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Abstract

Cerebrospinal fistula might occur in different ways. CSF closure techniques have
undergone significant evolution that has led to the consolidation of the transnasal
endoscopic approach. Despite the existence of multiple publications, meaningful
information is still lacking in clinical practice and the literature about the ideal
method, material, and timing for repair of CSF. The purpose of this review was to
summarize the success rate of endoscopic CSF leak repair as well as whether spe-
cific techniques or materials influence the primary success rate through a review of
the latest advancements in endoscopic CSF management published in the past
10 years. The principles of multilayer reconstructions and the routine use of vascu-
larized flaps in expanded endonasal surgery have reduced postoperative CSF leaks'
failure rates between 5% and 10% (4% in this meta-analysis). Effective endoscopic
anterior skull base (ASB) closure may be achieved by multiple reconstructive tech-
niques, which should be tailored case by case according to the patient and defect

conditions.
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recurrence rates. Over the past 50 years, cerebrospinal fistula
closure techniques have undergone significant evolution.

The anterior skull base is a key barrier between the
intracranial-intradural compartment and the sinonasal tract.
Independent from their idiopathic, traumatic, postoperative,
or tumoral nature, defects on the anterior skull base have to
be closed meticulously. Historically, the closure of these
defects was approached intracranially, using classic open
skull base surgical procedures. Although the open intracra-
nial approach provides a large surgical field and allows for
direct visualization, it is associated with high morbidity,
including intracerebral hemorrhage, cerebral edema, frontal
lobe deficits, lengthened hospital stay, anosmia, and high

Minimally invasive approaches, characterized with improved
success rates and decreased morbidity, have gained increas-
ing interest over the traditional open craniotomy repair
methods.! After the craniotomy approach, the recurrence rate
of CSF leaks has been reported to be as high as 27% after
the first attempt, and 10% of patients have been reported to
have persistent leaks despite multiple attempts." Dohlman
described in 1948 a second extracranial approach for the
repair of CSF rhinorrhea through a naso-orbital incision,”
and this external ethmoidectomy approach was also rec-
ommended by Chandler, who did not experience any
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intracranial complications requiring additional management
during this surgical procedure.® Later, the transnasal closure
of sphenoid CSF leaks was first reported by Hirsch in 1952,*
and Vrabec and Hallberg described a cribriform plate leak
repair using an intranasal approach by a simultaneous sub-
mucosal resection of the nasal septum for adequate.” From
their experience, Lehrer and Deutsch suggested the use of an
operating microscope.’

Advancements in endoscopic technology and the develop-
ment of minimally invasive surgical techniques have led to the
progressive introduction of transnasal endoscopic CSF leaks'
surgical management. The endoscopic approach was first men-
tioned by Wigand in 1981,” and Mattox and Kennedy publi-
shed a small case series in 1990.® Subsequently, the transnasal
endoscopic approach repair has become the standard of care
for the operative management of most of the CSF leaks.’

2 | CSFETIOLOGY

Cerebrospinal fluid (CSF) rhinorrhea denotes a skull base fis-
tula connecting the subarachnoid space to the nasal cavity.
Defects commonly occur in the ethmoid roof, the cribriform
plate, and the sphenoid, while the frontal sinus and the poste-
rior table are less involved. Lopatin and Kapitanov'® simply
identified two categories: primary (spontaneous) and second-
ary CSF leaks, whereas Gendeh et al'! suggested to identify
other three etiologic categories: congenital, acquired, and
spontaneous. All the existing and recognized etiological cate-
gories have been reported in Table 1.

Hassan et al'? described accidental trauma as the most fre-
quent cause of CSF (44%), followed by surgical trauma
(29%) and tumors (22%). Most commonly, the leak is found

TABLE 1 Causes of cerebrospinal fluid rhinorrhea

Idiopathic Unknown causes

Trauma—surgical e “Open” surgery for inflammatory sinus
disease

e Endoscopic sinus surgery

e Transcranial approaches

o Transtemporal approaches

Trauma— e Closed head injuries
nonsurgical e Open or penetrating injuries
e Posttraumatic hydrocephalus

Inflammatory e FErosive lesions: mucoceles, polypoid
disease, cystic fibrosis, fungal sinusitis
e Osteomyelitis of skull base
e Postinfectious hydrocephalus

Congenital e Meningocele or meningoencephalocele
o Congenital skull base defects
o Congenital hydrocephalus

Neoplasm e Neoplasm invading the skull base
e Hydrocephalus

at the cribriform plate (35%) and less frequently at the sphe-
noid sinus (26%), anterior ethmoid (18%), frontal sinus (10%),
posterior ethmoid (9%), and inferior clivus (2%)."* Locatelli
et al'* reported the cribriform plate (23.1%) and ethmoid skull
base (20.5%) as the most common sites of post-traumatic
CSF, with an incidence of multiple sites of fractures in 35.9%
of the patients. latrogenic injury most commonly occurs at the
ethmoid skull base (35.1%), the cribriform (27%), and the
sphenoid sinus (18.9%)."> The most important factors leading
to a higher risk of iatrogenic CSF leak are failure to recognize
anatomical landmark, previous surgery, and others. Most
authors agree, however, that previous endoscopic surgery
(revision) constitutes the most common clinical scenario asso-
ciated with this event. '> Congenital skull base defects are
generally rare, and 63% of them occur in the foramen cae-
cum."® Spontaneous CSF (sCSF) rhinorrhea remains a diag-
nostic and surgical challenge. The frequency of spontaneous
leaks has been reported to range between 15% and 23%."°
The cribriform plate is the most common site of origin,
although Gendeh et al'' found that 40%-56% of sCSF leaks
occur in the sphenoid sinus and seems to be more common in
females aged 40-59 years. Recent research studies'®'” have
focused on the role of the intracranial pressure (ICP) in both
the origin of sCSF leaks and in the increased failure rate asso-
ciated with their surgical repair. In fact, high ICP is associated
with 63%-88% of sCSF leaks; in addition, they are associated
with a 50%-100% incidence of encephalocele and a 25%-87%
incidence of recurrence.'® Their etiology is not completely
understood, but there is a clear association of sCSF leaks'
onset with obesity (80% of patients), elevated ICP (40% of
patients), and obstructive sleep apnea (OSA) (43% of
patients).'”?° This association is important because it is
known that ICP spike during apneic events that suggest epi-
sodic rises in ICP may also contribute to skull base erosion
over time.?' After surgical repair of lateral skull base sCSF
leaks, it appears safe to resume CPAP treatment of OSA.*
Spontaneous CSF leaks have the highest recurrence rate fol-
lowing surgical repair (25%-87%), compared with less than
10% for other etiologies.'®* In a retrospective analysis of
72 patients over a 10-year period, Mirza et al** observed that
13 out of 29 patients with spontaneous CSF leaks (46%) had
evidence of elevated ICP, in which 6 of the 13 patients (46%)
had a recurrence. Chaaban et a1,25 on the basis of their 5-year
prospective study on 46 patients with 56 spontaneous CSF
leaks, concluded that the successful treatment of elevated ICP
in combination with endoscopic leak repair can provide high
success rates (93% primary and 100% secondary).

3 | OBJECTIVE OF THE REVIEW

Cerebrospinal fistula might occur due to several etiologies,
spontaneously, post-traumatic, post-surgery head neoplasm,
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inflammatory diseases eroding the skull base, or congenital
malformations. Since 2000, advancements in endoscopic
technology have led to the consolidation of the transnasal
endoscopic approach repair.

The purpose of this review was to summarize the success
rate for endoscopic CSF leak repair as well as whether spe-
cific techniques or materials do influence their primary suc-
cess rate. In addition, the impact of epidemiology, etiology,
clinical presentation, site and dimension of the fistula, and
management of success-related factors, including the time to
perform surgery and information on the effect of adjunctive
measures such as lumbar drain and intrathecal fluorescein,
were analyzed through a review of the latest advances in
endoscopic CSF management published over the past
10 years of the published English literature.

4 | MATERIALS AND METHODS

A systematic review was performed using independently
developed search strategies in the literature review methodol-
ogy, and it was written in accordance with the PRISMA state-
ment to guarantee a scientific strategy of research to limit bias
by a systematic assembly, critical appraisal, and synthesis of
all the most relevant studies published on this topic.”*” The

databases interrogated included PubMed Clinical Queries
http://www.ncbi.nlm.nih.gov. Reference lists from the identi-
fied articles were searched and cross-referenced to identify
additional relevant articles, and national experts in the field
were contacted to identify unpublished data. The search terms
included the following various combinations to maximize the
yield: Anterior skull base defect AND Anterior cerebrospinal
fluid leaks AND Endoscopic reconstruction AND Sinonasal
malignancies AND Reconstructive technique AND Double

TABLE 2  Quality assessment for case series
1 Case series collected in more than one center (i.e.,
multicenter study)

2 Is the hypothesis/aim/objective of the study clearly
described?

3 Are the inclusion and exclusion criteria (case definition)
clearly reported?

4 Is there a clear definition of the outcomes reported?
5 Were data collected prospectively?

6 Is there an explicit statement that patients were recruited
consecutively?

7 Are the main findings of the study clearly described?

8 Are outcomes stratified (i.e., by disease stage, abnormal test
results, patients characteristics)?

Citations identified (953)

Citations excluded (633):
Titles not relevant (416)
Duplicate titles (52)

Published before 2007 (165)

References excluded (156):
Articles not in English (11)
Not human studies (67)
Case reports (27)

Letters and reviews (18)
Technical notes (33)

Abstracts excluded (118):
Less than 10 cases (47)
Non endoscopic approaches (62)
Other treatment modalities (2)

No full text available (7)

reviewed (46)

References reviewed
(320)

Abstracts reviewed (164)
Full text papers

Excluded (18):
Not clearly describing aim/ objective

(6)

o
o

Statistical data not clearly shown or
detachable (5)
Heterogenous sample (7)

Studies

FIGURE 1 28)

assessment was performed primarily

Statistical

with descriptive data [Color figure can

meeting inclusion criteria

be viewed at wileyonlinelibrary.com]
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TABLE 3 Selected studies
Multiple
Study period Ethmoid Sphenoid Frontal locations

References (months) Type of study No. of patients CSF CSF CSF of CSF
El-Sayed®® 14 Retrospective review 30 13 12 0 15
Patel et al*’ 18 Review 150 26 124 0 0
Fonmarty et al*° 60 Case series with chart review 29 29 0 0 0
Gruss et al’! 84 Retrospective chart review 51 32 18 1 3
Sannareddy et al*? 36 Review 40 11 12 0 8
Eloy et al*? 24 Review 10 10 0 0 0
McCoul et al** 96 Prospective study 96 28 68 0 42
Mattavelli et al* 84 Retrospective review 186 0 0 0 0
Ramakrishna et aln®® 84 Retrospective review 13 7 1 5 1
Thomas et al®’ 48 Retrospective study 63 17 39 0 0
Zanation et al*® 12 Retrospective review 75 9 60 0 6
Bernal-Sprekelsen et al®® 180 Retrospective study 116 63 8 43 0
Gilat et al* 120 Retrospective study 24 20 4 0 0

Nix et al*! 72 Retrospective study 76 12 59 5 0
Hoffmann et al*? 60 Retrospective review 26 18 8 0 0
Sciarretta et al*® 132 Retrospective study 136 0 136 0 0
Garcia-Navarro et al** 60 Prospective study 46 2 44 0 0
Eloy et al* 36 Retrospective review 69 10 59 0 0
Banks et al' 252 Review 166 62 53 15 36
Moliterno et al*® 60 Retrospective study 12 0 12 0 0
Eloy et al*’ 36 Retrospective study 59 14 45 0 0
Tabaee et al*® 24 Prospective study 127 20 107 0 0
Germani et al*’ 60 Retrospective study 55 23 7 0 0
Luginbuhl et al>° 24 Retrospective review 20 0 20 0 0
Nyquist et al®! 60 Prospective study 28 patients with 18 13 1 4

32 procedures

El-Banhawy et al>> 108 Prospective study 46 12 34 0 0
Fyrmpas et al> 72 Retrospective review 11 0 11

Martinez-Capoccioni et al>* 96 Retrospective study 35 32 2 0 0

Abbreviation: CSF, cerebrospinal fluid.

flap technique AND Nasoseptal flap AND Inferior turbinate
flap AND Medial turbinate flap AND Multilayer reconstruc-
tion AND Iliotibial graft AND Graft. The search was per-
formed for the first time on December 2017 and was set to
automatically update periodically until September 2018. First,
duplicates were removed electronically. Then, abstracts were
reviewed to exclude obviously irrelevant articles. Non-English
language papers, experimental studies, and case reports were
excluded. The inclusion criteria were set a priori and deliber-
ately kept wide to encompass as many articles as possible
without compromising the validity of the results, and they
included articles (1) published from 2007 onwards;

(2) reporting published series of >10 patients who underwent
endoscopic repair of CSF leaks; (3) about endoscopic tran-
snasal CSF leaks' repair; (4) excluding open approaches;
(5) reporting data distinguishing results of endoscopic proce-
dures that are divided into multilayer or single layer; (6) con-
sidering different endoscopic techniques, such as naso septal
flap (NSF), inferior turbinate flap (ITF), middle turbinate flap
(MTF), fascia lata, and abdominal fat graft; (7) with a clear
description of CSF leaks' location (ethmoid, sphenoid, frontal,
and multiple sites); (8) dividing CSF leaks' etiologies: iatro-
genic, neoplastic (benign tumors and malignant tumors), and
spontaneous; and (9) excluding traumatic etiology. We filtered
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TABLE 4 Repair technique and outcome

Total no. of Single
References patients Multilayer layer
El-Sayed®® 30 20 10
Patel et al*’ 150 36 114
Fonmarty et al*° 29 0 29
Gruss et al’' 51 51 0
Sannareddy et al*? 40 40 0
Eloy et al*® 10 10 0
McCoul et al** 96 96 0
Mattavelli et al*® 186 186 0
Ramakrishna et al*® 13 13 0
Thomas et al*’ 63 63 0
Zanation et al*® 75 75 0
Bernal-Sprekelsen et al®® 116 116 0
Gilat et al*’ 24 8 16
Nix et al*! 76 76 0
Hoffmann et al*? 26 26 0
Sciarretta et al*? 136 5 131
Garcia-Navarro et al** 46 46 0
Eloy et al*’ 69 69 0
Banks et al’ 166 166 0
Moliterno et al* 12 0 12
Eloy et al*’ 59 59 0
Tabaee et al*® 127 79 48
Germani et al*’ 55 25 30
Luginbuhl et al>° 20 16 4
Nyquist et al *’ 28 patients with 32 0
32 procedures

El-Banhawy et al’> 46 46 0
Fyrmpas et al> 11 11
Martinez-Capoccioni et al®* 35 35 0

Abbreviation: CSF, cerebrospinal fluid.

the studies to ensure that only data from centers that had publi-
shed on at least 10 patients were included in the review; this
was done as a quality assurance measure as there are several
case series in the literature, which have published the results of
small numbers of cases spanning several years. We chose as
success rate of endoscopic CSF leaks' repair at the first surgery
as the primary measure of outcome. Abstracts were analyzed
to identify papers that fulfilled the inclusion criteria, and a first
qualitative and descriptive review-analysis of selected articles
was carried on, whereas, exclusively, publications clearly
describing their aim and objectives, their inclusion and exclu-
sion criteria, with clear or detachable statistical data, reporting
success rates, and well describing the surgical techniques and

Complication CSF

Mean follow-up Success rate after

(total) recurrence (months) endoscopic repair (%)
4 0 8.35 100
1 6 22 96
8 1 11 96.5
0 2 7.8 96.1
9 7 15 80.8
2 0 7.4 100
6 3 19 96.9

12 11 45 94.2
0 0 44 100
2 6 22 90.5
1 8 2 89.4
5 6 63 94.9
3 4 24 83
0 11 22 86
1 1 30.5 96.2
1 11 52 92
0 2 28.5 95.7
1 1 22 98.6
6 15 23 91
0 0 8.6 100
0 0 14.6 100
1 11 7.1 91.3
1 1 7.6 97
0 2 22 90
5 2 22 93.8
8 4 51 91.3
3 1 37.1 90.9
0 1 51 97.2

postoperative complications were included in our meta-analy-
sis. All included papers were graded using the NICE scoring
scale for retrospective case series (available at: http://www.
nice.org.uk/nicemedia/pdf/Appendix_04_qualityofcase_series_
form_preop.pdf; Table 2).

Fisher's exact test was used for statistical analysis of cate-
gorical data for the descriptive review, and a value of P < .05
was considered significant. The pooled estimate of each statis-
tic was calculated using the Freeman-Tukey double arcsine
transformation to stabilize the variances. A random effect
model was specified, using the method by DerSimonian and
Laird, with the estimate of heterogeneity being taken from the
inverse-variance fixed-effect model. Heterogeneity is also
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FIGURE 2 Because individual data were
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TABLE 5 Neoplastic and spontaneous CSF leaks compared by
the dimension of CSF leaks

Etiology Coefficient P
Neoplastic —0.58 25%
Tatrogenic —0.19 .88
Spontaneous —0.98 .01*

Abbreviation: CSF, cerebrospinal fluid.
*Statically significant.

quantified using the /-squared measure. All analyses were per-
formed using STATA version 13 (StataCorp. 2013, Stata Sta-
tistical Software: Release 13, College Station, TX: StataCorp
LP). The possibility of publication bias was evaluated with the
Begg and Egger tests as well as visual inspection of the funnel
plot. When possible, results are described in accordance with
the PRISMA guidelines for reporting meta-analyses, with 95%
confidence intervals reported throughout. When studies have
low heterogeneity (pragmatically, I < 25%), the differences
between reported outcomes can be explained simply by the
observed natural differences between patients. In this case, we
can consider that all patients are part of the same larger pool.
A fixed-effects meta-analysis is appropriate in which each
patient is given approximately equal weight.

S | RESULTS

The various stages of systematically assessing the abstracts
and reasons for exclusion from the review are described in
Figure 1. Selected studies were summarized in Table 3. As
for their quality, as assessed by the quality assessment criteria
outlined above, 4 papers scored eight or seven, 9 scored six,
5 scored five and 10 papers scored four or three. Of these,

not available, we have looked at the macrolevel
correlations between articles

Spontaneous CSF

45 60

ethmoid roof
sphenoid sinus
frontal sinus

multiple locations

FIGURE 3 Site of CSF leaks. CSF, cerebrospinal fluid [Color
figure can be viewed at wileyonlinelibrary.com]

5 were prospective studies and 23 were retrospective studies
or review. The study periods range from 12 to 252 months
with a median of 72 months.

A total of 1767 patients were identified; among them, 52%
(n = 937) were male and 48% (n = 857) were female. The
median age was 51 years (range, 15-86 years). Factors related
to CSF leaks' characteristics, concerning their size, etiology,
location site, and factors related to adjuvant treatment and
repair technique, together with the success rate and postopera-
tive period description, gave the following outcomes (Table 4).

5.1 | Factors relating to CSF leaks'
characteristics

e Size: The median defect size measured was 2.81 cm?. In
59% of the patients (395/667), the defect size was <2 cm
in maximum dimension, whereas in the remaining 41%
(272 patients), the size was >2 cm.
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El-Sayed et al. = 1.00 (1.00, 1.00)
Patel et al. i 0.96 (0.93, 0.99)
Fonmarty et al. - e 0.96 (0.90, 1.03)
Gruss et al. . 0.96(0.91, 1.01)
Sannareddy et al. 0.81(0.69, 0.83)
Eloyetal..1 »a 1.00(1.00, 1.00)
McCoul et al. - 0.97(0.93, 1.00)
Matiaved et al. e 0.94(0.91,0.98)
Ramakrishnam »a 1.00(1.00, 1.00)
Regl et al. S e 0.91(0.83,0.98)
Kassam et al by 0.89(0.82, 0.96)
Sprekeisenet al. I 0.95(0.91,0.99)
Gilat et al. ! 0.83(0.68, 0.98)
Nix et al. L 0.86 (0.78, 0.94)
Hofimann et al. P e 0.96 (0.89, 1.04)
Sclarretta et al. — 0.92(0.87,0.97)
Garcla-Navarro et al. e 0.96 (0.90, 1.02)
Eloyetal.2 - 0.99(0.96, 1.01)
Banks et al. - 0.91(0.87,0.95)
Molterno et al. »a 1.00(1.00, 1.00)
Eloyeta.3 »a 1.00(1.00, 1.00)
Tabaee etal —— 0.91 (0.86, 0.96)
Germani et a. [ ol 0.97 (0.92, 1.02)
Luginbuhi et &l - 0.90(0.77, 1.03)
Nyaquist et al. S e e 0.94(0.85, 1.02)
El-Banhawy et al. e 0.91(0.83, 0.99)
Fyrmpas et al. > 0.91(0.74, 1.08)
Martinez-Capoccioni et al. e 0.97 (0.92, 1.03)
RE Model > 0.96 (0.94,0.97)

06

FIGURE 4 Forest plot of success rate

FIGURE 5 Funnel plot—success rate
[Color figure can be viewed at
wileyonlinelibrary.com]
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e FEtiology: CSF leaks were divided into three categories:
neoplastic (67%), spontaneous (14%), and iatrogenic
(19%) (Figure 2). Our data have shown that there was a
relationship between CSF leaks' etiology and their size if
it was greater than 2 cm in maximum diameter. Table 5

09

shows that there was a statistically significant difference
in the group of neoplastic and spontaneous CSF leaks
compared by the dimension of CSF leaks.

e Location site: In 488 (30%) patients, the leak was located
in the ethmoid roof, whereas in 956 (59%) patients in the
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sphenoid sinus and in the remaining 70 (4%) patients in the
frontal sinus. Multiple locations were found in 115 cases
(7%) (Figure 3). Ethmoid location resulted to be a

TABLE 6 Onset of CSF leak recurrence—Statistical analysis

Variable Coefficient P

Intercept -0.09 45
Size >2 cm —0.05 .52
Ethmoid location 0.14 42
Sphenoid location 0.10 44
Benign tumors 0.04 22
Malignant tumors 0.11 .68
Prior radiation therapy 0.00 91

Abbreviation: CSF, cerebrospinal fluid.

TABLE 7 Linear probability model with length of hospital stays
longer than 7.5 days as a response variable

predictive factor for CSF leaks sized more than 2 cm in
their maximum diameter (P value = .03).

5.2 | Factors relating to adjuvant management

Intrathecal fluorescein: Fluorescein injection for detec-
tion of CSF leaks was used in 589 patients (33.3%).

Lumbar drain: 703 lumbar drains were used. The duration
of the use varied from 1 to 8 days, in which most studies
reported its use within the second or at least fifth day after
surgery. The benefit of lumbar drain usage could not be
calculated due to the limited data provided by the studies.

5.3 | Factors relating to repair

Reconstruction technique: A multilayer reconstruction was
fashioned in 1405 patients, and in other 394 patients, only a
single-layer repair technique was used. In our series, the fas-
cia lata was harvested in 1085 patients (61%), NSF in
979 (55%), and Janus flap (bilateral NSF) in 20 (1.1%). MTF

Variable Coefficient p was harvested in 14 patients (0.7%), and ITF in only 7 cases
Intercept 0.90 01% (0.4%). Abdominal fat graft was performed in 836 patients
Ethmoid location -1.06 .02% (47%), whereas high-viscosity polymethylmethacrylate, a
Sphenoid location _0.73 04+ variety of injectable cements, was used in 12 patients (0.7%).
T —_— —o11 66 e Success rate: Pooling data from 1767 primary repairs
. reported a success rate of 96%. CSF leak recurrences were
Malignant tumors 0.68 .06* . . . .
o radia . found in 71 (4%) patients. Median time of recurrence was
Prior radiation therapy o0l o4 66 days (range 2-1095 days). A revision surgery was
*Statically significant. required in 55 cases (3%).
o / .
/ ) -
/.
g
)
g
o
w
5 T e § 5 2
: : % : 5 :
5 2 o =
4 & & £ - FIGURE 6 Response variable:
=) B 3
3 & £ proportion of individuals who had
. major complications
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Heterogeneity of the results between the studies was
assessed graphically by Forest plots and statistically using
the quantity /> that describes the percentage of total variation
across studies that is attributable to heterogeneity rather than
chance (Figure 4). As shown below, high figures indicate
greater homogeneity index in the data (Figure 5).

Both in the Forest plot and in the Funnel plot, SEs of the
success rates were estimated through the classic estimator of
the SE of a proportion. Significant predictive factors were
not found regarding the onset of CSF leak recurrence
(Table 6).

5.4 | Factors related to postoperative period

Postoperative nasal packing was used in 1207 patients (69%).
Median hospital stay was 8 days (range 5-11 days). We used
a linear probability model taking the length of hospital stays
longer than 7.5 days as a response variable. The results
showed that “ethmoid location,” “sphenoid location,” and
“malignant tumors” were predicting factors for the length of
the hospital stay (Table 7). Complications (Figure 6) occurred
in a total of 81 patients (4.5%); out of these, 43 were catego-
rized in major complications (meningitis, pneumocephalus,
hemorrhage, intracranial hypertension) and 38 in minor com-
plications (headaches, postoperative sinusitis, crusting, syn-
echiae, hematoma, mucocele). The strongest predictors for
complications were “malignant tumors” and “prior radiation

TABLE 8 Related factors with major complications

Variable Coefficient P

Intercept 0.11 .04
Size >2 cm 0.06 .05
Ethmoid location -0.14 .06
Sphenoid location 0.15 .02
Benign tumors 0.13 <.01
Malignant tumors —0.30 .01
Prior radiation therapy —-0.01 <.01

TABLE 9 Predictive factors regarding the onset of minor

complications

Variable Coefficient P

Intercept —0.09 45
Size >2 cm —-0.05 .52
Ethmoid location 0.14 42
Sphenoid location 0.10 44
Benign tumors 0.04 22
Malignant tumors 0.11 .68
Prior radiation therapy 0.00 91

therapy” (Table 8). Conversely, significant predictive factors
for the onset of minor complications have not been found
(Table 9).

6 | DISCUSSION

Several authors have documented, in the literature, an over-
all success rate of surgical CSF leak repair ranging from
97% to 99%, and they have demonstrate the efficacy of
endoscopic repair through many reports.' Psaltis et al, in a
meta-analysis of 55 studies involving 1778 fistula repairs,
observed a success rate of 90.6% following first endoscopic
repair for CSF rhinorrhea.” Kirtane and Upadhyayasr ana-
lyzed the largest series of endoscopic repair of CSF leaks
and reported a primary success rate of 96.63% and 98.88%
after revision surgery.”®

The long-term success of endoscopic repair is influenced by
CSF leak etiology. Several studies indicate an increased failure
among sCSF leak repair, especially in patients with increased
ICP.** In a review of long-term outcomes of endoscopic repair,
Zuckerman et al’’ focused on the timing of recurrent CSF
leaks. The average time for recurrence in their series was
7 months, ranging from 1 to 25 months. Banks et al observed
spontaneous leaks recurring at 7 months (median range:
4 days-24 months) and traumatic leaks recurring at 4 months
(median range: 4 days-29 months)." Nasal crusting is the most
common morbidity, and it occurs in more than 95% of patients
(observed at 1 month postoperatively), but about 50% of them
achieve crust-free nasal cavity objectivity by 3 months postop-
eratively.”® Addition sinonasal complications include nasal syn-
echiae (9%), alar sill burns (5%), maxillary nerve hypoesthesia
(2%), palatal hypoesthesia (7%), incisor hypoesthesia (11%),
serous otitis media (2%), and taste disturbance (7%) and mal-
odor. Most of these complications are temporary, and most
patients recover a full nasal function by 6 months after sur-
gery.”® As previously mentioned, the resolution of these surgi-
cal sequelae requires intense postoperative care.

In our study, independent analysis of many factors (size,
site, ICP, surgical technique, previous RT) was difficult, pri-
marily because of the potential interdependence of different
criteria, with certain locations of the skull base more character-
istically associated with neoplastic, spontaneous, or iatrogenic
etiology. Accordingly to our results, when we compared
reconstruction outcomes by subsite of defect, there were no
clear differences between vascularized vs. nonvascularized
reconstruction techniques for any individual subsite. It appears
that specific characteristics of the defect might be more rele-
vant of selection of reconstructive techniques, rather than ana-
tomic subsite. A retrospective study published by Gruss et al
revealed that the dimension of the dural defect correlates with
recurrences of CSF leak.*' Flap surgery is highly successful
with small defects with a flap failure rate of 3.8% for defects
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less than 2.0 cm.? However, the 16.7% of defects of 2.0 cm?
in dimension or larger failed (P = 0.03). In a systematic review
of the literature, Harvey et al concluded that for skull base
defects larger than 3 cm, reconstruction with a vascularized
flap had a significant advantage over free grafting in
preventing postoperative CSFL.>* On the other hand, small
defects (<10 mm) generally do not need repair by vascular
flaps.”® Data emerging from a study performed by Turri-
Zanoni et al®® outlined that it is not the defect size that makes
the reconstruction complex; much more important is whether
the borders of the defects can be identified and exposed, since
this determines the ease, complexity, or even impossibility of
the procedure. The absence of these borders precludes the
positioning of the inlay grafts, and it significantly increases the
risk of postoperative leakage. Our data have shown that CSF
leaks larger than 2 cm” were more associated to neoplastic and
spontaneous etiologies and successfully treated using vascu-
larized flaps. An increasing popularity of the vascularized ped-
icled flaps compared with the use of free-tissue grafts has been
found; the pedicled nasoseptal flap (PNSF) is currently the
workhorse of endoscopic skull base repair, and it represents
the principal advancement in endoscopic reconstruction by
vascularized flap and represents the technique of choice for
several authors. In an anatomical and radiological study,
Pinheiro-Neto et al % verified the sufficiency of the flap to
cover the ASB defect after endoscopic craniofacial resection,
concluding that the dimensions of the PNSF are theoretically
sufficient to cover the ASB defect completely. Eloy et al in
their retrospective analysis® have studied the use of PNSF for
revision repair of recurrent CSF rhinorrhea after failed trans-
cranial approach and the success rate in this series was of
100%. Our systematic review data showed an overall success
rate of 96% after the first endoscopic attempt. These results
remain superior to the previous systematic review published
by Psaltis et al>> in 2012, probably because of considerable
evolution in endoscopic surgery over the last few decades, in
which advancements in endoscopic instrumentation, image-
based navigation systems, and refinements in surgical tech-
niques have all contributed to reducing skull base reconstruction
failures. Psaltis et al*> also pointed out the evidence that the
endoscopic approach is not only efficacious but also safe.
According to this, the overall complication rate in our study
was very low (4.5%), and major complications (meningitis,
pneumocephalus, hemorrhage, intracranial hypertension)
occurred in 43 out of a total of 1767 patients (2.4%), and
they were more associated with malignant tumors and prior
radiation therapy. In terms of short-term nasal morbidity, De
Almeida et al®® reported nasal crusting being the most com-
mon (98%) symptom reported, followed by nasal discharge
(46%), whereas loss of smell was reported by only 9.5% of
the patients. Sinonasal function did appear to improve over
time for these patients, in contrast of loss of smell which

turned to be often permanent. Contrariwise to major compli-
cations, significant predictive factors have not been found
regarding the onset of minor complications in our meta-anal-
ysis, and the efficacy of fibrin glue in preventing CSF leaks
remains controversial. Although histopathological studies sug-
gest that fibrin glue may trigger an inflammatory response
that may promote healing, several studies have reported a
success rate of 97% with fibrin glue and 92%-100% without
glue for CSF leak success repair rate. Several authors have
reported successful results with relatively consistent use of
lumbar drain, whereas others have reported similar results
without lumbar drain placement.°* On the basis of a meta-
analysis of 14 studies comprising 289 CSF fistulae repairs,
Hassan et al advocated the use of lumbar drains for 3-5 days
with idiopathic leaks, posttraumatic leaks, leaks associated
with large defect (>15 mm), recurrent leaks, and leaks associ-
ated with a meningocele.'?

7 | CONCLUSION

The principles of multilayer reconstructions and the routine
use of vascularized flaps in expanded endonasal surgery
have reduced postoperative CSF leaks' failure rates between
5% and 10% (4% in this meta-analysis). Our data revealed
that surgical outcomes have been gradually improved over
the years, hand in hand with the advances in surgical skills
and expertise, technological evolutions, and refinements in
surgical technique, emphasizing the importance of experi-
ence in this field. This systematic review shares many of the
limitations inherent to all meta-analyses that stem from mul-
tiple sources of bias. Available data and case-series have
usually been heterogeneous, reporting different characteris-
tics of defects and reconstruction techniques, thus precluding
meaningful conclusions. It is consequently difficult to make
evidence-based decisions to optimize reconstructive options
for each specific type of skull base defect. It appears clear
that effective endoscopic ASB closure may be achieved by
multiple reconstructive techniques including overlay graft
positioning, multilayer grafts, and vascularized flaps, which
should be tailored case by case according to the patient and
defect conditions.

Future perspective randomized trials with comparable
cohorts should aim to improve our levels of evidence for
treatment decision making and will help us to understand
and manage patients at high risk for a postoperative CSF
leak, especially those who have been previously irradiated
and/or require revision surgery.
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