offer an opportunity for
decreased surgical morbidity for midline lesions of the
clivus, because numerous single-institution series have
demonstrated this to be a feasible approach with simple
and rapid access.

� Harm: There is a modest potential for significant neu-
rovascular complications with use of the EEA for clival
chordoma, although direct comparisons to traditional
open approaches are lacking in the literature. Surgeons
and patients should be familiar with the potential for
brainstem injury, vascular injury, and the potential for
transient and permanent injury to CN VI. Although there
is a consensus that GTR is associated with decreased re-
currence, extensive resection may also be associated with
a greater postoperative CSF leak rate.

� Cost: No studies directly evaluating the cost for treat-
ment of clival chordomas were identified.

� Benefit-Harm Assessment: Direct comparison between
the open approach and EEA are lacking, and similar risks
for neurovascular injuries are present. The direct corri-
dor with minimal approach morbidity favors EEA while
the increased risk of postoperative CSF leak is noted with
this subsite.

� Policy Level:
◦ Recommendation: The EEA can be utilized in midline

chordomas of the clivus in skull-base centers with
sufficient expertise and experience

◦ Option: The EEA is feasible, including in conjunction
with an open approach, for certain chordomas with
lateral extension as well as those of the lower clivus.

� Intervention: Clival chordoma may be treated with EEAs
as part of a multidisciplinary approach to the treatment
of these lesions.

IX.B. Chondrosarcoma
Chondrosarcomas are rare bony lesions that can arise in
the skull base from degenerated chondroid cells.1049 They
constitute approximately 0.15% of all intracranial tumors
and 6% of tumors located in the skull base.1050 Skull-base
chondrosarcoma represent 2% of all chondrosarcomas and
are typically located close to the synchondroses.1049

Recently, technical advances in endoscopic surgery, espe-
cially in terms of closure and skull-base reconstruction with
the use of vascularized mucosal flaps,273 have allowed the
median endonasal corridor to be used in the management of
skull-base chondrosarcoma. Skull-base chondrosarcomas
originating in the median and paramedian location are the
ideal candidate to be managed though the EEA.

Our objective was to analyze the current literature
through the ICAR:ESBS methodology and summarize the
current surgical results with endoscopic endonasal surgery
for primary chondrosarcomas of the skull base. We ex-
cluded publications with data concerning chondrosarcomas
undistinguishable from that of other lesions or series not
presenting surgical technique and outcome data. Only the
most recently published version of duplicates or updated
surgical series were included in the analysis. Following the
ICAR:ESBE methodology, 25 articles, including 10 case re-
ports, were thus included in our analysis.

IX.B.1. Outcomes of endoscopic endonasal
surgery for chondrosarcoma

The evidentiary table (see Table IX.B) summarizes the
design and conclusion(s) of the included studies, ex-
cluding case reports. Only retrospective case series and
case reports were identified, with a corresponding level
of evidence according to the Oxford LOE classifica-
tion of 4 and 5, respectively. Among the included stud-
ies, only 3 were focused solely on ESBS for skull-base
chondrosarcoma,1054,1055,1059,1060 with 3 additional stud-
ies including also chordoma cases along with chondrosar-
coma operated through an ESBS.1004,1018,1025 The studies
published by Carlson et al.,1056 Cho et al.,1053 and Raza
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TABLE IX.B. Evidence for ESBS for chondrosarcoma

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Castelnuovo1051 2005 4 Case series Consecutive series of ESBS for
sphenoid sinus pathology

1. Treatment-related
outcome

1 Chondrosarcoma with GTR and
no postoperative morbidity

Frank1004 2006 4 Case series Consecutive series of chordoma
(9) or chondrosarcoma (2)
treated with ESBS at 1
institution

1. Treatment-related
outcome

A radical resection was achieved
in both chondrosarcoma cases.
No postoperative morbidity

Tami1052 2006 4 Case series Consecutive series of ESBS for
lesions of the sphenoid lateral
recess (8 patients, including 1
chondrosarcoma)

1. Treatment-related
outcome

GTR, no complication

Cho1053 2008 4 Case series Consecutive series of chondroid
lesions with 11
chondrosarcoma (including 2
treated with ESBS) at 1
institution

1. Treatment-related
outcome

2. OS and PFS
3. Functional outcome

1. 3 GTR in chondrosarcoma
(none with ESBS)

2. OS rates at 3 and 5 years were
100.0%, and the PFS rate at 3
and 5 years was 88.9 and
80.0%

3. 5 patients with no symptoms
and 6 with nondisabling
symptoms

Zhang1018 2008 4 Case series Consecutive series of chondroid
lesions with 2 chondrosarcoma
at one institution

1. Treatment-related
outcome

1 Chondrosarcoma with STR and
no postoperative morbidity

Mesquita Filho1054 2014 4 Case series Consecutive series of
chondrosarcoma treated with
ESBS (5 cases)

1. Treatment-related
outcome

2 GTR, 3 NTR
2 Patients had staged surgeries
No new neurological deficit, no

CSF leak

Vellutini Ede1017 2014 4 Case series Consecutive series of ESBS for
clival and paraclival tumors (38
patients, including 2
chondrosarcoma)

1. Treatment-related
outcome

1 GTR, 1 STR. 1 CN VI palsy postop

Moussazadeh1055 2015 4 Multicentric
case series

Consecutive series of
chondrosarcoma treated with
ESBS (8 cases)

1. Treatment-related
outcome

5 GTR, 2 NTR and 1 STR. 1
postoperative CSF leak

“Extended endonasal corridors to
the skull base, [ . . . ], are well
suited for addressing
paramedian lesions such as
chondrosarcomas”

Carlson1056 2016 4 Multicentric
case series

1. Primary chondrosarcoma of
the petroclival junction (47
cases, including 5 ESBS)

2. Recurrent chondrosarcoma of
the petroclival junction (17
cases, including 3 ESBS)

1. Treatment-related
outcome

2. OS and PFS

1. 1 Carotid-injury and 1 surgical
revision for CSF leak after
ESBS

2. The 1-year, 3-year, 5-year,
and 10-year PFS rate for all 45
patients who underwent
surgery with or without
adjuvant radiation therapy was
97%, 89%, 70%, and 56%,
respectively.

Patrona907 2017 4 Case series 1. Consecutive series of ESBS for
nonmeningioma, nonpituitary
lesions involving the
cavernous sinus (15 cases,
including 3 chondrosarcoma)

1. Treatment-related
outcome

2. Identification of factors
associated with GTR of
the cavernous sinus
extension

1. 1 GTR, 2 STR. Improvement of
presenting CN palsy in all 3
cases but new CN III and CN V
palsy in 1 case

2. In the overall series, extent of
resection within the
chondrosarcoma; GTR was
accomplished in 55% of

(Continued)
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TABLE IX.B. Continued

Study Year LOE Study design Study groups Clinical endpoint Conclusion

1. tumors with Knosp-Steiner
Grade 1 to 2 and in 16.6% of
tumors with Knosp-Steiner
Grades 3 to 4, respectively.
GTR was achieved in 55% of
the tumors with ICA
encasement <75% and in
14.3% of lesions with ICA
encasement >75%.

Messerer1011 2016 4 Case series 1. Consecutive series of ESBS for
clival and paraclival tumors
(11 patients, including 1
chondrosarcoma)

1. Treatment-related
outcome

STR, no complication

Raza1058 2017 4 Case series 1. Consecutive series of
chondrosarcoma (37 patients
including 9 ESBS)

1. Treatment-related
outcome

2. OS and PFS

1. Patients operated through an
ESBS not distinguishable but
GTR in 62% or the cohort. The
30-day complication rate was
16% but no new neurological
deficit was seen.

2. 32% local recurrence rate at a
median of 37 months after the
index surgery. The 5-year PFS
was 0% with STR vs 67% in
GTR

Kim1025 2018 4 Case series 1. Consecutive series of
chondroid lesions with 5
chondrosarcoma treated with
ESBS at 1 institution

1. Treatment-related
outcome

2. Identification of factors
associated with GTR

1. 3 GTR and 2 STR in
chondrosarcoma. No
postoperative morbidity

2. Lateral extension of the
chondrosarcoma was found to
be associated with reduced
GTR rates

Vaz-Guimaraes1059 2017 4 Case series 1. Consecutive series of
chondrosarcoma treated with
ESBS (35 cases)

1. Treatment-related
outcome

2. Identification of factors
associated with GTR

3. Disease-specific
survival and PFS

1. 22 GTR (62.9%), 11 NTR
(31.4%), and 2 STR (5.7%)
Among the 19 patients with

CN palsy, 11 improved
(57.9%) and 8 remained
unchanged (42.1%). 6 CSF
leak (17%), 5 permanent
new CN deficits (14%), 2
meningitis (6%), 1 ICA injury

2. Factors associated with
incomplete resection were
tumor volume, involvement of
the middle fossa, cavernous
sinus, and CPA

3. The average follow-up time
was 44.6 ± 31 months. 7
patients (22.6%) had local
tumor recurrence/progression.
Disease-specific survival at 3
and 5 years were 91.1% and
90.5%, respectively. The
cumulative recurrence-free
survival rate was of 83.7%
and 80.8% at 3 and 5 years,
respectively.

(Continued)
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TABLE IX.B. Continued

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Hasegawa1060 2018 4 Case series 1. Consecutive series of
chondrosarcoma treated with
ESBS (19 cases)

1. Treatment-related
outcome

2. PFS

1. 15 GTR (78.9%), 2 subtotal
(10.5%) and 2 PR (10.5%). 1
CSF leak and 3 transient
abducens nerve palsy (15.8%)

2. The overall actuarial tumor
control rates at 3 and 5 years
were 92.9% (median
follow-up of 47 months)

CSF = cerebrospinal fluid; CPA = cerebellopontine angle; ESBS = endoscopic skull-base surgery; GTR = gross total resection; ICA = internal carotid artery; LOE = level
of evidence; NTR = near-total resection; OS = overall survival; PFS = progression free survival; PR = partial resection; STR = subtotal resection.

et al.1058 were consecutive clinical series of skull-base chon-
drosarcomas that included a number of patients operated
through an EEA. The remaining 5 studies were consecu-
tive clinical series of patients who had an ESBS for a va-
riety of pathology centered on a specific anatomical re-
gion (ie, the cavernous sinus, the clival and paraclival area,
etc.).1011,1017,1051,1052,1057

XI.B.1.a. Endoscopic endonasal surgery series in
chondrosarcoma. Vaz-Guimaraes et al.1059 have pre-
sented the largest clinical series of skull-base chondrosar-
coma resected through an ESBS, with 35 such cases. In
his cohort study, 26 patients had a single surgery and the
remaining 9 patients had multiple surgical stages (4 pa-
tients had multiples ESBSs and 5 had a combination of
ESBS and open approaches). GTR was achieved in 22 cases
(62.9%), NTR (>90% resection) in 11 cases (31.4%), and
STR (<90% resection) in 2 cases (5.7%). Among the 19
patients that had a preoperative CN palsy, 11 improved
(57.9%) and 8 remained unchanged (42.1%). The com-
plications from this series included 6 CSF leaks (17%), as
well as 5 permanent new CN deficits (14%), 2 cases of
meningitis (6%), and 1 ICA injury. Factors associated with
incomplete resection were tumor volume (with a cutoff vol-
ume of 26.2 cm3), involvement of the middle fossa, cav-
ernous sinus, and cerebellopontine angle (CPA). GTR rates
were similar in patients who underwent only ESBS (63.4%)
and patients who required a combination of endoscopic
and open approaches (60%) (p = 0.999). After an average
follow-up time of 44.6 ± 31 months, 7 patients (22.6%)
presented local tumor recurrence or progression. DSS at 3
and 5 years was 91.1% and 90.5%, respectively. The cumu-
lative recurrence-free survival rate was 83.7% and 80.8%
at 3 and 5 years, respectively. Hasegawa et al.1060 reported
on a series of 19 patients with skull-base chondrosarcoma
operated exclusively through an ESBS (although 6 patients
had previous transcranial surgeries). In this series, GTR
was obtained in 15 cases (78.9%), while subtotal resection
(>90% resection) was obtained in 2 cases (10.5%) and

partial resection (PR) (<90% resection) was obtained in 2
cases (10.5%). Only 1 CSF leak was observed in this se-
ries and the only additional complications reported were
3 occurrences of transient abducens nerve palsy (15.8%).
The outcome of preoperative neurological deficits was not
reported in this study. The overall actuarial tumor control
rates at 3 and 5 years were 92.9% (with a median follow
up of 47 months).

Moussazadeh et al.1055 have reported their clinical series
of ESBS in chondrosarcoma with 8 such cases operated in
2 neurosurgical centers. In this study, the authors report 5
GTRs (62.5%) and 2 NTRs (25%) and very few postoper-
ative complications. Only 1 patient presented a postopera-
tive CSF leak and no new neurological deficit was found. In
fact, 6 patients had improvement of their preoperative CN
deficits. Duration of follow-up and recurrence rate are not
provided in this study. Mesquita et al.1054 report similar
findings in their series of 5 ESBSs for chondrosarcoma ex-
tending predominantly toward the posterior fossa and the
CPA, with 2 GTRs and 3 NTRs, although 2 of the NTRs
were achieved after additional surgical stages. In this study,
no postoperative complication was recorded, including no
CSF leak. In 3 patients out of 5 that presented preoperative
symptoms which may be attributed to CN deficits, com-
plete or partial improvement of the presenting deficit(s) was
reported. No recurrence nor residual tumor progression
were observed during follow-up (mean duration, 14.8 ±
12.1 months).

IX.B.1.b. Endoscopic endonasal surgery series for
chondroid tumors in the clivus. Among the earliest re-
ports, a study by the Bologna group reported on a series
of cases treated through an EEA that included 9 chordo-
mas and 2 chondrosarcomas.1004 In the 2 chondrosarcoma
cases, which were both located in the clivus and had an
extension toward the cavernous sinus, the resection was
complete and no complication was recorded (follow-up of
27 and 38 months without evidence of tumor recurrence).
One of the 2 patients had recovery of a CN VI palsy wheras
no improvement was reported for a lower CN palsy in the
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second patient. Zhang et al.1018 also reported on 2 patients
with chondrosarcoma that were resected though an ESBS
with 1 GTR and 1 STR (no recurrence after 39 months
and stable disease after 14 months, respectively). More re-
cently Kim et al.1025 have analyzed their series of chon-
droid lesions that were approached though an ESBS. In this
study, GTR was achieved in 3 of 5 cases of chondrosar-
coma and no postoperative morbidity is reported in this
subgroup. Interestingly, this group studied analyzed preop-
erative factors that could be associated with achieving GTR
in their series, which also included 37 chordomas. Lateral
extension of the tumor (beyond a tangent plane between
the cavernous ICA, paraclival ICA, cisternal portion of the
trigeminal nerve, and hypoglossal canal) was found to be
associated with reduced GTR rates on both univariate (OR
6.25; 95% CI, 1.51 to 25.86; p = 0.011) and multivari-
ate analysis (OR 41.16; 95% CI, 1.12 to 1512.65; p =
0.043). In the whole cohort including 5 chondrosarcomas
and 37 chordomas, there were 8 recurrences (19.0%) dur-
ing the mean follow-up of 32.7 months (range, 1.0 to 81.7
months).

Two publications reported clinical results on the surgi-
cal treatment of a mixture of lesions located in the clivus
and paraclival area. In a series of 38 patients with such
lesions, including 2 chondrosarcoma and 26 chordoma,
Vellutini Ede et al.1017 obtained 1 GTR and 1 STR in
chondrosarcoma cases, with 1 patient developing a new
CN VI palsy postoperatively. Duration of follow-up and
recurrence rate are not provided in this study. The au-
thors conclude that EEA is an effective alternative for
treatment of patients with clivus tumors of any origin.
Messerer et al.1011 have reached similar conclusions in a
series of 11 cases of clival and paraclival pathology, includ-
ing 1 chondrosarcoma case (STR, no complication, lost
at follow-up after 6 months). They state, “The [EEA] is
the most direct route to access the ventral midline skull
base.”

IX.B.1.c. Chondrosarcomas isolated to the sphe-
noid sinus. Castelnuovo et al.1051 were the first group
to present a case of chondrosarcoma resected through an
EEA. This case was among a clinical series of sphenoid sinus
lesions treated with ESBS. In this clinical case, the patient
presented with sudden visual deterioration, a deficit that
improved after GTR of the tumor. The patient did not suf-
fer any complication and was disease-free at the last follow-
up, 56 months postoperatively. Another study focused on
ESBS for lesions of the sphenoid sinus, more specifically in
the lateral recess of the sinus,1052 with only 1 chondrosar-
coma in a series of 8 cases. The resection was complete and
no complication is reported in this case. Follow-up dura-
tion was 35 months with no evidence of disease recurrence.
In both of these publications, the authors conclude that
the EEA is a safe and effective surgical route for pathol-
ogy centered in the sphenoid sinus or the lateral sphenoid
recess.

IX.B.1.d. Endoscopic endonasal surgery for chon-
drosarcomas involving the cavernous sinus. In their
study focusing on lesions involving the cavernous sinus,
Patrona et al.1057 discuss surgical outcomes in a series of
15 cases, including 3 chondrosarcomas. In this study, GTR
resection was performed in 1 chondrosarcoma case and
STR in 2 cases. All 3 had improvement or resolution of
their presenting CN palsy; although, in 1 case, there was
resolution of a preoperative CN VI palsy but new deficits
of CN III and IV. Duration of follow-up is not provided
for the chondrosarcomas, but there was tumor progression
in 1 case during the follow-up period. These authors also
propose that the degree of internal carotid encasement and
the Knosp-Steiner grade might predict the ability to achieve
GTR. This, however, is supported only by the absolute dif-
ference in GTR rates obtained between the varying degree
of carotid encasement, and Knosp-Steiner grade and statis-
tical significance is not reported.

IX.B.1.e. Endoscopic endonasal surgery as part of
multimodal therapy for chondrosarcoma. The last 3
included studies describe relatively large clinical series of
skull-base chondrosarcoma treated by a multimodal ap-
proach (multiple surgical techniques with or without RT).
In the largest such series, Carlson et al.1056 discuss 47 cases
of primary chondrosarcoma including 5 treated with ESBS
and 17 cases of recurrent chondrosarcoma, including 3
treated with ESBS, in 4 neurosurgical centers. In their series,
the GTR rate was 27% and there was 1 carotid injury and 1
CSF leak among the patients that had ESBS, but no neuro-
logical deficit is reported at 30 days after the index surgery.
The authors also report outcome data, with a PFS at 1 year,
3 years, 5 years, and 10 years for all 45 patients who under-
went surgery for primary chondrosarcoma with or without
adjuvant RT of 97%, 89%, 70%, and 56%, respectively. In
a similar single-institutional clinical outcomes study, Raza
et al.1058 report on 37 consecutive chondrosarcoma cases,
including 9 ESBS. In their study, surgical outcomes of pa-
tients operated with ESBS were not distinguishable from
other surgical approaches. The GTR rate was 62% in the
whole cohort. The 30-day complication rate was 16% but
no new neurological deficit was seen. The local recurrence
rate was found to be 32% at a median of 37 months after
the index surgery. The 5-year PFS was 0% with STR vs 67%
with GTR. The authors further discuss the role of adjuvant
therapy, including RT. In this study, the authors propose
that indications for RT should be made based on histo-
logical subtype and grade. In this series of patients, there
was no progression of residual grade 1 chondrosarcoma,
whereas adjuvant RT provided a significant benefit on local
disease control for grades 2 and 3. In a study including both
chordoma and chondrosarcoma, Cho et al.1053 reported on
clinical and functional outcomes. Among 11 chondrosar-
coma cases, GTR was achieved in 3 cases although there
were no GTRs in either of the 2 ESBS cases. The OS rates
at 3 years and 5 years were both 100.0%. The PFS rate
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at 3 years and 5 years were 88.9 and 80.0%, respectively.
From the functional standpoint, the 11 patients operated
for a skull-base chondrosarcoma fared well, with 5 patients
having no symptoms and 6 with nondisabling symptoms at
the last follow-up.

IX.B.1.f. Case reports on endoscopic endonasal
surgery for chondrosarcoma. Ten case reports on the
application of the EEA for the surgical treatment of skull-
base chondrosarcomas were found.1061–1070 Out of a total
of 12 patients, GTR was achieved in 5 cases. In 2 patients,
a postoperative CSF leak1061,1070 occurred, with 2 cases
of meningitis1067,1070 recorded. The sole new neurological
deficit was a de novo CN VI palsy.1070

IX.B.2. Factors influencing GTR and CN outcomes
in chondrosarcoma

Although no studies have demonstrated the superiority of
ESBS for the treatment of chondrosarcoma compared to
traditional surgical techniques, a relatively high GTR rate
was reported, ranging between 40% and 78.9% (63% in
the largest series). In fact, ESBS is probably a useful addition
to the surgical armamentarium for the treatment of skull-
base chondrosarcoma and might allow satisfactory tumor
resection or decompression in appropriately selected cases.
Some authors have reported the successful use of a staged
surgical strategy combining an EEA and a transcranial ap-
proach to achieve GTR.1058,1060

Factors associated with a lower GTR rate were larger
tumor volume and extension into the middle fossa, cav-
ernous sinus, or CPA.1059 Likewise, in a mixed cohort of
clival tumors (chordomas and chondrosarcomas) resected
through an ESBS, tumors located medial to a plane tangent
to the cavernous ICA, paraclival ICA, cisternal portion of
the trigeminal nerve, and hypoglossal canal were found to
be associated with increased GTR rates.1025

Analysis of the reported tumor control data is lim-
ited by short follow-up (only 1 study reporting a mean
duration of follow-up >60 months) and a low number
of patients in each cohort. Nonetheless, PFS rates re-
ported in the included series are comparable to previ-
ous studies on skull-base chondrosarcomas (70 to 81% at
5 years).1053,1056,1060

The use of the endonasal corridor in these tumors lo-
cated in or around the midline has the potential to reduce
postoperative CN morbidity. In the larger studies included
in this review, the rate of new postoperative CN deficit
was low. On the contrary, a significant proportion of pa-
tients actually had improvement of their preoperative CN
deficits.1054,1055,1057,1060 However, this review is limited by
significant heterogeneity among the included studies. More-
over, the majority of the publications included in this sys-
tematic review are case reports or surgical series with a lim-
ited number of patients (only 7 publications reporting on 5
or more patients with chondrosarcoma treated through an
ESBS). These small series and case reports introduce signifi-

cant selection and publication biases. Moreover, definitions
of the extent of resection classification were not provided
in many of the included studies, making comparison and
inference subject to a significant information bias. Finally,
because of the heterogeneity in reporting, there was a high
rate of missing data, especially in the rates of cranial neu-
ropathy recovery, duration of follow-up, and tumor control
rates.

Conclusion
In this systematic review, we have found that there is no
high-level evidence on the subject of endoscopic endonasal
surgery in skull-base chondrosarcoma. The current evi-
dence, all of which is derived from case series (LOE 4)
and case reports (LOE 5), supports ESBS as an option in
the treatment of chondrosarcoma.

� Aggregate Grade of Evidence: D (Level 4: 14 studies;
Level 5: 10 studies)

� Benefit: Although no studies have demonstrated a direct
benefit of ESBS for the treatment of chondrosarcoma
compared to traditional surgical techniques, the use of
the median corridor in these tumors located in or around
the midline can result in a relatively high GTR rate and
has the potential to reduce postoperative CN morbid-
ity. There is no evidence that allows assessment of the
GTR rate as compared to standard surgical techniques.
However, the ESBS is probably better suited in some
chondrosarcomas, especially those centered on or near
the midline and/or extending toward the sphenoid sinus,
the cavernous sinus, and the clival area.

� Harm: Potential harm of the technique include the risk
of CSF leak, new CN morbidity, and reduced sinonasal
QOL.

� Cost: Although no study has examined the issue of cost
related to ESBS in chondrosarcoma, reduced CN mor-
bidity might potentially translate into lower costs in the
long-term. On the other hand, increased equipment costs
that might be associated with EEAs needs to be consid-
ered.

� Benefits-Harm Assessment: In the case series reviewed,
the CSF leak rate was relatively low, as was the rate of
new postoperative CN deficit. In fact, a significant pro-
portion of patients actually benefited from improvement
of their preoperative CN deficits. There is no evidence
that ESBS would provide increased GTR rates, but re-
cent large clinical series have shown that it can be part
of a multimodal strategy in the treatment of skull-base
chondrosarcoma. In 1 study included in the present re-
view, tumor laterality was found to be associated with
reduced GTR rates in a cohort of clival tumors (chordo-
mas and chondrosarcomas).

� Value-Judgment: There is no significant argument for or
against the use of ESBS for chondrosarcoma in the cur-
rent literature. Studies to date have mostly shown that
it is a rational surgical approach for chondrosarcoma,
because these tumors tend to be located near or at the
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midline. Traditionally, EEAs have been burdened by a
high risk of CSF leak. However, results reported in the
clinical series reviewed were encouraging. This might be
explained in part by the fact that, in many cases, chon-
drosarcomas are purely extradural lesions.

� Policy Level: Option
� Intervention: EES is likely a reasonable option for skull-

base chondrosarcomas, especially those that are located
at or near the midline.

X. Reconstruction
X.A. Vascular reconstruction

Optimal endoscopic reconstruction of skull-base defects
remains an area of ongoing evolution. Similar to recon-
structive techniques used in open surgical cases, endoscopic
repairs must achieve multiple goals: re-establishing the sep-
aration between the sterile cranial vault and the microbe-
colonized sinonasal cavity; preventing CSF transgression
across the skull-base defect; and filling the void created
by tumor extirpation. Inconsistency in achieving successful
skull-base reconstruction was 1 of the final obstacles pre-
venting widespread adoption of ESBS.1071 Rates of CSF
leaks from early reconstructive efforts, often using free
grafts, were reported in excess of 30%.273 However, with
the introduction of vascularized tissue flaps,273 the rate
of postoperative CSF leak has dropped significantly, with
groups reporting leak rates of 3.1% to 8.3%.477,1072–1074

The adoption and successful implementation of the pedi-
cled NSF proved to be a watershed event for the pro-
gression of the discipline of ESBS.273 The breadth of vas-
cularized reconstructive options has continued to expand
to include local pedicled flaps, regional pedicled flaps,
and distal free-tissue transfer flaps. Herein, we provide
an overview of types of vascular flaps, discuss the ev-
idence supporting vascular flap reconstruction, and re-
view the major complications and limitations of these
repairs.

X.A.1. Types of vascular flaps
The NSF is the dominant vascular flap used in skull-base
reconstruction because of an ideal central location, ro-
bust vascular supply, ample coverage area, and accept-
able donor-site morbidity. The origins of the NSF can be
traced to a description by Hirsh1075 in 1952,whereas in
1966 Montgomery1076 detailed the NSF as a useful tech-
nique to prevent CSF rhinorrhea following pituitary tumor
resection. The broad adoption of the NSF in endoscopic
surgery, however, is credited to Hadad et al.,273 who in
2006 described the NSF as a means to reconstruct large du-
ral defects after expanded ESBS. Prior to this publication,
only 9% of endoscopic CSF leak repairs used vascularized
flaps,52 but today the NSF has become 1 of the primary
techniques for vascularized repair of endoscopic skull-base
defects.

The majority of literature addressing the utility of vascu-
larized flaps in skull-base reconstruction has focused on lo-
cal flaps, namely the NSF, owing to its widespread adoption
and extensive reporting of outcomes by many institutions.
Numerous alternatives to the NSF have been described,
including other local flaps, as well as regional and distal
vascularized flaps (Table X.A.1).

In situations where NSF reconstruction is not an op-
tion, other local flaps such as turbinate, lateral nasal wall,
or nasal floor flaps have been described as viable substi-
tutes, drawing their blood supply from branches of the
sphenopalatine artery or ethmoidal arteries. However, the
current LOE describing the application of these flaps is lim-
ited to retrospective case series (Table X.A.1).

Regional and distal flaps offer alternative reconstructive
options to local flaps, but again the available literature on
outcomes of these options is limited to case series and case
reports. Of the regional flaps, the pericranial flap is her-
alded as perhaps the most versatile, with a long history
of use in reconstructing anterior skull-base defects1099 and
recently having been adapted for endoscopic harvest and
reconstruction.1089 Additional regional flaps include the
temporoparietal fascia flap and the buccal fat pad flap,984

which are based on the superficial temporal and internal
maxillary arteries, respectively. These regional flap options,
although less accessible than the NSF, are versatile options
for closure of skull-base defects where an NSF flap may
not be available. A case series review of skull-base closure
techniques performed at a tertiary academic medical center
demonstrated a 10% rate of utilization of secondary flaps;
the postoperative CSF leak rate among secondary flap re-
constructions was 3.6%, comparable to rates observed with
NSF reconstructions.858

Distal flaps in the form of free-tissue transfer exist mainly
as options in dire circumstances, where defect size, location,
or limitations in vascular supply preclude the use of more
readily accessible tissue. Publications regarding the applica-
bility of free flaps in endoscopic skull-base reconstruction
have been limited to a few case reports858 and a descriptive
cadaveric study. The relative paucity of literature regarding
these flaps likely reflects narrow indications for the use of
free flaps in endoscopic skull-base reconstruction, because
successful repair of most skull-base defects can be achieved
using less morbid reconstructive options.

X.A.2. Outcomes with vascularized flap
reconstruction

To date, there have been no randomized clinical trials to
determine the efficacy of vascular flaps. The best evidence
exists in 2 systematic reviews and 2 case series reports that
compare vascular flap and nonvascularized reconstruction
in ESBS; the primary clinical outcome assessed in all stud-
ies was the rate of postoperative CSF leak. A systematic
review by Harvey et al.477 compared data on CSF leak
rates in patients aggregated from 12 articles describing vas-
cular reconstruction, 17 describing free-graft repair, and 9
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TABLE X.A.1. Summary of vascularized flaps for ESBS

Tissue Artery pedicle Highest level of evidence

Nasoseptal (NSF) [including numerous modifications, including
rescue, bilateral Janus, and extended]273, 1078, 1079

Posterior septal artery (from SPA) Historical control study

Inferior turbinate (ITF)431, 1080, 1081 Inferior turbinate artery Multiple case series

Middle turbinate (MTF)1082, 1083 Middle turbinate artery Case series

Anterior septal (ASF)1084 Anterior ethmoidal artery Case series

Anterior lateral nasal wall flap (ALNWF)1085 Facial and anterior ethmoidal arteries Case series

Posterior lateral nasal wall flap (PLNWF)1086 SPA Case series

Turbinal flap (superior and middle turbinate) (TF)1087 Ethmoidal artery system Case series

Septal flip flap (SFF)1088 Septal branches of ethmoidal arteries Case series

Nasal floor (NFF)1089 Septal branches of the SPA Case series

Pericranial (PCF)432, 1090 Supraorbital and supratrochlear arteries Multiple case series

Temporoparietal fascial (TPF)859, 1091 Superficial temporal artery Case series

Palatal (PF)1092 Greater palatine artery Case series

Buccal fat pad (BFP)985 Distal internal maxillary artery Case series

Facial buccinator flap (FBF)1093 Facial artery Case series

Facial artery musculomucosal flap (FAMM)1094 Facial artery Case series

Occipital galeopericranial flap (OGF)1095 Occipital artery Case series

Fascia lata free flap (FLFP)1096 Ascending branch of lateral femoral circumflex artery Cadaveric study

Omental free flap (OFF)1097 Gastroepiploic artery Case report

Adipofascial radial forearm free flap (ARFF)1098 Radial artery Case report

Fibula free flap (FFF)1099 Peroneal artery Case report

ESBS = endoscopic skull-base surgery; SPA = sphenopalatine artery.

detailing mixed reconstruction. CSF leaks were experienced
in 6.7% (19/238) of patients undergoing vascular repair
compared to 15.6% (51/326) of patients undergoing free-
graft repair.477 A subsequent systematic review by Soudry
et al.242 reported a postoperative CSF leak rate of 8.5%
(57/673) for all repair types. The authors included data
from 74 patients across 5 studies, in which CSF leaks were
found in 0% (0/10) of vascular flap repairs, vs 7.8% (5/64)
of free graft repairs (see Table X.A.2).

Two case series also compared outcomes of vascular-
ized vs free-graft repair of skull-base defects. In a multi-
institutional case series, Karnezis et al.1100 demonstrated a
significantly lower rate of postoperative CSF leaks among
patients undergoing vascular flap repairs (7.5%, 16/212)
compared to patients repaired with free grafts (14.5%,
20/138). Additionally, Horiguchi et al.1077 reported a sin-
gle institution’s skull-base repair outcomes before and after
the adoption of vascular reconstruction. Before the adop-
tion of vascular flap repair, the rate of postoperative CSF
leaks was 27.3% (3/11) of patients with free-graft repair;
after adoption of vascular repair in 2008, the rate of CSF
leaks dropped to 9.5% (2/21) of patients.

X.A.2.a. Determinants of outcome. Numerous para-
digms have been proposed for determining the need
for vascularized reconstruction of skull-base defects. The
following clinical considerations are among the most com-
mon criteria for determining the indications for vascu-
lar flap reconstruction: severity of intraoperative CSF
leak, site of defect, size of defect, and mechanism of
defect.241,1100,1104–1108

X.A.2.b. Severity of CSF leak: high-flow vs low-
flow. Severity of intraoperative CSF leak is the prevailing
factor used in determining the necessity of a vascular flap.
High-flow leaks are created when resections involve intra-
arachnoid dissection, specifically those resulting in direct
communication with a cistern or the third ventricle. Low
flow leaks may occur when only a small segment of arach-
noid is violated or in anterior cranial fossa defects abut-
ting the frontal lobe. Although there has been some debate
regarding the potential subjectivity inherent to estimating
actual CSF flow rates,1074 expert opinion has converged
around the notion that high-flow leaks are more likely than
low-flow leaks to require vascularized tissue reconstruction.
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TABLE X.A.2. Evidence for vascularized reconstruction in ESBS

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Soudry242 2014 3a Systematic review 1. High-flow vs
low-flow CSF leaks

2. Site of skull-base
defect

CSF leak 1. Overall success rate of skull-base reconstruction
at 92% without CSF leak

2. In cases of high-flow intraoperative CSF leak,
vascularized pedicled flaps resulted in improved
rates (94% vs 82%)

Harvey477 2012 3a Systematic review
and
meta-analysis

1. Free graft repair
2. Vascularized

reconstruction

CSF leak 1. Overall CSF leak rate was 11.5% (70/609)
2. Free grafts had a 15.6% leak rate (51/326)
3. Vascularized reconstruction had a 6.7% leak rate

(19/283)

Karnezis1100 2016 4 Case series 1. NSF
2. No NSF

CSF leak 1. In patients with an intraoperative leak, use of
vascularized septal flaps reduced the occurrence
of postoperative leak (OR = 0.431, p = 0.027)

2. Only factor to improve postoperative CSF leak
rates, once an intraoperative leak identified, was
NSF reconstruction

Horiguchi1077 2010 3b Case control 1. Nonvascular flap
repair

2. Vascular flap repair

CSF leak 1. Before the adoption of vascular flap repair
(2005–2008), rate of postoperative CSF leaks
was 27.3% (3/11) patients with free graft repair

2. After adoption of vascular repair (2008-2009), the
rate of CSF leaks dropped to 9.5% (2/21) patients

Dehdashti241 2016 4 Case series 1. Multilayered repair
without nasoseptal
flap

2. Repair including
NSF

CSF leak Among patients with high-flow leaks repaired with
multilayered closure without an NSF, 18% (7/39)
experienced postoperative CSF leak, whereas
repair with an NSF had a 4% (2/50) CSF leak rate

Gruss1074 2014 4 Case series Patients who
underwent
skull-base defect
repair using an NSF

CSF leak Increased risk of septal flap failure and subsequent
CSF leak in central skull-base cases (16%)
compared to the anterior skull base (4%)
(p = 0.047)

Greig1101 2016 2a Systematic review Patients undergoing
endoscopic
endonasal
approaches to the
anterior skull base

Olfaction 1. Elevation of NSF may lead to transient olfactory
loss

2. Monopolar electrocautery for mucosal incisions
may increase the risk of olfactory impairment

Tam1102 2012 1b RCT 1. HB flaps raised
and placed for
sellar floor defects

2. Reconstruction
with synthetic or
non-autologous
materials

Subjective
assessment of
olfaction via
preoperative
and 6 months
postoperative
UPSIT

1. Both flap and no flap groups demonstrated a
significant decrease in UPSIT scores at 6 months
postoperatively

2. Patients undergoing HB flap reconstruction had
an average of 19.6% reduction in UPSIT scores,
which was significantly different from the 9.1%
change in those not undergoing HB flap
reconstruction

Kim1103 2013 3b Case control 1. NSFs raised and
placed for sellar
floor defects

Preoperative and
postoperative
butanol
threshold test

1. Olfactory impairment is not common after use of
the NSF

2. Use of cold knife for superior incision reduces
tissue damage, which may have an impact
olfaction

CSF = cerebrospinal fluid; HB = Hadad-Bassagasteguy; LOE = level of evidence; NSF = nasoseptal flap; OR = odds ratio; RCT = randomized controlled trial; UPSIT =
University of Pennsylvania Smell Identification Test.
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Several publications offer evidence to support this hy-
pothesis. The systematic review by Soudry et al.242 demon-
strated that among cases of high-flow skull-base defects,
postoperative CSF leaks occurred in 5.8% (5/86) of cases
repaired by vascularized flaps, compared to 18% (20/111)
of cases repaired by free grafts. For cases involving low-
flow leaks, closure success was nearly equivalent between
vascularized (100%; 10/10 patients) and free mucosal re-
pair (92%; 59/64 patients) techniques. Subsequent reports
have further characterized postoperative CSF leak rates
based on intraoperative severity. Dehdashti et al.241 re-
ported outcomes of a clinical protocol in which the com-
plexity of skull-base repair was escalated according to CSF
leak severity. Among patients with skull-base and dural de-
fects resulting in severe intraoperative CSF leaks, patients
who underwent reconstruction with vascularized flaps ex-
perienced a postoperative leak rate of 4% (2/50) com-
pared to a postoperative CSF leak rate of 18% (7/39) in
those patients undergoing nonvascular reconstruction. In
a series of skull-base procedures with high-volume CSF
leaks, McCoul et al.1072 reported a 4.9% postoperative
leak rate (5/102) when reconstructing with an NSF com-
pared to a 9% (7/78) rate when repairing with a free
graft.

X.A.2.c. Site of defect. Resection of suprasellar and
posterior fossa tumors is associated with more complex
resections and higher-flow leaks, and therefore may ben-
efit from vascular flap reconstruction. In reporting their
extensive institutional experience, Kassam et al.227 under-
scored the importance of vascular reconstruction for tu-
mors involving the suprasellar region and planum sphe-
noidale. Prior to the adoption of the NSF, their reported
postoperative CSF leak rate was 58%, whereas the rate
was reduced to 5.56% (1/18) after integrating the use
of an NSF into their practice. In a 2017 review by
Fraser et al.,233 posterior fossa tumors required vascular
reconstruction more frequently (92%, 48/52) than ante-
rior skull-base tumors (80%, 243/304) or sellar tumors
(62%, 161/259). The use of a vascular flap was associ-
ated with a significantly lower postoperative leakage rate
(13.2%, 62/468) than when a free graft was used (27.9%,
41/147).

Certain tumor types may be associated with higher rates
of CSF leak. A recent review of risk factors associated with
postoperative CSF leaks found that patients with chon-
droid tumors, meningiomas, and craniopharyngiomas ex-
perienced higher rates of CSF leak, without a statistically
significant difference in leak rates between these lesions.233

The observed correlation may, however, have been con-
founded by the predilection of some tumors to develop
at certain anatomic sites that may carry inherent risks of
higher-flow leaks. Specific recommendations for skull-base
reconstruction based on site of defect are provided in a
separate section within this consensus statement (Section
XI.A.2.a. Site of defect).

X.A.2.d. Size of defect. Small (<1 cm2) skull-base de-
fects are reliably closed in over 90% of cases using multi-
layered free grafts, obviating the need for vascularized flap
reconstruction.52,477 Larger dural defects, specifically those
�2 cm2, are more likely to experience a postoperative CSF
leak and thus benefit from the added support of vascular-
ized flap reconstruction.1074

X.A.2.e. Mechanism of defect. The majority of skull-
base defects requiring vascular repair are iatrogenic in
nature, resulting from endoscopic extirpation of tumors.
Other etiologies include congenital and traumatic. In a
series of endoscopically-repaired congenital meningoen-
cephaloceles, Rawal et al.1109 reported a lower rate of recur-
rence (4.8%) with vascular flap reconstruction compared to
all other repair techniques (12.7%). Traumatic skull-base
defects, when repaired with vascular flaps, have also been
shown to have improved rates of closure, approaching a
0% CSF leak rate.30,1110,1111

X.A.2.f. Pediatric indications. Early reports raised
concerns that the NSF may have limited utility in pediatric
skull-base reconstruction because of reduced septal surface
area and diminished range of flap rotation.1112 However,
subsequent reports have described adequate coverage and
pedicle length in sellar skull-base reconstructions in patients
between the ages of 5 and 17 years1113 and in suprasellar
skull-base reconstructions in children as young as 3 years of
age.1114 Despite the use of vascularized flaps, repair of skull-
base defects in the pediatric population remains a challenge.
In the largest case series reported to date, Stapleton et al.1115

detailed 47 reconstructions after ESBS among patients ages
1 month to 18 years. The rate of postoperative CSF leak
among patients with vascularized flap repair (28%, 10/36)
was not statistically different from the rate of leak in pa-
tients reconstructed without the use of a flap (9%, 1/11,
p = 0.41). The authors cited selection bias toward the in-
creased use of vascularized flaps in cases with larger skull-
base defects or higher-flow leaks that might account for the
discrepant outcomes.

X.A.3. Complications and limitations with
vascularized flap reconstruction

Overall, the scope of complications associated with local
and regional vascular flaps generally fall within 3 cat-
egories: flap integrity, recipient site complications, and
donor-site complications.227,1116,1117 A review of institu-
tional complications by Soudry et al.1116 revealed an over-
all complication rate of 27% (33/121) associated with NSF
elevation and use, in which the majority of complications
involved donor-site morbidity.

Flap integrity may be affected by technical challenges
encountered during flap elevation. Prominent septal de-
viations, large septal spurs, and prior septal surgery can
contribute to heightened difficulty during flap elevation,
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potentially increasing the likelihood of flap laceration or
tearing. Despite these potential risks to the flap, a recent
review suggested that prior septoplasty or transseptal en-
doscopic surgery does not appear to increase the likelihood
of flap laceration during the harvesting process. Moreover,
small lacerations do not appear to impart an increased
risk for postoperative CSF leak.1118 Additionally, delay-
ing flap elevation until the completion of the case (often
described as a “rescue” flap) or the re-use of a previously
placed NSF during revision cases appears to have minimal
impact on flap failure rates and postoperative CSF leak
rates.1119–1121

The viability of the vascularized flap and the recipient
skull-base defect site may be adversely affected by exoge-
nous factors, such as prior RT. Reported rates of postop-
erative CSF leak among patients undergoing vascular flap
repair in the setting of previous RT range from 8.1% to
28.6%.1073,1100,1122–1124 Although these studies suggested
a moderately increased risk of postoperative CSF leak de-
spite vascular flap application, a case series compiled by
Gruss et al.1074 observed no difference in postoperative CSF
leak rate after vascular flap repairs between patients with a
history of RT (5.4%, 2/37) and patients with no prior RT
(9.5%, 8/84).

Other potential recipient site complications include incor-
rect orientation of the mucosal surface of the flap against
the skull-base defect, delayed mucocele formation under
the flap,1125,1126 and a risk for misinterpretation of the vas-
cular reconstruction as disease persistence or recurrence on
surveillance imaging.1127,1128

Complications involving the donor site can cause con-
siderable impairment in sinonasal QOL, most commonly
relating to prolonged nasal crusting and impaired olfac-
tion. Remucosalization of the denuded septum can be ex-
pected to take up to 90 days,1129 and within this period,
nasal crusting at the donor site is an expected aspect of nor-
mal wound healing. Prolonged crusting beyond 3 months
may reflect incomplete re-epithelialization or impaired vi-
ability of the septal bone or cartilage. Patients undergoing
an NSF did not actually have a significantly longer time
to absence of crusting (median time, 104 days) compared
to those without NSF (median time, 98 days).1129 Crusting
and other nasal donor-site morbidity may be improved with
adjacent mucosal graft transfer techniques,1130 or a reverse
rotation flap using mucosa from the posterior aspect of the
contralateral septum.1131,1132

ESBS with or without the elevation of an NSF often
leads to transient reduction in olfaction; however, the
reported impact on olfaction varies considerably among
studies.1101 A randomized controlled trial by Tam et al.1102

demonstrated that patients undergoing endoscopic pitu-
itary surgery, regardless of NSF use, experienced a signif-
icant decrease in University of Pennsylvania Smell Iden-
tification Test (UPSIT) scores at 6 months postoperation.
However, those patients undergoing NSF had a nearly 20%
reduction in UPSIT score at 6 months compared to their
preoperative score, whereas patients without flaps had only

a 9% reduction in this time frame. Rotenberg et al.1133 re-
ported that patients undergoing NSF reconstruction had a
mean preoperative UPSIT value of 37.2 (normosmia) and
mean postoperative UPSIT value of 30.8 (moderate hypos-
mia) at their 6-month follow-up visit. In contrast, Chaaban
et al.1134 reported no significant difference in mean preoper-
ative UPSIT scores vs 3-month postoperative UPSIT scores
among patients undergoing endoscopic pituitary surgery
(31.3 vs 30.5), and no significant difference in preopera-
tive vs 3-month postoperative UPSIT scores in patients with
NSF (29.4 vs 28.9). Overall, the preponderance of evidence
suggests that raising an NSF has at least a transient impact
on olfaction; however, the heterogeneity of reported out-
comes limits the development of a clear consensus on this
topic.

The structural integrity of the nasal septum may be com-
promised in a notable percentage of patients undergoing
septal flap reconstruction. Septal perforation has been re-
ported at rates approaching 14%,1116 whereas nasal dor-
sum collapse has been reported in nearly 16% of cases.1117

Of note, the rate of complications appears to decrease
with increasing surgeon experience. This finding is partic-
ularly true for postoperative CSF leak rates. In an early
review of their vascular flap reconstruction outcomes, Kas-
sam et al.274 reported a 33% leak rate in their first 25
repairs, which declined to a leak rate of 4% in their subse-
quent 50 patients. Similarly, Horiguchi et al.1077 reported a
12.2% leak rate in their first 90 procedures, which dropped
to 2.3% in their subsequent 42 procedures. Mascarenhas
et al.1135 detailed 4 leaks in their initial 63 patients un-
dergoing vascular flap reconstruction, and none in their
subsequent 63 patients.

� Aggregate Grade of Evidence: B (Level 2a: 2 studies,
Level 4: 3 studies)

� Benefit: Vascular flaps appear to reduce the incidence of
postoperative CSF leaks in repair of skull-base defects

� Harm: Moderate harm, mainly sinonasal QOL due to
donor-site morbidity, particularly the possibility of post-
operative olfactory impairment

� Cost: Low
� Benefit-Harm Assessment: Strong benefit of flap place-

ment over mild reduction in QOL symptoms
� Value Judgment: Vascular flaps appear to reduce CSF

leaks and improve overall outcomes for endoscopic re-
pair of skull-base defects

� Policy Level: Strong recommendation for the use of vas-
cular flap

� Intervention: When performing endoscopic repair of
skull-base defects, vascular flaps appear to reduce the
rates of postoperative CSF leakage, most notably in
cases of high-flow leaks (intra-arachnoid), cases involv-
ing craniopharyngiomas and meningiomas, cases involv-
ing the posterior cranial fossa, clivus, or regions at the
limit of endoscopic resection where repairs are more
complex, and cases with dural defects �1 cm2
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X.B. Free-graft reconstruction
Because EEA is becoming the standard of care for the
treatment of various skull-base disease processes, the need
to standardize reconstruction has become evident. The
primary goal for reconstruction, regardless of pathol-
ogy, is to separate the intracranial space from the ac-
cess corridor, the nasal cavity, and paranasal sinuses.
Separation of these compartments with a watertight seal
eliminates egress of CSF and potentially life-threatening
complications including ascending meningitis, intracranial
abscess, encephalitis, meningoencephalocele, and tension
pneumocephalus.52,1136

Wigand1137 first described endoscopic repair of an eth-
moidal roof defect for CSF rhinorrhea using a free mucosal
graft in 1981. Since then, the most common forms of re-
construction have come to involve the use of a free, or
nonvascularized graft, or a vascularized pedicled flap. Free
grafts have been used alone in single or multilayer fashion
or in combination with vascularized pedicled flaps.

X.B.1. Types of free grafts
Free grafts are divided into autologous grafts and allografts.
Autologous free grafts include fat, temporalis fascia, fascia
lata, and more commonly, nasal free-mucosal grafts. Sep-
tal bone and cartilage have also been described as part
of a multilayer reconstruction.1138 Popular allografts in-
clude acellular human cadaveric dermis (Alloderm; Lifecell
Corporation, Branchburg, NJ), acellular porcine intestines
(Biodesign-Cook Medical, Bloomington, IN), and collagen
matrix materials such as DuraGen (Integra Lifescience Cor-
poration, Plainsboro, NJ).

Free mucosal grafts are frequently derived from the mid-
dle turbinate, which is often completely or partially re-
sected as part of the EEA. Other sites include the inferior
turbinate, nasal septum, and nasal floor, while taking care
to preserve olfactory epithelium. Advantages of free mu-
cosal grafts are that they generally have low nasal morbid-
ity and are straightforward to obtain.1139 In cases where
tumor spread within the nasal cavity can limit pedicle de-
pendent flaps, often, free mucosal grafts can still be feasibly
harvested because they can be obtained from multiple loca-
tions. Harvested intranasally, they do not require a separate
incision or surgical site as is necessary with harvesting fat or
fascia. Care should be taken to ensure that these grafts are
only used as an onlay with the mucosal epithelial surface
facing intranasally to avoid mucocele formation.1140 Non-
mucosal or non-epithelium–containing autologous grafts
and allografts can be used as either inlay or onlay grafts.

Grafting technique can range from a simple onlay graft
skull-base reconstruction to a combined inlay-onlay or gas-
ket seal closure with or without a vascularized flap.428

The chosen technique depends on a variety of factors, dis-
cussed below (Section X.B.2.a. Decision-making consider-
ations for free-graft reconstruction). Inlay graft materials
should consist of materials without epithelial surfaces such
as fascia, bone, or fat, as well as collagen matrix materials.

The graft should be larger than the defect so that it may
rest on the bony ledges of the defect.1141 Historically, free
bone grafts had been used as an inlay to support the soft
tissues of the brain. However, if postoperative RT is nec-
essary, they are prone to osteoradionecrosis and can take
longer to heal compared to other graft materials.1142 If
used, free bone grafts should be combined with a vascular-
ized onlay graft.1143

Onlay grafts can be used in a single or multilayer fashion
and should encompass the entire bony rim of the defect
with an adequate margin to account for contraction. Free
grafts generally lose about one-fifth of their size during
the healing process so starting with a graft that is at least
1.25 times the size of the defect is advised.1144 Small graft
size, especially for an onlay graft, is a common reason for
postoperative CSF leak.1145

X.B.2. Outcomes with free-graft reconstruction
To date, there are 2 systematic reviews that include compar-
ison of free grafts with vascularized flaps in skull-base re-
construction and rates of postoperative CSF leak. The most
recent review was published in 2014 by Soudry et al.242 The
study included a total of 673 patients, who were analyzed
with regard to intraoperative CSF leak (none 141, low-flow
74, and high-flow 218) and location of defect (anterior cra-
nial fossa, sella, clivus, and tuberculum). The reconstruc-
tion techniques within each of these categories were ana-
lyzed, with the postoperative CSF leak rate as the clinical
endpoint. The success rate was defined as no postoperatove
CSF leak. The overall leak rate was 8.5% (57/673).

In the group with no observed intraoperative leak, there
was no postoperative leak regardless of closure. In the
low-flow leak group, there was no observed difference be-
tween the success rates based on the technique or mate-
rial used for closure (layered free grafts 92% and vascular
flaps 100%). In the high-flow group, 107 patients were
reconstructed with vascular flaps with or without a free
graft, which achieved a 94% success rate compared with
111 with multilayered free grafts and an 82% success rate.
Low-flow leaks were generally limited to sellar and parasel-
lar defects, whereas high-flow leaks were identified in all
subsites. Although no formal statistical analysis was men-
tioned, the authors considered both methods of reconstruc-
tion to be equally successful in the low-flow group, while
acknowledging there may be a difference in the high-flow
group, with vascularized reconstruction having the better
outcome. The authors concluded that in cases of no ob-
served intraoperative leak and in low-flow intraoperative
leaks, free grafting technique success rates are comparable
to vascular flap–reconstructed rates. However, in cases of
high-flow intraoperative leaks, the use of a vascular flap is
superior to free grafts alone.

Overall success rates with regard to location of defect
were as follows: anterior cranial fossa 92%, sella 93%,
clivus 80%, and tuberculum sella 100% (data limited
and unclear for tuberculum location). Free grafts were
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comparable to vascular flap in all locations except for the
clivus, where the success rate was only 60% for free grafts
alone, but 75% to 100% with a vascularized flap. There
was also a fairly large range noted in the anterior cranial
fossa location for free grafts (67-93%). This may reflect
surgeon familiarity with effective grafting techniques, and
how to accomplish a circumferential watertight seal, or
variations in defect size, and not so much a failure of free
grafts in achieving a good closure.

Based on location, clival defects showed more success
with vascular flap. Although the data were limited for tu-
berculum defects, theoretically the clivus and tuberculum
are at increased risk of high-flow leaks because they are
closer to the arachnoid cisterns and intracranial ventricles.
Therefore, the use of a vascular flap in these defect locations
is recommended.242

Harvey et al.477 published a systematic review and meta-
analysis in 2012 of endoscopic endonasal reconstructions,
specifically looking at large skull-base defects. The Medline,
Embase, and Cochrane databases were searched and 609
cases with large dural defects were included in the study
and compared based on reconstruction with free grafts or
vascularized flaps. The overall CSF leak rate was 11.5%.
A total of 326 defects were reconstructed with free grafts,
with a 15.6% leak rate, whereas 283 cases were recon-
structed with a vascularized flap, resulting in a 6.7% leak
rate. The authors concluded that a vascularized flap is in-
dicated for large dural defects. This analysis corroborates
earlier studies that reported a >90% success rate with small
defects (<1 cm) with multilayered free grafts,52,1146 and
that larger defects (>3cm) repaired with free grafts have
a higher CSF leak rate as compared to similar repairs in
smaller defects.1147

X.B.2.a. Decision-making considerations for free-
graft reconstruction. A reconstruction algorithm based
on defect location and quality of intraoperative CSF leak
was developed in 2010 after a prospective study of 150
cases and an additional 75 cases reviewed from the lit-
erature, all of which were repaired using vascular flaps,
specifically NSFs.1104 The authors evaluated tumor size, lo-
cation, size of defect, and quality of intraoperative leak
(high-flow vs low-flow). This study was included in the
previous systematic reviews but is worth examining alone
because applicable recommendations and trends are seen.
The overall leak rate after NSF reconstruction in 150 pa-
tients at the primary institution was 4.0% (6/150). In 59
cases with a high-flow intraoperative leak, 4 of 59 (6.7%)
developed a postoperative leak. These occurred among the
following pathologies: olfactory groove meningioma, pitu-
itary macroadenoma, craniopharyngioma, and clival chor-
doma. Alternatively, the postoperative leak rate was 2.1%
(2/91) in the 91 cases where a low-flow intraoperative, or
“weeping” CSF leak was noted.1104 Low-flow leaks gener-
ally occur when dura is opened, as can occur in a thinned
diaphragma or transcribriform skull-base defects, without

the disruption of the basilar or suprasellar arachnoid cis-
terns and/or ventricles.1104

In the algorithm, the authors proposed that if there is
a low-flow leak, then defect site and size (small <1 cm,
large >2 cm) should guide whether a free-graft reconstruc-
tion alone is adequate or the use of a vascularized flap is
required. In a high-flow leak, defect site alone guides the
reconstruction. High-flow intraoperative leaks with Allo-
Derm reconstruction resulted in a 30% postoperative leak
rate at best, but has been found to be as high as 50%.
Vascularized tissue for larger and more complex skull-base
defects is the preferred option.1104 Again, their discrepancy
with others in the literature may reflect surgical technique
or patient factors such as obesity, and not as much the ma-
terial used. However, every surgeon must find a material
and technique that works best for him or her.

In sellar defects, the size of the defect matters as this cor-
responds to the availability of a bony defect rim, which
can be limited by the optic nerve and parasellar carotid.
If there is no bony ledge, reconstruction with purely free
grafts is difficult, and a vascularized flap is advised.1104 In-
terestingly, they found that the size of the tumor does not
directly correlate with the presence or quality of intraoper-
ative CSF leak. The most predictive factor in the occurrence
of an intraoperative CSF leak is the violation of the arach-
noid cisterns and the size of the dural defect.1104

Patient risk factors, particularly BMI, should also be con-
sidered when deciding on reconstruction technique. Ele-
vated BMI has been found to be a risk factor for postoper-
ative leak in sellar defects in pituitary surgery1148 and was
later found to be a significant risk factor when analyzed
in conjunction with high-flow intraoperative CSF leaks
regardless of defect location when compared to normal-
weight patients.233 Free-graft reconstructions alone should
be avoided in these cases. Fraser et al.233 concluded that
a vascularized flap should be used in all patients with a
BMI >25 kg/m2 in the presence of an intraoperative CSF
leak regardless of location. They found that the use of a
vascularized flap significantly decreased the CSF leak rate
in patients with BMI >25 kg/m2 when compared to free
grafts. The postoperative CSF leak rate was also decreased
in normal-weight patients, when comparing vascularized
flaps to free-graft reconstruction; however, it did not reach
statistical significance. Additionally, their data correlates
with previous studies in which posterior fossa tumors had
the highest CSF leak rate.

X.B.2.b. Free grafts for anterior skull-base. Recon-
struction of the anterior skull-base (ASB) including large
defects >2 cm, using free grafting techniques has been con-
sistently reported as successful.859,1149 In a retrospective re-
view comparing outcomes of transnasal endoscopically re-
sected ASB tumors that were reconstructed with free grafts
(primarily AlloDerm) with open craniofacial resection and
reconstruction of ASB defects with vascular flaps or free
flaps, there was no statistically significant difference in rates
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of major or minor complications. More specifically, in the
34 patients who underwent transnasal endoscopic resec-
tion, only 1 developed a postoperative CSF leak (2.9%).1149

All of these effectively reconstructed ASB defects have
been done so with AlloDerm or tissue-banked freeze-dried
dura alone, using an inlay-overlay technique. In this tech-
nique, the central portion of the AlloDerm graft is placed
intracranially as an “inlay,” with the margins of the graft
extending intranasally to overlay the bone surrounding the
defect. Typically, an expandable yet absorbable material
such as surgicel/gelfoam cylinders are tucked circumfer-
entially into the pocket that is created, thereby securing
the inlay portion of the graft from pulling away from the
bony margins of the orbit, sphenoid planum, and poste-
rior frontal sinus. The weight of the brain against the re-
construction further holds the graft in place by providing
downward pressure to the periphery of the graft.859 In the
inlay-overlay technique, a bony rim is necessary and mu-
cosa from the rim must be removed so the graft may lie
directly on bone to aid revascularization.1150 A vascular
flap can still be used as a second layer to provide mu-
cosal coverage, but is not necessary to achieve a watertight
closure.

X.B.2.c. Free grafts for sellar reconstruction. In re-
cent years, there have been several studies to examine
the role of free-graft reconstruction particularly in sel-
lar defects after endoscopic endonasal pituitary surgery
as a de-escalated alternative to vascularized pedicled
flaps.244,1151,1152 In a retrospective review of 73 sellar de-
fects reconstructed with layered avascular free grafts, Rox-
bury et al.1151 observed an overall leak rate of 6.85% and
found high-flow intraoperative leak to be a significant pre-
dictor of failure. Of note in their study, 7.9% had nasal
crusting, which is the most common nasal morbidity asso-
ciated with EEA,1129 and there was no difference in crusting
between allograft and mucosal graft reconstruction. In sel-
lar defects with low-flow intraoperative CSF leaks, layered
free-graft reconstruction is a good alternative to NSF and
has decreased nasal donor-site morbidity.1151

In a prospective study examining 50 consecutive
endonasal pituitary adenoma resections, free middle-
turbinate mucosal grafts were found to be an adequate
reconstruction option with no postoperative CSF leaks in
32 cases (9 microadenomas and 23 macroadenomas, 3 ob-
served intraoperative leaks). Of the 50 cases, 12 were ex-
cluded in which a macroadenoma >3 cm was present and a
high-flow intraoperative CSF leak was anticipated. The au-
thors concluded that a free middle-turbinate mucosal graft
is a good alternative for sellar defect reconstruction after
pituitary surgery for microadenomas and macroadenomas
<3 cm with no or low-flow intraoperative CSF leak.1152

Another set of 50 consecutive sellar defects (47
macroadenoma, 3 microadenoma, 40% with intraopera-
tive CSF leak) after endoscopic pituitary adenoma surgery
reconstructed with a collagen dural inlay graft and nasal

floor free-mucosal overlay graft had no postoperative CSF
leaks. Near complete remucosalization from the nasal floor
donor site was noted at 1 month with no significant differ-
ence in preoperative and postoperative 22-item Sino-Nasal
Outcome Test (SNOT-22) scores.244 These findings sup-
port the use of free-graft reconstruction in sellar defects
after pituitary surgery.

X.B.3. QOL considerations
Because endonasal techniques are becoming the norm, the
attention has shifted from not only minimizing major post-
operative complications that result from a failure to sep-
arate the intracranial cavity from the nasal cavity, but
also a recognition of postoperative nasal morbidity and
QOL. Free grafts, including free mucosal grafts harvested
intranasally, have limited nasal morbidity, but must be used
in the appropriate situations to minimize and avoid the po-
tentially costly complication of CSF leak.

Summary
In summary, there are several factors that should be consid-
ered when determining the use of free grafts in reconstruct-
ing skull-base defects. These include defect size, location,
presence or absence of intraoperative CSF leak, quality of
CSF leak (high-flow vs low-flow), tumor pathology, patient
risk factors, prior or future RT, and presence of bony rim
around defects (see Table X.B).

Free-graft reconstruction alone may be useful in cases
of no intraoperative CSF leak or low-flow CSF leaks with
small (<1 cm) defect size, achieving success rates upward
of 90%.52,242,1146 The location of the defect and tumor
pathology coincide in determining the likelihood of CSF
leak as well as anticipated flow rate of CSF leak. Pos-
terior fossa tumors with clival defects should not be re-
paired with free grafts alone because these generally pro-
duce a high-flow leak given their proximity to the cisterns.
Meningiomas and craniopharyngiomas often require sig-
nificant dural and arachnoid dissection and their location,
often in the suprasellar region (or clivus for posterior fossa
meningiomas), will result in a high-flow leak. Free grafts
alone should also be avoided in these situations. Finally,
surgeons must find a material and technique that works
best for them, with equal or better success rates to those
published in the literature. The overriding goal is achiev-
ing a circumferential watertight seal, regardless of material
used.

Patient risk factors, including obesity, intracranial hy-
pertension, previous and future RT, should also deter from
free-graft reconstruction alone. In these situations, a vascu-
larized flap is more appropriate.

� Aggregate Grade of Evidence: C (Level 4: 10 studies).
� Benefit: Although there is no evidence to support the

direct benefit of free grafts in the reconstruction of skull-
base defects, they are straightforward to harvest (or eas-
ily stocked and available), generally have low donor-site
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TABLE X.B. FG repair for endoscopic SB defects

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Soudry242 2014 4 Systematic review of
case series

- PubMed
- SCOPUS
- Cochrane

English
Human
�5 Patients
1. EEA SB resection
2. SB recon

techniques and
outcomes

n = 673
Intraoperative CSF flow:
- None
- Low-flow
- High-flow

Location of defect:
- Anterior cranial fossa
- Sella
- Clivus
- Tuberculum

Postoperative leak rate
Overall rate 8.5% (57/673)
Intraoperative CSF flow:
—None 141
No postoperative leak

regardless of closure
Low-flow 74
—64 Layered FG 92%
—10 Vascular flap 100%
High-flow 218
—107 Vascular flap ± FG

94%
—111 multilayered FG 82%
Location of defect:
Anterior cranial fossa (92%)
—FG 67% to 93%
—Vascular flap 96% to 100%
Sella (93%)
—FG 87% to 100%
—Vascular flap 94% to 100%
Clivus (80%)
—FG 60%
—Vascular flap 75% to 100%
Tuberculum (100%)
—FG and vascular flap but

limited/unclear data

No leak or low-flow:
- FG = vascular flap
- High flow: vascular flap >

FG

Location:
- Clivus: vascular flap >FG

Harvey477 2012 4 Systematic review
and meta-analysis

endoscopic
endonasal
reconstruction of
large SB defects

—Medline
—Embase
—Cochrane

n = 609
Large dural defects
Reconstruction:
—Vascularized
—Free graft

Postoperative CSF leak rate
Overall rate of CSF leak 11.5%
326 FG reconstruction 15.6%

leak rate
283 Vascularized

reconstruction 6.7% leak
rate

Vascularized flap for large
dural defects

Fishpool1152 2017 4 Prospective
consecutive
cohort

n = 50 sellar defects; 12
excluded (macroadenoma
>3 cm or high-flow leak
anticipated—NSF
harvested)

Free MT graft = 32
9 Microadenoma
23 Macroadenoma
3 Intraoperative leaks

Postoperative
CSF leak rate
Rhinologic morbidity
No postoperative leaks
Mean SNOT-22 was 31.9 at 6

weeks and 23.4 at 6 months
(p = 0.001)

Free MT graft reconstruction is
an option in sellar defects
s/p resection of
microadenomas and
macroadenomas <3 cm
with low-flow
intraoperative CSF leaks.

Peris-Celda244 2017 4 Retrospective review n = 50 consecutive sellar
defects repaired with
collagen dural graft inlay +
nasal floor free mucosal
graft overlay

No LD
SNOT-22 preoperation, 1

month, 3 months

Postoperative leak rate
SNOT-22
47 Macroadenoma
3 Microadenoma
40% Intraoperative leaks
No postoperative leaks
Near total or complete

re-mucosalization of donor
site at 1 month

No significant difference in
preoperative and 1 month
SNOT-22

FG reconstruction using an
allograft inlay with a free
mucosal graft overlay is an
option for reconstruction of
sellar defects after pituitary
surgery.

The nasal floor is a donor site
option for free mucosal
grafts with decreased nasal
morbidity.

(Continued)
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TABLE X.B. Continued

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Fraser1153 2018 4 Retrospective review n = 615 patients
Demographics
Defect location
Reconstruction technique
Tumor pathology
LD

Postoperative CSF leak
Overall leak 16.7%
—BMI >25: 18.7%
—Normal BMI: 11.5%
Posterior fossa—32.6%
Anterior skull base—21.0%
Sellar/suprasellar—9.9%
vascular flap—13.5%
Free graft—27.8%
BMI >25: 15.0% with

vascular flap and 29.5%
with FG. Statistically
significant.

Normal BMI—21.9% with
vascular flap, 9.2% with FG.

Not statistically significant

Posterior fossa lesions have
the highest postoperative
CSF leak rate.

BMI >25 has a higher
postoperative CSF leak rate.

Using a vascular flap in
patients with BMI >25
decreased postoperative
CSF leak rate when
compared with FG.

Gender and perioperative LD
did not affect leak rate.

Roxbury1151 2016 4 Retrospective review n = 73 sellar defects repaired
with layered FG

Postoperative CSF leak
Nasal morbidity
Overall leak rate 6.85%
7.9% with persistent crusting
No difference in crusting

between allografts and
mucosal grafts.

In sellar defects with low-flow
intraoperative CSF leaks,
layered FG reconstruction is
a good alternative to NSF
and has decreased nasal
morbidity.

High-flow intraoperative leaks
are a predictor of failure
with FG reconstruction.

Wood1149 2012 4 Retrospective review n = 34 endoscopic ASB
resections repaired with
AlloDerm

n = 48 open craniofacial
resections repaired with
vascular flap/free flaps

Perioperative and oncologic
outcomes including major
and minor complications

No statistically significant
difference in complication
rates.

Repair of ASB with AlloDerm is
an effective technique.

Patel1104 2010 4 Prospective case
series

166 Dural defects
reconstruction rate of CSF
leak

Postoperative CSF leak
FG in low flow: 90% success
FG in high flow: 50% to 70%

success
NSF in 150 defects
59 High-flow: 6.7% leak rate
91 Low-flow: 2.1% leak rate

Anterior/sellar – NSF,
pericranial flap

High-flow leaks and
clival/posterior fossa defects
– NSF (or another vascular
flap)

Germani859 2007 4 Retrospective review n = 56 ASB defects repaired
with FGs

Dural defect size
—Small (<0.4 cm)
—Intermediate (0.4–2.0 cm)
—Large (>2.0 cm)
Primary graft material

Success of graft take
Major/minor complications
16/55 Large defects
Alloderm 30/55
97% Graft take
0% and 3.3% Major and minor

complications
Non-Alloderm 25/55
92% graft take
4% and 12% Major and minor

complications

No difference in complication
rates based on type of repair
and defect size.

Can use Alloderm to repair
ASB, including large defects
>2 cm

Leong1154 2006 4 Retrospective review n = 14 ASB defects repaired
with multilayer FG closer

10 Intraoperative leaks
LD in 7 cases

Postoperative CSF leak
0/14 Leaks at mean follow-up

of 18 months

Layered FG reconstruction
may be a good option in ASB
defects.

LD confounding

ASB = anterior skull base; BMI = body mass index; CSF = cerebrospinal fluid; EEA = endoscopic endonasal approach; FG = free graft; LD = lumbar drainage; LOE =
level of evidence; MT = middle turbinate; NSF = nasoseptal flap; s/p = status post; SB = skull base; SNOT-22 = 22-item Sino-Nasal Outcome Test.
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morbidity, and have been shown to have low rhinologic
morbidity when obtained from the nasal cavity.

� Harm: The potential harm of using free grafts to re-
construct skull-base defects is the development of a CSF
leak and its sequelae, when used in inappropriate cases,
or applied incorrectly to achieve a watertight seal.

� Cost: No studies have compared the cost of free-graft
reconstruction alone with vascularized tissue reconstruc-
tion, but theoretically the additional material cost of allo-
grafts may be considered. The additional operative time
taken to harvest autologous free grafts has not been stud-
ied when compared to the time taken to harvest tissue
for a vascularized reconstruction; neither has its transla-
tion to surgical costs. Theoretically, obtaining free grafts
may take slightly less time than harvesting a vascular-
ized pedicled flap, although in experienced hands and
depending on the type of graft or flap, this can be nearly
equal.

� Benefit-Harm Assessment: The potential harm in devel-
opment of a postoperative CSF leak and its clinical seque-
lae considerably outweighs the marginal benefit of using
free grafts alone in the inappropriate case selection.

� Value Judgements: Free-graft reconstruction techniques
provide clinical outcomes that are similar to vascularized
tissue reconstruction in small anterior skull-base and
sellar defects cases with no intraoperative or low-flow
leaks. In large defects with high-flow leaks, especially in
the clivus, vascularized pedicled flaps are recommended.
Although there is evidence against the use of free grafts
alone in the latter situation, there is no significant
evidence against using vascularized tissue in the former.
In overweight or obese patients undergoing skull-base
resections and/or those with a history of prior RT or
need for future RT, vascularized tissue reconstruction is
favored.
It is important to consider the possibility of technical
bias in the literature. It is common for surgeons to use
the technique they are most comfortable with, which
often coincides with methods learned during their
training. Institutions trained in a particular method
will continue to encourage the use of that proven
method, establishing a dominant procedure within their
organization. Together, this breeds technical bias in
the literature because institutions with high volumes of
skull-base procedures that favor certain reconstruction
practices will skew the outcomes results in favor of their
reconstruction methods.
Furthermore, the reasoning for using vascularized tissue
is often unexplained. Its use as a primary closure layer
as opposed to simply aiding in mucosal healing is un-
clear in most of these studies. Most would agree that
mucosal coverage, especially with vascularized tissue, as
a second layer (full or partial coverage) would expedite
healing. This would bias the literature, especially in ASB
defects, toward using vascularized tissue. Ultimately, any
technique and material, whether it consists of free grafts,

vascularized tissue, or a combination thereof, used to
achieve a circumferential watertight seal, will be suc-
cessful. In middle or posterior cranial fossa defects with
high-flow leaks, this often translates to a multilayered
reconstruction.

� Policy Level: Option
� Intervention: In normal-weight patients without prior

RT or need for future RT and in those with small skull-
base defects with the presence of a bony rim and no
observed intraoperative leak or low-flow leaks, recon-
struction with free grafts alone is a viable option.

X.C. LD after ESBS
Postoperative CSF leak is 1 of the complications that can
occur following ESBS, with a variable percentage of in-
cidence according to the pertinent literature. A variety of
techniques have been described to reduce the rate of post-
operative CSF leaks, including the use of multilayer closures
with synthetic and autologous materials, the vascularized
NSF, and the use of buttresses such as a Foley balloon.
Techniques for reconstruction and materials have substan-
tially evolved over the past decades and, as the landscape
of skull-base surgery reconstruction techniques continues
to change, so does the attitude on LD usage in the setting
of CSF leak repair.

The insertion of a drain into the lumbar subarachnoid
cistern diverts CSF and may reduce the risk of a postoper-
ative CSF leak following cranial base procedures. The goal
of CSF drainage from the lumbar subarachnoid space is to
provide a controlled, low-resistance egress of CSF in the
immediate postoperative period. This allows initial healing
to occur under decreased tension and, theoretically, low-
ers the chance of persistent CSF fistula. Although lumbar
drains are often used for these important purposes, there
is no set standard for their use in endoscopic skull-base tu-
mor resection and reconstruction. Currently, the available
evidence for the use of lumbar drains in skull-base surgery
is of poor quality.

A total of 15 studies met the inclusion and exclusion
criteria.233,234,241,266,478,1104,1148,1155–1161 Overall, the evi-
dence level was low with the majority of studies comprising
level 4 evidence (Table X.C.1).

After review of these full-text articles, 8 were removed
secondary to reporting an unspecified number of lum-
bar drains, duplicate data sources, excluding repaired CSF
leaks, addressing only secondary CSF leaks, or not using
contemporary reconstructive techniques. This left 7 studies
to be included in this review. Accordingly, all 7 studies were
reviewed.

Notably, there was a lack of prospective studies whereas
2 recent meta-analysis were identified.131,268 In addition,
there was significant variability in the pathology treated
and the defects repaired within each study and also between
studies.
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TABLE X.C.1. Evidence for LD after ESBS

Study Year LOE Study design Study group with LD protocol Primary endpoint Conclusion

Patel1104 2010 4 Retrospective case
series and literature
review

134 Patients with lumbar
drain placed after repair
(not in operating room)

Endoscopic skull base
reconstructive options and
limitations

Comprehensive overview of
the endoscopic
reconstructive options

Dlouhy1148 2012 4 Retrospective analysis 92 Patients Role of the BMI in
postoperative CSF leak
after EES

Elevated BMI is an
independent predictor of
postoperative CSF leak
after an endonasal
endoscopic transsphenoidal
approach

Eloy478 2013 4 Retrospective review
over a 2-year period

10 Patients Triple-layer reconstruction
technique as effective in
reconstructing large ASB
defects

The triple-layer reconstruction
technique is effective

Garcia-
Navarro234

2013 4 Prospectively acquired
database of a case
series

46 patients
Lumber drains were left in

place for 24–48 hours and
opened intermittently at a
rate of 5 mL/hour

Gasket seal role in extended
endonasal endoscopic
skull-base surgery

Gasket seal closure is a
reliable long-term effective
method for achieving
watertight closure of the
cranial base

Ivan266 2014 4 Retrospective case
series

98 Patients
Lumbar drain may be left in

place for 3 to 5 days
draining 10–20 mL/hour

Postoperative CSF leak after
expanded endoscopic
endonasal surgery

In expanded endoscopic
transsphenoidal surgeries,
abnormal preoperative BMI
remains an important
preoperative predictor for
postoperative CSF leak and
infection

Martinez-
Capoccioni1157

2015 4 Retrospective case
series

25 Patients
CSF drainage was maintained

for 72 hours at 5–10
mL/hour

Spontaneous CSF leaks in the
ASB. Role of the lumbar
drain plus acetazolamide
therapy

This study indicates that
treating underlying
intracranial hypertension
coupled with endoscopic
repair can provide high
success rates approaching
those of other etiologies of
CSF leaks

Yang1159 2015 4 Retrospective chart
review

20 Patients Endoscopic endonasal
treatment of pituitary
apoplexy

The endoscopic endonasal
transsphenoidal approach
is an effective modality to
treat pituitary apoplexy with
a high rate of GTR and
minimal risk

Hu1158 2015 3 Non-randomized
controlled cohort

33 Patients in 2 cohorts
1. Single technique group2)

Combined technique group
(include gasket seal)

2. A lumbar drain was placed
for continuous CSF
drainage with a volume of
150 mL daily

Role of the combined use of a
Gasket seal closure and
vascularized pedicle
nasoseptal flap

LD after the operation is a
necessary auxiliary method.

Zhan1155 2015 4 Retrospectively
reviewed

33 Patients Effectiveness of continuous LD
for management of
postoperative CSF leaks

Placement of LD may not be
necessary for the
management of low-flow
postoperative CSF leak

(Continued)
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TABLE X.C.1. Continued

Study Year LOE Study design Study group with LD protocol Primary endpoint Conclusion

after endoscopic endonasal
transsphenoidal approach
for resection of pituitary
adenoma

after using endoscopic
endonasal transsphenoidal
approach to pituitary
adenoma

Zhan1155 2015 4 Retrospective review
(pediatric patients)

11 Patients EEA for pituitary adenomas EETA provides a safe and
effective surgical option
with low morbidity and
mortality in pediatric
patients

Fraser1153 2018 4 Retrospective review
of patients

615 Patients Determine risk factors for the
development of a
postoperative CSF leak
after an EEA for resection of
skull-base tumors

Use of a pedicled vascularized
may be associated with
reduced risk of a CSF leak,
particularly in overweight
patients

Dehdashti241 2016 4 Retrospective analysis 180 Patients Repair protocol for EES Routine prophylactic lumbar
drain placement in all type
III leak and reconstructions

Wilson1161 2018 4 Retrospective review
of a prospectively
acquired database

135 Patients Endoscopic pituitary surgery
in the elderly

The use of a lumbar drain or
lumbar punctures should
be weighed against the risk
of subdural hematoma in
patients with preexisting
atrophy

Negm1160 2017 4 Prospectively collected
database of a
consecutive series

42 Patients with LD rate of 5
mL/hour for 1 day

Comparing:
1. Endoscopic endonasal

technique
2. Microscopic endonasal

technique

Specific sites of residual or
recurrent tumor after
different transsphenoidal
approaches

Endonasal endoscopic
reoperation offers excellent
results for residual or
recurrent tumors and
should be considered
before radiation therapy,
particularly for
symptomatic patients

Cohen1156 2018 4 Prospectively acquired
database of EESs

25 Patients Role of the LD in patient with
elevated BMI and
endonasal surgery for
suprasellar meningiomas

A lumbar drain may be useful
to prevent postoperative
CSF leak, particularly in
patients with elevated BMI.

ASB = anterior skull base; BMI = body mass index; CSF = cerebrospinal fluid; EEA = endoscopic endonasal approach; EES = endoscopic endonasal surgery; EETA =
endoscopic endonasal (transnasal) transsphenoidal approach; ESBS = endoscopic skull-base surgery; GTR = gross total resection; LD = lumbar drainage; LOE = level of
evidence.

A total of 1131 cases of ESBS with involvement of lum-
bar drains as adjunctive procedure for reconstruction were
found and revised (Table X.C.2). A meta-analysis was per-
formed to determine the equivalency of a CSF leak between
the pooled data with and without a lumbar drain. Among
these studies, the average OR for postoperative CSF leak
for patients without a lumbar drain relative to patients with
a lumbar drain was 1.1455 (95% CI, 0.7954 to 1.6496),
thus confirming that there is insufficient evidence to suggest
that adjunctive LD significantly reduces the rate of postop-
erative CSF leak following EES. The literature summary for
an EBRR is provided in Table X.C.1.

Since the advent of the pedicled NSF, largely considered
the workhorse for endoscopic skull-base reconstruction,
multiple studies have shown that lumbar drains may not be

needed even in the challenging settings of high-flow CSF fis-
tulae and large skull-base defects. Nonetheless, the precise
indications for perioperative CSF diversion remain unclear
and controversial.

Analysis of the data of literature suggests that there was
no statistically significant difference in the rate of CSF leak
with respect to the use of lumbar drains. Indeed, the overall
OR of the analyzed studies is very close to the neutral effect
of the LD (OR = 1.1455).

Furthermore, it has to be stressed that the articles in-
cluded in this review did not report adequate relationships
between pathology and CSF leak rates. All reported some
aspect of the pathology included in the data but did not re-
port pathology-specific postoperative CSF leak rates based
on LD utility. This led us to conclude that the data were
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TABLE X.C.2. Summary of the effect of LD after endoscopic endonasal skull-base surgery

No LD LD

Study Year

Total patients

(weight) CSF leak No CSF leak CSF leak No CSF leak Odds ratio 95% CI p

Patel1104 2010 134 (11.85) 2 93 4 51 3.6471 0.6456–
20.6011

0.143

Garcia-
Navarro234

2013 46 (4.07) 1 14 1 30 0.4667 0.0272–
8.0156

0.599

Ivan266 2014 98 (8.67) 3 30 8 57 1.4035 0.3466–
5.6838

0.634

Zhan1155 2015 33 (2.92) 1 14 1 17 0.8235 0.0471–
14.3901

0.894

Fraser1153 2016 615 (54.38) 71 397 32 115 1.5559 0.9763–
2.4797

0.063

Dehdashti241 2016 180 (15.91) 2 89 9 80 5.0063 1.0502–
23.8638

0.043

Cohen1156 2017 25 (2.21) 2 0 0 23 0.0043 0.0001–
0.2649

0.009

Overall – 1131 (100) 82 637 55 373 1.1455 0.7954–
1.6496

0.465

CI = confidence interval; CSF = cerebrospinal fluid; LD = lumbar drainage.

insufficient to make any evidence-based comments with re-
spect to LD usage and CSF leak rates as they correlate to
pathologic diagnosis, and, given the heterogeneity, prohib-
ited any clinically practical conclusions to be drawn.

Additionally, it should be noted that the published lit-
erature is not controlled and therefore selection bias may
be significant between patients with LD and those without.
More complex tumors and reconstructions are more likely
to have been included in the LD group; without controlled
data the net potential benefit and harm cannot be fully
known. LD is still part of the toolbox for the skull-base
surgeon in the postoperative period, especially for the most
complex intradural defects.

However, it has to be stressed that a recent prospective
and randomized control trial for lumbar drain placement
after endoscopic endonasal skull-base surgery, in subjects
who were at a high risk for postoperative CSF leak, high-
lighted that prophylactic lumbar drain placement lowered
the rate of postoperative CSF leak.1162

Finally, it has to be highlighted that as with any proce-
dure, lumbar drain placement has inherent complications.
Most of these risks are minor and can be managed with
minimal consequence to the patient. The complication rate
associated with LD has been calculated as 5% for minor
and 3% for major complications, according to a recent
meta-analysis and systematic review that evaluated the need
for lumbar drains in contemporary skull-base reconstruc-
tion after resection of skull-base tumors.268 A common mi-
nor risk includes headache, which can occur during active
CSF diversion and may require an epidural blood patch.1163

More significant reported complications include meningitis,
tension pneumocephalus, subdural hemorrhage, and uncal
herniation. All of these complications are rare but poten-
tially fatal.

� Aggregate Grade of Evidence: C (Level 4: 7 studies)
� Benefit: Provides a controlled, low-resistance egress of

CSF in the immediate postoperative period
� Harm: Minor risk: Headaches; Significant risks: meningi-

tis, tension pneumocephalus, subdural hemorrhage, un-
cal herniation

� Cost: Surgical procedure or intervention that may be
performed in another setting, hospital stays, and man-
agement

� Benefit-Harm Assessment: Balance of benefit and harm
� Value Judgment: No statistically significant difference in

the rate of overall CSF leak with respect to the use of LD
after ESBS

� Policy Level: Optional use of LD after ESBS
� Intervention: Lumbar drain placement before and/or af-

ter ESBS may be used during ESBS

XI. Complications
XI.A. Risk factors for postoperative CSF leaks

CSF leaks can be broadly classified into 3 categories: trau-
matic, spontaneous (idiopathic), and postoperative. Man-
agement principles of traumatic and spontaneous CSF
rhinorrhea are covered in detail elsewhere (Section III.
Primary CSF rhinorrhea). Further breakdown, based on
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characteristics of the defect, assists to delineate the man-
agement strategy of intraoperative and postoperative CSF
rhinorrhea. Factors such as defect size, location (anterior
fossa, posterior fossa, sella turcica, etc.), and flow (direct
connection with cisterns or ventricles) warrant careful con-
sideration.

Reconstituting a barrier between the cranial and nasal
compartments is of paramount importance to avoid in-
tracranial infectious complications such as postoperative
meningitis, which has been associated with significant mor-
bidity and mortality. In a recent systematic review, Lai
et al.1164 demonstrated that the risk of meningitis is di-
rectly related to postoperative CSF leaks with an OR of
92. In the absence of a CSF leak, the risk of meningitis
and intracranial infectious complications approached zero.
Failure to close a surgical skull-base defect has been asso-
ciated with up to 21% incidence of meningitis along with
increased rate of reoperations and major complications.1108

Therefore, sealing of an intraoperative CSF leak is re-
garded as the most important component of skull-base
reconstruction.

In recent decades, a wide variety of reconstructive tech-
niques have been described, ranging from free autologous
and allogenic grafts (Section X.B. Free-graft reconstruction)
to pedicled locoregional flaps (Section X.A. Vascular recon-
struction) and even microvascular free flaps. In addition to
an appropriate reconstructive technique, the identification
of patient and surgical risk factors associated with recon-
structive failure are critical considerations.

Several reviews have been published over the last 5 years
with respect to reconstructive approaches, risk factors, and
management outcomes for skull-base defects. Thus, this
EBRR focused on systematic reviews, metanalyses, and ran-
domized controlled data, while providing a contemporary
review of the newest data in skull-base reconstruction. Al-
though there is a relative paucity of such data, all level 1, 2,
or 3 articles were included, whereas level 4 data was lim-
ited to publications newer than 2012, because data prior
to this would have been captured in the included system-
atic reviews. Following the ICAR:ESBS methodology and
detailed bibliography review of included papers, 42 articles
were selected for final inclusion in the EBRR. These articles
represent the highest-quality and most contemporary data
on risk factors and outcomes in skull-base reconstruction
(see Table XI.A.1).

XI.A.1. Preoperative risk factors influencing
reconstructive outcomes

XI.A.1.a. BMI. Spontaneous CSF rhinorrhea has been
associated with intracranial hypertension. In turn, several
studies have highlighted a linear correlation between obe-
sity and intracranial hypertension.1180 Thus, it has been
speculated that obesity is a risk factor for reconstructive
failure after skull-base interventions, presumably related to
elevated intracranial pressures. One contemporary study,
by Fraser et al.,233 evaluated the risk of postoperative CSF

leak in relation to radiographic signs of intracranial hy-
pertension. They retrospectively evaluated the incidence
of CSF leak, evaluating with respect to several preopera-
tive risk factors in a series of 615 patients with intradural
lesions. Preoperative hydrocephalus (in 35 patients) was
significantly associated with postoperative CSF leaks, and
many of these patients required CSF diversion with shunt
placement. In addition, they looked at BMI independently,
and demonstrated the incidence of CSF leak to be signifi-
cantly higher in overweight and obese patients compared
to those with normal BMI (18.8% vs 11.6%, p = 0.04).233

Karnezis et al.1100 retrospectively evaluated over 1000 pa-
tients with sellar lesions (craniopharyngioma and pituitary
adenomas) from 7 different institutions and demonstrated
a significantly higher postoperative CSF leak in patients
with high BMI. A similar review of nearly 1000 patients
with sellar lesions by Boling et al.1174 similarly showed a
significant increase in CSF leak rates with BMI >30. This
finding has been further confirmed by Dlouhy et al.1148 and
Ivan et al.266. Cohen et al.1156 also showed that elevated
BMI was associated with postoperative CSF leak after re-
section of suprasellar meningioma in a small study. Two
small retrospective studies1115,1177 failed to clearly show
this relationship; however, their combined sample size was
72 patients and included pediatric patients and highly vari-
able pathology. One further component to this relationship
between BMI and skull-base reconstruction is a potential
further role for obstructive sleep apnea (OSA).1180 How-
ever, the overlap between obesity and OSA has not been
properly evaluated with respect to reconstructive failures.

� Aggregate Grade of Evidence: D (Level 4: 8 studies)
� Summary Statement: Consistent evidence demonstrates

that high BMI is associated with reconstructive failure
and postoperative CSF leak

XI.A.1.b. Age. Several contemporary Level 4 retrospec-
tive reviews have evaluated the effect of age on skull-base
repair outcomes. Overall, results from the largest series
have been mixed, with no clear evidence for age predicting
postoperative leaks. Jeon et al.1167 evaluated 95 patients
with large dural defects and found no correlation between
patient age and postoperative reconstructive outcome.
Fraser et al.233 reported a series including 615 patients
with intradural pathology, in which the average age of
patients without postoperative leaks was not statistically
different from those with (50.4 vs 50.0 years; p = 0.899).
Thawani et al.1170 similarly demonstrated no correlation
between age and postoperative leak in a retrospective
review of 203 patients with sellar and parasellar lesions.
Zhou et al.240 reported similar results after reviewing their
experience with nearly 500 patients with pituitary lesions.
Similar results were demonstrated by Gruss et al.1074 and
Mortuaire et al.1177

Stapleton et al.1115 reviewed 55 pediatric skull-base pa-
tients and showed CSF leak rates were higher in ages 5 to
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TABLE XI.A.1. Risk factors for postoperative CSF leak after ESBS

Study Year LOE Study design Study groups (number) Subsite(s) studied Risk factors evaluated Conclusions

Gardner1162 2017 1b Randomized
controlled
trial

RCT on postoperative CSF
leak rates or patients
undergoing EEA
receiving lumbar drain
postoperatively (85) vs
no lumbar drain (85)

Endonasal, high flow
leaks (anterior
fossa, posterior
fossa and
suprasellar)

� Lumbar drain � Study was terminated due to
significant increase in postop CSF leak
rates seen in patients without
prophylactic lumbar drain use

� 21% Without LD, 8% with LD
� Details of patient demographics,

defects and reconstruction not yet
published

Shriver1165 2016 2a Systematic
review

SR of endonasal (92) vs
transoral
odontoidectomy (1238)

Odontoid � Comparative
complications between
transoral and
transnasal resection

� 5.2% Postop CSF leak with endonasal
approach—this was higher but not
statistically significant compared to
transoral approaches

Oakley64 2016 2a EBRR Evidence based review on
management for all
types of CSF leak

Endoscopic endonasal � Prophylactic antibiotics
� Reconstructive

technique
� Lumbar drain

� Prophylactic antibiotics do not
significantly reduce meningitis rates:
option (largely traumatic CSF leak
patients)

� Lumbar drainage does not appear to
contribute to successful repair: option

� Neither fat, bone grafts, or allografts
show clear benefit in repair success:
option

� Vascularized reconstruction
demonstrates improved success
compared to free grafts particularly for
high-flow and larger defects: option

Przybylowski1166 2017 2b Cohort study Revision pituitary surgery
(50) vs matched
primary pituitary
surgery (46)

Sellar � Revision surgery � Postoperative leak rate was not
significantly different between revision
and primary cases (2% vs 6%)

� 50% of postoperative leaks managed
conservatively

Turel463 2016 3a Systematic
review

SR of level III and IV
studies on outcomes of
endoscopic tuberculum
sellae meningioma
resection (150)

Parasellar � Overall postop leak
rate

� 15.3% Overall CSF leak rate

Lai1164 2014 3a Systematic
review

SR evaluating meningitis
rates and CSF leak
rates after expanded
approaches (2005)

Endoscopic endonasal � Anterior vs posterior
fossa

� Overall leak rates and
associated meningitis

� 1.8% Rate of meningitis, strongly
associated with leaks

� 13.4% Overall CSF leak rate
� 13% of Postoperative leaks developed

meningitis
� No difference between anterior and

posterior (clival) fossae

Soudry242 2014 3a Systematic
review

SR evaluating vascular vs
free graft reconstruction
of surgical skull-base
defects (673)

Endoscopic endonasal � Location, flow rate
� Lumbar drain
� Revision
� Reconstructive

technique

� High-flow defects had higher overall
rates of postoperative CSF leak.
Vascular flaps were significantly better
(6% vs 18% failure)

� Sellar (7%), anterior fossa (8%) and
posterior fossa (20%) leak rates

� 38% of postoperative leaks were
managed conservatively

Clark464 2013 3a Systematic
review

Comparison of EEA (49) vs
transcranial (412)
tuberculum sella
meningioma resection

Parasellar � Overall EEA postop
leak rate

� 21% Postoperative CSF leak rate

(Continued)
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TABLE XI.A.1. Continued

Study Year LOE Study design Study groups (number) Subsite(s) studied Risk factors evaluated Conclusions

Harvey477 2012 3a Systematic
review

SR of patients with large
dural defects
(endonasal craniotomy)
using free (326) and
vascular (283)
reconstruction

Endoscopic endonasal � Reconstructive
technique

� Overall CSF leak rate 11.5%
� 15.6% with free graft, 6.7% with

vascularized graft
� Significantly reduced postoperative

CSF leak rates when using
vascularized reconstruction

D’Anza268 2016 3a Systemic
review

SR evaluating the utility of
perioperative lumbar
drain in preventing
postop CSF leak (376)

Endoscopic endonasal � Preoperative or
intraoperative lumbar
drain

� No significant difference in
postoperative CSF leak rates when
utilizing lumbar drain

� 15/174 (8.6%) Postoperative leak with
lumbar drain, 6/202 (3.97%) without

Jeon1167 2017 4 Retrospective
case series

High-flow leak (95) Endoscopic endonasal � Reconstruction type
� Gender
� Age
� Tumor type
� Location [anterior,

central, clivus]

� Overall leak rate: 14.6%
� Only male gender was borderline

significant risk factor

Chibbaro1168 2017 4 Retrospective
case series

Craniocervical junction
decompression (14)

Odontoid � N/A � Overall CSF leak 0%

Pereira258 2017 4 Retrospective
case series

Sellar tumors with various
reconstructive materials
and sealants (250 total)

Sella � Lumbar drain
� Duraseal and Tisseal

� Overall CSF Leak 5.2%
� Lumbar drain and different sealants do

not influence leak rates

Fraser233 2018 4 Retrospective
case series

All EEA patients with
intradural pathology
(615)

Clivus, anterior fossa,
and
sellar/parasellar

� Sex, BMI,
demographics

� Reconstructive
technique

� Hydrocephalus
� Lumbar drain
� Tumor pathology
� Year of surgery

� Defect subsite significantly affected
CSF leak rate (clivus > anterior fossa
> sella)

� Decreased experience, elevated BMI,
hydrocephalus, and free graft
reconstruction all increased CSF leak
rates.

Zwagerman1169 2018 4 Retrospective
case series

Craniocervical junction
decompression (34)

Odontoid � Intraoperative and
postop CSF leak

� 2/34 Patients with intraoperative leak,
1/34 with postop leak

Thawani1170 2017 4 Retrospective
case series

Endoscopic pituitary
macroadenoma
complications and
relationships (203)

Sellar/parasellar � Intraoperative and
postoperative CSF leak

� Lumbar drain
� Reconstruction method
� Revision, Radiation,

tumor size

� Leak rates: 40% (intraop) and 10%
(postop)

� Intraoperative leak strongly correlated
to postop leak

� Gross total resection increased risk of
leak

� Revision, radiation, lumbar drain and
reconstructive method were not risk
factors

Shikary1171 2017 4 Retrospective
case series

Operative experience
(case number)
compared to outcomes
and complications (202)

Sellar/parasellar � Intraoperative and
postoperative CSF leak

� Sinonasal crusting and
complications

� Postop CSF leak significantly reduced
with increased experience (plateau
around 100 cases)

� Overall postoperative leak 2.9%

Zhou240 2017 4 Retrospective
case series

Factors influencing
primarily intraoperative
CSF leak (492)

Sellar � Gender, diabetes
� Revision surgery
� Tumor consistency,

Knosp grade, and
tumor type

� Revision status, tenacious adenomas,
and larger adenomas (25 mm)
predicted intraoperative leak

(Continued)
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TABLE XI.A.1. Continued

Study Year LOE Study design Study groups (number) Subsite(s) studied Risk factors evaluated Conclusions

Stapleton1115 2017 4 Retrospective
case series

Pediatric patients with
pituitary lesions,
craniopharyngioma and
chordoma (55)

Sellar/parasellar, clival � Age, BMI
� Lumbar drain
� Reconstruction t type
� Tumor type/location

� No significant difference was
observed in any of the risk factors
evaluated, including reconstruction
type, BMI, or lumbar drain use

Kshettry1172 2016 4 Comparative
retrospec-
tive case
series

Endoscopic
craniopharyngiomas
from 2005 to 2019 (20)
vs 2010 to 2015 (23)

Sellar/parasellar � Surgical and clinical
outcomes compared
between early and late
group

� CSF leak was significantly more
common in the early cohort (40%)
compared to late cohort (4%),
although nasoseptal flaps were not
routinely used in the early cohort.

Karnezis1100 2016 4 Multi-
institutional
retrospec-
tive case
series

Endoscopic pituitary
adenoma and
craniopharyngiomas at
multiple centers (1161)

Sellar/parasellar � Demographics,
comorbidity

� Tumor extension
� Reconstructive

technique and lumbar
drain

� Intraoperative vs
postoperative leak

� Patients with postoperative leak
showed higher BMI (34 vs 30.1) and
lower overall age (46 vs 52)

� Craniopharyngiomas and prior
radiation had increased postoperative
leak rates

� Tumors extending outside the sella
and intraventricular extension
demonstrated higher leak rates

� Nasoseptal flaps, but not lumbar drain,
decreased postoperative leak rates
once intraoperative leak was identified

Shahangian1108 2017 4 Multi-
institutional
retrospec-
tive case
series

Multicenter review of
patients with no
intraoperative leak
(1533), successful
repair (452), and failed
repair (112)

Anterior, middle, and
posterior fossa

� Factors influencing
failed intraoperative
leak repair

� Lumbar drain,
technique, tumor
characteristics

� Intraoperative leak increased risk of
postoperative leak

� Pituitary adenoma had lowest leak
repair failure, craniopharyngioma and
meningioma were highest

� Pedicled flaps increased repair rate,
while lumbar drain did not

� Significant morbidity was associated
with failed repair: DVT (8%), 30 day
readmission (52%), meningitis (21%)
and reoperation (75%)

Fomichev1173 2016 4 Retrospective
case series

Outcomes review on
suprasellar
craniopharyngiomas
(136)

Parasellar � Postoperative leak
rates, rates of
meningitis and factors
influencing

� 8.8% Postoperative CSF leak rate
� Not influenced by reconstruction type
� Influenced by surgeon experience

Magro270 2016 4 Retrospective
case series

Complications in
nonfunctioning
macroadenoma
resection (300)

Sellar � Overall leak rates and
reconstructive
techniques

� Overall postoperative CSF leak rate
2.7%

� Postoperative leaks were strongly
associated with intraoperative leaks
and diabetes insipidus

� Rigid reconstruction (titanium mesh or
medpore) improved leak rates

Boling1174 2016 4 Retrospective
case series

Multicenter review of risk
factors for morbidity
after endoscopic
pituitary surgery (982)

Sellar/suprasellar � Demographics,
comorbidities,
functional status

� Revision, radiation
� Tumor size and

extension

� 5.5% Overall postop CSF leak
� Intraventricular extension was the

greatest predictor of postop leak
� Younger age, BMI >30, and female

gender were all associated with
increased leak rates

Ivan266 2015 4 Retrospective
case series

Patients with any tumor or
pathology extending
beyond the sella: risk
factors for leak and
meningitis (98)

Endoscopic endonasal � Demographics,
comorbidities, BMI

� Revision, radiation
� Tumor pathology

� Overall 11% postoperative CSF leak
rate

� On univariate analysis, older age,
elevated BMI and combined
open/endoscopic cases predicted leak

(Continued)
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TABLE XI.A.1. Continued

Study Year LOE Study design Study groups (number) Subsite(s) studied Risk factors

evaluated

Conclusions

� Prophylactic lumbar drain, revision status,
tumor pathology, comorbidities, and tumor
extension did not affect CSF leak rates

Gruss1074 2014 4 Retrospective
case series

Risk factors for postoperative
CSF leak after nasoseptal
flap (121)

Endoscopic endonasal � Demographics,
pathology

� Revision,
radiation

� Defect size,
tumor location

� Lumbar drain

� Overall 8.3% postoperative leak rate
� Central/clival skull-base defects, and those

>2.0 cm demonstrated significantly higher
leak rates

� No other factors significantly predicted CSF
leak

Song1175 2014 4 Retrospective
case series

Outcomes in patients with
tumors extending beyond
the sella (30)

Parasellar � Overall leak
rate

� 10% Overall postoperative CSF leak rate

Paluzzi252 2014 4 Retrospective
case series

Outcomes in pituitary
adenomas (555)

Sellar � Overall leak
rate and
nasoseptal vs
free graft
reconstruction

� 5% Overall CSF leak rate
� Improved from 11.5% to 2.9% after

implementing nasoseptal flap

Mascarenhas1135 2014 4 Retrospective
case series

Outcomes in trans-
planum/transtubercular
high-flow CSF leak cases
(122)

Parasellar � Overall rate
� Reconstruction

type

� 3.1% Overall CSF leak rate
� Improvement in leak rates seen with addition

of nasoseptal flap

Eloy1176 2012 4 Retrospective
case series

Comparing outcomes with
nasoseptal flap
reconstruction of high flow
sellar (37) vs expanded (32)
skull base defects

Endoscopic endonasal � Overall rates � 0% (sellar) and 3.1% (expanded) rates of
postop CSF leak

Dlouhy1148 2012 4 Retrospective
case series

CSF leak rates compared to
BMI in EEA of sellar lesions
(96)

Sellar � BMI
� Age

� 13.5% Overall postoperative CSF leak rate
� Increased BMI, intraoperative leak, and

younger age were statistically associated with
postoperative leak

� For every 5- kg/m2 increase in BMI, odds of
leak increased 1.61

Caballero132 2012 4 Retrospective
case series

All patients undergoing
endoscopic CSF leak repair
(any etiology) and
comparison of outcomes
with (68) and without (37)
lumbar drain

Endoscopic endonasal � Lumbar drain
� Etiology of leak

� No improvement in postoperative leak rates
with lumbar drain

� Subgroup analysis of iatrogenic leaks showed
no difference in endoscopic repair outcomes
with or without lumbar drain

Mortuaire1177 2012 4 Retrospective
case series

Outcomes after endoscopic
anterior and middle fossa
tumor resection (17)

Endoscopic endonasal � Age, gender
� BMI
� Size

� Overall rate was 29.4%
� Leak rate was not influenced by age, gender,

BMI or tumor size

Cavallo1178 2013 4 Retrospective
case series

Outcomes on revision
endoscopic pituitary
patients (59)

Sellar � Postoperative
CSF leak rate

� Overall CSF leak rate 2.5% (comparable to
general rates of primary sellar tumors)

Negm1160 2017 4 Retrospective
case series

Outcomes in revision
endoscopic pituitary
patients

Sellar � Postoperative
CSF leak

� Overall CSF leak rate 2.4% (comparable to
general rates of primary sellar tumors)

Cutler1179 2013 4 Retrospective
case series

Outcomes after endoscopic
transclival approaches (19)

Posterior fossa � Postoperative
CSF leak rate

� 19% (2/19) Reconstructive failure

BMI = body mass index; CSF = cerebrospinal fluid; DVT = deep vein thrombosis; EBRR = evidence-based review with recommendations; EEA = endoscopic endonasal
approach; ESBS = endoscopic skull-base surgery; LD = lumbar drainage; LOE = level of evidence; RCT = randomized controlled trial; SR = systematic review.
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10 years and 16+ years, but their study is limited by small
sample sizes at each quartile. However, Karnezis et al.1100

and Boling et al.1174 demonstrated that a younger age was
significantly associated with reconstructive failure, though
their data set may have overlapped. This was also seen
by Dlouhy et al.1148 in a small series of 96 patients with
sellar lesions. Conversely, Ivan et al.266 showed that older
patients were at increased risk of postoperative leak.

� Aggregate Grade of Evidence: D (Level 4: 11 studies)
� Summary Statement: Available evidence demonstrates

no association between patient age and reconstructive
failure.

XI.A.1.c. Gender. Similar to age, gender was evaluated
in many of these retrospective studies with respect to the
risk of postoperative CSF leak. Several studies failed to
show evidence that gender influences the reconstructive
outcome.233,240,266,1170,1177 Nonetheless, pooled data from
6 institutions suggested that female gender was an inde-
pendent predictor of postoperative CSF leak in a multi-
variate analysis.1174 Conversely, Dlouhy et al.1148 and Jeon
et al.1167 showed a strong trend toward the association of
male gender with postoperative CSF leak.

� Aggregate Grade of Evidence: D (Level 4: 8 studies)
� Summary Statement: Collective data suggests that gender

is not associated with reconstructive failure.

XI.A.1.d. Revision surgery. Several studies have eval-
uated the effect of revision skull-base surgery on recon-
structive outcomes. Przybylowski et al.,1166 in a compar-
ison of 50 patients requiring revision pituitary surgery
and matched for tumor characteristics and demograph-
ics to 46 patients with primary pituitary surgery, demon-
strated no difference in postoperative leak rates. Further-
more, the revision surgery cohort had a lower failure rate
(2% vs 6%). Other retrospective reviews also demonstrated
no increased risk of postoperative CSF leak in revision
surgery.266,1074,1170,1174 However, Zhou et al.240 retrospec-
tively reviewed nearly 500 pituitary surgeries and showed
that revision surgery was associated with increased risk of
intraoperative CSF leak (30% vs 16%). Nonetheless, their
data did not appear to predict postoperative leak. Cav-
allo et al.1178 reviewed 59 revision pituitary endoscopic
surgeries, demonstrating an overall postoperative CSF leak
rate of 2.5%. Similarly, Negm et al.1160 reported a 2.4%
postoperative CSF leak rate in a retrospective review of 41
endoscopic pituitary surgeries. Although these were not di-
rectly compared to primary pituitary surgeries, these rates
are well within the range of other reports addressing sellar
lesions. Overall, the evidence suggests that revision surgery
is not associated with an increased risk for postoperative
CSF leak. One must note, however, that most of the litera-
ture pertains to pituitary surgeries.

� Aggregate Grade of Evidence: C (Level 3: 1 study, Level
4: 7 studies)

� Summary Statement: Data suggests that revision surgery
involves no increased risk of postoperative CSF leak.
However, the data does not account for revision cases
with intraoperative leaks in which traditional reconstruc-
tive options were not available due to prior operations,
and most data pertains to pituitary surgeries.

XI.A.1.e. Prior RT. A small cohort of retrospective
studies evaluated the effects of RT on reconstructive out-
comes. Thawani et al.,1170 who retrospectively reviewed
over 200 consecutive pituitary patients, with an overall leak
rate of 10%, noted that prior irradiation was not a pre-
dictor of postoperative CSF leaks. Similarly, Ivan et al.266

demonstrated no significant increase of postoperative CSF
leak rates in patients with prior RT/chemotherapy (18% vs
10%, p = 0.48). Gruss et al.1074 assessed prior irradiation
in their review of 121 patients with NSF reconstruction
at multiple subsites and showed no difference of CSF leak
rates in the 31% of patients who had received RT (p =
0.72). Conversely, Karnezis et al.1100 retrospectively stud-
ied endoscopic pituitary patients from 7 institutions (n =
1161) and demonstrated a 28% postoperative leak rate
in patients with prior irradiation (albeit only 14 patients)
compared to 5.6% of patients without prior irradiation
(p = 0.007). Shahangian et al.1108 evaluated 70 patients
with prior irradiation compared to the remaining 2000 pa-
tients in their multicenter review and demonstrated a sig-
nificant increase in failed CSF leak repair.

� Aggregate Grade of Evidence: D (Level 4: 5 studies)
� Summary Statement: Available data demonstrates no

clear consensus, with 3 studies that were underpow-
ered showing no effect while 2 larger multicenter studies
demonstrated an increased risk of reconstructive failure
in patients with previous irradiation.

XI.A.2. Operative factors influencing
reconstructive outcomes

XI.A.2.a. Site of defect. Over the last decade, many
studies, including a handful of systematic reviews and large
retrospective series, have evaluated the effect of subsite on
the incidence of reconstructive failure for oncologic endo-
scopic skull-base defects. The data from this EBRR is sum-
marized below (see Table XI.A.2).

Sella turcica
A systematic review by Soudry et al.,242 in 2014, nicely
summarized 22 studies aggregating information on post-
operative CSF leaks after ESBS. Compiled data from 104
patients suggested that sellar defects were associated with
a 7% incidence of reconstructive failure. There are sev-
eral contemporary retrospective studies that add further
data on reconstructive outcomes. Pereira et al.258 evaluated
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TABLE XI.A.2. Modern pooled reconstructive failure rates
based on site of defect

Site of defect

Total number

of patients

Number of

postoperative

CSF leaks

%

Reconstructive

failure

Sella 3091 148 4.8

Parasellar
(tuberculum,
suprasellar)

1121 101 9

Anterior fossa
(cribriform, planum)

1175 153 13

Clivus (posterior fossa) 299 57 19.1

Odontoid
(craniocervical
junction)

140 6 4.2

CSF = cerebrospinal fluid.

250 primarily sellar defect reconstructions using various tis-
sue sealants and lumbar drain use. Although diversion and
sealants seemed to have no impact, the overall CSF leak rate
was 5.2% for primarily sellar tumors. The matched cohort
by Przybylowski et al.1166 on revision vs primary pituitary
surgery showed overall leak rates of 4% (combined cohort).
Dlouhy et al.1148 demonstrated a 13.5% rate of reconstruc-
tive failure for primarily sellar pathologies. Zhou et al.240

demonstrated a 1.3% rate of postoperative leak after sel-
lar surgeries; however, only 17.5% of patients were noted
to have intraoperative leaks. Karnezis et al.1100 compiled
a large multicenter data set on pituitary pathologies and
demonstrated a 5.9% postoperative CSF leak rate. Other
data highlights postoperative leaks for sellar pathologies at
2.7%,270 5%,252 and 0%.1176 The range of postoperative
CSF leak of the compiled data spans from 0% to 13.5%.
Aggregating this data demonstrates a 4.8% rate of postop-
erative CSF leak for sellar pathologies in 3091 patients. No-
tably, each of the above studies (excluding Eloy et al.1176)
highlight outcomes for all sellar tumors, not just sellar tu-
mors with intraoperative leak or dural exposure. Thawani
et al.1170 confirmed the intuitively high correlation between
intraoperative and postoperative leak.

Parasellar (tuberculum, suprasellar, cavernous sinus)
There is some evidence to suggest that pituitary tumors ex-
tending beyond the sella are likely associated with a higher
rate of reconstructive failure. In addition, there is some
data that highlight an increased CSF leak rate in patients
with parasellar meningiomas. In a recent systematic review,
Turel et al.463 identified 150 patients with tuberculum sella
meningiomas with an overall postoperative CSF leak rate
of 15.3%. Similarly, in another systematic review, Clark
et al.464 identified 49 patients who had undergone endo-
scopic resection of tuberculum meningiomas, showing a
21% rate of postoperative CSF leaks. Evaluating suprasel-

lar craniopharyngiomas, Fomichev et al.1173 showed an
8.8% reconstructive failure rate in 136 patients. Mascaren-
has et al.1135 looked at transplanum/transtuberculum ap-
proaches and highlighted a 3.1% postoperative CSF leak
rate.

Notably, many combined sellar and parasellar lesions or
pituitary tumors with extrasellar extension into a single
subsite. Fraser et al.233 combined all sellar and parasellar
pathologies in their retrospective review of 259 patients
showing a 10% CSF leak rate. Importantly, their study
specifically excluded isolated sellar pathologies that did not
have intraoperative leaks. This is a very important point,
because some authors provide an overall CSF leak rate; thus
including patients who never had a dural breach, which
greatly diminishes the true rate of postoperative failure.

Similarly, Thawani et al.1170 also combined all sellar and
parasellar pathologies in 203 patients with an overall 40%
intraoperative leak rate and 10% postoperative leak rate,
whereas Shikary et al.1171 highlighted a 2.9% postopera-
tive CSF leak rate in 202 combined sellar/parasellar tumors.
Only 15% of the tumors were isolated intrasellar lesions,
which is why this data was included in the parasellar cate-
gory. However, they did not distinguish between intradural
or extradural tumors and only 5.5% of patients had an in-
traoperative leak identified. Nevertheless, aggregating this
data reveals 1121 patients with a 9.0% overall reconstruc-
tive failure rate for parasellar pathologies.

Anterior cranial fossa (cribriform, planum sphenoidale)
There are few contemporary studies that highlight recon-
structive outcomes specifically for anterior fossa defects,
although recent systematic reviews are available. Soudry
et al.’s242 systematic review identified 142 patients with
an 8% reconstructive failure rate. Lai et al.,1164 in eval-
uating postoperative meningitis rates for endoscopic en-
donasal skull-base patients, performed a systematic review
and identified 664 patients with an 11.3% rate of post-
operative CSF leak. Fraser et al.’s233 retrospective review
highlighted a 20.7% leak rate in 304 anterior fossa tumors
with intradural extension. Jeon et al.’s1167 small retrospec-
tive review highlighted a 14.3% reconstructive failure rate
in 14 patients with anterior fossa defects. Gruss et al.1074

demonstrated a 4% leak rate in 51 patients. Aggregated,
this data represents a 13% reconstructive failure in 1175
patients with anterior fossa defects.

Posterior cranial fossa (clivus)
Clival defects have been regarded as the highest risk loca-
tion for postoperative CSF leak due in part to the fact that
opening of the prepontine cistern creates high CSF flow
rates and that the incidence of intradural lesions is high. In
a systematic review, Lai et al.1164 demonstrated a 16.5%
reconstructive failure rate in 97 patients with clival defects.
Soudry et al.’s242 systematic review identified 4 studies with
a total of 51 patients and a 20% reconstructive failure
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rate. A handful of retrospective reviews have also high-
lighted rates of CSF leak for transclival surgeries, particu-
larly dealing with the resection of chordomas. These studies
report rates of reconstructive failure of 32.7% (17/52),233

15.7% (8/51),1074 19% (2/19),1179 6.7% (1/15),1181 and
21% (3/14),1015 respectively. Aggregating this data reveals
a 19.1% rate of reconstructive failure for a total of 299
patients with clival defects.

Craniocervical junction (odontoid)
There was limited data available on the reconstructive out-
comes for transodontoid approaches to the craniocervical
junction. Notably, most lesions in this area are extradural
(basilar invagination, rheumatoid pannus, etc.); thus, it is
difficult to distinguish from the literature the true rates of
reconstructive failure. Furthermore, most traditional pedi-
cled flaps (eg, NSF, pericranial flap) do not easily reach
this region. Zwagerman et al.1169 reported on 34 patients
undergoing decompression of the craniocervical junction.
Only 1 patient developed a postoperative CSF leak; how-
ever, only 2 patients had intraoperative leaks. Chibbaro
et al.1168 reported on 14 patients, of whom only 2 had intra-
operative leaks, both successfully repaired. Shriver et al.1165

performed a systematic review comparing transoral to en-
donasal odontoidectomy. In the endonasal group, they re-
ported a 5.2% rate of CSF leak in the 92 patients identified,
although the number of patients with dural defects was not
noted. Collectively, this represents a 4.2% rate of postop-
erative CSF leak from 3 studies and a total of 140 patients
undergoing decompression of the craniocervical junction. It
should be noted that postoperative CSF leaks appear to be
highly contingent on a dural breach at this location, which
is uncommon.

� Aggregate Grade of Evidence: C (Level 3: 4 studies, Level
4: 25 studies)

� Summary Statement: Pooled data suggests that sellar
defects have the lowest rate of postoperative CSF leak
(4.8%) followed by parasellar defects (9.0%) and ante-
rior fossa defects (13.0%). Posterior fossa/clival defects
are associated with the highest rate of reconstructive fail-
ure at 19% (Table XI.A.2). Each of these values is sta-
tistically significant (chi-square test).

XI.A.2.b. Surgeon experience. Not surprisingly, sur-
geon experience has been suggested as a significant factor
contributing to the success of an endoscopic reconstruc-
tion. Most retrospective studies have demonstrated that
CSF leaks are more common in the early endoscopic expe-
rience compared to later in the surgeon’s career.233,1172,1173

Shikary et al.1171 specifically looked at operative experi-
ence and showed that CSF leak rates appeared to plateau
at around 100 surgical cases of experience. Surgeon ex-
perience certainly contributes to reconstructive success,
though this data is likely confounded by the development
of improved reconstructive strategies (vascularized grafts,

less invasive approaches, etc.) during many of these study
periods.

� Aggregate Grade of Evidence: D (Level 4: 4 studies)
� Summary Statement: Increased surgeon experience likely

confers improvements in skull-base reconstruction with
decreased postoperative CSF leaks.

XI.A.2.c. Tumor histopathology. Heterogeneous
data has been published regarding various tumor fea-
tures that may influence rates of reconstructive failure.
Craniopharyngiomas have been associated with increased
postoperative CSF leak rates compared to pituitary ade-
nomas in some studies,1100,1108 but not in others.233,266

Across expanded skull-base defects, there is no clear
evidence of any specific tumor pathology predicting
reconstructive failure.233,266,1074,1115,1167 No studies have
fully evaluated histology while controlling for the extent of
surgical defect. For example, chordoma is primarily found
in the clivus, and thus would likely have a different leak
profile than pituitary adenomas.

� Aggregate Grade of Evidence: D (Level 4: 8 studies)
� Summary Statement: Aggregate data suggests there is no

independent influence on postoperative CSF leak rates
by tumor histopathology, although craniopharyngiomas
demonstrate mixed results compared to pituitary ade-
nomas. The primary challenge remains the confounding
association between tumor pathology, location, and ex-
tent, for which it is very difficult to provide adequate
controls.

XI.A.2.d. Intraoperative CSF flow and reconstruc-
tive technique. CSF defect flow has been repeatedly im-
plicated as a risk factor for skull-base reconstructive failure.
A high-flow leak has generally been described as any de-
fect in direct communication with a ventricle or cistern.1123

There was a recent EBRR published in 2015 that evaluated
the utility of vascularized vs free-tissue reconstruction64 for
CSF leaks. Notably, this review covered skull-base defects
of all etiologies (spontaneous, traumatic, surgical). In this
EBR, Oakley et al.64 evaluated 39 studies on a wide vari-
ety of topics. With a grade of evidence C, they concluded
that large defects and high-flow leaks have the best out-
come with vascular flaps and suggested high-flow intraop-
erative leaks were significantly more likely to develop post-
operative leaks. Much of this data was summarized in a
previous systematic review by Soudry et al.,242 who specif-
ically evaluated high-flow vs low-flow CSF leaks and en-
doscopic reconstructive success. In their review, they iden-
tified 74 patients with “low-flow” CSF leaks with a 93%
reconstructive success overall (independent of reconstruc-
tive technique). Of the 218 patients with high-flow CSF
leak, overall successful repair was 87%, and this was sig-
nificantly worse when a free-tissue graft (ie, avascular) was
used for reconstruction. Findings further supporting the
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risk of high-flow leaks have been demonstrated in several
other studies.1073,1100,1174

Prior to this, a landmark systematic review by Harvey
et al.477 reviewed free-tissue graft vs vascularized flap re-
construction of large dural defects in 38 studies and demon-
strated that vascularized flap reconstruction was superior
to free-graft reconstruction (6.7% vs 15.6% postopera-
tive CSF leak). Although the utility of vascularized recon-
struction has been generally accepted, there have been a
handful of studies published since Oakley et al.’s64 EBRR
confirming this finding. Roxbury et al.1151 retrospectively
reviewed a layered free-graft reconstruction for 37 sellar
defects. Although most patients were successfully recon-
structed with free-tissue grafts, they noted a significant
correlation between high-flow leaks (3rd ventricle or arach-
noid cistern exposed) and free-graft reconstruction fail-
ure (p = 0.01). Fraser et al.233 similarly noted free-graft
reconstruction was associated with reconstructive failure
(13.2% vs 27.9% failure). Similar findings were also noted
by Karnezis et al.1100 and Shahangian et al.1108 Conversely,
Jeon et al.1167 evaluated 95 high-flow skull-base defects re-
paired with NSF (57 patients) or layered free graft (38 pa-
tients), but noted no difference in postoperative CSF leak
rates. Similar findings were noted by Stapleton et al.1115

and Thawani et al.,1170 though most of these patients had
sellar defects with likely low-flow intraoperative leaks.

� Aggregate Grade of Evidence: C (Level 2: 1 study, Level
3: 2 studies, Level 4: 6 studies)

� Benefit: Vascular skull-base reconstructions seem to im-
prove reconstructive outcomes for high-flow or large
defects. Free-graft and vascular reconstructions appear
equally effective in smaller, low-flow defects.

� Harm: Potential donor-site morbidity (anosmia, crust-
ing), increased operative time for graft elevation

� Cost: Mildly increased operative time
� Benefit-harm assessment: Benefits for vascularized recon-

struction outweigh harms for high-flow or large defects.
� Value Judgment: Surgeon preference and experience
� Recommendation Level: recommend against routine use

of free-graft reconstruction for large, high-flow skull-
base defects. Option for reconstruction of smaller or low-
flow defects.

� Intervention: Free-graft vs vascularized flap reconstruc-
tion of skull-base defects

XI.A.2.e. Lumbar drain. CSF diversion is frequently
utilized in endoscopic skull-base reconstruction with lum-
bar drains. However, the utility of lumbar drains in pre-
venting postoperative CSF leaks has been questioned by
multiple studies. In Oakley et al.’s64 EBRR, 19 studies on
the utility of LD were reviewed, including a meta-analysis
in 200052 and a randomized controlled trial in 2013.136 All
of these studies, as well as nearly a dozen additional retro-
spective studies, showed that routine use of lumbar drains
did not reduce postoperative CSF leak rates.64 However,

it should be noted that these studies largely included CSF
leaks from a wide variety of etiologies, including sponta-
neous and traumatic leaks. Notably, there was some evi-
dence of benefit in patients with intracranial hypertension.
Since this publication, D’Anza et al.268 performed a meta-
analysis specifically evaluating reconstructive success after
endoscopic skull-base tumor resection. They identified 5
papers with a total of 376 patients, and demonstrated no
difference in patients utilizing preoperative/intraoperative
lumbar drain (8.6% postoperative leak rate) compared to
those in whom no lumbar drain was utilized (4.0%). Al-
though the data trended toward worse reconstructive out-
comes with lumbar drain use, it is worth noting that these
are retrospective reviews, likely with significant bias. Pre-
sumably, lumbar drains were likely used more frequently
when the surgical team was more concerned about post-
operative leak (ie, inadequate reconstruction or high-risk
patients). A handful of recent retrospective series were also
identified since this meta-analysis, all of which showed no
influence on postoperative CSF leak rates with the use of
perioperative lumbar drain.233,258,1100,1115,1170

In spite of the seemingly overwhelming evidence suggest-
ing prophylactic LD does not reduce postoperative CSF leak
rates, a recent randomized controlled trial was performed
for ESBS with 170 patients enrolled (85 with prophylactic
lumbar drain).233 The study was terminated early due to
a significant increase in postoperative CSF leak rates when
LD was not utilized. This data has not been fully published,
and thus the details of the study parameters are not dis-
closed. However, this study is unique in that it only included
patients with high-flow CSF leaks following skull-base tu-
mor resection. Cohen et al.1156 also recently highlighted in-
creased reconstructive failure rates in patients who did not
receive prophylactic LD for suprasellar meningioma resec-
tion. Both reconstructive failures were obese and could not
receive LD, and both developed postoperative leaks, while
the other 23 patients received LD and had no leaks.

� Aggregate Grade of Evidence: C (Level 1: 1 study; Level
2: 3 studies; Level 4: 7 studies)

� Benefit: Diversion of CSF decreases pressure on the skull-
base reconstruction1182,1183

� Harm: Complications associated with LD (3% major,
5% minor); including meningitis, headache, additional
wound, pneumocephalus, or epidural hematoma.1184

� Cost: Increased cost due to prolonged length of stay in
patients with LD

� Benefit-harm Assessment: No evidence of benefit in pub-
lished data with significant associated risks of compli-
cations related to LD. However, unpublished data on
recent RCT may provide level 1 evidence that lumbar
drains do reduce CSF leak rates in selected high-flow
leak situations.

� Value Judgement: None
� Recommendation Level: Recommend against routine

use of LD for skull-base reconstruction, particularly
in smaller, low-flow defects. It remains an option in

S306 International Forum of Allergy & Rhinology, Vol. 9, No. S3, July 2019



ICAR:ESBS

conditions including large defects, high-flow defects, and
revision repairs. Randomized data, when published, may
provide more information.

� Intervention: Prophylactic use of LD for CSF diversion
after skull-base resection and reconstruction.

XI.A.3. Management of postoperative CSF leak
Despite the constellation of data collected, there have
been limited reports properly summarizing the management
strategies for patients who do develop postoperative CSF
leaks. The primary strategy distinction is deciding when to
pursue a conservative management strategy (lumbar drain,
bed rest, etc.) vs operative re-exploration and revision re-
pair. Soudry et al.’s242 systematic review highlighted that
38% of patients in the studies they reviewed were man-
aged conservatively, while 62% were taken back to the
operating room. Przybylowski et al.1166 noted 2 of their 4
patients with postoperative leaks were managed conserva-
tively. Although both studies demonstrate that conservative
management can be successful, they do not define what fac-
tors influence that decision. There were no studies identified
in this review that highlight when to pursue conservative
management vs operative re-exploration.

� Aggregate Grade of Evidence: Very limited evidence ex-
ists and therefore no evidence-based recommendation
can be made. However, early re-exploration could be
considered to prevent further infectious complications
such as meningitis.

XI.B. Management of carotid artery injury
A potentially devastating complication in ESBS is injury of
the ICA.1185,1186 Fortunately, ICA injury is relatively un-
common and large series of EEAs suggest an incidence of
0.016% to 1%.221,1187–1191 However, the mortality from
endonasal ICA injury may reach up to 10%, emphasizing
the importance of an effective management strategy.1192

Although open microscopic skull-base approaches may al-
low direct repair, the restricted endonasal surgical corri-
dor requires alternative strategies for repair and definitive
management.1185,1193–1195 Given that ICA injury is a rel-
atively rare complication in ESBS, the development of an
evidence-based treatment strategy is difficult. In this sec-
tion, we discuss the available literature regarding injury of
the ICA in endoscopic endonasal surgery to provide the
overall level of evidence regarding its management.

The general strategies employed for the management of
ICA injury consist of recognizing that an ICA injury has
occurred, determining the location of injury, controlling
the hemorrhage within the surgical field by local pack-
ing and compression, endovascular repair or vessel oc-
clusion, and/or vascular bypass.1185,1186,1192,1195,1196 Re-
ported injuries to the ICA have mainly occurred during
the stages of cranial base exposure and tumor resection,
and to a lesser degree in the final stages of hemostasis
and cranial base repair.1192 Among the series of func-

tional endoscopic sinus cases, ICA injury most commonly
occurred during sphenoidotomy procedures.1192 Sudden
high-flow arterial bleeding should raise concern of in-
jury to the ICA.1195 Identification of the injury site may
be a challenge given the constricted surgical space and
the need to keep the endoscope clean to maintain ad-
equate visualization. Multiple retrospective studies have
recommended a 2-surgeon approach because it may be
beneficial to introduce an additional suction into the
field, diverting blood from the endoscope and maintaining
visualization.1188,1197,1198 The most commonly reported
ICA segment injured is the C4 (parasellar) segment; how-
ever, the C2 (petrous), C3 (paraclival), and C5 (paracli-
noidal) segments have also been reported.1192 The left ICA
may be more commonly injured, possibly because most
surgeons are right-handed.1192 In cases where the instru-
ment that caused the injury was reported, multiple instru-
ments have been implicated, including the microdebrider,
Kerrison punch, drills, Blakesley and Thru-Cut forceps,
ring curette, and suction instruments such as ultrasonic
aspirator.1192,1199

Once the injury site has been identified, initial control of
the hemorrhage is attempted with packing and compres
sion.1185,1192,1195 Packing materials reported for ini-
tial hemostatic control include gauze, oxidized cel-
lulose ([SurgicelTM (Ethicon, Inc.; Somerville, NJ)],
cottonoids/cotton strips, SurgifoamTM (Ethicon, Inc.;
Somerville, NJ), and Merocel (Medtronic Inc., Min-
neapolis, MN) nasal packs with balloon tampo
nade.1188,1190,1197,1200,1201 The most frequently reported
packing material is gauze.1192,1198 These initial methods
are usually geared toward providing temporary hemostasis
while enabling subsequent implementation of more perma-
nent hemostatic measures. Weidenbecher et al.1202 also rec-
ommended the use of bilateral common carotid compres-
sion during initial hemostasis. Other authors have reported
achievement of direct intraoperative permanent hemostasis
using bipolar cautery, endoscopic aneurysm clip placement,
or packing with muscle fascia graft.1185,1188,1195,1198,1203

Bipolar cautery and endoscopic aneurysm clip placement
have both been used for either sealing the injury defect or
for intraoperative sacrifice of the ICA.227,965,1181,1188 The
use of crushed muscle graft has been advocated by several
authors for hemostasis.1188,1198,1202,1203 Reported sites for
muscle harvest include the abdominal rectus, sternocleido-
mastoid, or temporalis muscle.1194

While the surgeons obtain hemostasis, authors recom-
mended assistance from anesthesia with resuscitation of
the patient, maintaining normotension, or even controlled
hypertension, to maintain cerebral perfusion.1185,1195 In ad-
dition, adenosine-induced cardiac arrest can be used as it is
in aneurysm surgery for brief control of hemorrhage.1188

However, outcomes of these maneuvers have not been
specifically evaluated regarding with endonasal ICA injury.
Administration of heparin to avoid cerebral embolic events
during vessel manipulation has been mentioned, but there
is no literature to support this intervention.1185,1195 The use
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of somatosensory evoked potentials and electroencephalog-
raphy monitoring to help guide whether the ICA can be
sacrificed intraoperatively without stroke-related morbid-
ity has been suggested.1188,1194,1195

Because there is limited clinical data on endoscopic ICA
injury repair in humans, several authors have developed
animal models as a surrogate to assess efficacy of intraop-
erative repair methods.1186,1198,1204–1207 Valentine used a
sheep model to compare crushed muscle with other hemo-
static techniques and found muscle superior to oxidized
cellulose Floseal R© (Baxter, Deerfield, IL) and Chitosan gel
(Surgi Shield; D. med, Seoul, Korea).1186,1204 The param-
eters they evaluated were the rate of reaching primary
hemostasis, blood loss, and animal survival.1205 In that
study, they also showed vascular control with the use of
U-clip anastomotic devices; however, these are no longer
commercially available. In a subsequent study utilizing the
sheep model, Padhye et al.1206 compared crushed muscle
with bipolar cautery and aneurysm clip application. They
showed both the muscle and endoscopic clip to be superior
to bipolar coagulation in achieving primary and long-term
hemostasis. There was a lower rate of pseudoaneurysm for-
mation with clipping, but carotid patency rates were su-
perior with crushed muscle. Using the same study design,
Padhye et al.1207 later compared the Anastoclip Device with
the prior mentioned methods and found decreased blood
loss and time to hemostasis with good rates of ICA patency.
Endoscopic clip placement requires significant exposure of
the injured carotid segment, which may not always be feasi-
ble and requires considerable technical skill, likely the rea-
son that use of other packing methods is more commonly
reported.1185,1188,1192

Whether temporary or permanent repair was attempted
endonasally, most reported cases subsequently underwent
catheter-angiography.1188,1190–1192,1195,1198,1202 Angiogra-
phy was used to determine the degree of injury, adequacy
of repair, and determine need for subsequent endovascular
or open repair.1188,1192,1208,1209 Although some reported
cases showed adequate ICA integrity after endonasal re-
pair, angiography demonstrated a significant rate of ICA
pathology.1186,1192 1209 The most common pathology re-
ported as a consequence of endoscopic ICA injury was pseu-
doaneurysm formation. Additional vascular abnormalities
identified angiographically included carotid cavernous fis-
tula, ICA occlusion, active extravasation, stenosis, dissec-
tion, and middle cerebral artery (MCA) thromboembolus
requiring thrombectomy1192,1208,1209 or heparinization.1188

The methods reported for endovascular repair are
vessel sacrifice, lesion embolization, and endoluminal
reconstruction.1185,1188,1192,1209 Although many authors
recommend preservation of the ICA, in most reports the
ICA was sacrificed with accepted risk of neurological
sequelae.1192,1209 In their review, Sylvester et al.1209 found
a 21.7% risk of permanent neurological deficit following
ICA endovascular sacrifice. Assessment of collateral flow by
angiogram or with balloon test occlusion (BTO) is recom-
mended. However, there is a reported 0.4% stroke related

to these procedures and 4.7% incidence of stroke despite
passing these tests.1209,1210 Several authors have reported
attempts at embolizing the pseudoaneurysm with or with-
out the use of a stent, as well as endoluminal reconstruction
with covered stents or flow diverters; however, these proce-
dures are complicated by technical difficulties including the
tortuosity of the ICA segments involved, and the require-
ment for antiplatelet agents postoperatively in the setting
of acute hemorrhage.1198,1209 For cases with poor collateral
circulation that were not suitable for a vessel-preserving en-
dovascular repair, extracranial-to-intracranial bypass has
been reported as an option. Rangel-Castilla et al.1196 re-
ported a series of 4 patients with ICA injury during en-
doscopic surgery who were treated with ICA bypass and
achieved a modified Rankin scale score of either 0 or 1 at
time of follow-up. Significant questions remain, however,
about the practicality of efficient bypass in the setting of
active ischemia.

Although delayed postoperative vascular imaging is typ-
ically recommended for follow-up after ICA injury, the
exact modality and timing of the imaging is inconsistent
among studies.1185,1186,1188,1192,1194,1198,1199,1211 Postoper-
ative vascular studies were mostly recommended for cases
without sacrifice of the ICA or negative initial cerebral
angiogram.1198 There have been reports of delayed devel-
opment of ICA pathology and these were usually reported
within 1 month after initial injury, suggesting close follow-
up is warranted during the first month despite an initial
negative angiogram.1190,1198,1200,1201,1212 For cases where
a follow-up imaging modality was specified, a variety of
modalities including angiography, CT angiography, and
MR angiography have all been reported.1188,1192 Gardner
et al.1188 recommended a formal angiogram within 1 week,
followed by CT angiogram or formal angiogram in the
subsequent month and then within 3 to 6 months. Padhye
et al.1198 recommended a 1-week postoperative angiogram,
then repeated angiograms at 6 weeks, 3 months, and
1 year. Buerke et al.1211 advocated the use of MR angiog-
raphy in the postoperative period as a noninvasive method
of delayed vascular assessment.

Given the potential for debilitating outcome and lim-
ited means for repair, it is paramount to avoid ICA
injury during endonasal procedures. Knowledge of anatom-
ical landmarks, recognition of risk factors, increased sur-
geon experience, and intraoperative strategies may help
avoid ICA injury.227,1198 Dehiscent bone over the ICA
is found in 4% to 22% of anatomic specimens, and in
88% of cases the thin bony wall overlying the ICA is
<0.5 mm thick.1202,1213 Morphometric studies have shown
anatomical landmarks correlating with segments of the
ICA.1185,1195,1214 An anatomic and radiographic study by
Fernandez-Miranda et al.1215 showed that intrasphenoidal
septations most commonly attach to the ICA canal. Al-
though there has not been any clinical study directly corre-
lating sinus or ICA anatomy with risk of ICA injury, some
endonasal surgical approaches may carry increased risk. In
the series by Gardner et al.,1188 the rates of ICA injury
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TABLE XI.B.1. Evidence for the management of carotid artery injury in ESBS—clinical

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Romero1199 2017 4 Case series ICA injury (1) in series of 800
cases of ESBS

Management and
outcome of vascular
injury

Vessel sacrifice most reliable method of
definitive repair with low risk of stroke.

Chin1192 2016 4 SR of case
series/reports

ICA injury in endoscopic
endonasal surgery

Relevant patient,
surgical,
hemostasis, and
outcome variables

Incidence of reported cases of ICA injury
is low. Left-sided injuries to the
cavernous segment occurred more
frequently. No consensus regarding
intraoperative image guidance and
postoperative follow-up could be made.

Dolati1217 2016 4 Case series 25 Patients with pituitary
tumor that underwent
transsphenoidal resection
with 3-T segmented MRI
for navigation.

Correlation with
intraoperative
confirmation with
navigation wand
and Doppler

Image-based preoperative vascular and
neural element segmentation can
potentially assist less-experienced
neurosurgeons in preventing vascular
and neural injury during TSS.

Sylvester1209 2016 4 Case series ICA injury out of 576
transsphenoidal pituitary
cases that underwent
endovascular treatment
with literature review.

Hemostasis and
outcome of different
endovascular
strategies

Endovascular treatments of vessel
sacrifice, coil embolization, and
endoluminal reconstruction offer a
tailored approach to ICA injury. Vessel
preservation should always be
considered. Endovascular treatment
algorithm presented.

Zhang1191 2016 4 Case series (2) ICA Injury in ESBS 2978
tumor + 8863
inflammatory

Hemostasis and
outcome after injury

ICA injury infrequent. Oxidized cellulose
as option for hemostasis as its easily
accessible and pliable. Further
reconstruction with fascia lata and fat
graft.

Padhye1203 2015 4 Case series (8) ICA injury in ESBS with
Vascular Injuries
Workshop–trained
surgeons

Hemostasis and
outcome after injury

Vascular Injury Workshop–trained
surgeons were able to control ICA
injury without morbidity/mortality of
patients. Muscle graft effective for
primary hemostasis; low risk of
delayed ICA pathology

Little1181 2014 4 Case series 49 Patients that underwent
55 transclival surgeries; 1
ICA injury

Outcomes after
transclival
approaches

Important to consider size and lateral
extension of the lesion relative to the
ICA, preoperative surgical intent, and
an experienced surgical and
interventional team. One ICA injury in
55 procedures (rate of 2% of transclival
approaches)

Rangel-Castilla1196 2014 4 Case series (4) Endoscopic ICA Injuries
with final repair with
EC-IC bypass

Outcome with
modified Rankin
Scale Score of 0-1;
patency of bypasses

In cases where endovascular means of
ICA repair not feasible, EC-IC bypass is
an option.

Kalinin1190 2013 4 Case series (4) ICA injury in ESBS out of
3000 patient with
adenomas

Hemostasis and
outcome after injury

ICA injury is rare but potentially fatal.
Ability to identify midline using
anatomical structures is important.
Endovascular repair is dependent on
good collateral flow and tortuosity of
ICA

Gardner1188 2013 4 Case series (7) ICA injury out of 2015
ESBS

Hemostasis and
outcome after injury

ICA injury infrequent. Vessel preservation
difficult. Chondroid tumors higher risk.

(Continued)
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TABLE XI.B.1. Continued

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Berker221 2012 4 Case series 570 Patients and 624 ESBS;
(1) ICA injury patient

Outcomes and
complications after
endoscopic pituitary
surgery

Low rate of complications for endoscopic
pituitary surgery

Gondim1189 2011 4 Case series 301 Patients endoscopic
resection of pituitary
adenomas; 3 ICA injuries

Outcomes after
procedure

Cases of parasellar extension pose higher
risk of ICA injury. Use of intraoperative
Doppler and neuronavigation
recommended, especially for
redo-surgery.

Kassam227 2011 4 Case series 800 Patients that underwent
ESBS; 2 ICA injuries
reported

Outcomes in large
series of ESBS

ICA injury risk not a contraindication for
ESBS. Incremental experience in ESBS
may help avoid injury as well as
improve its management.

Zada1216 2010 4 Case series 169 Patients with
acromegaly; 1 ICA injury

Outcomes and
complications after
endoscopic pituitary
surgery

Acromegalics have anatomical changes in
the caliber and tortuosity of the ICA
that may increase risk of injury in
endoscopic surgery

Liu and Di1218 2009 4 Case series 10 Patients that underwent
endoscopic biopsy
cavernous sinus lesions;
1 ICA injury

Outcomes after
procedure

Intraoperative control may be achieved
with placement of clips proximal and
distal to rupture site. Consider covering
exposed ICA with fat to avoid
post-operative rupture.

Dusick1219 2007 4 Case series 114 Procedures (2 ICA
injuries) undergoing ESBS
without use of Doppler vs
511 procedures with use
of Doppler

Vascular injury with or
without use of
Doppler

Cavernous carotid localization with
Doppler probe before dural opening
and dural opening with hook-blade can
help minimize ICA injury risk.

Weidenbecher1202 2005 4 Case series (4) ICA injuries in functional
ESS

Hemostasis and
outcomes after
injury

Bilateral common carotid compression
may control hemorrhage. Use of
muscle graft with tamponade for
primary hemostasis

Cavallo1187 2004 4 Case series 250 Patients with vascular
complications after ESBS;
1 ICA injury

Outcomes after
vascular
complications

Neurosurgeons that perform endoscopic
pituitary surgery should have
interventional radiology as modern use
of endovascular techniques may
control hemorrhagic complications less
invasively.

Hudgins1220 1992 4 Case series 150 Patients that underwent
FESS; 1 ICA injury

Outcomes after FESS
complications.

Radiographic evaluation of severe
intraoperative or postoperative
bleeding in sphenoid surgery should
include angiography and should be
prepared for BTO.

AlQahtani1185 2016 5 Expert opinion None Preoperative planning as well as
execution of an effective plan of action
with multidisciplinary team is crucial to
minimize consequences. After
hemorrhage control, endovascular
evaluation for permanent repair as
needed, followed by close clinical and
radiographic monitoring to prevent
early or late complications is
recommended.

(Continued)
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TABLE XI.B.1. Continued

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Gardner1194 2016 5 Expert opinion None Knowledge of ICA landmarks, use of
intraoperative vascular evaluation, and
recognizing tumors that pose greater risk helps
to avoid injury. Treatment algorithm presented.

Cobb1221 2015 5 Case report 1. ICA Injury in endoscopic
endonasal resection of
osteoblastoma

Hemostasis and
outcome after injury

Balloon-assisted repair of lacerated ICA

Mortimer1212 2015 5 Case series 1. ICA injury in ESBS in
acromegalic patient

Outcome and
endovascular repair
after injury

Normal angiogram soon after transsphenoidal
surgery complicated by ICA injury does not
exclude subsequent development of
pseudoaneurysm.

Nerva1222 2015 5 Case series 2. ICA injuries in ESBS
treated with flow diverter

ICA repair and
outcome with
Modified Rankin
Scale Score

Flow diverters are useful for repair of iatrogenic
pseudoaneurysm but should weigh the risk of
dual antiplatelet therapy.

Smith1223 2015 5 Case series 1. ICA injury in Series of
ACTH-positive staining
tumors

Outcome after
resection and injury

ICA injury is a potential yet uncommon
complication in ACTH-secreting adenomas

Dedmon1224 2014 5 Case report 1. Patient with endonasal
extruded coils after
embolization of
pseudoaneurysm due to
ICA injury in ESS

Outcome after repair Complications of iatrogenic ICA injury
endovascular repair can happen thus patients
should be carefully monitored.

Padhye1198 2014 5 Expert opinion None Optimal preoperative assessment with
preoperative planning, skilled operative
maneuvers to achieve hemostasis, and
postoperative assessments and
comprehensive management of potential
complications will result in the best possible
outcome for the patient.

Shakir1225 2014 5 Case report 1. ICA injury in ESBS treated
with flow diverter and
covered stent

Hemostasis and
outcome after injury
and repair

Successful use of combined covered stent and
flow diverters to treat active ICA injury.

Iacoangeli1197 2013 5 Case report 1. ICA injury in ESBS for
giant cell tumor

Hemostasis and
outcome after injury

Control of ICA bleeding may be challenging with
endoscope. Significant experience,
coordination, teamwork, and surgical tricks
needed to maintain surgical view and
hemostasis.

Golinelli1201 2012 5 Case series 2. ICA injuries in ESS Hemostasis and
outcome after injury

Angiography recommended if profuse bleeding in
sphenoid surgery. Noninvasive delayed
radiological follow-up recommended to
identify subsequent ICA pseudoaneurysm.

Al Sheibani965 2011 5 Case series 20 Patients that underwent
endoscopic
transpterygoid
nasopharyngectomy; 1
ICA injury

Hemostasis and
outcome after injury
and approach

Control with endoscopic clip and final repair with
endovascular coils.

Valentine1204 2011 5 Expert opinion None Recognition of patient risk factors may prevent
ICA injury. A 2-surgeon is more effective for
hemorrhage control. Packing with attempt to
not occlude the ICA with multiple agents and
endovascular treatments are available. It is
important to recognize ICA injuries may
manifest in delayed fashion.

(Continued)
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TABLE XI.B.1. Continued

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Pawar1226 2010 5 Case report 1. Delayed ICA injury in
patient with sphenoid
mucocele

Hemostasis and
outcome after
repair of injury

Proximity of ICA place them at risk for injury in
sphenoid mucoceles. Suspect ICA injury if
delayed epitasis in sphenoid mucocele.

Solares1195 2010 5 Expert opinion None Training in ESBS as well as knowledge of ICA
anatomy from endonasal perspective help
prevent its injury.

Biswas1200 2009 5 Case report 1. ICA injury in recurrent
sinus malignant
melanoma

Hemostasis and
outcome after injury

Suspect ICA injury if profuse bleeding seen during
sphenoid sinus surgery. Early diagnosis and
treatment to expedite endovascular
intervention.

Cathelinaud1227 2008 5 Case report 1. ICA injury in functional
ESS

Hemostasis and
outcome after injury

ICA injury success relies on close collaboration
between anesthesiologist, ENT and IR.

Buerke1211 2007 5 Case report 1. ICA injury in functional
ESS

Control and repair of
ICA injury

3D TOF MRA as tool for routine follow up in
suspicion of ICA injury

Pepper1228 2007 5 Case series 1. ICA injury in ESS Hemostasis and
outcomes

Having a treatment algorithm involving
cooperation between ER physicians, ENT, and
IRs optimizes the treatment and efficiency of
hemostasis of ICA injury

Koitschev1229 2006 5 Case series 1. ICA injury in ESS Hemostasis and
outcomes after
injury

Immediate interdisciplinary management by the
otolaryngologist and interventional radiologist
is critical for improved outcome. Endovascular
occlusion of the source of bleeding is the
treatment of choice, with coils or balloons.

Cappabianca1230 2001 5 Case report ICA injury in acromegalic
patient

Hemostasis and
outcomes after
injury

Endovascular treatment can be preferred to direct
surgical approach due to lower morbidity and
mortality with attempt for complete exclusion
of lesion while preserving the ICA.

Park1231 1998 5 Case report ICA injury in FESS Hemostasis and
outcomes after
injury

If no good primary control and good collateral
flow on BTO, ICA sacrifice with detachable
coils as means for control

Isenberg1232 1994 5 Case report ICA injury in FESS Hemostasis and
outcomes after
injury

If no good primary control and good collateral
flow on BTO, ICA sacrifice with detachable
balloons may provide final repair with low risk
of major neurological deficit.

ACTH = adrenocorticotropic hormone; BTO = balloon test occlusion; EC-IC = extracranial–intracranial; ENT = ear-nose-throat; ER = emergency room; ESBS = endoscopic
skull-base surgery; ESS = endoscopic sinus surgery; FESS = functional endoscopic sinus surgery; ICA = internal carotid artery; IR = interventional radiologist; MRA =
magnetic resonance angiography; MRI = magnetic resonance imaging; SR = systematic review; TOF = time-of-flight; TSS = transsphenoidal surgery.

were subdivided by approach, revealing 0.3% (3/1004
cases) for transsellar approaches and 0.9% (4/534 cases) for
transclival/transpterygoid approaches. Although the rates
of ICA injury based on approach were not found to be
statistically significant in their study, the authors suggest
that approaches approximating the paraclival and petrous
segments of the ICA carry a higher risk of injury. Addi-
tionally, the risk of ICA injury may also be related to the
pathology treated using these approaches. When analyzing
pathology types, they also found higher incidence of ICA in-
jury with chondroid tumors, reaching 2% (3/142 cases).1188

Other pathologies reported as having an increased risk of
ICA injury are GH-secreting pituitary adenomas, because

they may have tortuous ICA and complex sphenoid sinus
anatomy.1216 Previous surgery, previous RT, chemother-
apy, and prior treatment with bromocriptine for pituitary
tumors have also been linked to ICA injury.1185,1188,1198

Identifying cases that may represent a higher risk of ICA
injury may guide the surgeons to establish goals and strate-
gies of surgery preoperatively or utilize additional tests,
such as BTO or vascular imaging studies to aid during
surgery.1185,1188,1194,1209 (see Table XI.B.1).

Intraoperative adjuncts reported to avoid ICA injury in-
clude intraoperative neuronavigation and micro-Doppler
ultrasound.1189,1202,1219 However, their use has been in-
consistently described in published cases of ICA injury. In
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their systematic review, Chin et al.1192 showed that the use
of intraoperative image guidance was rarely reported. In the
series by Gondim et al.,1189 the authors reported that all 3
of their cases of carotid injury occurred before their routine
use of Doppler and intraoperative neuronavigation. In their
series of 631 procedures, Dusick et al.1219 report that their
2 carotid injuries occurred prior to use of micro-Doppler.
A prospective validation study by Dolati et al.1217 showed
correlation of ICA location confirmed by micro-Doppler
with vascular segmentation on preoperative MRI used for
intraoperative navigation. In their series of 25 patients, no
injury was reported. Although the use of both intraopera-
tive neuronavigation and micro-Doppler may be beneficial
to avoid ICA injury and is recommended by many experts,
no direct correlation with their use and a decreased risk of
ICA injury can be made.

In addition to avoidance of ICA injury, an increased
preparedness for its management may improve out-
comes after a carotid artery injury.1198 To achieve this
goal, several endonasal carotid injury models have been
developed.1204,1233–1236 These include the previously men-
tioned sheep model, perfusion-based cadaveric models, and
noncadaveric synthetic models. Studies assessing the sur-
geon’s feeling of preparedness, timing of vascular control,
and volume of blood loss after a workshop of carotid artery
injury indicate that these models may help to more effec-
tively manage this rare complication (see Table XI.B.2).

Only 1 clinical study has suggested improved con-
trol of ICA injury following the use of simulator
models.1203

� Aggregate Grade of Evidence: C (Level 4: 19 studies;
Level 5: 23 studies)

XI.C. Nasal morbidity following ESBS
Improved, more prominent utilization of endoscopic tech-
niques has permitted safe and minimally invasive access
to skull-base pathologies. However, adequate use of the
endoscopic transnasal corridor often involves wide ac-
cess to accommodate the endoscope and multiple instru-
ments simultaneously and to fully access the entire ventral
skull-base. To this end, normal, nonpathologic anatomic
structures, such as the inferior, middle, and superior
turbinates, the nasal septum, and the paranasal sinuses,
at times bilaterally, are dissected or resected to provide
access.

As a result of this, significant sinonasal morbidity may re-
sult from endonasal management of skull-base pathologies,
creating a new problem to avoid the previous transcranial
ones. Furthermore, many patients require adjunctive ther-
apies such as chemotherapy and RT, which additionally
produce morbid changes of the sinonasal tract, a full discus-
sion of which is beyond the scope of this section. Focusing
on surgery-dependent sequelae, negative effects include the
realms of olfaction, nasal crusting and obstruction, nasal
structure, and mucosal function.

XI.C.1. Olfaction outcomes following ESBS
Especially with transnasal approaches to reach suprasel-
lar or anterior cranial base pathologies, as well as those
requiring harvest of a pedicled NSF, nasal mucosa contain-
ing olfactory epithelium is frequently at risk for disruption
or thermal injury. The first report of olfactory loss follow-
ing ESBS came from Rotenburg et al.,1133 where a cohort
of 17 patients all reported subjective smell loss (and tested
objectively for it) postoperatively. One systematic review
estimates olfactory dysfunction to be present in 26.7% of
cases.1238 A randomized controlled study of 20 patients by
Tam et al.1102 demonstrated diminished olfaction following
endoscopic pituitary surgery, with worse olfaction in those
patients who were reconstructed with an NSF. Also, in a
retrospective review of 226 patients who underwent endo-
scopic transnasal, transsphenoidal surgery involving pos-
terior septectomy and NSF use, Kim et al.1239 found that
patients experienced both objective and subjective olfac-
tory dysfunction at 6 months postoperatively. Table XIC.1
reviews the evidence surrounding olfactory outcomes fol-
lowing ESBS.

The recommendations below have been thoroughly re-
viewed by Greig et al.,1101 who have composed the only
high-level systematic review on the topic.

Several technical modifications have been proposed for
smell preservation in endoscopic sinus and skull-base
surgery. Perhaps the most commonly utilized is resection
of only the inferior one-half to one-third of the superior
turbinate when accessing the natural ostium of the sphe-
noid sinus, which generally has a low probability of con-
taining olfactory neurons.1251 A similar technique involves
“straddling” the superior turbinate, moving it laterally and
medially but preserving its natural structure, when access-
ing the sphenoid sinus.1252 More recently, Harvey et al.1243

described a distinct appearance of the “olfactory strip” lo-
cated on the nasal septum opposite the superior turbinate
and the superior half of the middle turbinate, and exclud-
ing this portion of the septal mucosa from the NSF re-
sulted in smell preservation in a cohort of 98 patients.
Upadhyay et al.1246 further explored this modification in
a study involving 42 patients who had purposeful sparing
of the olfactory strip, and found that smell preservation
was universal, though more pronounced in those patients
reconstructed without an NSF.

If possible, a unilateral approach with preservation of the
septal mucosa on the contralateral side can be considered.
Sowerby et al.1249 reported no changes in olfactory func-
tion following unilateral endoscopic transsellar approach
in a cohort of 22 patients. Tajudeen et al.843 reported a se-
ries of 14 patients with unilateral esthesioneuroblastomas
who underwent unilateral resection followed by radiation
therapy, with 6 (43%) patients having some smell preser-
vation following treatment completion. Youssef et al.487

reported a similar outcome in a patient who had an olfac-
tory groove meningioma. The same can be accomplished
through a transseptal approach, which Hong et al.1245
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TABLE XI.B.2. Evidence for the management of carotid artery injury in ESBS—non-clinical

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Muto1234 2017 N/A Synthetic
carotid
injury model

5 Surgical trainees Self-assessment
questionnaires on
surgical skills and
self-confidence

Model eliminates ethical, legal,
religious, and biohazard
problems associated with
animal and cadaveric models.

Pacca1236 2017 N/A 5 Perfused
cadaveric
heads

Residents and fellows
under senior
surgeon guidance

6-Point questionnaire
after simulation.

Live cadaver models may
provide real life-like
experience with major vessel
injury and improve current
training for management of
this form of injury.

Ciporen1233 2017 N/A Cadaveric
perfused
model

Early (3) and second
(7) learner groups in
simulated ICA injury

Simulation
assessment, blood
loss and
performance metric
data

Perfusion model helped learners
optimized technique for ICA
injury management.

Padhye1207 2015 N/A Live sheep
model

8 Sheep ICA linear
carotid injuries
treated with
AnastoClip device

Primary hemostasis,
procedure time,
blood loss,
pseudoaneurysm
formation, patency
on follow-up MRI

Direct vessel closure as an
effective option for control of
ICA injury, allowing normal
carotid flow and low risk of
pseudoaneurysm formation.

Padhye1206 2014 N/A Live sheep
model

27 Sheep with
standardized ICA
injuries treated with
bipolar, muscle, and
aneurysm clip.

Primary and time to
hemostasis, blood
loss,
pseudoaneurysm,
carotid patency

Crushed muscle patch and
aneurysm clip are viable
options with short and
long-term benefits.

Pham1235 2014 N/A 8 Perfused
cadaveric
heads

Neurosurgical and
junior faculty
trainees.

5-Point questionnaire
to assess
pretraining and
posttraining
confidence scores

Strategies and techniques for
rapid hemostasis, endoscope
manipulation, suction, and
packing can be rehearsed
with this model.

Speelman1237 2013 N/A Live porcine
model

Jugular and carotid
progressively larger
standardized
injuries in 7 pigs

Hemostasis Porcine model effective in
simulating surgical scenario.
Crushed muscle patch
effective for arterial injuries
of 3 mm and aneurysm clips
of 5 mm and on.

Valentine1205 2011 N/A Live sheep
model

20 Sheep with
standardized ICA
injuries treated with
5 different
hemostatic
techniques

Time to hemostasis,
time MAP >55
mmHg, blood loss,
and survival time

Muscle patch and U-Clip
anastomotic device
significantly improved
survival, reduced blood loss,
and achieved primary
hemostasis with vascular
patency

Valentine and
Wormald1204

2011 N/A Live sheep
model

Anesthetized live
sheep

Physiologic
parameters during
standardized injury
to carotid

Model replicates the endoscopic
surgical field of an ICA injury
with potential to train
surgeons.

Valentine and
Wormald1186

2011 N/A Live sheep
model

Anesthetized live
sheep; 42
endoscopic carotid
and 25 venous
injuries

Obtaining surgical field
control.

Controlling the field relies on
surgical team cooperation,
careful endoscope
maneuvering, and
appropriate suction selection.

ICA = internal carotid artery; ESS = endoscopic sinus surgery; FESS = functional endoscopic sinus surgery; LOE = level of evidence; MAP = mean arterial pressure; MRI
= magnetic resonance imaging; N/A = not applicable.
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TABLE XIC.1. Evidence surrounding olfactory outcomes following ESBS

Study Year LOE Study design Study groups Clinical endpoints Conclusions

Tam1102 2013 1b Randomized
controlled
study

20 Patients underwent
endoscopic TNTS
for pituitary lesions,
of which 10 were
reconstructed using
nasoseptal flap and
the other 10 with
synthetic/non-
autologous
materials

Comparison of preoperative
and 6 months postoperative
SIT scores

Both groups experienced smell
dysfunction postoperatively,
but patients who were
reconstructed with a
nasoseptal flap had worse
smell outcomes

Greig1101 2016 2a Systematic
review of
level 1
studies

10 Studies (2
randomized
controlled trials, 6
cohort studies, 2
retrospective case
series) examining
objective olfactory
outcomes following
endoscopic anterior
skull-base surgery

Objective olfactory outcomes Nasoseptal flap elevation with
or without use may cause
impairment in objective
olfactory function.
Endoscopic sellar and
parasellar surgery without
nasoseptal flap elevation
may lead to a transient
olfactory dysfunction.
Consider not elevating a
nasoseptal flap if the risk for
CSF leak is low. Monopolar
electrocautery for mucosal
flap incisions may increase
the risk of olfactory
impairment. If a nasoseptal
flap is used, consider donor
site reconstruction

Alobid1240 2013 3b Case-control
study

36 Patients underwent
endoscopic TNTS
and 14 patients
underwent EEA

Comparison of preoperative
and 3 months postoperative:

1. VAS scores for sinonasal
symptoms

2. Barcelona smell test
3. Saccharin test for

mucociliary transport

Both EEA and TNTS patients
experienced smell
dysfunction. EEA patients
had higher loss of smell and
posterior nasal discharge,
as well as longer
mucociliary transport, when
compared to TNTS patients

Kahilogullari1241 2013 3b Case-control
study

25 Patients underwent
endoscopic TNTS
(compared to 25
patients who
underwent a
microscopic
approach)

Comparison of preoperative
and 1 and 6 months
postoperative smell
diskettes olfaction test
results

3/25 Patients (12%) in
endoscopic TNTS group and
18/25 (72%) in microscopic
group experienced olfactory
dysfunction

Kim1103 2013 3b Case-control
study

15 Patients underwent
endoscopic TNTS
with nasoseptal flap
reconstruction, of
which the superior
flap incision was
performed by either
cold knife (n = 8) or
electrocautery
(n = 7)

1. Comparison of
preoperative and 6 months
postoperative SIT scores

2. Histologic analysis of
posterior septal mucosa

1/7 Patients in the
electrocautery group
experienced olfactory
dysfunction, compared to
0/8 in the cold knife group.
20% of the cold knife group
and 55.8% (cutting)/76.9%
(coagulation) of the
electrocautery group
demonstrated total olfactory
epithelial loss when
posterior septal mucosa was
analyzed

(Continued)
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TABLE XI.C.1. Continued

Study Year LOE Study design Study groups Clinical endpoints Conclusions

Hong1242 2014 3b Case-control
study

49 Patients underwent
endoscopic TNTS,
of which the rescue
flap was raised with
either cold knife
(n = 30) or
electrocautery
(n = 19)

Comparison of preoperative
and 3 and 6 months
postoperative:

1. SIT scores
2. VAS scores for smell

function

Electrocautery group exhibited
significantly worse
subjective smell function as
compared to cold knife
group, though there was no
significant difference in
objective testing

Harvey1243 2015 3b Retrospective
cohort
study

98 Patients (40
pituitary, 58 tumor)
who underwent
endoscopic TNTS
with reconstruction
using nasoseptal
flap, with
preservation of
“olfactory strip”

Comparison of preoperative
and 6 months postoperative:

1. SNOT-22 scores
2. NSS scores
3. SIT scores

Preservation of olfactory strip
resulted in improved
SNOT-22 scores and
unchanged NSS scores and
objective smell function.
Smell function was
compared to controls and
found to be similar

Hong1244 2015 3b Case-control
study

35 Patients underwent
endoscopic binarial
TNTS (compared to
20 patients who
underwent a
microscopic
approach)

Comparison of preoperative
and 3 months postoperative:

1. SIT scores
2. Butanol threshold test
3. VAS scores for smell

function
4. ASK scores

Microscopic approach
conferred improved ASK
scores when compared to
endoscopic approach,
though smell outcomes
were not different

Chaaban1134 2015 3b Case-control
study

18 Patients underwent
endoscopic TNTS,
of which 6 had
nasoseptal flap
reconstruction

Comparison of preoperative
and 3-4 months
postoperative SIT scores

No difference in SIT scores
before and after surgery in
those who did and did not
have nasoseptal flap
reconstruction

Hong1245 2016 3b Case-control
study

30 Patients underwent
endoscopic TNTS as
compared to 51
patients who
underwent
endoscopic
transseptal
approach to
pituitary

Comparison of preoperative,
and 1 and 3 months
postoperative:

1. SIT scores
2. SNOT-20 scores
3. ASK scores
4. VAS scores for smell

function

Patients who underwent
modified transseptal
approach reported better
olfactory outcomes and ASK
scores postoperatively
compared to standard TNTS
approach

Upadhyay1246 2017 3b Case-control
study

42 Patients underwent
EEA for resection of
skull-base tumors
with preservation of
the olfactory strip,
of which 7 had
nasoseptal flap
reconstruction

Comparison of preoperative, 6
weeks, 3 months and 6
months postoperative SIT
scores

With purposeful preservation of
the olfactory strip, patients
reconstructed with a
nasoseptal flap
demonstrated worse SIT
scores at 6 weeks, which
recovered to baseline levels
at 6 months. Those who did
not have flap reconstruction
had no changes in olfaction
from baseline

Rotenberg1133 2011 4 Prospective
case series

17 Patients underwent
endoscopic TNTS
(middle turbinate
preservation) with
nasoseptal flap
reconstruction

Comparison of preoperative
and 6 months postoperative:

1. SIT scores
2. LKES scores
3. Subjective olfactory

function

All patients reported olfactory
dysfunction, with
significantly lower objective
olfaction as measured by SIT

(Continued)
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TABLE XI.C.1. Continued

Study Year LOE Study design Study groups Clinical endpoints Conclusions

Kim1247 2013 4 Retrospective
case series

142 Patients
underwent
endoscopic TNTS
(binarial, 4-hand)

Comparison of preoperative
and 6 months postoperative:

1. NOSE scores
2. SNOT-20 scores
3. VAS for nasal symptoms

No significant changes in
NOSE, SNOT-20, VAS scores
before and after surgery,
with the exception of worse
olfaction postoperatively

Bedrosian1248 2013 4 Retrospective
case series

85 Patients who
underwent
endoscopic
skull-base surgery

Comparison of preoperative
and 1 year postoperative
ASK scores

Preoperative smell and taste
were worse in the
nonpituitary cohort. Smell
symptoms worsened in the
short term but returned to
baseline by 12 months
postoperatively

Sowerby1249 2013 4 Retrospective
case series

22 Patients who
underwent
endoscopic TNTS
(unilateral with
middle turbinate
resection)

Comparison of preoperative
and mean 58 days
postoperative:

1. SNOT-22 scores
2. LKES scores
3. SIT scores

91% of patients had smell
preservation. No differences
between preoperative and
postoperative SNOT-22
scores. Slightly worse LKES
in early postoperative period

Kim1239 2014 4 Retrospective
case series

226 Patients who
underwent
endoscopic TNTS
(posterior
septectomy) for
sellar pathologies

Comparison of preoperative
and 6 months postoperative:

1. SIT scores
2. CCCRC scores
3. VAS scores for smell

function

Regardless of full nasoseptal
flap use or rescue flap
elevation, patients
experienced significant
objective and subjective
olfactory dysfunction
postoperatively

Tajudeen843 2016 4 Retrospective
case series

14 Patients underwent
unilateral resection
of esthesioneurob-
lastoma followed by
radiation therapy

Recurrence rate and
comparison of preoperative
and long-term
postoperative SIT scores
(mean follow up 51.7
months)

No recurrences. 6 (43%)
patients had smell
preservation following
treatment, with 2 (14%)
patients having normal or
mildly reduced smell
function

Wessell1250 2014 5 Case report 1 Patient underwent
unilateral resection
of esthesioneurob-
lastoma with
cribriform plate
involvement (Kadish
C)

Recurrence and SIT score at
18 months

No recurrence, with mild
microsomia 18 months
postoperatively

Youssef487 2016 5 Case report 1 Patient underwent
unilateral resection
of olfactory groove
meningioma

SIT score at 12 months Microsomia at 12 months
postoperatively

ASK = anterior skull base nasal inventory; CCCRC = Connecticut Chemosensory Clinical Research Center Test; EEA = expanded endonasal approach; ESBS = endoscopic
skull-base surgery; LKES = Lund-Kennedy endoscopic score; LOE = level of evidence; NOSE = Nasal Obstruction Symptom Evaluation; NSS = nasal symptom score; SIT
= smell identification test; SNOT-22 = 22-item Sino-Nasal Outcome Test; TNTS = transnasal transsphenoidal surgery; VAS = visual analog scale.

reports as being associated with better olfaction and QOL
outcomes compared to a standard transnasal approach.

Olfactory outcomes as a function of extent of surgery
are currently unclear. In a review of 36 patients, Alobid
et al.1240 reported that the EEA tended to produce a greater
degree of smell dysfunction when compared to patients who
underwent endoscopic transnasal transsphenoidal surgery.
Bedrosian et al.1248 reported improved smell outcomes in

endoscopic surgery for pituitary pathologies when com-
pared to other skull-base pathologies. However, the previ-
ously quoted study by Upadhyay et al.1246 reported excel-
lent olfactory outcomes following EEA with preservation
of the olfactory strip, suggesting that specific anatomic ele-
ments are likely responsible for the differences in outcomes.

There is also some evidence suggesting that cold
knife techniques for NSF harvest may improve olfactory
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outcomes. This is especially important when making the
superior flap incision that borders the olfactory strip. Kim
et al.,1103 in a histologic study of 15 patients undergoing
pituitary surgery, found that only 20% of posterior septal
mucosal specimens exhibited total olfactory epithelial loss
with the cold knife technique compared to >50% for the
electrocautery group. Hong et al.1242 performed a similar
study looking at olfaction with either technique follow-
ing raising of rescue flaps, finding that those in the elec-
trocautery group reported worse subjective smell function
postoperatively.

XI.C.2. Sinonasal QOL following ESBS
Naturally, instrumentation of the sinonasal tract during
transnasal access to skull-base lesions leads to mucosal
trauma. In addition, harvesting the NSF involves denud-
ing the septal cartilage and bone of mucoperichondrium
and mucoperiosteum, respectively.273 Thus, it must remu-
cosalize gradually by secondary intention, and this healing
response generally produces significant nasal crusting. In a
systematic review of sinonasal morbidity following ESBS,
the most commonly patient-reported symptoms are nasal
crusting (50.8%), nasal discharge (40.4%), nasal obstruc-
tion (40.1%), and hyposmia/anosmia (26.7%).1238 These
symptoms tend to be worse in the early postoperative pe-
riod and improve by 3 to 4 months, though some also
report resolution taking up to 6 to 9 months.1253–1256

Anteriorly located tumors,1257 complexity (ie, extent of
dissection),1129 and RT1073 may be associated with in-
creased crusting. Use of the NSF has been associated with
worse nasal symptoms in multiple studies,1258,1259 though
the converse, where there is no impact or even a positive ef-
fect on QOL, has also been claimed.1260–1262 Nasal morbid-
ity is ameliorated by postoperative debridement and nasal
irrigations, which underscores the important role of follow-
up care, often requiring more than 1 postoperative visit.

Table XI.C.2 summarizes the evidence surrounding nasal
morbidity as measured by symptomatology and QOL fol-
lowing ESBS.

There are only 2 Level 1 studies on sinonasal-related
QOL outcomes following ESBS, both by Little et al.,283,1263

both studies focused on pituitary lesions. One study
found that there was no difference in nasal morbidity
and QOL outcomes between microscopic and endoscopic
approaches.1263 The other aimed to identify predictors
of sinonasal morbidity, and found that the only negative
prognosticator for long-term outcomes was overall health
status.283

In order to reduce nasal crusting from cartilage expo-
sure, 1 commonly utilized technical modification is the
“rescue flap” technique.1269,1271 Though reported anec-
dotally to minimize sinonasal morbidity because of septal
mucosal preservation, no studies have formally examined
this relationship. Other modifications in surgical technique
have been described. Thompson et al.945 reported improve-
ments in postoperative nasal symptom scores with middle

turbinate preservation, limiting the approach to transnasal
(ie, no dissection of maxillary and sphenoid sinuses), and
reducing NSF utilization whenever possible. One may also
consider secondary coverage of the exposed cartilage, ei-
ther in the form of a “reverse flap”1131,1132 or free mucosal
graft,1272 to promote rapid remucosalization.

XI.C.3. Nasal structural changes following ESBS
Based on the available evidence, iatrogenic nasal structural
changes following ESBS in the modern era are rare. It is
important to emphasize that septectomy may be purposely
performed for access and oncologic control, thus making
septal perforations a natural sequela of the surgical ap-
proach itself or result from tumor resection. Attention to
this topic began when Koren et al.1273 reported a 10% rate
of septal perforation associated with endoscopic transnasal
transsphenoidal surgery in a cohort of 20 patients, whereas
the traditional sublabial approach resulted in a 30% septal
perforation rate as well as 2 (10%) patients having nasal tip
deprojection. Based on more recent reports, the incidence
of structural complications is exceedingly rare. In a series
of 328 consecutive patients, Rowan et al.1117 identified that
nasal dorsal collapse, possibly related to devascularization
of septal cartilage, was present in 19 (5.8%) patients, while
septal perforation occurred in 3 (0.9%) patients, with all
complication associated with CSF use. Cheng et al.1274

had only 1 (0.8%) septal perforation in a cohort of 129
patients who underwent endoscopic transnasal transsphe-
noidal surgery, whereas Dolci et al.1275 reported internal
nasal valve collapse in 6 (14.6%) patients and no sep-
tal perforations in a cohort of 41 endoscopic transnasal
transsphenoidal surgery patients. Table XI.C.3 summarizes
the existing evidence surrounding nasal structural changes
following ESBS.

XI.C.4. Chronic rhinosinusitis as a sequelae of
ESBS

Intuitively, sinonasal dissection in a previously nondiseased
field for access to skull-base lesions may lead to iatrogenic
scarring and disruption of mucociliary function, thereby
leading to sinusitis. However, there is currently limited
evidence that ESBS results in clinically significant sinusitis
beyond the postoperative healing period. In a clinical
trial of 218 patients, 28 (13%) developed “sinusitis,”
defined as facial pressure and nasal discharge requiring
antibiotic therapy.283 Though sinonasal symptoms par-
tially contribute to the clinical picture, endoscopy and/or
radiographic changes are generally necessary to make
the diagnosis of chronic rhinosinusitis. Deconde et al.1277

examined radiographic changes suggestive of mucosal in-
flammation following endoscopic transsphenoidal surgery
with middle turbinate resection and maxillary antrostomy;
they found that there was increased postoperative anterior
ethmoid mucosal thickening, and that preservation of
native anatomy was associated with a lower incidence of
this change. Similarly, Langdon et al.1278 found, in a cohort
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TABLE XI.C.2. Evidence surrounding QOL outcomes, including nasal crusting and obstruction, following ESBS

Study Year LOE Study design Study groups Clinical endpoints Conclusions

Little283 2015 1b Multi-
institutional,
nonblinded,
RCT

218 Patients (111
microscopic, 107
endoscopic)
underwent TNTS

Comparison of preoperative
and 6 month postoperative:

1. SNOT-22 scores
2. ASK scores
3. SF-8 scores
4. EuroQOL-5D-5L

13% of Patients in endoscopic
group developed sinusitis. QOL
scores worsened within 2
weeks after surgery, but
improved at the 3 month mark.
There were no significant
differences in QOL outcomes
between microscopic and
endoscopic approaches.

Little1263 2015 1b Multi-
institutional,
nonblinded,
RCT
(subgroup
analysis)

100 Patients
underwent
endoscopic TNTS

Comparison of preoperative
and 2 week, 3 and 6 month
postoperative:

1. ASK scores
2. SF-8 scores

Predictors of lower QOL at 3
months include sinusitis,
advanced age, and absorbable
nasal packing use. Health
status predicted worse nasal
morbidity at 3 and 6 months.
Nasal crusting, mucopurulence,
and synechia took 16, 6, and 4
weeks to resolve, respectively.

Awad1238 2015 3a Systematic
review of
case-control
studies

7 Studies (5
prospective, 2
retrospective)
examining
sinonasal morbidity
following
endoscopic
skull-base surgery

1. Incidence of morbidities
2. Intraoperative risk factors
3. Mucocele formation
4. Epistaxis
5. Technical modifications to

reduce morbidity
6. Time to resolution
7. QOL

The most common problems are
nasal crusting (50.8%), nasal
discharge (40.4%), nasal
obstruction (40.1%), and
hyposmia/anosmia (26.7%),
which often resolve within 3 to
4 months. Mucocele formation
is more prevalent in children.

Alobid1259 2013 3b Case-control
study

55 (38 TNTS, 17 EEA
with nasoseptal
flap) patients who
underwent
endoscopic surgery

Comparison of preoperative
and 3 month postoperative:

1. SF-36 scores
2. RSOM-31 scores

EEA patients had worse nasal and
general QOL symptoms,
including worse olfaction, than
TNTS patients

Harvey1260 2015 3b Case-control
study

118 Patients who
underwent
endoscopic surgery
for sinonasal or
skull base tumors,
of which 42 were
reconstructed with
nasoseptal flap

Comparison of preoperative
and postoperative:

1. SNOT-22 scores
2. NSS scores

No significant differences in
SNOT-22 and NSS scores
postoperatively between those
who required nasoseptal flaps
and those who did not

McCoul1264 2015 3b Case-control
study

40 Patients who
underwent
endoscopic TNTS,
of which 18 were
reconstructed with
nasoseptal flap

Comparison of preoperative
and 1.5-month, 3-month,
6-month, and 12-month
postoperative:

1. SNOT-22 scores
2. Acoustic rhinometry

(compared to normative
data)

Cross-sectional areas at the level
of the middle turbinate head
and body significantly
increased after surgery. No
significant changes between
preoperative and postoperative
QOL, even in those patients
who had nasoseptal flaps

Jalessi1258 2016 3b Case-control
study

106 Patients who
underwent
endoscopic TNTS
for pituitary
adenomas, of which
68 were
reconstructed with
nasoseptal flap

Comparison of preoperative
and 1, 3, 6, and 12 month
postoperative:

1. SNOT-22 scores
2. “9Q” – nasal congestion,

thick nasal discharge,
postnasal discharge,
sense of taste/smell,
runny nose, need for nose

Patients in the nasoseptal flap
group exhibited worse 9Q
scores and worse sense of
taste/smell, both of which
returned to baseline at 3
months

(Continued)
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TABLE XI.C.2. Continued

Study Year LOE Study design Study groups Clinical endpoints Conclusions

blowing, cough, sneeze, and
facial pain/pressurerunny
nose, need for nose
blowing, cough, sneeze, and
facial pain/pressure

Pant1262 2010 4 Retrospective
case series

51 Patients who
underwent
endoscopic
skull-base surgery

Incidence of complications
and comparison of
preoperative and 3-month,
6-month, and 12-month
postoperative:

1. SNOT-22 scores
2. ASK scores

Mean duration of nasal crusting
was 126 days, which is not
affected by use of nasoseptal
flap. QOL outcomes worsened
on short term but improved
over time

Balaker1254 2010 4 Retrospective
case series

69 Patients who
underwent
endoscopic TNTS

Comparison of preoperative
and early, middle, and late
postoperative SNOT-20
scores

Many early symptoms which
resolve over time, with near
complete resolution at 6 to 9
months postoperatively.
Postnasal discharge and thick
nasal discharge persist longer

Wang1265 2011 4 Retrospective
case series

88 Patients who
underwent
endoscopic TNTS

Comparison of preoperative
and postoperative GNPI
scores

No significant changes in QOL
measures between pre- and
postoperative assessments.
Only 9% patients had
persistent nasal symptoms at
final follow-up appointment

de Almeida1129 2011 4 Retrospective
case series

63 Patients who
underwent
endoscopic
skull-base surgery

Postoperative nasal morbidity Nasal crusting (98%) and
discharge (46%) were most
common postoperative
symptoms. Surgical complexity
(extent of approach) was
associated with worse crusting.

Georgalas1266 2012 4 Retrospective
case series

91 Patients who
underwent
endoscopic
skull-base surgery
for benign
pathology

Comparison of preoperative
and postoperative
RSOM-31 scores

Smell and headache were worse
in patients reconstructed with
nasoseptal flaps, though this
recovered over time. Secreting
adenomas were independently
associated with worse QOL
scores

McCoul1267 2012 4 Retrospective
case series

85 Patients who
underwent
endoscopic
skull-base surgery

Comparison of preoperative
and 3-week, 6-week,
12-week; and 6-month
postoperative:

1. SNOT-22 scores
2. ASK scores

Endoscopic skull-base surgery
improves sinonasal-related
QOL on the long run

McCoul1268 2012 4 Retrospective
case series

66 Patients who
underwent
endoscopic skull
base surgery

Comparison of preoperative
and 3-week, 6-week,
12-week; and 6-month
postoperative:

1. SNOT-22 scores
2. ASK scores

Site-specific QOL scores improved
as compared to baseline
scores, with gross total
resection being associated with
improved outcomes

Rawal1269 2012 4 Retrospective
case series

26 Patients who
underwent
endoscopic TNTS
with rescue flap
incisions, of which 7
were converted into
nasoseptal flaps

1. Postoperative CSF leak
2. Septal perforation

No CSF leaks or septal
perforations, but no mention of
nasal symptoms

(Continued)
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TABLE XI.C.2. Continued

Study Year LOE Study design Study groups Clinical endpoints Conclusions

de Almeida1257 2013 4 Retrospective
case series

138 Patients who
underwent
skull-base surgery,
of which 65
underwent an
endoscopic
approach

Postoperative physical
complaints

Anterior tumors tended to produce
more nasal symptoms and
treatment leads to greater
morbidity as compared to
central tumors

Gallagher1256 2014 4 Retrospective
case series

124 Patients who
underwent
endoscopic anterior
skull-base surgery

Comparison of preoperative
and postoperative nasal
symptoms using a
questionnaire

Mild or no nasal crusting was
reported by 77% of patients, of
which 50% had resolution by 4
months. 71% had no subjective
change in smell after surgery.

Thompson945 2014 4 Retrospective
case series

93 Patients who
underwent
endoscopic TNTS

Comparison of preoperative
and postoperative SNOT-22
scores

Middle turbinate preservation, not
performing unnecessary
maxillary antrostomies, and
limited utilization of the
nasoseptal flap led to improved
individual SNOT score items
reflecting better symptoms

Zimmer1253 2014 4 Retrospective
case series

37 Patients who
underwent
endoscopic TNTS

Comparison of preoperative
and 1- and 3-month
postoperative SNOT-22
scores

Nasal obstruction, olfaction, and
postnasal drainage worsened
at 1 month, but improved by 3
months postoperatively

McCoul1270 2015 4 Retrospective
case series

81 Patients who
underwent
endoscopic TNTS

Comparison of preoperative
and 12-week, 6-month, and
1-year postoperative:

1. SNOT-22 scores
2. ASK scores

There was transient worsening of
QOL scores in the short term,
which improved by 1 year
postoperatively. Subtotal
resection was the only factor
associated with negative QOL
outcomes

Hanson1261 2015 4 Retrospective
case series

36 Patients who
underwent
endoscopic
skull-base surgery
with nasoseptal flap
reconstruction

Comparison of preoperative
and 90-day postoperative:

1. SNOT-20 scores
2. VAS for nasal obstruction,

pain, secretions, smell
3. Endoscopic exam
4. Mucociliary clearance

No significant differences in SNOT
QOL scores preoperatively and
postoperatively, with apparent
improvement in nasal
obstruction on VAS. Endoscopy
scores worsened
postoperatively.

Davies1255 2017 4 Prospective
case series

56 Patients who
underwent
endoscopic TNTS

Comparison of preoperative
and 1-day, 3 days, 2
weeks, 3 months, and
6–12 months postoperative
GNPI scores

QOL scores worsen within 2
weeks postoperatively, but
improve by 6–12 months.
Patients with functioning
tumors had worse QOL scores.

EEA = endoscopic endonasal approach; GNPI = General Nasal Patient Inventory; LKES = Lund-Kennedy endoscopic score; NSS = nasal symptom score; QOL = quality
of life; RCT = randomized controlled trial; RSOM = Rhinosinusitis Outcome Measure; SF = Short Form Health Survey; SNOT-22 = 22-item Sino-Nasal Outcome Test;
TNTS = transnasal transsphenoidal surgery; VAS = visual analog scale.

of 55 patients, that Lund-Mackay scores (an objective
measure of radiographic sinusitis) remained elevated 12
months following ESBS, with higher average scores among
patients who required NSF reconstruction, but this did
not correlate with symptoms. Table XI.C.4 reviews the
existing evidence surrounding development of chronic
sinusitis following ESBS.

� Aggregate Grade of Evidence: B (Level 1b: 3 studies;
Level 2a: 1 study; Level 3a: 1 study; Level 3b: 13 studies;
Level 4: multiple studies; Table XIC.1, Table XI.C.2,
Table XI.C.3, and Table XI.C.4).

� Benefit: Minimization of nasal morbidity is correlated
with improved QOL scores and lower incidence of iatro-
genic complications.
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TABLE XI.C.3. Evidence surrounding nasal structural deformities following ESBS

Study Year LOE Study design Study groups Clinical endpoints Conclusions

Koren1273 1999 4 Retrospective case series 40 (20 sublabial, 20
endoscopic) patients who
underwent transnasal,
transsphenoidal surgery

Incidence of
complications

Septal perforation occurred in 2
(10%) and 6 (30%) patients in
the endoscopic and sublabial
groups, respectively. Sublabial
group also had 2 (10%)
patients with deprojection of
the nasal tip

Heo1276 2008 4 Retrospective case series 11 Patients who underwent
endoscopic surgery for both
chronic rhinosinusitis and
pituitary adenoma

Incidence of
complications

1 (9%) Patient developed septal
perforation

Rowan1117 2016 4 Retrospective case series 328 Patients who underwent
endoscopic skull-base
surgery

Incidence of nasal
deformities

Nasal dorsal collapse occurred in
19 (5.8%) patients, while septal
perforation occurred in 3 (0.9%)
patients. Deformities were
associated with nasoseptal flap
use and combined endoscopic
approaches

Cheng1274 2017 4 Retrospective case series 129 Patients who underwent
endoscopic transnasal
transsphenoidal surgery

Incidence of
complications

1 (0.8%) Patient developed septal
perforation

Dolci1275 2017 4 Retrospective case series 41 Patients who underwent
endoscopic skull-base
surgery

Incidence of
complications

Synechia formation occurred in 8
(19.5%) patients, internal valve
collapse in 6 (14.6%), and no
septal perforations

ESBS = endoscopic skull-base surgery; LOE = level of evidence.

TABLE XI.C.4. Evidence surrounding clinically significant iatrogenic sinusitis following ESBS

Study Year LOE Study design Study groups Clinical endpoints Conclusions

Deconde1277 2014 4 Retrospective
case series

51 Patients who underwent
endoscopic TNTS

Comparison of
preoperative and 3 and
6 month postoperative
Lund-Mackay scores

Middle turbinate resection and
maxillary antrostomy are
associated with increased
postoperative mucosal
thickening of anterior
ethmoids

Langdon1278 2016 4 Retrospective
case series

55 Patients who underwent
ESBS, of which 17 required
nasoseptal flap
reconstruction

Comparison of
preoperative and 3 and
12 month postoperative:

1. Lund-Mackay scores
2. Sinonasal symptoms

Mean Lund-Mackay score
increased at 3 and 12
months postoperatively
compared to baseline, with
increased scores in the
nasoseptal flap subgroup.
Symptoms were worse
postoperatively, however,
returned to baseline at 12
months

ESBS = endoscopic skull-base surgery; LOE = level of evidence; TNTS = transnasal transsphenoidal surgery.

� Harm: Nasal morbidity leads to adverse QOL
changes, but must be balanced against sufficient en-
doscopic access, oncologic control, and successful re-
pair of skull-base defects in select cases (eg, CSF
leak).

� Cost: No studies have formally assessed the monetary
costs of nasal morbidity, but mindfulness on the part
of the surgeon will likely decrease patient-related and
system-related costs for the management of undesired
sequelae.
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� Benefit-Harms Assessment: Directed, meticulous endo-
scopic dissection and preoperative planning will likely
improve lesion access, operative time, and minimize
nasal morbidity.

� Value Judgments: Potentially worse olfactory outcomes
are associated with NSF elevation, thermal (eg, electro-
cautery) flap elevation techniques, binarial dissection,
and dissection of the “olfactory strip.” Nasal crusting,
discharge, and obstruction are the most common post-
operative symptoms. There is generally significant wors-
ening in QOL and symptom scores during the early
postoperative period, with return to baseline 3 to 12
months postoperatively. Nasal structural complications
are rare following ESBS. Clinically significant sinusitis is
also rare in the long term, with radiographic data corre-
lating poorly with symptoms.

� Policy Level: Recommendation
� Intervention: Careful preoperative planning should be

undertaken by the surgical team (eg, to assess need
for NSF). Whenever possible, minimize unnecessary
sinonasal dissection for access to skull-base pathology.

XII. Intraoperative considerations
XII.A. Arterial hemostatic techniques

Arterial injury during ESBS remains 1 of the most chal-
lenging circumstances a skull-base surgeon may encounter.
This may vary from catastrophic ICA injury to more mi-
nor perforator-based bleeding. Surgeons need to have a
sound understanding of how they will manage all types of
arterial vascular injury during surgery prior to the event,
because formulating a management plan during this
anxiety-provoking event is difficult or impossible. The man-
agement of arterial bleeding during ESBS is largely based
upon surgeon-accumulated anecdotal experience without
evidence-based guidelines (see Table XIIA).

XII.A.1. Packing
XII.A.1.a. Major arterial injury. There are no previ-
ously published systematic reviews, clinical guidelines, or
RCTs pertaining to the use of nasal packing during endo-
scopic injury of a major artery during ESBS. Packing with
a variety of agents has been recommended for the man-
agement of major endoscopic arterial injuries where vessel
preservation is required.1281 There are several papers rec-
ommending the use of non-occlusive packing in general for
major arterial vascular injuries.1194 Muscle packing is par-
ticularly useful because it is reliable, readily accessible, and
quick to acquire. Valentine et al.1205 were the first to iden-
tify its efficacy in a large arterial injury in a prospective
RCT utilizing a novel sheep model. The muscle patch is
advantageous because it can be used in all cases, regard-
less of surgical exposure to the injury site.1203 Donor sites
advocated include abdominal rectus, sternocleidomastoid,
thigh, or temporalis muscle.1194,1206 Padhye et al.1203 inves-
tigated the efficacy of the non-occlusive muscle patch in a

prospective randomized trial in a sheep model of major
endoscopic arterial injury utilizing a linear, stellate, and
punch arterial injury. This showed 100% efficacy of the
muscle patch in achieving primary hemostasis. A retrospec-
tive series of major arterial injury during ESBS has also
been published. This showed universal success in achiev-
ing hemostasis with the muscle patch in all cases without
subsequent neurological injury. There was only 1 pseudoa-
neurysm from the 9 cases treated with the muscle patch.
In several case reports, FloSeal, a gelatin-thrombin hemo-
static matrix sealant, has been shown to be effective in en-
doscopic arterial major injury management when used as
a focally applied, topical packing agent.1279,1280 This must
be used with caution, however, because it has the ability to
embolize into the parent vessel.

XII.A.1.b. Minor arterial injury. There are no pre-
viously published systematic reviews, clinical guidelines,
or RCTs pertaining to the use of nasal packing during
endoscopic injury of a minor artery during ESBS. There
are several case reports of the use of FloSeal as an effec-
tive agent in focally applied topical packing.1279,1280 In
addition, Avitene packing with warm saline irrigation or
Gelfoam packing has also been recommended for small ar-
terial injuries.1281–1283

� Aggregate Grade of Evidence: D (Level 4: 2 studies, Level
5: 7 studies)

� Benefit: Subjective improvement in surgical field, subjec-
tive decrease in intraoperative bleeding

� Harm: No specific reports about side-effects; potential
increase in blood loss

� Cost: Low
� Benefit-Harm Assessment: Option: Muscle patching ap-

pears to be successful in control of bleeding as well as
minimization of delayed complications such as pseudoa-
neurysm development.

� Value Judgments: Effective bleeding control method
� Policy Level: Option
� Intervention: Option

XII.A.2. Bipolar cautery
XII.A.2.a. Major arterial injury. There are no pre-
viously published systematic reviews, clinical guidelines,
or RCTs pertaining to the use of bipolar cautery dur-
ing endoscopic injury to a major artery during skull-base
surgery. With regard to large vascular arterial injuries, the
efficacy of bipolar cautery in achieving primary hemosta-
sis has been shown in a sheep model of large vascular
injury. In 5 of the 7 cases hemostasis was achieved with
bipolar cautery but this resulted in the largest intraop-
erative blood loss when compared to other hemostatic
methods.1206 A number of authors have reported success
using bipolar cautery as an effective option for major ar-
terial vascular injury.1188,1194,1195,1206,1283 However, Pad-
hye et al.1206 demonstrated that it was not as reliable at
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TABLE XIIA. Evidence for arterial hemostasis techniques

Study Year LOE Study design Study groups End points Conclusion

Padhye1203 2015 4 Retrospective cohort 1. Muscle patch 1. Hemostasis
2. Pseudoaneurysm
3. Neurological deficit

Muscle is reliable, 100%
hemostasis, 1/9
pseudoaneurysm

Padhye1206 2014 N/A
Animal

Model

RCT 1. Muscle patch
2. Aneurysmal clip
3. Bipolar

1. Hemostasis
2. Pseudoaneurysm
3. Neurological deficit

Muscle and Aneurysmal clip is
reliable, low
pseudoaneurysm risk

Padhye1207 2014 N/A
Animal

Model

Prospective cohort 1. Anastoclip 1. Hemostasis
2. Pseudoaneurysm
3. Neurological deficit

Anastoclip is reliable, 100%
hemostasis, 1/9
pseudoaneurysm

Valentine1205 2011 N/A
Animal

Model

RCT 1. Muscle patch
2. FloSeal
3. Surgicel
4. Chitosan Gel
5. U-clip

1. Hemostasis
2. Blood loss

Muscle patch and U-clip are
reliable, 100% hemostasis,
less blood loss.

Cappabianca1279 2009 4 Retrospective case note
review

1. FloSeal 1. Hemostasis FloSeal was useful for oozing
and focal hemorrhage

Reeves1280 2011 4 Case study 1. FloSeal 1. Hemostasis FloSeal was effective

LOE = level of evidence; N/A = not applicable; RCT = randomized controlled trial.

achieving hemostasis when compared to clip and packing
techniques, with pseudoaneurysm formation a risk.

XII.A.2.b. Minor arterial injury. There are no previ-
ously published systematic reviews, clinical guidelines, or
randomized controlled trials pertaining to the use of bipolar
cautery during endoscopic injury of a minor artery during
endoscopic skull base surgery. Bipolar techniques have been
recommended for small artery injury control when the site
can be accessed,1195,1279,1281,1282 with a number of angled
tips available for difficult to reach sites.

� Aggregate Grade of Evidence: D (Level 4: 1 study, Level
5: 6 studies)

� Benefit: Subjective improvement in surgical field, subjec-
tive decrease in intraoperative bleeding

� Harm: No specific reports about side-effects
� Cost: Low
� Benefit-Harm Assessment: Option
� Value Judgments: Effective bleeding control method but

may have increased blood loss associated with control in
comparison to packing.

� Policy Level: Option
� Intervention: Option

XII.A.3. Ligature clips, aneurysmal clips, and
anastoclip

XII.A.3.a. Major arterial injury. There are no previ-
ously published systematic reviews, clinical guidelines, or
RCTs pertaining to the use of surgical clips during endo-
scopic major arterial injury during skull-base surgery. The
efficacy of aneurysmal clips in primary large vessel hemosta-

sis has been shown in a sheep model of large vascular injury,
with all cases achieving hemostasis.1206 Gardner et al.1194

and Solares et al.1195 recommended aneurysmal clips as an
effective option for major arterial vascular injury while try-
ing to preserve vascular patency and preservation. The use
of a novel AnastoClip vessel closure system has also been
shown to be effective in all cases in a sheep model, with only
1 pseudoaneurysm out of 9 cases.1207 The use of all clip de-
vices, however, does require some level of surgical exposure
of the injury site, and may be more technically challenging
to apply. In addition, appropriate length, single-shaft clip
appliers are needed.

XII.A.3.b. Minor arterial injury. There are no previ-
ously published systematic reviews, clinical guidelines, or
RCTs pertaining to the use of surgical clips during minor
endoscopic arterial injury during skull-base surgery. En-
doscopic applied clips have been recommended for small
arterial perforators where the artery can be sacrificed.1281

� Aggregate Grade of Evidence: D (Level 4: 1 study; Level
5: 3 studies)

� Benefit: Subjective improvement in surgical field, subjec-
tive decrease in intraoperative bleeding

� Harm: No specific reports about side effects
� Cost: Low
� Benefit-Harm Assessment: Option
� Value Judgments: Effective bleeding control method
� Policy Level: Option
� Intervention: Option
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XII.B. Venous hemostatic techniques
Endoscopic intracranial surgery provides the benefit of a
deep-reaching surgery through a minimally invasive access
point. The endoscope enables the surgeon to view more
while exposing less. The benefits of ESBS have been de-
scribed throughout this report. An indirect view of the sur-
gical field is 1 of the main challenges of endoscopic surgery.
This challenge is especially recognized during attempts at
hemostasis. The confines of a smaller access point during
ESBS require meticulous hemostasis to not only to reduce
surgical morbidity, but to also keep the field of view clear
and available for continued surgical momentum. Especially
with intraventricular extension, hemostasis is of particular
concern to prevent the obstruction of cerebrospinal fluid
pathways.

XII.B.1. Venous hemostatic techniques
XII.B.1.a. Bipolar cautery. The endoscope permits an-
gled visualization of neural structures that would otherwise
not be seen through open surgery. This, however, requires
the use of angled instrumentation. Angled bipolar cauter-
ization is a requirement to address hemostasis of venous
bleeding viewed by angled endoscopy. Monopolar cautery
is not recommended around neurovascular structures due
to the heat and electrical transfer to these important func-
tional structures.

Two studies examined the utility of specialized, angled
bipolar electrocautery forceps for the use of endoscopic
neurosurgical applications.1283,1284 Kassam et al.1283 ret-
rospectively reported on their observations of 400 ESBS
cases and concluded that angled bipolar forceps, especially
with pistol-gripping features, enable the surgeon to ma-
neuver bipolar electrocautery with greater precision and
ergonomics. As an aside, their observations also report on
their unquantified success with flowable gelatin-thrombin
matrix for hemostasis. Kim et al.1284 report on their ex-
perience with 940 cases of transsphenoidal surgery, of
which there were 72 patients with significant cavernous
sinus bleeding. Of the 72 patients, 67 were managed via
angled bipolar cauterization alone. The remaining 5 cases
utilized tack-up sutures for dural repair after angled bipolar
management and packable hemostastic agents had failed to
achieve hemostasis initially. No cases required endovascu-
lar management. No cases had postoperative epistaxis or
intracranial hemorrhage. Their use of specialized, angled
bipolar forceps were described as being practical in reduc-
ing hemorrhage from intercavernous sinus bleeding.

XII.B.1.b. Flowable packing. When traditional meth-
ods of hemostasis are impractical, impossible, or exhausted,
the use of flowable packing can be considered. A vari-
ety of flowable packing materials are available in the in-
ternational market, which can be divided into 2 general
groups: gelatin-thrombin matrices or fibrin glues. The flow-
able gelatin-thrombin matrix utilizes the principle of gran-

ulized gelatin to adhere to the vessel and thrombin to fa-
cilitate coagulation, which is in the form of a flowable,
prohemostatic sealant. Fibrin glues come in different va-
rieties, though the general components are fibrinogen and
thrombin. When combined, these 2 components mimic the
final stage of the human coagulation cascade. Fibrin glues,
however, have not been approved for neurosurgical use
in the United States, thus their use in neurosurgical appli-
cations have been off-label and should only be used with
caution.

Although these mechanisms of operative hemostasis have
been used for many years, the use of flowable hemostatic
agents in neurosurgical applications has been cautiously
studied. The sensitive microenvironment of the central ner-
vous system, the unforgiving consequences of cerebral ve-
nous and sinus thrombosis, and the concern for impedi-
ments of CSF flow within the ventricular system are all
valid concerns for the safety of these agents for hemostasis.

Studies on the use of the different fibrin glues for in-
tracranial venous hemostasis were limited to a case series
and a case report.1285,1286 Sekhar et al.1285 reported on
their institutional series of 86 retrospective cases in which
fibrin glue was used for venous hemostasis. Their report ob-
served 2 cases of temporal lobe venous infarction and brain-
stem edema following injection of the fibrin glue into the
superior petrosal sinus. There were no reports of adverse
events when fibrin glue was injected in other intracranial ve-
nous structures. Tavanaiepour et al.1286 reported on a case
where fibrin glue was used for cavernous sinus hemosta-
sis with a resultant sensory trigeminal nerve deficit, likely
from compressive effects. The off-label use of fibrin glue in
neurosurgical applications should be done with care and
caution.

The utility of gelatin-thrombin matrix as a flowable
hemostatic sealant has been confirmed in many surgi-
cal trials. However, none included neurosurgical appli-
cations with the consideration of neurosurgical safety.
Several observational and retrospective studies have been
published, which demonstrate its efficacy for intracranial
surgery.1279,1287–1290 Ellegala et al.1287 report on a se-
ries of 20 patients with significant sellar bleeding dur-
ing transsphenoidal surgeries. In all 20 patients, flow-
able gelatin-thrombin matrix was successful in obtaining
hemostasis. Fiss et al.1289 reported on their retrospective
review of 7 patients with significant bleeding from intracra-
nial surgery and noted that 5 of the 7 obtained hemostasis
following flowable gelatin-thrombin matrix placement. The
remaining 2 required other additional means of hemostasis,
which was eventually achieved. Cappabianca et al.1279 per-
formed a prospective analysis of 29 patients who required
the use of flowable gelatin-thrombin matrix for significant
endoscopic endonasal bleeding, all of which obtained im-
mediate successful hemostasis. Bedi et al.1288 confirmed
successful hemostasis with their prospective analysis of
39 patients undergoing endoscopic endonasal neurosurgi-
cal procedures. Gazzeri et al.1290 has the largest prospec-
tive analysis to date, which examined 153 cranial surgery
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patients and confirmed the utility of flowable gelatin-
thrombin matrix in intracranial applications. Four of their
153 patients suffered delayed-hemorrhages; however, 2 of
these cases were for intracerebral hemorrhage surgery and
the other 2 were for malignant glioma surgery. No compli-
cations attributable to the flowable gelatin-thrombin ma-
trix were reported in any of the above studies.1279,1287–1290

XII.B.1.c. Warm water irrigation. The use of warm
saline irrigation for hemostasis has been advocated in anec-
dotal teachings; however, very few studies have been per-
formed to formally demonstrate its efficacy. Several studies
have shown its efficacy in the nasal mucosa, but the milieu
of the cerebrum and intracranial compartments are vastly
different. Although the mechanisms for hemostasis are un-
clear, several hypotheses believe it may be due to induced
interstitial edema and compression of leaky vessels, thereby
decreasing blood flow and luminal blood pressure, leading
to stasis and subsequent hemostasis.1291 Others suggest that
water/saline may dilute physiologic anticoagulants and in-
duce an imbalance that favors coagulation.1292 It has also
been theorized that irrigation of 40°C or greater optimized
coagulation cascade enzyme function. Kassam et al.’s1283

case series with warm water irrigation found that saline
that is “warm to the touch” has been effective in irrigation
in their experience. In contrast, 46°C was noted to be the
threshold for efficacy for hemostasis, albeit in a study on
the nasal mucosa for epistaxis, not cerebrum.1291 A mouse
study by Fujita et al.1293 demonstrated that the type of ir-
rigation matters. Head-to-head trials of normal saline, lac-
tated Ringer’s solution, and artificial CSF (ACF-95) were
used to irrigate induced injuries to the mouse’s parietal
lobe. All irrigation materials were kept at room temper-
ature (23.1°C to 23.8°C). After irrigating for 10 minutes
at 100 mL/hour, bleeding points were counted. The re-
sults of this study have shown that ACF-95 was superior
to normal saline in obtaining hemostasis. ACF-95 and lac-
tated Ringer’s were not statistically different in obtaining
hemostasis. They concluded that the elements within ACF-
95 and lactated Ringer’s—and not in normal saline—aided
in hemostasis, specifically calcium and potassium. In a sec-
ond part of their experiment, a head-to-head trial of normal
saline vs normal saline with the addition of potassium and
calcium was carried out, confirming the statistical benefit
of the added elements.

Summary
Although highly powered, RCTs are lacking, case series
and expert opinions have demonstrated the safety and util-
ity of flowable packing agents and bipolar cautery for ve-
nous hemostasis in intracranial endoscopic surgery. Warm
saline irrigation has been demonstrated to be effective, but
mechanisms are still unclear and there is a likelihood that
other irrigation may be more effective (see Table XII.B).

� Aggregate Grade of Evidence:

◦ Fibrin-based flowable hemostatic agent: D (Level 4:
2 studies)

◦ Flowable gelatin-thrombin matrix hemostatic agent:
C (Level 3b: 3 studies; Level 4: 2 studies)

◦ Specialized bipolar cautery: C (Level 3b: 1 study;
Level 4: 1 study)

◦ Warm irrigation: C (Level 3b: 1 study; Level 3a: 1
study)

� Benefit: Rapid control of intraoperative bleeding.
� Harm: Especially in the fibrin glue literature, reports of

venous thromboembolism and compressive injuries to
the CNs within the cavernous sinus. Warm saline irriga-
tion does not immediately induce hemostasis, and a time
and blood-loss element could play a role in the selection
of hemostatic technique.

� Cost: There is a cost associated with all flowable hemo-
static agents and specialized, angled bipolar forceps with
different degrees of angulation, length, and gripping
mechanism. The cost of warm saline irrigation is nomi-
nal.

� Benefit-Harm Assessment: Balance of risk and benefits.
� Value Judgments: For the majority of endoscopic in-

tracranial cases, the use of bipolar electrocautery has
been appropriate for venous hemostasis. However, flow-
able hemostatic agents can be used in settings where
bipolar cautery is impractical, impossible, or exhausted.
In other settings, warm saline irrigation can be just as ef-
fective, cheaper, and more available than manufactured
hemostatic agents.

� Policy Level: Option
� Intervention: When bleeding cannot be controlled by

bipolar cautery, flowable hemostatic agents and pro-
fuse warm saline irrigation can be used to help achieve
hemostasis. The use of fibrin glue applications has not
been approved in the United States and should be used
with caution and with recognition of the previously pub-
lished complications.

XII.C. Perioperative and postoperative
management in ESBS

The surgical management of skull-base lesions through EEA
is founded on operative techniques, instrumentation, and
technologies. A variety of surgical adjuncts are increas-
ingly available with the general goal of optimizing out-
comes in the perioperative period. This section focuses
on 3 such adjuncts including antibiotics, tissue sealants,
and nasal packing. Judicious use of antibiotics is an im-
portant consideration given the inherently contaminated
nature of the paranasal sinuses and potential intracranial
infectious sequela from surgery. The use of antibiotics,
however, is tempered by potential side effects and com-
plications and conflicting studies. Tissue sealants and nasal
packing are commonly used as final layers in skull-base
reconstruction with the theoretical goal of supporting the
repair site and assisting with hemostasis. Understanding
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TABLE XII.B. Evidence for use of specialized bipolar cautery, flowable hemostatic packing, and warm irrigation in intracranial
neurosurgical applications

Study Year LOE Study design Study groups Clinical endpoint Conclusions

Cappabianca1279 2009 3b Prospective
case series

29 Undergoing endoscopic
endonasal procedures
where flowable
gelatin-thrombin matrix
was used.

Complication rate;
clinical
outcomes

Gelatin matrix + thrombin is effective and
safe.

Bedi1288 2011 3b Prospective
case series

39 Undergoing endonasal,
endoscopic sellar and
suprasellar tumors.

Complication rate;
clinical
outcomes

Gelatin matrix + thrombin is effective and
safe.

Gazzeri1294 2011 3b Prospective
case series

153 Undergoing cranial
surgery.

Complication rate;
clinical
outcomes

Gelatin matrix + thrombin is effective, but 4
patients had delayed hemorrhages or
re-bleeds.

Kim1284 2009 3b Prospective
case series

72 Undergoing
transsphenoidal surgery
who had significant
intercavernous sinus
bleeding.

Complication rate;
clinical
outcomes

The use of angled bipolar forceps are
preferred in addressing sinus bleeding in
endonasal applications.

Sekhar1285 2007 4 Retrospective
case series

86 Undergoing intracranial
surgery with significant
venous bleeding where
fibrin glue was utilized.

Complication rate;
clinical
outcomes

Fibrin glue is effective in hemostasis, but 2
events of venous thromboembolism
occurred with fibrin glue injection of the
superior petrosal sinus.

Tavanaiepour1286 2015 4 Case report 1 Undergoing intracranial
surgery with cavernous
sinus bleeding

Complication Fibrin glue is effective, but this case report
demonstrated a cranial nerve V deficit,
probably from compression by the fibrin
glue.

Ellegala1287 2002 4 Retrospective
case series

20 Undergoing surgery where
vigorous bleeding was
encountered and traditional
methods of hemostasis
failed. Flowable
gelatin-thrombin matrix
was used in all cases.

Complication rate;
clinical
outcomes

Gelatin matrix + thrombin is effective and
safe.

Fiss1289 2007 4 Retrospective
case series

5 Undergoing intracranial
surgery with significant
venous or sinus bleeding
where flowable
gelatin-thrombin matrix
was used in all cases.

Complication rate;
clinical
outcomes

Gelatin matrix + thrombin is effective and
safe.

Kassam1283 2005 4 Observational 400 Patients who underwent
endoscopic neurosurgery.

Complication rate;
clinical
outcomes

The use of angled bipolar forceps with
pistol-grip mechanisms are preferred in
addressing venous bleeding in endonasal
applications. Warm saline irrigation that
is “warm to the touch” is effective in
venous hemostasis

Fujita1293 2010 N/A Mouse study 6 Mice in each group, 8
groups total

Quantifiable
bleeding points

ACF-95 was superior to normal saline in
hemostasis. ACF-95 and lactated ringers
were equivalent in efficacy. Normal
saline with the addition of calcium and
potassium were superior to normal saline
alone.

LOE = level of evidence; N/A = not applicable.
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the literature allows for an evidence-based approach for
their use.

XII.C.1 Perioperative antibiotics
EEAs to the skull base utilize corridors through the nasal
cavity and paranasal sinuses to reach the sterile intracranial
cavity. The presence of a normal sinonasal microbiome1295

and, in patients with sinusitis, pathogenic bacteria, con-
veys a theoretical risk of postoperative intracranial infec-
tion with these procedures. However, the risk of postoper-
ative meningitis is low1164 and antibiotic use has several
risks, including adverse effects and allergic reactions to
the medication, disruption of the normal gastrointestinal
flora resulting in infectious colitis (Clostridium difficile),
and development of drug-resistant organisms. Therefore,
understanding the available evidence for antibiotic prophy-
laxis in ESBS is important to guide judicious perioperative
protocols.

Prior to the regular utilization of ESBS, 3 studies eval-
uated the role of antibiotics in open and microscopic ap-
proaches to the skull base.54,1296,1297 Because the 3 studies
covered procedures that were inherently different from en-
donasal surgery in addition to other study limitations (eg,
single institutions, nonrandomized), it is difficult to draw
conclusions that can extrapolate to ESBS. It appears, how-
ever, that the risk of meningitis with microscopic transsphe-
noidal surgery is low (0.7%) when a single antibiotic (ce-
furoxime) is given 30 minutes prior to surgery and 8 hours
after the first dose.1297

There have been 4 studies evaluating the role of antibi-
otics in ESBS over the past decade.1298–1301 All of these stud-
ies are single institutional, nonrandomized and include a va-
riety of skull-base approaches and pathologies. Three were
retrospective1298,1300,1301 and 1 was prospective.1299 The
studies looked at a median of 162 pathologies (range, 90-
2032 pathologies), of which 80.5% were microadenoma,
macroadenoma, or craniopharyngioma (standard deviation
[SD] 10.1; range, 71% to 94%) with the remainder repre-
senting an assortment of anterior skull-base pathologies.
Two of the studies did not have exclusion criteria,1298,1299

the other 2 studies excluded patients felt to be at elevated
risk of postoperative complications.1300,1301 In addition,
there was a systematic review of open, microscopic, and
endoscopic approaches to the skull base,1302 which in-
cluded the studies listed here that had been published at
that time.54,1296–1299 However, the authors were not able
to perform a meta-analysis given the heterogeneity of the
studies.

The antibiotic protocols reported in the purely endo-
scopic studies varied. Three of the studies used a single
antibiotic: cefazolin,1299–1301 or ampicillin/sulbactam,1301

with vancomycin, clindamycin, or clarithromycin reserved
for patients with sensitivities to the first-choice agent. Or-
lando et al.1298 primarily utilized amikacin with either cef-
tazidime or ceftriaxone. The earlier studies had antibiotic
durations for 1 to 3 days,1298,1299 whereas the more recent

studies gave antibiotics 30 minutes prior to surgery with
or without a single postoperative dose 6 to 8 hours after
surgery.1300,1301 The majority of the reviewed studies did
not mention postoperative nasal packing. When mentioned,
the authors did not specify the type of packing or duration
of packing. Additionally, the use of nasal packing was not
assessed as an independent factor for outcomes including
infectious complications. The 2016 systematic review by
Rosen et al.1302 did not find any evidence linking the use of
nasal packing or the duration of nasal packing to infectious
complications or duration of antibiotics.

Interestingly, the rate of postoperative bacterial meningi-
tis is lower among the studies of endoscopic approaches
to the skull base (mean, 0.31%; SD, 0.36; range, 0%
to 0.69%) relative to those evaluating open approaches
(mean, 3.15%; SD, 1.63; range, 2% to 4.3%), although
statistical comparison is not feasible. Among the studies
of endoscopic skull-base procedures, only 1 looked at fac-
tors associated with postoperative meningitis, and found
significantly higher rates among patients with a postoper-
ative CSF leak (OR, 20.79; 95% CI, 5.64 to 76.63; p <

0.001), as well as those with malignant pathology (OR,
8.31; 95% CI, 1.180 to 36.81; p = 0.020).1301 No studies
were able to identify an association between postoperative
meningitis and choice of antibiotic agent or antibiotic dura-
tion. None of the studies looked at complications from the
antibiotics.

There are several limitations to the available literature.
The nonrandomized nature of these studies as well as a
lack of a nonantibiotic control arm precludes any definite
conclusions. In addition, there are many potentially con-
founding variables, including patient comorbidities, extent
of surgery, types of skull-base pathology, use of LD, differ-
ences in surgical technique, and postoperative care, any of
which may influence rates of postoperative complications.
Although a major factor driving the decision of antibiotic
choice is the risks associated with unnecessary antibiotic
usage, none of the studies report antibiotic-related compli-
cations. Finally, because meningitis after ESBS has a low
incidence, a properly powered, randomized study would
require an impractically large number of patients.

In conclusion, the literature for perioperative antibiotics
in ESBS is limited and does not allow for definitive con-
clusions regarding the safety and impact of antibiotics on
postoperative infectious complications. The studies do sug-
gest a low rate of meningitis with short-term perioperative
antibiotics, which may be an option for ESBS. A higher rate
of infectious complications in patients with postoperative
CSF leak and those undergoing surgery for malignancy may
indicate a preferential role of antibiotics in these settings.
Additional research is required to elucidate this question.

� Aggregate Grade of Evidence: C
� Summary: The overall evidence is limited. Antibiotics

more likely to benefit patients with postoperative CSF
leak and those undergoing surgery for malignancy

S328 International Forum of Allergy & Rhinology, Vol. 9, No. S3, July 2019



ICAR:ESBS

XII.C.2. Tissue sealants
Successful reconstruction of the skull base is an essential
aspect of ESBS. Although a variety of techniques and ma-
terials have been described, the primary common objec-
tive is to prevent a postoperative CSF leak. In this regard,
tissue sealants are frequently used as a final step of the
reconstruction.

There are several commercially available tissue sealants
that have been evaluated with in vitro and in vivo models.
Fibrin-based sealants stimulate the final phase of the co-
agulation cascade by combining thrombin and fibrinogen.
Beriplast P (CSL-Behring, Tokyo, Japan) has been stud-
ied with in vitro experiments utilizing synthetic materials
and has been shown to withstand an average pressure of
32 cm H20 ten minutes after application and more than
40 cm H20 of pressure after 24 hours.1303 This ability to
withstand pressure increases as the ratio of fibrinogen to
thrombin increases.1304 Another fibrin-based sealant, Tis-
seel (Baxter Inc., Mississauga, ON, Canada) has been eval-
uated both in vitro1305 and in vivo,1306 showing improved
graft adherence and overall increased ability to withstand
burst pressure compared to the control arm (14.9 ± 1.5 vs
3.9 ± 0.7 psi; p < 0.001).

There are several non–fibrin-based tissue sealants avail-
able. Bioglue (Cryolife Inc., Kennesaw, GA) is a tissue glue
made of bovine serum albumin and glutaraldehyde which
crosslink when combined in a special applicator. Duraseal
(Integra LifeSciences Corporation, Plainsboro, NJ) is a syn-
thetic polyethylene glycol dural sealant that is designed to
hold dura closed for 4 to 8 weeks while healing occurs.
There have been 2 in vitro studies comparing the various
tissue sealants. Utilizing a pressure chamber system with
cadaveric dural samples, a gain in leak pressure compared
to dural substitute was noted for all studied sealants, with
higher pressures for the fibrin sealant Tachosil (Nycomed,
Linz, Austria) and Duraseal compared to Bioglue and Tissu-
col (Baxter AG, Vienna, Austria) (+22.22 mmHg, +23.53
mmHg, +12.19 mmHg, and +3.28 mmHg, respectively;
p = 0.001).1307 Another study evaluating the use of Tisseel
and Duraseal in combination with various grafting mate-
rials found that overall, the tissue sealants were able to
withstand similar burst pressures, but that the combina-
tion of Tisseel and pig pericranium formed the strongest
barrier to leak when compared to any combination of Tis-
seel or Duraseal and Alloderm, Durasis, or Pericranium
(12.5 mmHg Alloderm and Duraseal; 21.8 mmHg Durasis
and Duraseal; 44.7 mmHg Pericranium and Duraseal; 30.6
mmHg Alloderm and Tisseel; 15.8 mmHg Durasis and Tis-
seel; 95.5 mmHg Pericranium and Tisseel; p < 0.0001).1308

Prior to the era of advanced ESBS, several studies eval-
uated the use of fibrin-based sealants used in place of
autologous tissues such as fat or muscle in microsurgi-
cal approaches to the sella and parasellar regions. These
found comparable rates of postoperative CSF leak com-
pared to earlier studies that did not use fibrin sealants. Van
Velthoven et al.1309 retrospectively reviewed 126 patients

who underwent microsurgical resection of sellar pathology
and had the sella reconstructed with pieces of septal bone
in addition to Beriplast fibrin glue. Two of the 15 patients
with intraoperative CSF leak developed postoperative CSF
rhinorrhea. Seda et al.1310 retrospectively evaluated 567 pa-
tients who underwent microsurgical resection of pituitary
or sellar tumors. In the 64 patients who developed intra-
operative CSF leak, a fibrin glue (Beriplast) was used to fill
the intrasellar space, and only 1 of these patients suffered
from a postoperative CSF leak. Although these were single-
cohort studies, their rates of postoperative CSF leak were
similar to prior studies utilizing autologous tissue for sellar
reconstruction (1.5-9.6%).1311–1324

There have been several retrospective clinical studies eval-
uating fibrin-based sealants in ESBS as part of a multilay-
ered skull-base reconstruction in cases in which an intraop-
erative CSF leak was encountered. Cappabianca et al.1324

found that the combined use of the fibrin sealant Tissucol
and collagen fleece (Tissufleece E; Baxter AG, Vienna, Aus-
tria) resulted in a lower rate of postoperative CSF leak com-
pared to Tissucol use alone (0% vs 12.5%). Yano et al.1325

found significantly lower rates when a sheet of polyglactin
acid was used in addition to the fibrin-based sealant Bolheal
(Chemo-Sero-Therapeutic Research Institute, Kumamoto,
Japan), with or without autologous fat used to fill the sellar
defect. When fibrin glue only was used, the leak rate was
33.3%, which compared to 26.7% when a mucosal patch
was used with fat, 5.9% when a mucosal patch was used
without fat, and 0% when a polyglycolic acid (PGA) sheet
was used with fibrin glue. Cappabianca et al.246 reviewed
their experience with 40 cases in which Tisseel was used as
a part of a multilayered skull-base reconstruction instead of
abdominal fat with no postoperative CSF leaks. The same
group later reported successfully using Tisseel in 9 awake
patients with CSF leaks in the early postoperative period
after ESBS, 4 of whom also had a lumbar drain placed.1326

Bioglue and Duraseal have also been evaluated in retro-
spective clinical studies. Bioglue has been shown in single-
institutional case series to be a useful adjunct in skull-base
reconstruction. In a prospective single-cohort study of 32
patients who underwent microsurgical resection of lesions
in the sellar region, the skull-base defect was reconstructed
with autologous abdominal fat, autologous bone fragments
from the sphenoid, and Bioglue, and there were no cases of
postoperative CSF leak.1327 In a larger retrospective single-
cohort study of 124 patients who underwent microsurgi-
cal resection of pituitary tumors, 124 (44%) developed an
intraoperative leak and all skull-base defects were recon-
structed with BioGlue and collagen sponge with or with-
out titanium mesh buttress or abdominal fat graft. The
rate of postoperative CSF leak was 1.6%, which compared
favorably to prior studies.1328 Although there is a theo-
retical concern regarding the glutaraldehyde component
causing damage to neurologic tissue, this has not been re-
ported, likely because of the several layers of repair between
brain parenchyma and the Bioglue. Nevertheless, it carries
a warning for nerve toxicity and tissue necrosis. Duraseal
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was evaluated in a small retrospective study of 5 patients
undergoing ESBS in which an intraoperative CSF leak was
encountered, with similar rates of postoperative CSF leak
compared to Tisseel.1329

There are several potential drawbacks to using a tis-
sue sealant. Most of the fibrin-based sealants (Beriplast,
Tisseel, Tissucol, Tachosil, and Bolheal) are made from
pooled donor human plasma with additional equine colla-
gen (Tachosil), whereas Bioglue contains bovine proteins,
incurring the risk exist of transmitting various blood-borne
viruses, prion disease, or allergic reaction to the foreign
proteins. These risks are minimized if autologous blood
is utilized, such as with Vivostat (Vivostat A/S, Alleroed,
Denmark).1330,1331 Additionally, the use of tissue sealants
does increase surgical costs.1332 Moreover, the additional
benefit of using a tissue sealant in a multilayered recon-
struction with a vascularized NSF is unclear. In a retrospec-
tive study of 74 patients with high-flow intraoperative CSF
leaks repaired with multilayered reconstruction utilizing an
NSF, no difference was found in the rates of postoperative
CSF leak between those that used a tissue sealant (Duraseal
or a fibrin-based sealant) and those that did not.1333 Finally,
none of these products are U.S. Food and Drug Adminis-
tration (FDA)-approved for ESBS.

In conclusion, although it appears that tissue sealants in-
crease the ability to withstand pressure based on data from
in vivo and in vitro studies, the evidence to support their use
in ESBS is limited to small, single-institution, retrospective
studies. Drawing definitive conclusions from these studies
is limited given the significant flaws in study design, includ-
ing sample size, heterogenous patient and tumor variables,
and variety of reconstruction materials and techniques. It
is therefore difficult to determine the optimal role for tissue
sealants. In cases where an intraoperative CSF leak is en-
countered, the cumulative clinical experience supports the
need for a robust multilayered reconstruction with meticu-
lous surgical technique. Although use of tissue sealants may
be an appropriate adjunct in skull-base reconstruction, fur-
ther research is required to understand the indications and
benefits.

� Aggregate Grade of Evidence: D
� Summary: Evidence is limited. Option as an adjunct in

multilayered skull-base reconstruction to potentially re-
duce rate of postoperative CSF leak.

XII.C.3. Nasal packing
Nasal packing is often used to line the nasal and sinus
cavities at the conclusion of ESBS. Theoretical benefits for
nasal packing include hemostasis, support and decrease the
risk of migration of the skull-base reconstructive materi-
als, stenting of the sinonasal outflow tracts, and providing
a barrier between the intracranial cavity and the external
environment. However, it is unclear if these potential bene-
fits outweigh the theoretical risks and limitations, including
infection risk, synechia formation, patient discomfort, and
additional costs.

There are several different types of packing material
that may be used. Absorbable packing, such as Naso-
pore (Stryker, Kalamazoo, MI), gelfoam (Pfizer Inc., New
York, NY), and Merogel (Medtronic, Minneapolis, MN)
may be used but often require saline irrigation and of-
fice debridement for complete removal. The use of nonab-
sorbable packing products, including Telfa (Kendall Com-
pany, Walpole, MA) and Merocel sponges (Medtronic,
Minneapolis, MN) has been reported,1072,1135 but requires
removal and antibiotic prophylaxis. Use of an inflatable
balloon to fill a large cavitary defect and support the skull-
base repair has also been described as part of a strategy to
reduce postoperative CSF leak.227 However, none of these
studies specifically reported the indications and impact on
outcomes of the packing. Moreover, several other large
series do not mention nasal packing,252,1073,1104,1334–1336

whereas 1 of the largest studies, with over 1000 patients,
reported not using nasal packing unless copious bleeding
was encountered.1337

In a study of 100 endoscopic transsphenoidal surgeries
for pituitary lesions, Little et al.1263 evaluated determinants
of sinonasal QOL as measured by the Anterior Skull Base
Nasal Inventory-12, with nasal packing being 1 of the stud-
ied variables. In this prospectively enrolled cohort, nasal
splints were used in 13%, absorbable nasal packing was
used in 20%, and nonabsorbable nasal packing was used
in 8%. Use of nasal splints or nasal packing was not de-
termined based on any specific indication or algorithm, but
rather at the discretion of the surgeon. The authors found
that nasal splints decreased the sinonasal QOL at 2 weeks
and that the use of absorbable nasal packing decreased
sinonasal QOL at 3 months. In this study, the other out-
comes possibly affected by nasal packing, including post-
operative bleeding and CSF leak, were not reported.

In conclusion, a variety of nasal packings may be used as
a complement to skull-base surgery. The decision to use and
the type of packing used is likely based on surgeon prefer-
ence. Although both theoretical benefits and deterrents for
use of packing in this setting exist, the scientific literature
investigating this issue is not adequate to make any defini-
tive conclusion. Current common practice includes the use
of some type of packing following skull-base reconstruc-
tion with intraoperative CSF leak, but further research is
required to determine the role of packing in the setting of
ESBS.

� Aggregate Grade of Evidence: D
� Summary: The evidence is limited. Option as an adjunct

based largely on surgeon preference that may help with
hemostasis, decreased risk of migration of other recon-
structive materials, and stenting of sinonasal outflow
tracts.

XII.D. Imaging techniques for ESBS
This section reviews the evidence for imaging in the preop-
erative, intraoperative, and postoperative periods of endo-
scopic, endonasal anterior skull-base tumor surgery. The
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challenge with this review is the lack of RCTs evaluating
imaging techniques. Nonetheless, it appears that develop-
ments in imaging have been an integral part of ESBS, but
this EBR focuses on cohort studies with appropriate com-
parison groups. Cohort studies included were retrospective
unless otherwise specified.

XII.D.1. Preoperative imaging for intraoperative
stereotactic guidance and navigation

Evidence for imaging for the initial diagnosis of skull-base
tumors is not discussed in this review. Instead, it focuses
on the role of preoperative imaging coupled to computer
navigation platforms as a surgical adjunct. Image guidance
is endorsed by The American Academy of Otolaryngology–
Head and Neck Surgery, specifically in pathologies involv-
ing the skull base.

Intraoperative fluoroscopy was routinely utilized for nav-
igation in transsphenoidal surgery since it was popularized
in the 1960s by Jules Hardy.1338 However, multiplanar nav-
igation with preoperative imaging has largely supplanted
fluoroscopy in current clinical practice.229

XII.D.1.a. CT. The search for stereotactic navigation
with multiplanar preoperative imaging identified 347 pa-
pers, with only 1 cohort study comparing stereotaxy to a
control group without stereotaxy.1339 In this study for re-
current, nonfunctioning pituitary adenomas, Lasio et al.1339

evaluated the role of preoperative CT for navigation. There
was no difference in morbidity or mortality between cases
with navigation (n = 11) vs those without (n = 8). GTR
was obtained in 82% vs 75% of patients, respectively. Al-
though setup time was extended by 13 minutes, operative
time was reduced in the navigation group by 36 minutes.
This study showed equivalence of clinical outcomes, and
does not necessarily provide support for CT navigation.

In an analysis of a nationwide database by Chung
et al.1340 on transsphenoidal approaches to neoplastic pitu-
itary pathologies, CT-guided cases (n = 1768) when com-
pared to those without image guidance (n = 45,446) had
lower CSF leak rates (6.4% vs 8.9%), length of stay (2.9 vs
3.7 days), and cost. There was no difference in mortality.
An important limitation of this study is that the database
used did not differentiate endoscopic vs microscopic ap-
proaches, revision cases, or intraoperative vs postoperative
CSF leaks during the index admission. Nevertheless, given
the large size of this study, the results do provide support
for CT navigation during surgery for pituitary neoplasms.

There were also 3 cohort studies comparing this tech-
nique to standard fluoroscopy. Patel et al.1341 demon-
strated in patients with sellar lesions undergoing endoscopic
surgery that there was no difference in adverse events be-
tween CT guidance and fluoroscopy with respect to residual
tumor, CSF leak, DI, and hemorrhage. Time in the operat-
ing room was equivalent for both treatment groups. In an-
other cohort study for sellar lesions, Jagannathan et al.1342

found that operating room time was actually shorter in the

CT guidance group (microscope vs endoscope not speci-
fied). Eboli et al.1343 similarly reported in a cohort of pa-
tients undergoing microscopic surgery, some with adjunc-
tive endoscopy, decreased operating room time in the image
guidance group (MRI co-registered to CT) compared to in
the intraoperative fluoroscopy group.

In conclusion, CT is the most commonly-utilized adjunct
in endoscopic transsphenoidal surgery across neurosurgical
centers.229 Intuitively, navigation is most helpful in cases
of (1) distortion of surgical landmarks by the pathology or
prior surgery; (2) anatomical variations as in, eg, a poorly
pneumatized sphenoid sinus or medially placed carotid ar-
teries; or (3) large, aggressive tumors invading or displacing
surrounding neurovascular structures.

XII.D.1.b. MRI. The literature search did not show any
studies comparing MR guidance to a control group without
sterotaxy. However, MR guidance has been compared to
other methods of stereotaxy. Jagannathan et al.1342 com-
pared stereotaxy for sellar lesions with preoperative MRI,
preoperative CT, or preincisional fluoroscopy. Although
there was a decreased rate of CSF leaks in the MR guid-
ance group, there were no statistically significant differ-
ences in the rate of complications, which also included vi-
sual changes and vascular injury. On the contrary, in the
abovementioned nationwide database analysis by Chung
et al.,1340 the MR guidance group (n = 1228) had the
highest CSF leak rate, length of stay, and cost relative
to the CT guidance or control groups. These results are
difficult to interpret given that the database used did not
include information on the size and location of treated
lesions and therefore may have represented a selection
bias. Moreover, a potential confounder was that the MR
group had more chronic medical comorbidities prior to
surgery.

The role of preoperative MRI for navigation, particularly
as a solo modality, may be limited by the fact that the ESBS
is primarily based on bony landmarks, for which CT is
the preferred study. Literature search did not reveal any
head-to-head comparisons of registration accuracy for CT
vs MRI. Because these modalities provide complementary
information, navigation with CT-MRI fused images can be
of benefit, particularly in cases where the MRI obtained is
not of navigation quality.1343

XII.D.2. Intraoperative imaging for extent of
resection

Because the approach to skull-base lesions is largely based
on bony landmarks, navigation based on preoperative
imaging has been incorporated into practice successfully.
However, this approach cannot be used to assess the extent
of resection because not only the tumor, but also the sur-
rounding neurovascular tissue is subject to shift through-
out surgery. Therefore, intraoperative imaging with various
modalities has been used to provide immediate feedback
to the surgeon regarding extent of resection, as well as
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imminent postoperative complications, eg, bleeding. In this
section, we review intraoperative imaging with CT, MRI,
ultrasonography, and fluorescent dyes for the purpose of
assessing extent of resection.

XII.D.2.a. CT. The search on intraoperative CT (iCT)
led to 17 studies, none of which compared iCT to a control.
One cohort study studied the effects of iCT in addition
to endoscopy, compared to resection with the microscope
without iCT, and hence was not included in this review.1344

There was 1 case series for pituitary adenomas by Mori
et al.,1345 in which iCT with contrast was performed when
tumor removal was thought to be complete or no longer
possible using the endoscope. The authors found that the
results of iCT led to further resection in 25% of their cases.
Overall, there is limited evidence to support the use of iCT
in evaluating the extent of resection.

XII.D.2.b. MRI. Intraoperative MRI (iMRI) has been
much more widely used to evaluate extent of resection,
with 89 identified studies, only 2 of which were cohort
studies.

The 2 cohort studies compared the rate of GTR after sur-
gical resection with or without iMRI. In a matched cohort
study of microsurgery for nonfunctioning pituitary adeno-
mas, Berkmann et al.172 found that use of low-field (0.15-T)
iMRI was associated with a higher rate of GTR in the iMRI
group (85%; n = 60) compared to the control (69%; n =
32). In another cohort study of microsurgery for sellar le-
sions conducted by Coburger et al.,1346 high-field (1.5-T)
iMRI was associated with a significantly higher GTR of
91% in the iMRI group (n = 44) compared to 73% in the
control group (n = 51), including only those patients in
whom the goal was GTR. In cases where subtotal resection
was the goal, intrasellar remnant was found at a higher
rate in the control group (57%; n = 14) vs the iMRI group
(18%; n = 27).

One concern with more aggressive resections enabled by
iMRI is an increased risk of complications due to harm
to the surrounding normal tissue. In the cohort study by
Berkmann et al.,172 in spite of more extensive resections in
the iMRI group, postoperative hypopituitarism was actu-
ally lower at 29% compared to 45% in the control group.
In the other cohort study by Coburger et al.,1346 there was
no difference in complication rates, which included visual
change, hemorrhage, CSF leak, postoperative epistaxis, and
mucocele formation.

The clinical significance of this increased rate of GTR is
unclear. Berkmann et al.172 showed that no patient from
the iMRI group required additional interventions during
a follow-up period of 3.2 years, whereas 13% of patients
in the control group required additional interventions. In
the study by Coburger et al.,1346 a more direct Kaplan-
Meier analyses was performed, but there was no differ-
ence in progression-free survival between the 2 groups over

2 years. There was also no difference in biochemical remis-
sion rates in the subset of patients with functioning pituitary
adenomas in the latter study.

Interpretation of iMRI requires a significant amount of
experience, which presents a significant challenge for es-
tablishing its role in surgical decision-making. There have
been several studies evaluating the sensitivity and specificity
of iMRI for the detection of residual tumor.172,1347–1353

Accuracy was assessed using the postoperative MRI (ob-
tained 72 hours to 6 months after surgery) as the gold
standard, when resorption of blood and reduction of per-
itumoral edema have taken place. Sensitivity was �90%
for high-field iMRI, but had a wide range for low-field
iMRI (32-100%). Specificity was 100% for high-field
iMRI, but likewise had a wide range for low-field iMRI
(63-100%).

In summary, although the above data is encouraging,
wide adoption of iMRI has been prohibited by its cost, in-
crease in workflow complexity, and prolonged operating
room time. Coburger et al.1346 found that operating room
time was nearly 3-fold longer in the iMRI group at 158
minutes vs 58 in the control. In a case series by Gerlach
et al.,1353 operating room time was nearly 2-fold longer at
117 minutes compared to 78 minutes in a historical cohort.
Because of the low specificity of iMRI reported in the lit-
erature, the Congress of Neurological Surgeons does not
endorse use of iMRI for resection control for nonfunction-
ing pituitary adenomas.1354

Both cohort studies cited above (Berkmann et al.172 and
Coburger et al.1346) were based on microscopic approaches.
However, the current search did identify 13 case series of
endoscopic approaches with iMRI, demonstrating the fea-
sibility of combining these technologies. Depending on the
proximity of the MRI machine to the operating room, the
surgeon must assess whether all equipment remains func-
tional within the magnetic field of the MRI, including the
screen on which endoscopic images are displayed.294

XII.D.2.c. Ultrasonography. Ultrasonography has the
advantage of providing truly real-time image guidance of
soft tissue anatomy, ie, tumor and vasculature, and has
been widely utilized,229 in particular to avoid catastrophic
vascular injuries.1219 In spite of its cost and time efficiency,
in our ultrasonography search leading to 63 studies, none
compared this technique to a control group. At present,
ultrasonography cannot be recommended for degree of re-
section assessment.

XII.D.2.d. Fluorescent dyes. Intraoperative imaging
with nonspecific (tissue perfusion) or specific (physiologic)
dyes has also been utilized for resection control in neuro-
surgery. Intraoperative fluorescence imaging has the advan-
tage of being truly real-time, while having the potential to
reach unprecedented levels of accuracy. This search on the
evidence for intraoperative dyes was limited to case series
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and only allows for preliminary data given the nascency of
the technique.

5-Aminolevulinic acid (5-ALA) has been studied exten-
sively in malignant gliomas, and has been demonstrated to
improve GTR and progression-free survival.1355 A feasibil-
ity study of 5-ALA for pituitary lesions has been conducted
by Eljamel et al.1356 Its use specifically for pituitary ade-
nomas, however, is limited because adenomas exhibit a
low rate of 5-ALA–induced fluorescence (8%).1357 Indo-
cyanine green (ICG), a near-infrared (NIR) fluorescent dye,
has been used to delineate perisellar vascular anatomy in
1 case series,1358 and to distinguish sellar lesions from sur-
rounding parenchyma in 2 case series.1359,1360 In the latter
2 studies, adenoma fluorescence was noted to have lower
signal than that of the surrounding normal pituitary gland.

Preliminary work with OTL38, a folate analog conju-
gated to an analog of ICG, for pituitary adenomas suggests
that it may be possible to delineate tumor margins with a
high degree of sensitivity and specificity, specifically in ade-
nomas with high folate receptor α expression.1361 OTL38
functions in the NIR spectrum because of its conjugation
with an ICG analog, and has the additional advantage of
being a tumor-specific dye, like 5-ALA.

There is little evidence so far to support the use of fluores-
cent dyes for resection control, but it may have significant
utility in the future.

XII.D.3. Postoperative imaging for CSF leak
identification

The clinical utility of immediate postoperative imaging
(within 24 to 72 hours) to identify complications, and ei-
ther immediate or follow-up postoperative imaging to de-
tect residual disease, is of relevance in all of neurosurgical
oncology. This section focuses on imaging for postoperative
CSF leaks, which remain the most common complication
following ESBS. A recent meta-analysis showed a leak rate
of 2% in endoscopic transsphenoidal surgery for pituitary
lesions.1362 CSF leaks are more common in surgery that
extends beyond the parasellar region, with a large series
on endoscopic resection of various anterior skull-base neo-
plasms reporting a rate of 15.9%.227 Another meta-analysis
in endoscopic anterior skull-base surgery showed rates as
high as 25% for meningiomas and 22% for chordomas.1363

A literature search showed 106 studies on the role of
postoperative imaging in the identification and localiza-
tion of CSF leaks; however, evidence was limited to ex-
pert opinion. In general, CSF leaks are primarily diagnosed
by clinical findings, eg, headache, rhinorrhea, or otorrhea,
in addition to laboratory tests, eg, β-2-transferrin. Uti-
lized imaging modalities include CT, MRI, and CT/MRI
cisternography.1364 Even in the absence of clinical find-
ings, serial postoperative CTs that show increasing pneu-
mocephalus are the most convincing evidence of a CSF
fistula.

Use of vascularized flap reconstructions has been associ-
ated with a lower leak rate of 6.7% compared to 15.6%

with free grafts in a meta-analysis of patients undergoing
endoscopic repair of skull-base defects.477 CSF leak rates
have been observed to decrease over time in 2 case series
of endoscopic resection of sellar lesions, which the authors
note may be in part due to the adoption and further devel-
opment of vascularized flaps.274,364 MR features of vascu-
larized flaps may be predictive of CSF leaks. Post-operative
enhancement of the flap, although suggestive of preserved
vascularity, was not associated with CSF leak rates.1365

Non-enhancing gaps in the area of reconstruction or dis-
placement of the enhancing flap, suggestive of incomplete
coverage of the bony defect, have the potential to be asso-
ciated with CSF leaks.1366

Conclusion
Development of perioperative imaging techniques and clin-
ical studies of their treatment effects are undoubtedly
paramount to improve the safety and efficacy of endo-
scopic, endonasal anterior skull-base surgery. Stereotaxy
with preoperative CT is widely utilized in part because of
its superior multiplanar depiction of bony anatomy. Ex-
tent of resection evaluation with iMRI has been studied by
many groups, but prevalent adoption of this technique may
be hindered by the prohibitive financial and structural in-
vestments requisite for its use, in addition to difficulty in its
interpretation. Fluorescent dyes have the potential to pro-
vide unprecedented levels of real-time feedback; however,
results are preliminary. CSF leaks, which remain the most
common morbidity of anterior skull-base surgery, continue
to be largely a clinical diagnosis. In summary, further stud-
ies are required to establish imaging techniques as standard
of care.

XII.E. Role of intraoperative neurophysiology
Since the introduction of transsphenoidal surgery by Schlof-
fer in 1907 and its renaissance in 1960 combined with vi-
sualization technological advancements,231 ESBS has been
used to access a very large area of the ventral skull-
base to remove tumors, with decreased morbidity and
mortality.426,1367 Intraoperative neurophysiologic moni-
toring (IONM) in skull-base surgery, which can be grouped
into monitoring and mapping techniques, is used to identify
and preserve neural structures in a difficult/distorted surgi-
cal terrain. Monitoring techniques such as somatosensory
evoked potentials (SSEP), free-running electromyography
(fEMG) of motor CNs, and transcranial motor-evoked po-
tentials (TMEP) of corticospinal and corticobulbar tracts
are used to continuously monitor the integrity of brain-
stem and CNs during the surgical procedures. Mapping
techniques using triggered EMG (tEMG) resulting in com-
pound muscle action potentials (CMAPs) are particularly
useful to identify and avoid injury to CNs. These tech-
niques have been used alone or in combination based on
the neurovascular structures at risk during ESBS. This sec-
tion provides a review of the literature and summarizes the
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current knowledge on the techniques, utilities, and alarm
criteria of various IONM modalities utilized in ESBS.

SSEPs can be obtained by stimulating the mixed periph-
eral nerves (eg, median, tibial) during ESBS, and the evoked
response obtained from the brainstem and the primary con-
tralateral somatosensory cortex can be utilized to monitor
the integrity of dorsal columns of spinal cord, medial lem-
niscus in the brainstem, and its connections to the thalamus
and primary sensory cortex. In a large series of 976 consec-
utive patients who underwent continuous SSEP monitoring
during ESBS surgery, significant SSEP changes could iden-
tify impending risk to neurovascular structures at risk and
prevent permanent neurological deficits.1368 Table XII.E
outlines the techniques of various IONM techniques includ-
ing SSEPs. Significant changes in SSEPs represent a 50%
drop in amplitude and/or 10% change in latency.1369–1372

In this series, the incidence of significant changes in SSEP
during ESBS was 20 in 976 (2%) and the incidence of new
postoperative neurological deficits was 5 in 976 (0.5%).
The majority (15/20) of SSEP changes were reversed dur-
ing ESBS based on the information provided to the surgical
team, with no postoperative neurological deficits. However,
patients with irreversible changes in SSEPs during ESBS
eventually had postoperative hemiparesis. In 2 patients,
who did not have changes in SSEPs and who had post-
operative hemiparesis, the etiology was a lacunar stroke,
which could not have been identified utilizing SSEPs. Based
on animal studies, significant SSEP changes represent an
“electrical failure” without any structural disruption to the
cellular structures, which occurs as a result of decrease in
cerebral or brainstem perfusion.1373,1374 This change tem-
porally precedes “ion pump failure” at the cellular level
which leads to cellular swelling and eventually to cell death
or infarction. Thus, interventions addressed to reverse the
significant SSEP changes by increasing perfusion, modifying
or pausing the surgical procedure, might prevent neuronal
death or infarction in some cases. Resection of tumors in
petroclival and brainstem regions and vascular tumors such
as cavernomas and hemangioblastomas are most likely to
result in SSEP changes due to nerve traction and vascular
injury, respectively.1375–1377 ICA injury is an uncommon
and underreported complication of ESBS surgery. In many
cases, this can only be effectively addressed by sacrificing
the vessel,1188 usually without any neurological sequelae.
Real-time SSEP monitoring during ESBS can provide in-
formation about the adequacy of cerebral perfusion and
guide the surgical team in evaluating the techniques that
can be employed to preserve or sacrifice the vessel. It is also
worthwhile to note that though SSEPs are more affected
by inhalational than intravenous anesthetic agents,1378,1379

adequate continuous real-time monitoring can be reli-
ably performed under steady-state inhalational anesthetic
regimen.

CNs can be continuously monitored during tumor re-
moval using EES by fEMG. Significant fEMG activity
can be seen secondary to unintended activation of mus-
cles supplied by a CN during ESBS. They are character-

ized as spikes, bursts, and neurotonic discharges based on
the frequency and amplitude of EMG discharges.1380–1382

fEMG activity secondary to irrigation of the surgical field,
lighter levels of anesthesia, or mechanical movement of
the electrodesis are not considered significant.1383 Neuro-
tonic fEMG discharges are sudden onset, irregular, high-
amplitude, and high-frequency discharges (>200 Hz) of
longer duration (>30 seconds) indicating potential CN
injury.1380 Single-institutional experience of fEMG mon-
itoring during ESBS from 696 extraocular CNs (CN III,
IV, VI)1384 and 342 lower CNs (CN VII, IX, X, XI, XII)
indicate that fEMG activity is seen in 12% of the extraoc-
ular CNs and 18% of lower CNs, indicating that fEMG
is very sensitive in identifying the location of the CN dur-
ing surgery.1385 Patients who underwent repeat procedures
or previous radiation surgery had increased incidence of
fEMG activity due to the presence of adhesions. Although
fEMG may be used to avoid damage to neural structures
by identifying neural structures, it has limited value in pre-
dicting postoperative CN function.1384,1386 The absence of
fEMG activity can sometimes provide a false sense of se-
curity about the location and proximity of the CNs during
ESBS. It is important to note that if a CN is abruptly tran-
sected, there may be only brief or no EMG activity.1387 It
has been suggested that the use of the tEMG technique can
identify and detect CN deficits.

tEMG activity is a CMAP response that is obtained by
direct stimulation of CNs at the base of the skull during
ESBS and recorded by electrodes placed in the muscles
supplied by the CN. These responses can be character-
ized based on the latency, amplitude, and threshold of the
current stimulation.1388 Studies involving traditional skull-
base approaches and the use of facial nerve monitoring
with tEMG have noted that changes in stimulation thresh-
old, onset latency, and CMAP amplitude can be predictors
of postoperative CN function.1386,1389–1391 Loss or change
of previously recorded CMAP threshold proximal to the
tumor during ESBS indicate transection of a nerve during
surgery.1390 The significant challenge in CMAP response
for CNs is lack of normative data for the onset latency
and amplitude during the ESBS or conventional skull-base
approach to determine significant changes. Based on pub-
lished reports on conventional skull-base surgery and Uni-
versity of Pittsburgh experience during ESBS (unpublished
data, University of Pittsburgh, Thirumala P, Gardner P,
Wang E, Snyderman C), monitoring extraocular CNs is
particularly useful in surgeries of the clivus, cavernous si-
nus, pons, and midbrain; trigeminal nerve in surgeries in-
volving Meckel’s cave and the infratemporal fossa; and fa-
cial nerve and lower CNs in surgeries involving the petro-
clival region.1377,1385,1392,1393

The utility of TMEP in identifying damage to motor tracts
has been demonstrated in various intracranial and spinal
surgeries.1394–1398 The data on use of transcranial electri-
cal corticospinal and corticobulbar MEP1399–1403 is limited
to conventional skull-base surgery. It has been suggested
that corticobulbar MEP amplitude changes have been
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TABLE XII.E. Recording techniques of IONM modalities

IONM

modality

Stimulating electrode

placement Recording electrodes Specifications Alarm criteria

SSEP Subdermal needle electrodes
Median N: cathode between

tendons of palmaris longus
and flexor carpi radialis;
anode 2 cm distal to the
wrist crease

Ulnar N: cathode between
tendons of flexor digitorum
superficialis and flexor carpi
ulnaris; anode 2 cm distal to
the wrist crease

Posterior tibial N: cathode on
posterior portion of medial
malleolus; anode 2 cm distal
to the cathode

Subdermal needle
electrodes positioned
according to
International 10-20
system

Ulnar/median: CP3 or CP4;
Posterior tibial N: CPz for

cortical recordings
C2 for subcortical

recording
All sites are referenced to

Fz

Pulse duration: 0.3 ms
Frequency: 2–5 Hz
Intensity: 25–45 mA for UL;

35–50 mA for LL
Recording epoch: 50 ms for UL;

100 msec for LL
Bandpass filters: 30–300 Hz for

cortical recordings; 30–1000 Hz
for subcortical recordings

Recordings are averaged over
128 or 256 trilas

50% Drop in
amplitude
and/or 10%
change in
latency

Transcranial
MEP

Corkscrew or subdermal
needle electrodes

Corticospinal:
Left hemisphere: C1 anode/C2

cathode and C3 anode/Cz
cathode

Right hemisphere: C2
anode/C1 cathode and C4
anode/Cz cathode

Corticobulbar:
C3/C4 anode and Cz cathode

Positioned at bilateral
abductor pollicis brevis
or first interdigitorum
muscles and tibialis
anterior or abductor
hallucis muscles

Multipulsed (3–9) train of square
wave constant voltage stimuli of
50 to 75 µsec duration with an
interstimulus interval of 1–4
ms. Stimulation may result in
brief movement and surgery
needs to be paused. Insert
tongue bite to avoid injury
during twitching

Recording epoch: 100 ms
Bandpass filters: 10–3000 Hz for

corticospinal MEP; 10–100 Hz
for corticobulbar MEP

Complete
disappearance
or >50% drop
in amplitude or
increase in
stimulation
intensity of
more than 20
mA to elicit a
response

fEMG — Subdermal or
intramuscular needle
electrodes in
superior/inferior rectus
(III N), superior oblique
(IV N), lateral rectus (VI
N), masseter/temporalis
(V N), orbicularis oculi
(VII N), soft palate (IX N),
surface mounted
electrode on ET tube
over vocal cords (X N),
trapezius (XI N), tongue
(XII N)

Bandpass filter: 10–3000 Hz
Gain: 50–200 µV

Sudden onset,
irregular,
high-amplitude,
and
high-frequency
neurotonic
discharges
(train activity on
loudspeaker
monitoring)

CMAP Monopolar stimulation: For
probing proximity to neural
structures. Cathodal
stimulation using fine tipped
stimulator with anodal
electrode on the
frontozygomatic bone.

Bipolar stimulation widely
used to identify a nerve
assess stimulus threshold
and CMAP amplitude

Needle or wire electrodes
positioned as in fEMG
and 1 or more muscles
on the contralateral
side for corticospinal
tract assessment

Rectangular pulses of 0.2 msec
duration

Frequency: 1–3 Hz constant
current stimulation

Intensity: 0.5–3 mA for ocular
motor nerves; 0.1–0.3 mA for
other cranial nerves and small
increments are made to find the
point of lowest threshold

Recording epoch: 20–50 ms

Decrease in
amplitude
responses or
increased
stimulation
threshold

CMAP = compound muscle action potential; ET = endotracheal tube; fEMG = free running electromyography; IONM = intraoperative nerve monitoring; LL = lower
level; SSEP = somatosensory evoked potential; UL = upper level.
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correlated with postoperative nerve function. In large tu-
mors that encompass CNs completely, corticobulbar MEP
maybe more helpful than tEMG during initial tumor de-
bulking because it can provide information about the in-
tegrity of the CNs before obtaining tEMG response via
direct stimulation. Although not performed widely, corti-
cospinal MEP has the potential to serve as a useful adjunct
in monitoring corticospinal changes during petroclival tu-
mor resection.1377

As ESBS gains wider acceptance because of its direct and
minimally invasive approach, neurophysiological monitor-
ing can improve the identification and possibly prevention
of neurovascular deficits. Advances in neuromonitoring
techniques have been proven to be cost effective and pos-
itively impact the QOL by preserving CN and long-tract
function1404 in conventional skull-base surgeries. A com-
prehensive approach to neurophysiological monitoring uti-
lizing the modalities based on the neurovascular structures
at risk can be similarly valuable. This approach should
be undertaken with a clear understanding of limitations
and benefits of each monitoring modality. Future research
on the use of tMEPs, cortibulbar, and corticospinal MEPs
to evaluate the integrity of the neural pathways may be
beneficial.

XIII. Cost utility of ESBS
Over the past 2 decades, rapid expansion of EEA has
emerged in the treatment of sinonasal and skull-base
tumors. In the early to mid-1990s, the endoscope was
successfully employed for endonasal transsphenoidal ap-
proaches to the sella.1405 Since then, numerous systematic
reviews and meta-analyses have been performed, compar-
ing and reporting the surgical efficacy and effectiveness
of both microscopic and endoscopic transsphenoidal
approaches.1406–1408 These advancements led to expansion
of the use of the endoscope for resection of other types of
skull-base lesions beyond the sella, including benign and
malignant skull-base tumors.

Due to this proliferation of endoscopic approaches to
the skull base, it is important to consider the utiliza-
tion of healthcare resources being used to supplant tradi-
tional techniques.1409 Decisions to implement or compen-
sate novel treatment algorithms/techniques are increasingly
contingent on cost-effectiveness analyses. These methods
are used to weigh the cost-effectiveness of novel techniques
so that policy makers, physicians, and patients can compare
the costs and health outcomes of interventions to determine
which intervention or policy is optimal based on society’s
willingness to pay.1408,1410,1411

When critically appraising economic decision analyses
and cost comparisons studies, it is imperative to under-
stand the importance of the use of sensitivity analyses. Es-
timates of cost, outcomes, and other variables routinely
utilized in a cost analysis are subject to some ambigu-
ity and/or variability. Consequently, a sensitivity analysis
should be performed to assess the plausible deviations in the

variables that are considered to have significant uncer-
tainty and that would ultimately affect the results of the
analysis.1412 Other attributes of cost analyses that should
be included to improve the quality of the data produced are
as follows: reporting specific comparators (1 intervention
vs another), discussing the perspective of the cost anal-
ysis (society, third-party payers, hospital, etc.), account-
ing of direct and indirect costs, as well as consideration
of the time horizon of the study (costs change and ac-
crue differently over time). Additional factors that improve
the methodology include: reporting of whether average or
marginal costs are being considered, considering discount-
ing (how passage of time alters value of costs—including
inflation), and the type of modeling being used for the
analysis.1412

The current published literature on the cost-effectiveness
of ESBS is in its infancy, with all data having been published
between 2006 and 2017 (Table XIII).

Analogous to the early applications of the endoscope used
to approach the skull base, the vast majority of the current
cost data report those associated with transsphenoidal sel-
lar approaches, primarily between the use of microscopic
and endoscopic techniques.282,1408,1409,1411,1413–1416 Other
studies have examined costs associated with endoscopic en-
donasal resection of meningiomas, sinonasal malignancies,
as well as intra-arachnoidal pathology.1417–1419 One study
assessed the costs associated with ESBS in the pediatric
population.1420

Although the current data are not robust, it appears that
the best early literature on cost indicate a cost benefit for
performing EEA over microscopic approaches for sellar
pathology (Table XIII). Oosmanally et al.1411 was 1 of
the first authors to report that EEA was less costly than
the microscopic approach (cost difference per patient per
procedure of $5582 for EEA and $9567 for microscopic ap-
proach). However, a major weakness of this study was not
patient outcomes or QOL metrics between the procedures
in their analysis.1411 Shortly thereafter, Rudmik et al.1408

incorporated the procedural cost data from Oosmanally
et al.1411 to perform the most complete cost analyses to
date by determining the incremental cost-effectiveness ra-
tio (ICER, a commonly equation used in economic anal-
yses that provides vital information to resource allocation
decision makers) for the 2 approaches. Rudmik et al.1408

reported that EEA was more cost-effective $17,244.63 with
24.30 quality-adjusted life years (QALYs) compared to the
microscopic approach $23,756.60 with 24.20 QALYs from
a third party-payer perspective. One other level 1 study by
Jethwa et al.1413 reported the cost-effectiveness of either
microscopic approach or EEA vs medical therapy in the
management of prolactinomas from a third party-payer
perspective. They found that microscopic approach was
most cost-effective at 5 years whereas EEA was most cost-
effective at 10 years. Interestingly, medical therapy was
found to be most costly at both time horizons. The authors
concluded that EEA was the most cost-effective treatment
strategy in the long term.1413 Other authors have reported

S336 International Forum of Allergy & Rhinology, Vol. 9, No. S3, July 2019



ICAR:ESBS

TABLE XIII. Cost utility of ESBS

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Rudmik1408 2015 1b Markov
decision
tree
economic
evaluation
from 3rd
party payer
perspective

EEA vs MA for pituitary
adenomas

1. Cost per QALY 1. EEA is more cost-effective
$17,244.63 with 24.30 QALYs
compared to the MA
$23,756.60 with 24.20 QALYs.

Oosmanally1411 2011 1c Comparative
cost
analysis
with
sensitivity
analysis of
contributing
variables

EEA vs MA (SLTS) for pituitary
adenomas

1. Real cost
2. Sensitivity of

variables
contributing to
cost

1. EEA is less costly than SLTS at
an academic medical center.

2. LOS, nursing care and
oerating room time contribute
most to overall cost.

Jethwa1413 2016 1b Decision tree
economic
evaluation
from 3rd
party payer
perspective

EEA vs MA for prolactinomas
vs medical therapy

1. Cost-
effectiveness
at 5 year and
10 year time
points

1. MA was most cost-effective at
5 years.

2. EEA was most cost-effective
at 10 years.

3. Medical therapy most costly at
both time horizons.

4. ICER of $80,235 at 5 years.
and $40,737 at 10 years.

Azad1414 2017 4 Retrospective
observa-
tional
administra-
tive
database
study

EEA vs MA for sellar lesions 1. Estimates of
cost

2. Clinical
outcomes

1. Total index payment was
higher for EEA ($32,959) vs
MA ($29,977).

2. No difference in long-term
payments

3. EEA benefits not seen at
population level

Little282 2014 4 Comparative
cost
analysis of
hospital
charges

EEA vs MA for pituitary lesions 1. Mean hospital
charges

2. Variable
influencing
charges

1. No statistical difference in
mean charges between
procedures.

2. LOS and Cushing’s disease
were primary drivers of
charges.

McLaughlin1415 2014 2c Activity-based
cost
analysis

Consecutive patients having
endoscopic pituitary
surgery after QII

1. Cost of care 1. Most costly parts of care were
operating room costs and
inpatient care = made >60%
of costs

2. Costs related to
readmission/reoperation were
<5% of care costs.

Eseonu1416 2018 4 Comparative
cost
analysis

EEA vs MA for sellar lesions 1. Inpatient costs
2. QALYs
3. Clinical

outcomes

1. EEA was less costly ($19,736)
than MA ($22,853).

2. QALY, LOS, and outcomes
were similar between
approaches.

Little1409 2013 4 Retrospective
observa-
tional
database
study

Patient undergoing
transsphenoidal surgery for
Cushing’s disease –
includes both EEA and MA

1. Mean hospital
charges

2. Resource
utilization
drivers

1. Mean hospital charges were
$48,272 ± $32,600.

2. LOS, surgeon volume, hospital
characteristics, and
postoperative complications
had most influence on
resource use.

(Continued)
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TABLE XIII. Continued

Study Year LOE Study design Study groups Clinical endpoint Conclusion

Fu1417 2017 4 Comparative
cost
analysis

EEA vs OA for resection of a
variety of sinonasal
malignancies involving
skull base

1. In-hospital
costs

2. Complications
3. LOS

1. Free-flaps conferred higher
cost, operating room time, and
LOS.

2. Surgical approach (EEA vs OA)
was not a predictor of any
financial outcome.

3. Intuitional protocol mandating
ICU admissions may account
for lack of cost savings for EEA
group.

Gandhoke1418 2017 2b Decision tree
economic
evaluation
from
medical
center
perspective

OA (supraorbital) vs EEA for
olfactory grove
meningiomas

1. Costs based on
GTR and CSF
leak rates in
author’s series
and literature
for EA

1. OA was less costly ($29,423)
than EEA ($83,838)

Morita1419 2006 5 Retrospective
observa-
tional
database
study

Patients having endoscope
used for cisternal pathology
and EEA

1. Usefulness of
endoscope

2. Clinical
outcomes

3. Cost

1. Endoscope can be safely used
for microneurosurgical
procedures with good
outcomes

2. Average cost of use of
endoscope per patient was
$326

Stapleton1420 2015 4 Activity-based
cost
analysis

Children (ages 1–19)
undergoing EEA for
skull-base lesions

1. Cost of care
2. Costs

comparison of
various
pathologies

1. Cost of care for EEA in children
was $34,056/patient.

2. Angiofibromas were most
costly ($59,051) and
fibro-osseous were least
costly ($10,931/patient).

CSF = cerebrospinal fluid; EEA = endoscopic endonasal approach; ESBS = endoscopic skull-base surgery; GTR = gross total resection; ICER = incremental cost-
effectiveness ratio; ICU = intensive care unit; LOE = level of evidence; LOS = length of stay; MA = microscopic approach; OA = open approach; QALY = quality-adjusted
life-year; QII = quality improvement initiative; SLTS = sublabial transseptal.

the cost-benefit of EEA over other interventions but the
level of data is substantially less due to the deficiency of
sensitivity analyses.1416

In contrast to the above data, several authors have per-
formed level 4 studies that report less favorable cost sce-
narios for EEAs.282,1414 Azad et al.1414 completed a level 4
retrospective, observational administrative database study
that reported the total index payment was higher for EEA
($32,959) vs microscopic approach ($29,977) and that EEA
benefits were not seen at population level. However, no
ICERs or sensitivity analyses were carried out.1414 Little
et al.282 reported inpatient resource utilization between
EEA and the microscopic approach in patients with pi-
tuitary lesions and found no statistical difference in mean
charges between the 2 procedures.

In terms of resource utilization drivers, most published
studies agree that length of hospital stay (LOS), hospi-
tal/nursing care, as well as operating room time contribute
most to overall costs related to EEAs and microscopic ap-
proaches to the pituitary.282,1409,1411,1415,1416 Other vari-
ables reported to influence costs were a diagnosis of

Cushing’s, surgeon volume, hospital characteristics, and
postoperative complications.282,1409

The remainder of the available cost literature is quite
heterogeneous and is noted to have lower levels of qual-
ity (Table XIII). Fu et al.1417 compared costs EEA vs open
approaches for resection of a variety of sinonasal malignan-
cies involving the skull base. They reported that the surgical
approach (EEA vs OA) was not a predictor of any financial
outcome but with the caveat that institutional protocols of
mandating ICU admissions possibly accounted for lack of
cost savings for the EEA group.1417 Morita et al.1419 sim-
ply discussed the cost and safety of utilizing the endoscope
for neurosurgical procedures. Stapleton et al.1420 reported
that costs associated with EEA in children was on aver-
age $34,056 per patient (angiofibromas were most costly at
$59,051 per patient, and FOLs were least costly at $10,931
per patient).

Last, Gandhoke et al.1418 performed a decision-tree eco-
nomic evaluation from the medical center perspective com-
paring supraorbital and EEA with or without craniotomy
for OGMs). In contrast to much of the published data, the
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authors reported that the supraorbital approach (open) was
less costly ($29,423) than EEA ($83,838).1418 The meth-
ods of this analysis were notably criticized by other sur-
geons from this author’s own institution.1421 The main cri-
tiques were the assumption of GTR without consideration
of Simpson grade, limited number of patients in model (n =
5), only modeling EEA costs instead of directly comparing
costs between the 2 procedures, misclassification of 2 of the
tumors as OGMs, which seemed to be better classified as
a frontal or orbital roof and planum meningiomas, as well
as failure to include branches in the decision tree for NTR
without CSF leak or reoperation/additional surgery.1421

Healthcare resource utilization will become increasingly
important in the future. For this reason, it is critical to un-
derstand the how emerging technologies utilize healthcare
resources compared to traditional techniques.282,1411 The
available amount of high-quality cost-effectiveness data is
limited and the cost-effectiveness of EEA has not been fully
elucidated. Future research should include a strong method-
ological approach in order to provide a comprehensive un-
derstanding of the cost-effectiveness of ESBS so that policy
makers, physicians, and patients can compare the costs and
health outcomes to decide which intervention is optimal.

� Aggregate Grade of Evidence: C (Level 1b: 2 studies;
Level 1c: 1 study; Level 2b: 1 study; Level 2c: 1 study;
Level 4: 6 studies; Level 5: 1 study)

XIV. Knowledge gaps and research
opportunities

ESBS is now a well-accepted surgical approach for numer-
ous pathologies of the skull base. Although there are inher-
ent, unique challenges such as reconstruction and postop-
erative CSF rhinorrhea, ESBS also has advantages. Whether
these advantages result in clinically significant improvement
remains an area of important investigation. The ICAR:ESBS
document outlines areas where the evidence consistently
supports the utilization of this corridor while at the same
time, strongly identifying important knowledge gaps that
should be the focus of future investigation. Overall, much
of the literature is dependent on case series rather than
prospectively designed trials. Because of the relative rarity
of many of these disease processes, it is likely that multi-
institutional collaboration will be critical to explore these
questions in a prospective manner. Additionally, standard-
ized methodology for outcomes and reporting are critical
for rare diseases to allow for meta-analysis and combining
primary data. No such standardized reporting exists for
skull-base surgery. Also, reporting with supplements of in-
dividual data points allows for direct combinations of series
after publication and would increase our abilities to collect
data on rare diseases or outcomes. Skull-base surgery has
the opportunity to draw on the knowledge base and exper-
tise of multiple different specialties and is thus well suited to
address the research opportunities outlined in this section.

XIV.A. Intradural tumors
EEAs to pituitary tumors are the foundation of many of
the initial experiences with ESBS, and the success rates as-
sociated with this surgical approach are equal to or surpass
microscopic approaches in many domains, such as visual
improvement and postoperative endocrinopathies. Even the
primary drawback of the early experience with endoscopic
pituitary resection, CSF rhinorrhea, has been reduced to
very low rates. As the primary outcomes continue to im-
prove with experience, secondary outcomes such as miti-
gation of nasal morbidity have taken on new importance
and consideration. Continuing to improve both the primary
surgical outcomes as well as these secondary considerations
should remain an area of refinement in ESBS.

However, other intracranial and intradural pathologies
have much less clarity. The fundamental question of when
ESBS should be utilized remains largely based upon expert
opinion and logic. Because much of the literature is based
upon case series and cohort studies, the decision-making
process to utilize this corridor is difficult to derive from the
literature. Once this decision has been made, continuing to
define the goals of surgery with regard to extent of resection
and use of other treatment modalities remains a frontier.

� Appropriate patient selection criteria and indications for
ESBS based upon tumor characteristics, anatomy, and
symptomatology.

� Balancing treatment modalities as emerging alternative
interventions arise.

� Defining risk factors for complications and recurrence.
� Improvement in tumor visualization.
� Defining outcomes by both tumor-specific outcomes (re-

section grade/percentage) as well as functional and QOL
outcomes.

XIV.B. Sinonasal malignancies
Our current knowledge about the treatment of sinonasal
malignancies is based on very limited evidence and extrap-
olation from other head and neck cancers. Certainly, the
rarity of the disease process is a significant hurdle in study-
ing these tumors. However, the grouping of all of these
tumors into retrospective cohorts based upon their anatom-
ical location limits the ability to provide necessary granu-
larity for examining treatment interventions and predictors
of outcome. In addition to a much greater understanding
of the biological behavior of these cancers, clearly defin-
ing surgical candidates and then primarily endoscopic en-
donasal surgical candidates is paramount to local tumor
control. Given the possibility of delayed recurrences, long-
term follow-up from endoscopic resection of sinonasal can-
cers will continue to be critical.

� Clarification of appropriate surgical candidates based
upon tumor type, extent, and surgical approach. This
is particularly of interest in regard to orbital extension
and salvage surgery after recurrence.
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� Optimal treatment protocols for multimodality therapy
in each tumor type including type and sequence of in-
terventions and a “personalized” medicine approach
based upon genetic and molecular characteristics of
cancer.

� Longer-term outcomes for endoscopically resected ma-
lignancies in both local and regional/distant recurrences
with multi-institutional collaborations to increase power
for these rare pathologies.

� Greater elucidation of risk factors for recurrence.
� Multi-institutional collaboration for tumor banking and

the identification of molecular prognostic markers.

XIV.C. Clival tumors
Secondary to the limitations of lateral approaches and
reduced efficacy of current nonsurgical treatments, clival
chordomas and skull-base chondrosarcomas are often sur-
gically treated with an endoscopic transclival approach.
Although it is logical to approach these tumors through
the nose, the learning curve can be quite significant, and
challenges of the anatomy, lateral extension, and recon-
struction are not trivial. Inferolateral extension of these
lesions remains a clear challenge to the complete resection
of these malignancies. Additionally, the reconstructive suc-
cess noted in many other areas of the skull base is still
lagging in the clivus and posterior fossa. Multiple research
opportunities exist in this arena.

� Identifying and overcoming the current limitations of the
EEA in achieving a GTR of chordoma.

� Appropriate utilization of radiation options including
proton beam, intensity modulated RT, and stereotactic
radiosurgery.

� Determining the best practices for the reconstruction and
CSF diversion of posterior fossa defects.

� Molecular prognostication of clival chordoma.

XIV.D. Reconstruction and complications
The initial primary shortcoming of ESBS, adequate re-
construction and prevention of CSF leaks, has thankfully

improved significantly. Certainly, the introduction of vas-
cularized reconstruction has been critical to the expan-
sion of the discipline of ESBS. Despite these advancements,
knowledge gaps remain as we balance the need for surgical
access and reconstruction with nasal morbidity.

Additionally, as the boundaries of ESBS push forward,
the prevention of and ability to manage complications from
nasal damage to olfaction and CN weakness to vascular
injury is paramount.

� Development of an endonasal reconstructive ladder
based upon risk factors of postoperative CSF leak.

� Further evaluation of the incidence of sinonasal compli-
cation including olfactory changes associated with ESBS.

� Clarity in the utilization of LD, tissue sealants, and nasal
packing to supplement ESBS reconstruction.

� Continued development of high-fidelity and cost-efficient
models to simulate ICA injury.

XV. Conclusion
In summary, the authors of ICAR:ESBS have collaborated
to outline the current state of the evidence across numer-
ous sinonasal and intradural pathologies, reconstructive
options, and complication prevention and management in
ESBS. There is clearly a need to improve the LOE in many
aspects of ESBS to drive improved patient care. With in-
creasing experience and investigation, more robust EBRs
will enhance our understanding of this still young field. Fu-
ture iterations of this document will hopefully continue to
promote the cycle of research, translation to patient care,
and further investigation.
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