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Abstract

rate, impact on olfaction, and sinonasal function.

(LM) of CT scan.

(NSF) and septal flap have been used.

Background: Although cerebrospinal fluid (CSF) leak repair of the anterior and middle skull base defect by endona-
sal endoscopic surgery (EES) presents one of the more difficult challenges, it has shown high success rates with less
morbidity. Our objective is to evaluate the outcomes of transnasal endoscopic repair of CSF leak regarding success

Methods: A prospective cohort study was conducted to evaluate the CSF leak repair outcomes related to the
site, size of the defect, surgical techniques, and the materials that been used through Smell Identification Test (SIT),
22-item Sino-Nasal Outcome Test (SNOT-22), Perioperative Sinus Endoscopy score (POSE), and Lund-MacKay Scoring

Results: Twenty-one patients were enrolled in the study; 12 out of 21 were females with a higher prevalence of
traumatic causes of 61.9%. Different techniques and materials were used for the repair with a success rate recorded
at 90.5% after the first closure attempt. The mean standard deviation (SD) scores postoperatively (after 6 months) was
markedly decreased in SNOT 22 with mean (SD) 5.55 + 3.6, slightly increase in POSE (mean 4+SD =043 4+0.6), and
slightly decrease in SIT (mean +SD =10.314+4.7) and LM (mean£SD=0.57£0.7).

Conclusion: Transnasal endoscopic CSF leak repair is an effective technique for skull base defect closure with a high
success rate and no valuable morbidity to sinonasal function other than mild hyposmia in patients where nasoseptal

Trial registration: The study was approved by the institutional review board and ethics committee of (The Arab
Board of Health Specializations) with order no. (453) on 1April 2018.

Keywords: Cerebrospinal fluid (CSF), CSF leak repair, Nasoseptal flap (NSF), Sinonasal function

Background

Cerebrospinal fluid (CSF) leak occurs as a consequence
of communication between the subarachnoid space and
the upper aerodigestive tract due to a breakdown of
the layers of the arachnoid membrane, dura mater, the

*Correspondence: muaident@gmail.com

! Unit of Otorhinolaryngology-Head & Neck surgery, Department of Surgery,
University of Sulaimani, College of Medicine, Sulaymaniyah Teaching Hospital,
Kurdistan, Sulaymaniyah, Iraq

Full list of author information is available at the end of the article

@ Springer Open

bony skull base, and the nasal mucosa. Patients with
CSF leaks may have a spectrum of presentation, rang-
ing from clear nasal discharge and headaches to poten-
tial life-threatening symptoms such as mental status
changes, meningitis, or brain abscess which make the
defect closure warranted [1, 2].

Different approaches have been described to achieve
the surgical repair of CSF leaks at the anterior skull base
includes; trans-cranial through a bifrontal craniotomy,
extracranially through an external ethmoidectomy or
frontal sinusotomy, and transnasally with microscopic or
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endoscopic visualization. In 1926, Dandy described the
transcranial approach through a frontal craniotomy with
a success rate of 60% to 80% and the advantages of direct
visualization, treating any concomitant brain injury, and
the opportunity to use a vascularized flap to cover the
defect site [3—5]. Later on, in 1948, Dohlman introduced
the first extracranial approach using a naso-orbital inci-
sion, and then subsequently, others developed a variety of
endonasal approaches. In the last four decades with the
advent of the rod lens rigid endoscope and the develop-
ment of instruments tailored to transnasal endoscopic
technique, endoscopic closure has revolutionized the
management of cerebrospinal fluid (CSF) rhinorrhea due
to its less morbidity and better closure rate. Endoscopic
sinus surgery (ESS) provided direct short-cut access to
the anterior and middle skull base without traversing any
neurovascular structures [3, 6-9].

Although not enough articles exist that documented
the preference and the effectiveness of utilizing specific
material or technique over another in CSF leak repair,
free grafts have been preferred to vascularized flaps for
small defects repair because of technical ease of manipu-
lation and obviation of the potential for contraction with
healing [10, 11]. However, recent interest in closing large
defects associated with skull base surgery has a favored
pedicled flap, the bone or cartilage grafts are helpful in
medium-sized defects. Scaring is incited by mucosal
stripping with some evidence supporting the use of fibrin
glue to reinforce and makes the repair denser [12, 13].
For the aforementioned reasons, we undertook this study
and focused on the interpretation of the outcomes and
sinonasal effectiveness of the endoscopic transnasal CSF
leaks repair using different techniques and materials for
the repair.

Methods

A prospective cohort study was conducted at the
Department of Otolaryngology-Head & Neck Surgery
(Sulaymaniyah Teaching Hospital, College of Medicine,
University of Sulaymaniyah, Kurdistan Region, Iraq) in
a period between April 2018 and March 2019. The study
was approved by the institutional review board and eth-
ics committee of (The Arab Board of Health Specializa-
tions with order no. 453/2018). After informed consent,
all patients who were clinically and intraoperatively con-
firmed to have CSF leaks from anterior, middle, and pos-
terior cranial fossa who had failed conservative treatment
were included in the study. Patients with CSF rhinorrhea
secondary to leak from the mastoid region, malignant
tumors invaded skull base, and patients with impaired
sinonasal function were excluded from this study. Evalua-
tion of the effectiveness of the transnasal endoscopic CSF
leak repair and the impacts on the sinonasal function
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especially olfaction, related to the site, size of the leak,
materials, and surgical techniques that have been used
for the repair had been done through: Smell Identifica-
tion Test (SIT) 16 sniffing sticks were applied pre- and
postoperatively at 1, 3, and 6 months. A sinonasal func-
tion was evaluated pre- and postoperatively, subjectively
using the 22-item Sino-Nasal Outcome Test (SNOT-22)
and objectively by the Perioperative Sinus Endoscopy
score (POSE) and Lund-MacKay Scoring of CT scan.

Statistical analysis

All data was collected and statistically analyzed using
Friedman and Wilcoxon signed rank tests by (SPSS Ver-
sion 25) where P-value was considered statistically sig-
nificant if it is < 0.05 and highly significant if P<0.0001.

Surgical technique

Different techniques and materials are adopted in the
endoscopic transnasal repair, starting with complete or
partial trimming of the middle turbinate (MT) to get bet-
ter access and visualization and then proceed with ordi-
nary functional endoscopic sinus surgery (FESS) steps,
and the intraoperative identification of the leak site has
been done.

Once the encephalocele exists, downgrading in size to
the stalk by using bipolar cauterization was performed,
and then the mucosa is completely stripped away from
the defect site for at least 5mm in all directions. The
bony projections near the defect were drilled out and
regularized for better graft placement and taken up by
the bed of the leak site. Overlay, multilayer, and gasket
seal techniques were performed harvesting either grafts
or flaps or combined as follows: grafts (MT, nasal floor
mucoperiosteum’s, septal cartilage, and fascia lata) and
flaps (NSF and anterior ethmoid artery-based septal
flaps). Overlay technique harvested graft or flap were
adopted for the small defects <1 cm? or when there is
no space for undermining the cranial part of the defect
medially, especially in the defects located far medi-
ally in the lateral lamella (LL) and cribriform plate (CP)
respectively as shown in Fig. 1. In multilayer and gasket
seal techniques, both graft and flap were mostly utilized
simultaneously to address defects with either of the fol-
lowing criteria: >1cm? multiple, high-pressure leaks,
and in revision cases. In the multilayer technique, under-
mining the dura from the bony margins is the corner-
stone of the technique, and the fascia lata was harvested
and used as the first and the second layers. The graft
was measured to be 1/3 larger than the defect diameter,
so there will be at least 5mm of the graft to insert into
the space between brain tissue and dura (“underlay”)
as the first layer. The second layer will be the same size
as the first one and located as extradural intracranial
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sinus), FS (frontal sinus), S (nasal septum), SB (skull base)

Fig. 1 lllustrate overlay technique. A Pre-operative CT coronal view showing the possible defect site at the left olfactory cleft where denoted by
yellow arrowhead. B Postoperative CT scan coronal view noted the defect sealed and marked by white arrow. C Intra-operative endoscopic image
showing the defect site marked with yellow arrow. D Intra-operative endoscopic image showing the prepared skull base area denuded of the
mucosa and drilled out bony margins. E Intraoperative endoscopic image of draped middle turbine mucoperiosteum as overlay graft denoted by
black asterisk. F Postoperative endoscopic image showing the defect repaired and marked by yellow asterisk. SS (sphenoid sinus), MS (maxillary

(“interlay”), and a third layer (“overlay”) using either flap
or graft according to availability of tissue was placed on
the nasal surface supported by fibrin glue, surgecil, gel-
foam, and merocele as shown in Figs. 2 and 3. Whenever
the effective epidural detachment is challenging and a
leak is at the high-pressure area like lateral recess and
clivus, the Gasket seal technique is preferred.

Postoperative care

All patients have been kept on strict bed rest with the
head of the bed elevated to 15° for 5days. This short
period of inactivity will facilitate the healing process
and avoid any sudden pressure changes or Valsalva
maneuvers that may significantly elevate the intracra-
nial pressure (ICP) and compromise the reconstruc-
tion. Soft diet and antitussives are important adjuncts
to minimize ICP spikes during this crucial period.
The patient is carefully daily observed for any signs of
CSF leakage in the bed rest position. Broad-spectrum
intravenous antibiotics (ceftriaxone vial in a dose of
50-100mg per kg4 metronidazole bottles 500mg
three times daily) are continued for 5days and then
changed to oral one for further 10days. Acetazolamide

(ACTZ) is a carbonic anhydrase inhibitor that has the
ability to decrease CSF production, dosage range from
250 mg two to four times a day for 4weeks along with
replacement of potassium and bicarbonate to maintain
normal electrolyte values. Advise using saline sprays
twice daily for 6 to 8weeks. Patients stay in the hos-
pital till the nasal tampon (Merocele) is removed (on
the fourth or fifth day); once the packs were removed,
an endoscopic examination is done to get the first
look after the surgery. Discharge the patient to home
with instructions minimizing their daily activity like
weight lifting, upstairs, sex, avoid constipation by eat-
ing rich fiber diet, and avoid blowing their nose. The
activity restrictions are lifted based on the endoscopic
examination rather than a rigid timeline. Patients are
seen in the office 7days after surgery, conservative
debridement limited to suctioning of mucus or debris
in the dependent sinuses to maintain patency has
been done. Debridement of the skull base reconstruc-
tion commences 4 weeks after surgery and continues
until all healing has taken place. Patients were advised
for monthly visits till 6 months for endoscopic exami-
nation and assessment to ensure the success of the
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Fig. 2 Demonstrate a multilayer technique utilizing fascia lata and middle turbinate grafts. A Preoperative CT scan image (sagittal view) shows

a defect marked by blue arrow. B Postoperative CT scan image (sagittal view) shows the repair site marked by white arrow. C T2-weighted MRI
(coronal view), green arrow denoted the skull base defect site at level of posterior ethmoid sinuses. D Postoperative T2 flair MRI (coronal view)
shows the repair site marked by red arrow. E Intraoperative endoscopic image shows the defect site marked by blue asterisk. F First layer (inlay) of
the repair using fascia lata marked by white asterisk. H Second layer using fascia lata as (overlay) sealed with fibrin glue marked with yellow arrow. G
Six months postoperative endoscopic image shows the healed defect site denoted by black asterisk

reconstruction and continued patency of the adjacent
sinuses.

Results

Twenty-one patients were enrolled in the current study;
all underwent transnasal endoscopic repair of CSF leak;
data demonstrated 12 females (57.1%) and 9 males
(42.9%), and patient ages ranged from 16 to 62 years with
a mean of 39years. The collected data of our patients
regarding the cause, site, size of the defects, material,
and the techniques were used for the repair were distrib-
uted and demonstrated in Table 1 as follows. The cause
was traumatic in origin in 13 (61.9%) patients (inciden-
tal in 11 (84.6%) patients and accidental in two (15.4%)
patients) and non-traumatic (spontaneous) in 8 (38.1%)
patients, 6 of them with high body mass index (BMI)
more than 25kg/m?* with a mean of 29.01. The site of the
leak was located preoperatively through high-resolution
CT scan and T2-weighted MRI images with and with-
out flair with a specificity reaching 90% and was noted
in the sphenoid sinus (SS), cribriform plate (CP), fovea
ethmoidalis (FE), and lateral lamella (LL) in the fre-
quency of 11 (52.4%), 6 (28.6%), 2 (9.5%), and 2 (9.5%)

patients respectively. The size of the leak was less than
1cm? in 16 (76.2%) patients; however, 5 (23.8%) patients
were more than 1cm? Combined reconstruction mate-
rial (fascia lata graft and nasoseptal flap) was the choice
for the defect closure in 12 (57.1%) patients, 5 (23.8%)
patients by mucoperiosteal of the middle turbinate,
2 patients (9.5%) by fascia lata, and in other 2 patients
(9.5%), a pedicled septal flap was utilized. Multilayer,
overlay, and gasket seal techniques were adopted in 10
(47.61%), 7 (33.33%), and 4 (19.04%) patients respec-
tively. Laterality was distributed as follows: 7 patients on
the right side, 4 patients on the lefts side, and the rest 10
patients in diaphragma sellae (both sides).

Generally, the success vs failure rate was (90.5%/9.5%)
after the first closure attempt, and it was 100% after
the second attempt. A higher success rate (100%) was
reported in the cases with a leak from the sphenoid sinus
and fovea with a size more than 1cm?, where multilayer or
gasket seal technique was chosen and utilizing both graft
and flap at the same session, while the least success rate
was with the leak from lateral lamella (50%) using overlay
technique 71.4%. In this study, the mean £ standard devi-
ation (SD) of SNOT 22, POSE, SIT, and LM scores for the
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Fig. 3 Transnasal paraseptal transsphenoidal hypophysectomy with skull base reconstruction by multilayer technique using (fascia lata graft

and NSF). A CT scan image (axial view) showing the isodense opacity filling the sphenoid sinus bilaterally marked with green asterisk. B Six

months postoperative CT scan (axial view) showing resected pathology with reconstructed skull base defect which denoted with yellow
arrowhead. C T2-weighted MRI (sagittal view) showing a large pathology filling the sella with a suprasellar extension denoted by red asterisk. D Six
months postoperative T2-weighted MRI (sagittal view) shows resected pathology with reconstructed skull base. E Nasoseptal flap (NSF) pedicle with
superior incision marked by yellow arrow and inferior incision marked with white arrow, sphenoidotomy denoted by yellow asterisk. F Endoscopic
image showing the sellar and suprasellar areas free of the tumor. G Harvested NSF draped as third outer layer in the reconstruction. H Six months
postoperative endoscopic image showing posterior part of the nasal cavity illustrating posterior septectomy, reconstructed skull base defect with
NSF showing complete mucosalization which denoted with a black asterisk
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Fig. 4 The Smell Identification Test (SIT) at pre-operative and 1, 3, and 6 months post-operatively

patients pre-operatively was 17.74+11.51, 0.21£0.54, POSE (mean+SD=0.4340.59). There was a signifi-
10.47 £4.17, and 1.38 +0.82 respectively; however, post-  cant difference between pre/postoperative scores in all
operatively (after 6 months), the score was markedly parameters through the 3 postoperative readings after 1,
decreased in SNOT 22 with (mean+SD=5.55+3.6), 3, and 6 months collectively as follows: SNOT 22, POSE,
slightly decrease in SIT (mean£+SD=10.31£4.7) and and SIT were P=0.001 and LM P=0.003 as shown in
LM (mean+SD=0.57+0.7), and slightly increase in Table 2 and Fig. 4.
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Table 1 lllustrate the success and failure rate according site, size
of leak, surgical technique, and material of repair

Studies variables No. Success rate (%) Failure rate (%)
Site of leak
Sphenoid 1 100 0
Cribriform plate 6 83.3 16.7
Lateral lamella 2 50 50
Fovea ethmoidalis 2 100 0
Size of leak
<lcm? 16 87.5 125
>1cm? 5 100 0
Surgical technique
Multilayer 10 100 0
Overlay 7 714 286
Gasket seal 4 100 0
Material of repair
Combined 11 100 0
Graft 6 833 16.7
Flap 4 75 25

Our study results’ analysis demonstrated in Tables 3
and 4 showed a decrease in the SNOT 22 mean scores
after 6 months postoperatively in relation to all study
variables (site, size, technique, and material of the
repair) and statistically was significant in patients with
a leak size <1lcm? utilizing multilayer or overlay tech-
niques with grafts or combined materials as follows:

Table 2 Friedman test showed differences between ranks of
measured dependent variables according to some measured
variables and the time of measurements

No. Mean Std.deviation Meanrank P value
SNOT 22
Preoperative 21 1774 11510 333 0.001
After Tmonth 21 1714 9931 324
After 3months 21 933 4351 2.21
After 6months 21 555 3.640 1.21
POSE
Preoperative 21 021 0.538 157 0.001
After Tmonth 21 2643 14675 3.71
After 3months 21 1810  1.9201 2.90
After 6months 21 043 598 1.81
SIT
Preoperative 21 10476 41728 2.90 0.001
After Tmonth 21 7.81 4.226 157
After3months 21 9.286 44541 233
Afteré6months 21 1031  4.689 3.19
LM
Preoperative 21 138 0.820 9.63 0.003
After 6months 21 0.57 0.746 8.50
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0.002, 0.021, 0.028, 0.046, and 0.009 respectively. POSE
mean scores 6 months postoperatively noted an increase
in most of the study variables except those with a leak
size >1 cm? located at the FE, and the only remarkable
increase was depicted in the POSE mean score of the
LL leak group with a P-value=0.0317. The mean of the
SIT scores after 6 months postoperatively noted variable
records. It showed a non-significant decrease in a group
of patients with a leak size <1cm? wherein flap was uti-
lized for the reconstruction and increased the score in
most of the other variables with significant records in
a leak size >1cm? repaired by graft material with a sig-
nificant P-value of 0.042. LM mean score revealed a
decrease in the mean of 6 months postoperatively for
all study variables with a significant difference in groups
of patients with a leak in SS<1lcm? reconstructed with
multilayer technique and utilizing combined materials
with a P-value as follows: 0.02, 0.012, 0.018, and 0.005
respectively.

The correlation of the aforementioned parameters
(SNOT 22, POSE, SIT, and LM) with the studied vari-
ables (site, size, technique, and material of the repair) at
the same time revealed that sinonasal function was more
affected in CSF leak repair cases with a leak size <1 cm?,
utilizing multilayer or overlay techniques with grafts or
combined materials, and leak site at LL and SS where the
SIT and LM specifically were more affected respectively.

Discussion

Nowadays, endoscopic endonasal repair of CSF rhinor-
rhea becomes the preferred option for the repair of CSF
rhinorrhea getting an advantage over the open approach
that there are less morbidity and mortality, with preser-
vation of the nasal functions [14].

CSF leaks are classically categorized according to the
cause into traumatic and non-traumatic types. Trau-
matic leaks are more common, and it is noted either after
accidental skull base fracture or incidental during sinus
and skull base surgery. Non-traumatic leaks presented as
spontaneous or congenital variety and may be secondary
to skull base tumors causing skull base erosion. In CSF
leaks, the patient occasionally presented with undeter-
mined cause and was identified as idiopathic type [1, 3].

Although several studies series have shown equally
distributed patients through both groups with increased
prevalence of incidental CSF leak [15, 16], our study
noted that 61.9% of the cases listed within the traumatic
group with a higher prevalence of incidental type, and
it is enforced by Sharma et al. [1] (61%) and Kljajic et al.
[17] findings. Contradict to literature reports that show
traumatic leaks were more common than non-traumatic,
others like Virk [18] reported 2/3 of patients with sponta-
neous CSF leak.
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The considerable variability in the literature regarding
the prevalence of leak cause, which shifted from acci-
dental to incidental traumatic one, is due to decreasing
the incidence of the direct head trauma as a result of bet-
ter road safety measures and increasing the trend of the
endoscopic sinus and skull base surgery with different
levels of training. High BMI is noted in our patients with
non-traumatic leaks which explains their incidence, and
it is harmonized with the increasing risk of the occur-
rence of non-traumatic rhinorrhea within a Western
population because of increasing BMI [1, 15].

Kljajic et al. [17] reported that male patients outnum-
bered female ones in the group of traumatic CSF leaks
while most of the patients with spontaneous CSF leak are
females which is supported by Seth et al. [19], and our
study results were 84.6% and 87.5% respectively.

In contrast to several studies [8, 20-25], there were
documentations that the leak site is more evident in the
fovea, LL, and CP; our series reported uneven distribution
of fistula site, and it is noticeably more seen in the sphe-
noid sinus in 52.4% of patients where it is in harmony with
Zweig et al. [3] series which were recorded in 37%. This is
explained by including incidental leaks during transnasal
trans-sphenoidal pituitary surgery in the study when the
arachnoid membrane inadvertently breached especially in
large macroadenoma or tumors with supra-seller exten-
sion. Localization of the site of leak preoperatively utilizing
endoscopic examination, CT, and MRI images is a para-
mount step in the repair process. Although intraoperative
documentation of the leak site using intrathecal fluores-
cein was advocated by many authors that enforced the
diagnosis, especially where the site of the leak was difficult
to identify, its use is still controversial due to possible neu-
rological complications [9, 26]. In our series, CT scan and
MRI (with flair T2 sequence) imaging used detected even
small defect with a high sensitivity which reached 90%, and
in difficult unclear fistula asking the anesthetic for intra-
operative Valsalva maneuver, significantly, it optimized the
identification of the exact leak site.

Our series showed that the leak size was < 1cm? in 16
cases (76.2%) and >1lcm? in 5 cases (23.8%); however,
Zanoni et al. [25] detected 47.4% size of leak less than
1 cm? and 52.6% more than 1 cm? this study outlined
that it is not the defect size “per se” that makes the recon-
struction complex as even when addressing a very small
fistula, and using more sophisticated than simple overlay
technique may be warranted.

Zanoni et al. [25] and Majhi et al. [27] were identical
to the current study in the success rate after the second
attempt (100%). Gilat et al. [28] published a prospective
study of 10years of experience with endoscopic surgical
repair of CSF rhinorrhea (1996-2006), showing a lower
success rate (83% at first attempt and 91% at second).
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Clarifications in surgical technique and increasing expe-
rience have contributed to ameliorating success rates
over the years.

There is no directly proportional link between the
defect size and the increased risk of failure when deal-
ing with the anterior cranial base. This is documented in
our series and coincides with Zweig et al. [3] and Zanoni
et al. [25] reports; although it is a small group in com-
parison to the Zanoni series, only two out of twenty-one
cases failed after primary closure, where both of them
presented with a defect size < 1cm? and located at the
olfactory cleft. The first one was a 45-year-old lady with
a high BMI (29.4kg/m?); anterior ethmoid artery-based
septal flap was tailored for the defect, re-leak was noted
on the second postoperative day, and then a revision sur-
gery was done using multilayer technique. The second
case was a 50-year-old male with no risk factors like high
BMI where overlay technique was used, leak was noted
on 9th postoperative day, the revision surgery been done,
and a septal flap adapted to seal the defect.

Throughout the literature, the choice of the techniques
and materials used for CSF leak repair appears to depend
on surgical experience and skills their familiarities with
the repair materials. This was well clarified by Weber
et al. [29] who used both free grafts and vascularized
flaps, with on-lay and underlay techniques, and noted a
success rate of 100% from primary surgery.

Regardless of the site and the size of the defect, the key
to a successful repair depends on a wide exposure of the
defect site with removing the surrounding mucosa and
making a bare bone to allow the graft to firmly adhere
to the skull base [3, 25]. This concept was disagreed by
some authors who discussed the factors that implicated
in the primary closure failure and advocated the choice
of the material and the technique according to the size
and the site of the leak which contradicts most literature
records. Burns et al. [30] recommended in their article
for closing a defect in the cribriform plate and fovea
ethmoidalis, choosing a free mucosal defect for small
defect <0.5cm? and advocated a composite graft with
rigid support from the turbinate bone or septal cartilage
to close the larger defect.

Although the most probable causes of primary leak
repair failure in our series are contributing factors like
high BMI and early mobilization of the patients, the tech-
nical error with a primitive surgical experience is a pos-
sible fact. Other valuable possibilities include multiple
leak sites which are not recognized primarily, an area of
a bony defect with dural dehiscence which opened on the
repair of the primary leak site, and comorbidities like a
chronic cough [3, 25].

Yet, the long-term impact of anterior and middle skull
base CSF leak repair on sinonasal quality of life (QOL),
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endoscopic, olfaction, and radiographic outcomes
remains incompletely defined. Although several stud-
ies have looked at components of this question, to our
knowledge, this is one of the few prospective studies to
examine long-term overall and subdomain SNOT-22,
POSE, SIT, and LMS scores in patients undergoing endo-
scopic CSF leak repair surgery that compared pre- and
post-operative scores in the same patients.

Nasal function was evaluated subjectively by SNOT-
22, which is focused on sinonasal function and quality
of life. The SNOT-22 questionnaire is a patient-reported
outcome measure developed for use in chronic rhinosi-
nusitis (CRS). It is a modification of a pre-existing instru-
ment, the SNOT-20, which itself is a modification of the
31-question Rhinosinusitis Outcome Measure (RSOM-
31) [24]. Regarding the current study, we obtained 100%
compliance with SNOT- 22 questionnaire completion at
pre-/post-operative periods in three intervals, giving us a
robust dataset.

Generally, there were significant differences between
pre-/post-operative periods in three intervals collec-
tively with a P-value=0.001, besides that significant dif-
ferences were noted with the size defect < 1 cm? repair
done by overlay or multilayer techniques, and were
graft or combined materials (graft and flap in the same
session) utilized with (P=0.002, 0.0028, 0.0021, 0.046,
0.009) respectively; however, there were no significant
differences regarding the site of the leak (cribriform
plate, sphenoid, lateral lamella, and fovea) with P=0.141,
0.305, 0.180, and 0.180 subsequently. The finding was up
to the expectation for the score of a 1-month follow-up.
However, the 1-month score was transiently worse than
the pre-surgical level due to nasal edema and crust for-
mation post-operatively.

Riley et al. [31] conducted prospective case series
examining adult patients undergoing endoscopic anterior
skull base (EASB) surgery with NSF reconstruction; there
were no statistically significant differences that were
noted between the mean overall pre-and postoperative
SNOT-22 scores. SNOT-22 scores improved in 58.7%,
deteriorated in 37.0%, and stayed the same at 4.3%. Dete-
rioration in SNOT-22 scores was greater in younger vs.
older patients with P=0.010.

Jalessi et al. [32] evaluated the impact of NSF elevation
on sinonasal quality of life (QOL) in patients with pitui-
tary adenomas who underwent endoscopic endonasal
trans-sphenoidal approach (EETSA) and noticed no sig-
nificant inter-group differences in the mean SNOT-22,
9Q, and sense of taste/smell scores in preoperative and all
postoperative assessments. Within each group, a signifi-
cant improvement of SNOT-22 and 9Q scores was noted
after 12months of surgery compared to preoperative
data, and this harmonized with our data interpretations.
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Objectively, the POSE score generally was significant
with P=0.001; a transient upturn in the score after
1 month was noticed as a result of crust and polypoi-
dal changes at the site of repair which was a part of the
healing process. And it significantly noted when the leak
was in the lateral lamella with P=0.0317. However, the
size of the leak, surgical techniques, and material used
showed no significant difference in the score; this means
meticulous repairing, satisfying follow-up, and superb
healing process.

Olfaction was subjectively assessed by SIT score; gen-
erally, the mean decreased after 1land 3 months postop-
erative but retained back to normal values and improved
after 6 months postoperative with a significant difference
P=0.001 when compared preoperative with the three
postoperative periods collectively. Moreover, when SIT
score was applied to four groups, it showed improve-
ment in the olfaction in the group of the patient with
defect size > 1 cm?® and utilizing the graft (in both, the
mean increase after 6 months postoperatively) with sig-
nificant differences P=0.042 for both. Our study proved
that the site of the leak and techniques that were used did
not affect the olfaction and showed no significant differ-
ences, but olfaction was worse when repair was done by
a flap (which was either nasoseptal or anterior ethmoidal
artery-based pedicle flaps) due to the healing process and
crust formation, especially at the site of harvesting flap.

Many authors study the effect of elevation of
nasoseptal Hadad’s or rescue flap on olfaction and
showed different results. Sowerby et al. [33] pub-
lished a prospective study of 22 patients. A unilat-
eral middle-turbinate-sacrificing approach was used,
with partial ipsilateral superior turbinate resection
and routine cold elevation of an ipsilateral nasoseptal
rescue flap. NSF was used in 4 patients. UPSIT scores
showed preservation of objective olfactory function
(34.8+£2.3 — 35.14+3.0; p =0.37). No significant change
in UPSIT was seen in the 4 patients undergoing NSE,
which coincides with our records. On the other side,
Tam et al. [34] published a single-blinded, randomized
controlled trial of 20 patients. The treatment group
had the elevation of a Hadad-Bassagasteguy nasoseptal
flap (NSF) with cutting mode monopolar electrocau-
tery, with the control group having no flap elevation. In
the NSF group, UPSIT declined by 19.7% (38.2 to 30.7,
p <0.001), compared to a 9.1% decrease in the control
group (37.3 to 33.9, p <0.001). The difference between
the 2 groups was statistically significant (p <0.001). The
study was adequately powered to detect a clinically sig-
nificant difference of 10% in UPSIT scores. Due to the
significant heterogeneity in study design, the use of dif-
ferent tests of olfactory function, and variable surgical
approaches, further meta-analysis was not feasible. The
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aforementioned articles showed that in the absence of
using NSF or septal flap for reconstruction in the skull
base defect, the resection of other normal nasal struc-
tures as part of the extended endoscopic approach is
a potential factor in olfactory impairment because of
a wide distribution of the olfactory epithelium over a
2-cm? area, covering the superior nasal septum, cribri-
form plate, or olfactory cleft and the superior aspect of
apposing lateral nasal wall at the level of the common
lamina which constitutes the origin of the middle, supe-
rior, and supreme turbinate [35].

Lastly, generally, the LM score affirmed the improve-
ment in a score by decreasing the mean at 6 months
postoperative when compared with preoperative, with
a significant difference P=0.003. LM according to the
site of leak showed a mean decrease overall sites and was
highly significant with a P=0.020 in sphenoid sinus leak
where 9 out of 11 cases decreased in the score, but it was
not significant in cribriform, lateral lamella, and fovea
with P=0.257, 0.18, and 0.18 respectively. These find-
ings were attributed to no interference with other sinuses
other than sphenoid sinus which were mostly pituitary
surgeries performed with a meticulous repair which has
been done on the sphenoid defect. Also, LM enforced in
groups which were isolated according to the size of the
leak, surgical technique, and material used shows the
mean decrease overall after 6 months when compared to
preoperative with significant differences when the size
less is than 1cm? and repair was done with multilayer
technique and by utilizing combined material (graft and
flap) with P=0.012, 0.018, and 0.005 respectively.

Ashraf et al. [36] attempted to study this staging system
to determine what score should be considered an inciden-
tally normal range. They concluded that an LM score of 3 or
less was most likely normal, above 6 was most likely patho-
logical, and 4-5 indeterminate; in the current study, all
shows score 3 or less; this means within the normal range
in pre-/postoperatively, and it is noticed that there is no
any mucosal thickness in the frontal sinus. Longdon et al.
[37] published a prospective study that included 55 patients
who underwent advanced endoscopic skull base surgery,
which showed a significant difference with the mean total
LMS being 0.63£1.2 (range 0—4). After 3 and 12months,
postoperatively, the mean scores were 3.5+3.8 (P<0.05)
and 2.0+25 (P<0.05) respectively, and patients who
needed NSF for reconstruction had a greater Lund-Mackay
score (P<0.05). Deconde et al. [38] published a retrospec-
tive study, examined the consequences of partial middle
turbinate resection, maxillary antrostomy, and nasoseptal
flap harvest in skull base surgery, and noticed that the mean
difference in pre-/postoperative LM score for the right
anterior ethmoid sinus was significantly different from the
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left-sided P=0.002. The difference in the frontal sinuses
approach was not significant with a P-value=0.0625.

Generally speaking, postsurgical sinonasal dysfunc-
tion almost always has a cause, which is not just related
to anatomical alteration. The mucosal stripping, middle
turbinate resection, and the design of the nasoseptal flap
have not been well addressed are common causes. Avoid-
ance of mucosal stripping will decrease the chance of
intranasal adhesion, which might trap the mucous clear-
ance and impair sinonasal function even with using nasal
irrigation. Although middle turbinate resection rarely
affects olfaction, anterior stump lateralization after its
resection is not uncommon and might cause frontal sinus
outflow obstruction and end in secondary rhinosinusitis.
However, in the harvesting of the nasoseptal flap, fol-
lowing the lateral nasal wall common lamina landmark
which is parallel to the superior olfactory strip (SOS) area
can provide a low morbidity approach while maintain-
ing reconstruction options [39, 40]. The aforementioned
facts suggest that a combination of minimizing mucosal
trauma and respecting the olfactory-bearing areas of the
nasal cavity are likely to ensure minimal impact on sinon-
asal function and olfaction.

Limitation of the study

Although the aim of the current study is to describe our
experience to repair CSF leak in a prospective fashion,
many limitations come into view which is as follows: a
limited number of the studies cases, make statistical find-
ings of the leak site, especially at LL and FE non-signif-
icant, and prevent multivariate analysis of the surgical
failure cases. Moreover, the duration of the follow-up is
limited which may not predict the recurrence rate. This
report is, however, sufficient to provide useful informa-
tion about this disease entity, technique, and material
used for the repair.

Conclusion

From the current study, we found that using a multilayer
or gasket seal technique utilizing both graft and flap at
the same session for a defect size of more than 1 cm? had
a more successful rate and favorable outcomes. Olfac-
tory hypofunction was noted especially after harvesting
NSF or septal flap, for that the probability of postop-
erative hyposmia or anosmia should be discussed with
patients who underwent endoscopic surgery of CSF rhi-
norrhea. Many considerations can be made to decrease
the risk of unintended damage to olfactory mucosa
through regular cleaning and resurfacing of the septal
donor site to improve re-mucosalization, and using cold
knife incision other than monopolar cauterization in
harvesting the flap is preferred. The limited number of
investigated patients identified in this article highlights
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the need for further research with specific areas of focus
which should include clarification of the role of the level
of surgical experience on the success rate.

Abbreviations

CSF: Cerebrospinal fluid; EES: Endonasal endoscopic surgery; SIT: Smell Identifi-
cation Test; SNOT-22: 22-item Sino-Nasal Outcome Test; POSE: Perioperative
Sinus Endoscopy score; LM: Lund-MacKay; NSF: Nasoseptal flap; BMI: Body
mass index; SD: Standard deviation; MT: Middle turbinate; FESS: Functional
endoscopic sinus surgery; ICP: Intracranial pressure; ACTZ: Acetazolamide; SS:
Sphenoid sinus; CP: Cribriform plate; FE: Fovea ethmoidalis; LL: Lateral lamella;
RSOM- 31: 31-question Rhinosinusitis Outcome Measure; EASB: Endoscopic
anterior skull base surgery; QOL: Sinonasal quality of life; EETSA: Endoscopic
endonasal trans-sphenoidal approach; UPSIT: University of Pennsylvania Smell
Identification Test; SOS: Superior olfactory strip.

Acknowledgements
No sponsors or grants were involved in the paper.

Authors’ contributions

MIB; Concept, Initiate the study design, and outline and writing introduction
of the manuscript. DS; collect and analyze the patient data regarding pre and
postoperative sinonasal symptoms, the material used in the repair, and the
surgical outcome of the repair, and a major contributor in the writing of the
manuscript. SH; collect, arrange the references, and editing, revising linguistic
errors of the manuscript. AS; reviews the manuscript, arrange the tables, and
figures. PC; a major contributor in revising all sections of the manuscript. All
authors read and approved the final manuscript.

Funding
No funding, grants, or other support were received for this study.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. The study was approved by
the institutional review board and ethics committee of (Arab Board of Health
Specializations with order no. 453/2018). After informed consent, all patients
were clinically and intraoperatively confirmed to have CSF leaks from anterior,
middle, and posterior cranial fossa who had failed conservative treatment
were included in the study.

Consent for publication
Written informed consent for publication was obtained.

Competing interests
The authors declare that they have no competing interests.

Author details

'Unit of Otorhinolaryngology-Head & Neck surgery, Department of Surgery,
University of Sulaimani, College of Medicine, Sulaymaniyah Teaching Hospital,
Kurdistan, Sulaymaniyah, Iraq. 2Tallaght University Hospital, Dublin, Ireland.
3Unit of Otorhinolaryngology, Department of Biotechnology and Life Sci-
ences, University of Insubria, Ospedale di Circolo e Fondazione Macchi, Varese,
Italy. “Head and Neck Surgery & Forensic Dissection Research Center (HNS &
FDR0), Department of Biotechnology and Life Sciences, University of Insubria,
Varese, Italy.

Received: 26 January 2022 Accepted: 8 April 2022
Published online: 16 May 2022

Page 12 of 13

References

1. Sharma SD, Kumar G, Bal J, Eweiss A (2016) Endoscopic repair of cer-
ebrospinal fluid rhinorrhoea. Eur Ann Otorhinolaryngol Head Neck Dis
133(3):187-190. https://doi.org/10.1016/j.anorl.2015.05.010 Epub 2016
Jan 6. PMID: 26776882

2. Locatelli D, Rampa F, Acchiardi I, Bignami M, De Bernardi F, Castelnuovo P
(2006) Endoscopic endonasal approaches for repair of cerebrospinal fluid
leaks: nine-year experience. Neurosurgery 58(4 Suppl 2):0NS-246-56; dis-
cussion ONS-256-7. https://doi.org/10.1227/01.NEU.0000193924.65297.3F
PMID: 16582647

3. Zweig JL, Carrau RL, Celin SE, Schaitkin BM, Pollice PA, Snyderman CH
et al (2000) Endoscopic repair of cerebrospinal fluid leaks to the sinonasal
tract: predictors of success. Otolaryngol Head Neck Surg 123(3):195-201

4. Aarabi B, Leibrock LG (1992) Neurosurgical approaches to cerebrospinal
fluid rhinorrhea. Ear Nose Throat J 71:300-305

5. Hughes RG, Jones NS, Robertson 1J (1997) The endoscopic treatment of
cerebrospinal fluid rhinorrhea: the Nottingham experience. J Laryngol
Otol 111:125-128

6. LeC, Strong EB, Luu Q (2016) Management of anterior skull base cerebro-
spinal fluid leaks. J Neurol Surg B Skull Base 77(5):404-411

7. Citardi MJ, Fakhri S (2015) Cerebrospinal fluid rhinorrhea. In: Cummings
otolaryngology-head and neck surgery, 6th edn. Philadelphia: Saunders;
pp 19103-12899

8. Baban MIA, Hadi M, Gallo S, Zocchi J, Turri-Zanoni M, Castelnuovo P
(2017) Radiological and clinical interpretation of the patients with CSF
leaks developed during or after endoscopic sinus surgery. Eur Arch
Otorhinolaryngol 274:2827-2835

9. Martin C, Martinez-Capoccioni G, Serramito-Garcia R, Espinosa-Restrepo
F (2012) Surgical challenge: endoscopic repair of cerebrospinal fluid leak.
BMC Res Notes 5:459

10. Yadav YR, PariharV, Janakiram N, Pande S, Bajaj J, Namdev H (2016)
Endoscopic management of cerebrospinal fluid rhinorrhea. Asian J Neu-
rosurg 11(3):183-193. https://doi.org/10.4103/1793-5482.145101 PMID:
27366243; PMCID: PMC4849285

11. Kassam AB, Thomas A, Carrau RL, Snyderman CH, Vescan A, Prevedello D,
Mintz A, Gardner P (2008) Endoscopic reconstruction of the cranial base
using a pedicled nasoseptal flap. Neurosurgery 63(1 Suppl 1):0NS44-52;
discussion ONS52-3. https://doi.org/10.1227/01.neu.0000297074.13423.f5
PMID: 18728603

12. Harvey RJ, Nogueira JF, Schlosser RJ et al (2009) Closure of large skull base
defects after endoscopic transnasal craniotomy. J Neurosurg 111:371-379

13. Weinstein JS, Liu KC, Delashaw JB et al (2010) The safety and effectiveness
of a dural sealant system for use with non-autologous duraplasty materi-
als. J Neurosurg 112(2):428-433

14. Presutti L, Mattioli F, Villari D, Marchioni D, Alicandri-Ciufelli M (2009)
Transnasal endoscopic treatment of cerebrospinal fluid leak: 17 years’
experience. Acta Otorhinolaryngol Ital 29:191-196

15. Psaltis AJ, Schlosser RJ, Banks CA, Yawn J, Soler ZM (2012) A systematic
review of the endoscopic repair of cerebrospinal fluid leaks. Otolaryngol
Head Neck Surg 147(2):196-203

16. Kapitanov DN, Lopatin AS, Potapov AA (2003) Endoscopicheskaia diag-
nostika i lechenie nazal'noi likvorei [Endoscopic diagnosis and treatment
of nasal rhinorrhea]. Vestn Otorinolaringol 4(4):20-24 Russian. PMID:
13677018

17. Kljaji¢ V, Vulekovi¢ P, Vlaski L, Savovi¢ S, Dragicevic¢ D, Papi¢ V (2017) Endo-
scopic repair of cerebrospinal fluid rhinorrhea. Braz J Otorhinolaryngol
83(4):388-393. https://doi.org/10.1016/j.bjorl.2016.04.024 Epub 2016 Jun
4. PMID: 27320657

18. Virk JS, EImiyeh B, Saleh H (2013) Endoscopic management of cerebro-
spinal fluid rhinorrhea: the Charing Cross experience. J Neurol Surg B
74:61-67

19. Seth R, Rajasekaran Kl Luong A, Benninger MS, Batra PS (2010)
Spontaneous CSF leaks: factors predictive of additional interventions.
Laryngoscope 120:2141-2146

20. Tabaee A, Kassenoff TL, Kacker A, Anand VK (2005) The efficacy of com-
puter assisted surgery in the endoscopic man- agement of cerebrospinal
fluid rhinorrhea. Otolaryngol Head Neck Surg 133:936-943

21. Zuckerman JD, DelGaudio JM (2008) Utility of preoperative high-
resolution CT and intraoperative image guidance in identification of cer-
ebrospinal fluid leaks for endoscopic repair. Am J Rhinol 22(2):151-154.
https://doi.org/10.2500/ajr.2008.22.3150 PMID: 18416971


https://doi.org/10.1016/j.anorl.2015.05.010
https://doi.org/10.1227/01.NEU.0000193924.65297.3F
https://doi.org/10.4103/1793-5482.145101
https://doi.org/10.1227/01.neu.0000297074.13423.f5
https://doi.org/10.1016/j.bjorl.2016.04.024
https://doi.org/10.2500/ajr.2008.22.3150

Baban et al. The Egyptian Journal of Otolaryngology

22.

23.
24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

(2022) 38:61

Banks CA, Palmer JN, Chiu AG, Kennedy DW et al (2009) Endoscopic clo-
sure of CSF rhinorrhea: 193 cases over 21 years. Otolaryngol Head Neck
Surg 140:826-833

Smith TL, Stewart MG, Orlandi RR, Setzen M, Lanza DC (2007) Indications
for image-guided surgery: the current evidence. Am J Rhinol 21:80-83
Lee DH, Lim SC, Joo YE (2011) Treatment outcomes of endoscopic repairs
of sinonasal cerebrospinal fluid leaks. J Craniofac Surg 22:1266-1270
Turri-Zanoni M, Zocchi J, Lambertoni A, Giovannardi M, Karligkiotis A,
Battaglia P, Locatelli D, Castelnuovo P (2018) Endoscopic endonasal
reconstruction of anterior skull base defects: what factors really affect the
outcomes? World Neurosurg 116:e436-e443. https://doi.org/10.1016/j.
wneu.2018.04.225 Epub 2018 May 9. PMID: 29753077

Javadi SA, Samimi H, Naderi F, Shirani M (2013) The use of low- dose
intrathecal fluorescein in endoscopic repair of cerebrospinal fluid rhinor-
rhea. Arch Iran Med 16(5):264-266 PMID: 23641738

Majhi S, Sharma A (2019) Outcome of endoscopic cerebrospinal fluid
rhinorrhoea repair: an institutional study. Indian J Otolaryngol Head Neck
Surg 71(1):76-80. https://doi.org/10.1007/512070-018-1485-2 Epub 2018
Aug 30. PMID: 30906718; PMCID: PMC6401007

Gilat H, Rappaport Z, Yaniv E (2011) Endoscopic transnasal cerebrospinal
fluid leak repair: a10 year experience. Isr Med Assoc J 13:597-600

Weber R, Keerl R, Draf W et al (1996) Management of dural lesions occur-
ring during endonasal sinus surgery. Arch Otolaryngol Head Neck Surg
122:732-736

Burns J, Dodson E, Gross C (1996) Transnasal endoscopic repair of cranio-
nasal fistulae: a refined technique with long-term follow- up. Laryngo-
scope 106:1080-1083

Riley CA, Tabaee A, Conley L, Amine M, Soneru CP, Anand VK, Schwartz
TH (2019) Long-term sinonasal outcomes after endoscopic skull base
surgery with nasoseptal flap reconstruction. Laryngoscope 129(5):1035—
1040. https://doi.org/10.1002/lary.27637 Epub 2018 Dec 19. PMID:
30569585

Jalessi M, Jahanbakhshi A, Amini E, Kamrava SK, Farhadi M (2016) Impact
of nasoseptal flap elevation on sinonasal quality of life in endoscopic
endonasal approach to pituitary adenomas. Eur Arch Otorhinolaryngol
273(5):1199-1205. https://doi.org/10.1007/500405-015-3729-z Epub 2015
Jul 29. PMID: 26220192

Sowerby LJ, Gross M, Broad R, Wright ED (2013) Olfactory and sinonasal
outcomes in endoscopic trans-sphenoidal skull-base surgery. Int Forum
Allergy Rhinol 3:217-220

Tam S, Duggal N, Rotenberg BW (2013) Olfactory outcomes following
endoscopic pituitary surgery with or without septal flap reconstruction: a
randomized con- trolled trial. Int Forum Allergy Rhinol 3:62-65

Escada PA, Lima C, Da Silva JM (2009) The human olfactory mucosa. Eur
Arch Otorhinolaryngol 266:1675-1680

Ashraf N, Bhattacharyya N (2001) Determination of the “incidental” Lund
score for the staging of chronic rhinosinusitis. Otolaryngol Head Neck
Surg 125:483-486

Langdon C, Ensefat J, Rioja E, Jaume F, Berenguer J, Oleaga L et al (2016)
Long-term radiological findings after endonasal endoscopic approach to
the skull base. Am J Otolaryngol 37:103-107

Deconde AS, Vira D, Thompson CF, Wang MB, Bergsneider M, Suh JD
(2013) Radiologic assessment of the paranasal sinuses after endoscopic
skull base surgery. J Neurol Surg B Skull Base 74(06):351-357

Harvey RJ, Winder M, Davidson A, Steel T, Nalavenkata S, Mrad N, Bokhari
A, Barham H, Knisely A (2015) The olfactory strip and its preservation in
endoscopic pituitary surgery maintains smell and sinonasal function. J
Neurol Surg B Skull Base 76(6):464-470. https://doi.org/10.1055/5-0035-
1554905 Epub 2015 Jun 15. PMID: 26682125; PMCID: PMC4671883
Baban MIA, Battaglia P Mohammed MH, Locatelli D, Shawkat A, Turri-
Zanoni M, Castelnuovo P (2020) How to preserve the olfaction in harvest-
ing the nasoseptal flap in endoscopic skull base surgery. Oper Tech
Otolayngol Head Neck Surg 31(2):e7-e12. https://doi.org/10.1016/j.0tot.
2020.03.001

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1016/j.wneu.2018.04.225
https://doi.org/10.1016/j.wneu.2018.04.225
https://doi.org/10.1007/s12070-018-1485-2
https://doi.org/10.1002/lary.27637
https://doi.org/10.1007/s00405-015-3729-z
https://doi.org/10.1055/s-0035-1554905
https://doi.org/10.1055/s-0035-1554905
https://doi.org/10.1016/j.otot.2020.03.001
https://doi.org/10.1016/j.otot.2020.03.001

	Outcomes of transnasal endoscopic repair of cerebrospinal fluid leaks: a prospective cohort study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 
	Trial registration: 

	Background
	Methods
	Statistical analysis
	Surgical technique
	Postoperative care

	Results
	Discussion
	Limitation of the study

	Conclusion
	Acknowledgements
	References


