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Clinical and technical factors in endoscopic skull base 
surgery associated with reconstructive success

Abstract
Background: In this study, we identified key discrete clinical and technical factors that may correlate with primary reconstructive success in 

endoscopic skull base surgery (ESBS). Methods: ESBS cases with intraoperative cerebrospinal fluid (CSF) leaks at four tertiary academic rhinology 

programs were retrospectively reviewed. Logistic regression identified factors associated with surgical outcomes by defect subsite (anterior cranial 

fossa [ACF], suprasellar [SS], purely sellar, posterior cranial fossa [PCF]). Results: Of 706 patients (50.4% female), 61.9% had pituitary adenomas, 

73.4% had sellar or SS defects, and 20.5% had high-flow intraoperative CSF leaks. The postoperative CSF leak rate was 7.8%. Larger defect size 

predicted ACF postoperative leaks; use of rigid reconstruction and older age protected against sellar postoperative leaks; and use of dural sealants 

compared to fibrin glue protected against PCF postoperative leaks. SS postoperative leaks occurred less frequently with the use of dural onlay. 

Body-mass index, intraoperative CSF leak flow rate, and the use of lumbar drain were not significantly associated with postoperative CSF leak. 

Meningitis was associated with larger tumors in ACF defects, nondissolvable nasal packing in SS defects, and high-flow intraoperative leaks in PCF 

defects. Sinus infections were more common in sellar defects with synthetic grafts and nondissolvable nasal packing. Conclusions: Depending 

on defect subsite, reconstructive success following ESBS may be influenced by factors, such as age, defect size, and the use of rigid reconstruction, 

dural onlay, and tissue sealants.
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Graphical abstract

Endoscopic Skull Base Surgery cases with intraoperative Cerebrospinal Fluid (CSF) leaks
Retrospective review at four tertiary academic rhinology programs
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Introduction
Over the past two decades, advancements in endoscopic skull 

base surgery (ESBS) have made it possible to manage many 

skull base pathologies via a minimally invasive approach that 

otherwise previously required open resection (1). Furthermore, 

for properly selected patients, ESBS is associated with decreased 

surgical morbidity, shorter hospital stays, and faster recovery 

times, which has facilitated the adoption of endoscopic appro-

aches among otolaryngologists and neurosurgeons at high-

volume skull base surgery centers (2-4). However, the incidence of 

postoperative cerebrospinal fluid (CSF) leak following recon-

struction presents a major technical challenge and serves as the 

primary cause of morbidity following ESBS (5,6).

Various factors, such as defect site, defect size, and intraopera-

tive CSF leak flow rate have been found to predict reconstructive 

outcomes (1). Numerous surgical techniques and materials have 

been proposed over the years to improve the likelihood of suc-

cessful skull base repair and reduce postoperative complications 
(1,7,8). However, systematic reviews examining ESBS techniques 

have demonstrated a high degree of heterogeneity across stu-

dies, with limited high-quality comparative evidence to suggest 

an optimal repair technique (9-11). Additionally, there is a paucity 

of studies investigating the influence of specific reconstruction 

layers, materials, and adjunctive measures on reconstructive 

outcomes following ESBS.

In this study, we present one of the largest series to date of 

endonasal intradural skull base defect repairs. We aimed to 

identify patient-specific factors (e.g., sex, body mass index, 

defect site and size), technical factors (e.g., reconstruction layers 

and materials), and perioperative interventions and adjunctive 

measures (e.g., lumbar drain, nasal packing) that predict major 

reconstructive outcomes, including postoperative CSF leak, 

meningitis, and sinus infection.

Materials and methods
Study population

A retrospective chart review of ESBS cases spanning from 

December 7, 2007 to December 21, 2022 was conducted at four 

tertiary academic rhinology programs (University of California, 

Irvine, Orange, CA, USA; University of California, Los Angeles, Los 

Angeles, CA, USA; University of Pennsylvania, Philadelphia, PA, 

USA; University of Cincinnati, Cincinnati, OH, USA) in accordance 

with each institution’s corresponding Institutional Review Board. 

Inclusion criteria included any adult patient (age ≥18 years) who 

underwent ESBS and exhibited an intraoperative CSF leak (Table 

1). 

Study variables

Independent covariates used for analysis included overall 

patient demographics, intraoperative CSF leak flow rate (i.e., 

low-flow vs. high-flow), defect site, lumbar drain (LD) placement, 

nasal packing use (none/dissolvable vs. nondissolvable), and 

technical factors, including use of rigid reconstruction, multilay-

er inlay grafts (subdural/epidural placement), dural onlay (none 

vs. autologous vs. synthetic), mucosal coverage (none vs. free 

mucosal graft [FMG] vs. vascularized flap, including nasoseptal 

flap [NSF]), and tissue sealant use (none vs. fibrin glue vs. dural 

sealant). CSF leaks were classified based on the scale described 

by Esposito et al., with low-flow leaks as grade 1 or 2 and high-

flow leaks as grade 3 (defect with direct extension to suprasellar/

prepontine cistern and/or dural defect > 1 x 1 cm) (12). Figure 1 

provides definitions of the skull base defect sites as it pertains 

to this study. Anterior cranial fossa (ACF) defects were defined 

as those involving the posterior table of the frontal sinus and/or 

ethmoid roof (e.g., fovea ethmoidalis, lateral lamella, cribriform 

plate). Suprasellar (SS) defects were defined as those involving 

the planum sphenoidale and/or tuberculum sella with conti-

nuity with the suprasellar cistern, or sellar pathologies requiring 

removal of bone in those areas. Purely sellar defects only in-

volved the sellar floor. Posterior cranial fossa (PCF) defects were 

defined as those involving the clivus or craniocervical junction 

with continuity with the prepontine cistern. For pathologies 

which overlapped multiple defect subsites, the subsite with hi-

ghest CSF flow rate and/or largest defect was used (e.g., invasive 

pituitary adenoma with inferior clival extension was classified as 

PCF). Primary measured outcomes were postoperative CSF leaks, 

meningitis, and sinonasal infections (defined as endoscopic 

evidence of mucopurulence with positive culture with possible 

treatment with culture-directed antibiotics within 3 months 

postoperatively).

Statistical analysis

Statistical analyses were performed using R (version 4.2.2; The 

Figure 1. Boundaries of skull base defect sites analyzed in the current 

study: anterior cranial fossa (red), suprasellar (orange), sellar (green), 

and posterior cranial fossa (blue). The suprasellar (*) and prepontine (**) 

cisterns are indicated. 
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R Foundation for Statistical Computing) in RStudio (version 

2022.12.0). A p-value of <0.05 was considered statistically 

significant. Wilcoxon rank sum and chi-square tests were con-

ducted for continuous and categorical variables, respectively, 

to assess differences in demographics and outcomes between 

patients with different skull base defects. Logistic regression 

was conducted to identify predictors of postoperative CSF leak, 

meningitis, and sinus infection. For analysis of the entire cohort, 

variables with p-values of <0.1 on univariate logistic regression 

or those considered clinically significant (e.g., intraoperative leak 

flow, multilayer inlay, mucosal coverage) based on a priori causal 

knowledge were included as covariates in multivariable models 
(13). Models were checked for multicollinearity by ensuring that 

covariates had variance inflation factors less than 10 (14). For 

site-specific analysis, due to limits in sample size, only univariate 

logistic regression was performed.

 

Table 1. Summary of demographics, reconstruction technical factors, and postoperative measures and complications (N=706).

ACF: Anterior Cranial Fossa; BMI: Body Mass Index; CSF: Cerebrospinal Fluid; ENB: Esthesioneuroblastoma; FMG: Free Mucosal Graft; POD: Postopera-

tive Day; PCF: Posterior Cranial Fossa; Postoperative Day; SD: Standard Deviation. * Pathologies representing less than 0.5% of the study population.

Demographics No. (%) Reconstruction 
Factors

No. (%) Postoperative 
Measures

No. (%) Postoperative 
Complications

No. (%)

Age, yr (mean ± SD) 51.2 ± 17.1 Rigid 
Reconstruction

Nasal Packing  CSF Leak  

Sex    No 499 (70.7)    None/
Dissolvable

520 (73.9)     No 651 (92.2)

   Male 350 (49.6)    Yes 207 (29.3)    Non-
dissolvable

184 (26.1)     Yes 55 (7.8)

   Female 356 (50.4) Multi-Layer Inlay Lumbar Drain Meningitis

BMI, kg/m2 (mean ± SD) 29.9 ± 7.4    No 504 (71.4)    No 482 (70.5)     No 687 (97.3)

Tumor Size, cm (mean ± SD) 2.36 ± 1.33    Yes 202 (28.6)    Yes 202 (29.5)     Yes 19 (2.7)

Defect Site Dural Onlay Bedrest Days 2.8 ± 4.3 Sinus Infection

   ACF 58 (9.6)    None 514 (79.4) POD of 
Debridement

17.6 ± 16.0     No 674 (95.6)

   Sella 262 (43.4)    Autologous 14 (2.2)     Yes 31 (4.4)

   Suprasellar 181 (30.0)    Synthetic 119 (18.4)

   PCF 103 (17.1) Mucosal Coverage

Defect Size, cm2 (mean ± SD) 3.27 ± 2.24    None 49 (7.0)

   ACF 3.81 ± 3.46    FMG 77 (11.0)

   Sella 2.96 ± 1.71    Vascularized Flap 576 (82.1)

   Suprasellar 3.11 ± 2.08 All Synthetic Grafts

   PCF 4.29 ± 2.17    No 505 (81.3)

Intraoperative CSF Leak Flow    Yes 116 (18.7)

   Low 561 (79.5) Tissue Sealant

   High 145 (20.5)    None 279 (40.8)

Pathologies    Fibrin Glue 72 (10.5)

   Pituitary Adenoma 437 (61.9)    Dural Sealant 291 (42.6)

   Craniopharyngioma 56 (7.9)    Fibrin Glue + Dural 
Sealant

41 (6.0)

   Meningioma 52 (7.4)

   Rathke's Cleft Cyst 41 (5.8)

   ENB 17 (2.4)

   Chordoma 15 (2.1)

   Encephalocele 15 (2.1)

   Cushing Disease 8 (1.1)

   Other* 65 (9.2)
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Table 2. Demographics and reconstruction technical factors in patients with and without postoperative CSF leaks, stratified by defect site.

V
ar

ia
b

le
s

A
n

te
ri

o
r 

C
ra

n
ia

l F
o

ss
a

Se
lla

r
Su

p
ra

se
lla

r
Po

st
er

io
r 

C
ra

n
ia

l F
o

ss
a

N
o

 L
ea

k 
(N

 =
 5

3)
Le

ak
 

(N
 =

 5
)

P
N

o
 L

ea
k 

(N
 =

 2
38

)
Le

ak
 

(N
 =

 2
4)

P
N

o
 L

ea
k 

(N
 =

 1
66

)
Le

ak
 

(N
 =

 1
5)

P
N

o
 L

ea
k 

(N
 =

 9
4)

Le
ak

 
(N

 =
 9

)
P

A
g

e,
 y

r
56

.0
 ±

 1
5.

4
46

.2
 ±

 2
0.

8
0.

36
0

50
.7

 ±
 1

7.
7

41
.5

 ±
 1

5.
7

0.
01

3
52

.8
 ±

 1
5.

5
53

.2
 ±

 1
9.

1
0.

85
9

52
.6

 ±
 1

7.
1

49
.7

 ±
 1

0.
7

0.
34

4

Se
x,

 N
o.

 (%
)

   
 M

al
e

33
 (6

2.
3)

4 
(8

0.
0)

0.
64

4
12

1 
(5

0.
8)

10
 (4

1.
7)

0.
52

1
78

 (4
7.

0)
6 

(4
0.

0)
0.

78
8

45
 (4

7.
9)

4 
(4

4.
4)

>
0.

99

   
 F

em
al

e
20

 (3
7.

7)
1 

(2
0.

0)
11

7 
(4

9.
2)

14
 (5

8.
3)

88
 (5

3.
0)

9 
(6

0.
0)

49
 (5

2.
1)

5 
(5

5.
6)

B
M

I, 
kg

/m
2

30
.1

 ±
 6

.8
24

.3
 ±

 0
.2

0.
12

8
31

.6
 ±

 8
.8

35
.2

 ±
 7

.3
0.

17
8

28
.0

 ±
 5

.6
31

.9
 ±

 7
.9

0.
17

4
29

.6
 ±

 7
.0

38
.1

 ±
 N

A
0.

19
8

Tu
m

o
r 

Si
ze

, c
m

3.
78

 ±
 2

.0
7

4.
32

 ±
 2

.0
2

0.
48

1
1.

78
 ±

 1
.1

2
1.

88
 ±

 1
.3

3
0.

83
1

2.
42

 ±
 0

.9
7

2.
83

 ±
 1

.4
4

0.
18

0
2.

96
 ±

 1
.2

8
2.

95
 ±

 0
.8

4
0.

75
6

D
ef

ec
t S

iz
e,

 c
m

2
3.

35
 ±

 2
.6

5
7.

71
 ±

 6
.7

5
0.

09
5

2.
88

 ±
 1

.7
2

3.
68

 ±
 1

.5
6

0.
04

4
3.

01
 ±

 2
.0

2
4.

03
 ±

 2
.4

9
0.

10
1

4.
22

 ±
 2

.1
8

4.
87

 ±
 2

.1
8

0.
45

0

In
tr

ao
p

 L
ea

k 
Fl

ow
, N

o.
 (%

) 

   
 L

ow
30

 (5
6.

6)
4 

(8
0.

0)
0.

39
2

21
3 

(8
9.

5)
23

 (9
5.

8)
0.

48
5

10
6 

(6
3.

9)
9 

(6
0.

0)
0.

78
4

76
 (8

0.
9)

6 
(6

6.
7)

0.
38

4

   
 H

ig
h

23
 (4

3.
4)

1 
(2

0.
0)

25
 (1

0.
5)

1 
(4

.2
)

60
 (3

6.
1)

6 
(4

0.
0)

18
 (1

9.
1)

3 
(3

3.
3)

R
ig

id
 R

ec
o

n
st

ru
ct

io
n

, N
o.

 (%
)

   
 N

o
50

 (9
4.

3)
5 

(1
00

.0
)

>
0.

99
16

6 
(6

9.
7)

22
 (9

1.
7)

0.
02

9
12

3 
(7

4.
1)

14
 (9

3.
3)

0.
12

2
69

 (7
3.

4)
7 

(7
7.

8)
>

0.
99

   
 Y

es
3 

(5
.7

)
0 

(0
.0

)
72

 (3
0.

3)
2 

(8
.3

)
43

 (2
5.

9)
1 

(6
.7

)
25

 (2
6.

6)
2 

(2
2.

2)

M
u

lt
i-

La
ye

r 
In

la
y,

 N
o.

 (%
)

   
 N

o
32

 (6
0.

4)
5 

(1
00

.0
)

0.
14

8
19

8 
(8

3.
2)

23
 (9

5.
8)

0.
14

1
99

 (5
9.

6)
11

 (7
3.

3)
0.

41
1

72
 (7

6.
6)

7 
(7

7.
8)

>
0.

99

   
 Y

es
21

 (3
9.

6)
0 

(0
.0

)
40

 (1
6.

8)
1 

(4
.2

)
67

 (4
0.

4)
4 

(2
6.

7)
22

 (2
3.

4)
2 

(2
2.

2)

D
u

ra
l O

n
la

y,
 N

o.
 (%

)

   
 N

on
e

37
 (7

2.
5)

3 
(6

0.
0)

0.
37

0
20

2 
(8

4.
9)

22
 (9

1.
7)

0.
81

5
10

4 
(6

7.
1)

14
 (9

3.
3)

0.
00

8
67

 (7
5.

3)
6 

(7
5.

0)
0.

28
5

   
 A

ut
ol

og
ou

s
3 

(5
.9

)
1 

(2
0.

0)
3 

(1
.3

)
0 

(0
.0

)
3 

(1
.9

)
1 

(6
.7

)
2 

(2
.2

)
1 

(1
2.

5)

   
 S

yn
th

et
ic

11
 (2

1.
6)

1 
(2

0.
0)

33
 (1

3.
9)

2 
(8

.3
)

48
 (3

1.
0)

0 
(0

.0
)

20
 (2

2.
5)

1 
(1

2.
5)

M
u

co
sa

l C
ov

er
ag

e,
 N

o.
 (%

)

   
 N

on
e

13
 (2

4.
5)

2 
(4

0.
0)

0.
71

1
23

 (9
.7

)
2 

(8
.3

)
0.

33
7

0 
(0

.0
)

0 
(0

.0
)

>
0.

99
0 

(0
.0

)
0 

(0
.0

)
0.

57
6

   
 F

M
G

16
 (3

0.
2)

1 
(2

0.
0)

18
 (7

.6
)

4 
(1

6.
7)

11
 (6

.6
)

1 
(6

.7
)

8 
(8

.5
)

1 
(1

1.
1)

   
 V

as
cu

la
riz

ed
 F

la
p

24
 (4

5.
3)

2 
(4

0.
0)

19
7 

(8
2.

8)
18

 (7
5.

0)
15

5 
(9

3.
4)

14
 (9

3.
3)

86
 (9

1.
5)

8 
(8

8.
9)

Sy
n

th
et

ic
 G

ra
ft

s,
 N

o.
 (%

)

   
 N

o
29

 (6
0.

4)
5 

(1
00

.0
)

0.
14

7
18

5 
(8

0.
8)

24
 (1

00
.0

)
0.

01
1

96
 (6

9.
1)

12
 (8

5.
7)

0.
23

5
79

 (9
0.

8)
9 

(1
00

.0
)

>
0.

99

BMI: Body Mass Index; FMG: Free Mucosal Graft. Percentages reflect the number of patients with available data. 

Bold indicates statistically significant, p<0.05



334

Abiri et al.
V

ar
ia

b
le

s
A

n
te

ri
o

r 
C

ra
n

ia
l F

o
ss

a
Se

lla
r

Su
p

ra
se

lla
r

Po
st

er
io

r 
C

ra
n

ia
l F

o
ss

a

N
o

 L
ea

k 
(N

 =
 5

3)
Le

ak
 

(N
 =

 5
)

P
N

o
 L

ea
k 

(N
 =

 2
38

)
Le

ak
 

(N
 =

 2
4)

P
N

o
 L

ea
k 

(N
 =

 1
66

)
Le

ak
 

(N
 =

 1
5)

P
N

o
 L

ea
k 

(N
 =

 9
4)

Le
ak

 
(N

 =
 9

)
P

   
 Y

es
19

 (3
9.

6)
0 

(0
.0

)
44

 (1
9.

2)
0 

(0
.0

)
43

 (3
0.

9)
2 

(1
4.

3)
8 

(9
.2

)
0 

(0
.0

)

Ti
ss

u
e 

Se
al

an
t,

 N
o.

 (%
)

   
 N

on
e

5 
(1

0.
6)

2 
(4

0.
0)

0.
08

4
82

 (3
8.

1)
10

 (4
3.

5)
0.

88
2

74
 (5

0.
3)

5 
(3

3.
3)

0.
04

4
48

 (5
3.

9)
4 

(5
0.

0)
0.

00
5

   
 F

ib
rin

 G
lu

e
11

 (2
3.

4)
2 

(4
0.

0)
21

 (9
.8

)
2 

(8
.7

)
11

 (7
.5

)
4 

(2
6.

7)
5 

(5
.6

)
3 

(3
7.

5)

   
 D

ur
al

 S
ea

la
nt

31
 (6

6.
0)

1 
(2

0.
0)

11
2 

(5
2.

1)
11

 (4
7.

8)
62

 (4
2.

2)
6 

(4
0.

0)
36

 (4
0.

4)
1 

(1
2.

5)

N
as

al
 P

ac
ki

n
g,

 N
o.

 (%
)

   
 N

on
e/

D
is

so
lv

ab
le

22
 (4

1.
5)

3 
(6

0.
0)

0.
64

3
17

2 
(7

2.
3)

21
 (8

7.
5)

0.
14

4
11

9 
(7

1.
7)

11
 (7

3.
3)

>
0.

99
70

 (7
4.

5)
9 

(1
00

.0
)

0.
11

2

   
 N

on
di

ss
ol

va
b

le
31

 (5
8.

5)
2 

(4
0.

0)
66

 (2
7.

7)
3 

(1
2.

5)
47

 (2
8.

3)
4 

(2
6.

7)
24

 (2
5.

5)
0 

(0
.0

)

Lu
m

b
ar

 D
ra

in
, N

o.
 (%

)

   
 N

o
24

 (4
9.

0)
2 

(4
0.

0)
>

0.
99

15
5 

(6
7.

7)
16

 (6
6.

7)
>

0.
99

10
6 

(6
5.

8)
8 

(5
7.

1)
0.

56
4

71
 (7

7.
2)

6 
(7

5.
0)

>
0.

99

   
 Y

es
25

 (5
1.

0)
3 

(6
0.

0)
74

 (3
2.

3)
8 

(3
3.

3)
55

 (3
4.

2)
6 

(4
2.

9)
21

 (2
2.

8)
2 

(2
5.

0)

Results
A total of 706 ESBS (50.4% female) patients were studied. The 

mean age was 51.2 ± 17.1 years. Table 1 lists the sociodemo-

graphic and clinical characteristics of this cohort. Overall, 61.9% 

had pituitary adenomas, 73.4% had sellar or SS defects, and 

20.5% had high-flow intraoperative CSF leaks. The average de-

fect size was 3.27 ± 2.24 cm2. PCF defects were larger than sella 

and suprasellar defects (all p<0.05). Postoperatively, 7.8% had 

CSF leaks, 2.7% had meningitis, and 4.4% had sinus infections. 

Of the 55 patients with postoperative CSF leaks, 80% had initi-

ally presented with low-flow intraoperative leaks and 20% with 

high-flow leaks.

There were no significant differences in rates of postoperative 

CSF leak, meningitis, or sinus infection between defect sites (all 

p>0.05). Defect site-specific differences in demographic and 

technical reconstruction factors between patients with and wit-

hout postoperative CSF leak are listed in Table 2. Among sellar 

defects, larger defects and repairs not involving rigid reconstruc-

tion or synthetic grafts more often exhibited postoperative CSF 

leaks (all p<0.05). The use of dural onlay in SS defect repair and 

the use of tissue sealants in SS and PCF defect repairs exhibited 

fewer postoperative leaks (all p<0.05).

Multivariable logistic regression on the entire cohort was used 

to identify risk factors for postoperative CSF leaks (Table 3). 

Increased defect size predicted postoperative leak (OR 1.26; 

95% CI, 1.04-1.57; p=0.028). Use of rigid reconstruction (OR 0.17; 

95% CI, 0.04-0.59; p=0.011), synthetic grafts (OR 0.10; 95% CI, 

0.01-0.72; p=0.047), dural sealant (OR 0.14; 95% CI, 0.03-0.50; 

p=0.005)  , and nondissolvable nasal packing (OR 0.22; 95% 

CI, 0.07-0.60; p=0.005) was protective of postoperative leaks. 

Sub-analyses stratified by defect site demonstrated that BMI 

and intraoperative CSF leak flow rate as well as the use of nasal 

packing, fibrin glue, and lumbar drain were not significantly as-

sociated with postoperative CSF leak (all p>0.05).

Anterior cranial fossa defects

Of 58 patients with ACF defects, 8.6% had postoperative CSF 

leak, 5.2% meningitis, and 5.2% sinus infection. On logistic 

regression, larger defect size was associated with increased risk 

for postoperative CSF leaks (OR 1.32; 95% CI: 1.04-1.89; p=0.049). 

Larger tumors were associated with increased risk for meningitis 

(OR 1.94; 95% CI: 1.14-4.06; p=0.028). There were no significant 

predictors of sinus infection in ACF defects (all p>0.05).

Purely sellar defects

Of 262 patients with sellar defects, 9.2% had postoperative CSF 

leak, 2.3% meningitis, and 3.8% sinus infection. Older age (OR 

0.97; 95% CI: 0.95-0.99; p=0.017) and rigid reconstruction (OR 

0.21; 95% CI: 0.03-0.74; p=0.038) were associated with decre-

ased risk for postoperative CSF leaks. There were no significant 

predictors of meningitis in sellar defects (all p>0.05). Use of 

Table 2. continued
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Table 3. Logistic regression identifying predictors of postoperative CSF leak.

Variables Univariate Multivariable

OR (95% CI) P-Value OR (95% CI) P-Value

Age, yr 0.98 (0.97-0.99) 0.034 0.98 (0.95-1.01) 0.126

Sex

    Male 1 [Reference] 1 [Reference]

    Female 1.20 (0.69-2.09) 0.525 ~ ~

BMI, kg/m2 1.04 (0.98-1.09) 0.189 ~ ~

Tumor Size, cm 1.10 (0.89-1.33) 0.370 ~ ~

Defect Size, cm2 1.22 (1.08-1.39) 0.001 1.26 (1.04-1.57) 0.028

Defect Site

    ACF 1 [Reference] 1 [Reference]

    Sella 1.07 (0.42-3.29) 0.897 0.64 (0.13-3.46) 0.590

    SS 0.96 (0.35-3.06) 0.936 0.83 (0.15-3.92) 0.836

    PCF 1.02 (0.33-3.45) 0.980 0.24 (0.03-1.65) 0.145

Intraoperative CSF Leak Flow Rate

    Low 1 [Reference] 1 [Reference]

    High 0.97 (0.46-1.85) 0.918 1.46 (0.41-4.91) 0.542

Rigid Reconstruction

    No 1 [Reference] 1 [Reference]

    Yes 0.27 (0.10-0.60) 0.003 0.17 (0.04-0.59) 0.011

Multi-Layer Inlay

    No 1 [Reference] 1 [Reference]

    Yes 0.40 (0.17-0.82) 0.020 0.60 (0.12-2.44) 0.501

Dural Onlay

    None 1 [Reference] 1 [Reference]

    Autologous 2.71 (0.60-9.05) 0.136 1.14 (0.11-8.70) 0.90

    Synthetic 0.35 (0.10-0.87) 0.045 0.40 (0.03-2.63) 0.41

Mucosal Coverage

    No Flap 1 [Reference] 1 [Reference]

    Vascularized Flap 0.87 (0.45-1.81) 0.680 1.09 (0.25-5.33) 0.909

All Synthetic Grafts

    No 1 [Reference] 1 [Reference]

    Yes 0.15 (0.03-0.50) 0.010 0.10 (0.01-0.72) 0.047

Tissue Sealant

    None 1 [Reference] 1 [Reference]

    Fibrin Glue 2.34 (1.07-4.92) 0.028 0.45 (0.11-1.77) 0.266

    Dural Sealant 0.82 (0.43-1.54) 0.532 0.14 (0.03-0.50) 0.005

Nasal Packing

    None/Dissolvable 1 [Reference] 1 [Reference]

    Nondissolvable 0.53 (0.24-1.06) 0.090 0.22 (0.07-0.60) 0.005

Lumbar Drain

    No 1 [Reference] 1 [Reference]

    Yes 1.495 (0.82-2.65) 0.175 1.86 (0.53-6.95) 0.342

ACF: Anterior Cranial Fossa; BMI: Body Mass Index; CI: Confidence Interval; CSF: Cerebrospinal Fluid; OR: Odds Ratio; PCF: Posterior Cranial Fossa; SS: 

Suprasellar. Bold indicates statistically significant, p<0.05
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synthetic grafts (OR 8.15; 95% CI: 1.79-57.28; p=0.012) and non-

dissolvable nasal packing (OR 8.53; 95% CI: 1.89-59.70; p=0.010) 

were associated with increased risk for sinus infection.

Suprasellar defects

Of 181 patients with SS defects, 8.3% had postoperative CSF 

leak, 1.7% meningitis, and 4.4% sinus infection. The rate of 

postoperative CSF leak was significantly lower in reconstructions 

that used a dural onlay (1.9% vs. 11.9%, p=0.035). Use of nondis-

solvable nasal packing was associated with increased risk for 

meningitis (OR 5.88; 95% CI: 1.12-43.11; p=0.044). There were no 

significant predictors of sinus infection in SS defects (all p>0.05).

Posterior cranial fossa defects

Of 103 patients with PCF defects, 8.7% had postoperative CSF 

leak, 4.9% meningitis, and 2.0% sinus infection. Fifteen (14.6%) 

patients presented with chordomas, 5 of whom had high-flow 

intraoperative leaks, 3 had postoperative CSF leaks, and 2 had 

meningitis. Compared to fibrin glue, use of dural sealant was as-

sociated with reduced risk for postoperative CSF leaks (OR 0.05; 

95% CI: 0.01-0.44; p=0.014). High-flow intraoperative CSF leak 

was associated with increased risk for meningitis (OR 19.06; 95% 

CI: 2.62-385.61; p=0.010). There were no significant predictors of 

sinus infection in PCF defects (all p>0.05). 

Discussion
Postoperative CSF leak remains one of the most challenging 

complications encountered following ESBS. Many reconstructive 

surgical techniques have therefore been introduced to reduce 

the incidence of CSF leak, albeit, with variable results. This mul-

ticenter study sought to leverage the large number of patients 

and use of different techniques at four tertiary care rhinology/

anterior skull base surgery programs to investigate patient and 

technical factors that may be associated with reconstructive 

success in ESBS. Overall, the incidence of postoperative CSF 

leak regardless of reconstructive technique used or location 

of skull base defect was comparable to the current literature, 

with an overall rate of 7.8%, of which 80% occurred in patients 

with intraoperative low-flow CSF leaks. This suggests overall 

highly favorable outcomes with modern techniques and repair 

strategies. Additionally, there was no difference in CSF leak 

rate between ACF (8.6%), sella (9.2%), SS (8.3%), or PCF (8.7%) 

defect locations. Multivariable logistic regression that accoun-

ted for potential confounders, such as differences in defect 

size between subsites, similarly supported a lack of association 

between defect subsite and CSF leak incidence. Soudry et al.’s 

systematic review evaluating repair techniques of 673 endo-

scopically created skull base defects similarly showed that the 

overall postoperative CSF leak rate after intraoperative skull 

base repair was 8.5% (57/673) (15). Moreover, this review also 

demonstrated the location of the skull base defect does not 

significantly affect the risk of postoperative CSF leak, excluding 

clival defects (though the sample size was small). 

Anterior cranial fossa defects

When evaluating factors associated with surgical outcomes by 

defect subsite, larger ACF defect size was associated with incre-

ased risk for postoperative CSF leak. ACF defects can be as large 

as extending from the posterior table of the frontal sinus to the 

planum sphenoidale, requiring significant area for coverage, 

thus increasing the risk for postoperative CSF leaks (16–21). These 

defects often also require a multilayer reconstruction technique 

which may include the use of a NSF. With a larger area requiring 

reconstruction in an anti-gravity configuration, it is conceivable 

that the forces created by intracranial pressure (ICP) may need 

to be countered by stiffer materials or bolstering (e.g., nasal 

packing). Our study does not show any association with onlay 

used (e.g., NSF vs. FMG) when reconstructing the ACF. The cur-

rent literature shows variable success with ACF reconstruction; 

although, recently, rates of postoperative CSF leak are much 

more consistent and generally low regardless of material used 
(19,20,22–24). Germani et al. used a nonvascularized single layer to re-

construct the skull base defect with a 3% postoperative CSF leak 

rate while Eloy et al. reconstructed the ACF with multiple layers 

including a vascularized flap with a postoperative CSF leak rate 

of 0% (22,23). Given the variations in reconstructive technique 

with comparable postoperative outcomes, the success of ACF 

reconstruction may, in fact, rely on the ability to cover the entire 

defect regardless of the reconstructive technique used.

Sellar defects

There are a myriad of reconstruction options for repairing sellar 

defects, the most common of ESBS defects, most of which in-

clude multiple layers; however, there is no consensus on the op-

timal reconstructive technique or material (25–27). Some propose 

graded reconstruction based on the presence of an intraopera-

tive leak and leak flow rate (e.g., high- vs. low-flow) (25,27–35). Most 

intraoperative CSF leaks following resection of sellar patholo-

gies are low-flow, as demonstrated in this study, with a rate of 

90.1% compared to high-flow leaks. In the current study, rigid 

reconstruction was statistically associated with decreased risk 

for postoperative CSF leak comprising a rate of 2.7% when used 

to reconstruct sellar defects compared to a rate of 11.7% when 

no rigid reconstruction was used. The “gasket seal” technique is 

one method of rigid reconstruction used for such defects (36,37). 

It typically consists of a soft overlay (e.g., fascia lata) with a rigid 

buttress (e.g., bone, synthetic plate) placed into the bony defect 

and over the overlay creating a gasket that accommodates 

defect irregularities, thereby creating a watertight seal (36,37). 

Garcia-Navarro et al. demonstrated success in a larger cohort of 

46 patients with a postoperative leak rate of 4.3% (38). Excluding 

use of rigid reconstruction, no other materials or techniques 
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were associated with reducing CSF leak. This suggests surgical 

success is largely independent of specific materials or technique 

used as long as meticulous technique is employed.

Suprasellar defects

Reconstruction of SS defects poses a unique set of challenges. 

SS defects are typically associated with intraoperative high-flow 

CSF leaks with continuity with the suprasellar cistern and, in 

some cases, the third ventricle (39). Difficulty repairing these high-

flow CSF leaks is amplified when the defect involves multiple 

skull base planes including the planum sphenoidale, tuber-

culum sella, and/or sella turcica. Additionally, as the SS defect 

extends to its limits, the defect border may abut vital structures 

including the internal carotid arteries and the optic nerves, 

partially limiting the ability to place inlays (15). In our study, the 

single most important SS reconstructive technique was the use 

of a dural onlay, which was associated with a significantly lower 

rate of postoperative CSF leak. We hypothesize that a dural 

onlay, which may take the form of autologous (e.g., fascia lata) 

or synthetic (e.g., porcine small intestine submucosa) graft, may 

provide an additional layer of watertight coverage over the SS 

defect, which is commonly irregularly shaped due to exposure 

of the optic canals and carotid arteries.

Posterior cranial fossa defects

PCF defects pose unique surgical challenges compared to other 

skull base defects due to the vertical orientation, limited bony 

or dural edges, as well as the anatomic proximity to the anterior 

brain cisterns and ventricles. Reconstruction often requires the 

use of a vascularized flap for mucosal coverage (8,40–42). Multiple 

studies have shown clival defects to be particularly difficult to 

reconstruct; in fact, it has been demonstrated to be the only 

skull base subsite with improved outcomes using a vascularized 

flap compared to nonvascularized repair (15,43). One study de-

monstrated a 60% success rate with multilayer free graft alone 

whereas the use of a pedicled flap improved success rate to 

100% (44). Saito et al. used a fascia lata inlay and NSF onlay with 

a 100% success rate (45). Two series evaluating resection of clival 

chordomas with PCF reconstruction with a Duragen inlay and 

a NSF onlay showed a 90% (9/10) and 75% (15/20) success rate, 

although the second series comprised more complex patients 

who were either received prior radiation, had recurrence of 

disease, or significant intradural extension (16,46). A vascularized 

flap was used for reconstruction in 91.2% (94/103) of our PCF 

defects; however, there was no difference in rate of postopera-

tive leak and whether a FMG or vascularized flap was used with 

leak rates of 11.1% (1/9) and 8.5% (8/94), respectively. 

Support materials and adjuncts for reconstruction

The benefit of ancillary reconstructive techniques including 

the use of nasal packing, tissue sealants, and lumbar drains 

(LD) have long been debated with conflicting outcomes in the 

literature (47–79). Our data demonstrates a decrease in the risk of 

CSF leak with the use of dural sealants and nondissolvable nasal 

packing. Eloy et al. analyzed different tissue sealants including 

Duraseal® and Tisseel® when applied over a NSF in patients 

undergoing endoscopic skull base repair for high-flow CSF 

leaks and compared the incidence of postoperative CSF leak to 

patients without tissue sealant use (63). This study found there to 

be no significant difference in the incidence of CSF leak between 

the two groups. A comprehensive meta-analysis by Ahmed et al. 

evaluated perioperative LD use following endonasal endoscopic 

CSF leak repair and found that LD use did not significantly lower 

postoperative CSF leak recurrence rates (48). There may, howe-

ver, be certain circumstances in which a LD may be beneficial, 

most notably high-flow CSF leak in the setting of large ACF and 

PCF defects (58). Lastly, nasal packing is often used to bolster 

the reconstruction while the surgical wound heals. The value 

of packing has been questioned recently with the use of sound 

techniques and other adjuncts (59,82). Given each of these factors 

as well as flow rate or other general repair technique did not 

significantly impact the rate of postoperative CSF leak, success 

of skull base repair may hinge largely on surgeon adherence to 

basic principles and necessary elements of skull base recon-

struction (83). This is further emphasized by the lack of effect of 

patient factors including BMI and sex on a success of skull base 

reconstruction regardless of subsite.

Postoperative meningitis and sinusitis

When considering skull base reconstruction and risk of postope-

rative infections, sinusitis and meningitis are fortunately uncom-

mon complications. In the present study, there was an overall 

meningitis rate of 2.7% (19/687), which is comparable to the 

current literature. In a recent systematic review evaluating risk 

of meningitis following expanded ESBS, the overall incidence 

of meningitis was found to be 1.8% (80). Unsurprisingly, when 

postoperative CSF leak was encountered, the risk of meningitis 

increased compared to those without a postoperative CSF leak 

(13% vs 0.1%). This emphasizes the importance of successful 

skull base reconstruction preventing postoperative CSF leak. In 

the subanalysis comparing ACF and PCF, rates of postoperative 

meningitis were not statistically different (1.7% vs 1.0%). In 

the present study, ACF (5.2%) and PCF (4.9%) defects had the 

highest meningitis rates, but the difference was not significantly 

different from meningitis arising from sellar (2.3%) and SS (1.7%) 

surgery. Additionally, we found there were inconsistent factors 

associated with meningitis, including large tumor size for ACF 

defects, use of dissolvable nasal packing in SS defects, and high-

flow intraoperative CSF leaks in PCF defects.

Our study demonstrated an incidence of postoperative sinusitis 

occurred in 4.4% of cases and was statistically associated with 

sellar defects when synthetic grafts or nondissolvable packing 
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was used as part of the reconstruction. Importantly, no factors 

predicted increased risk of sinonasal infection in ACF, SS, or PCF 

reconstruction. Nondissolvable packing may act as a foreign 

bodies, with associated risk of local infection. Little et al. exa-

mined factors associated with sinonasal quality of life following 

endoscopic transsphenoidal surgery in 100 patients and found 

that nasal packing was associated with a higher incidence of 

postoperative mucopurulence (81). Additionally, mucopurulence 

resolution in patients with nasal packing occurred significantly 

later postoperatively (6 weeks) compared to patients without 

(2 weeks), with presumed impact on patient quality of life. Ad-

ditionally, Asmaro et al. evaluated 73 consecutive patients after 

skull base reconstruction without sinonasal packing for CSF 

leak (69). Infectious sinusitis occurred in 2.7% of patients in the 

first 3 months postoperatively which is less than the incidence 

in the present study. Ultimately, there remains a paucity of data 

exploring the use of these materials in skull base reconstruction 

and association of sinusitis among other outcomes, thereby 

warranting further investigation (7,10).

Limitations

Although this study leveraged data from four different tertiary 

rhinology centers, it was still limited by its retrospective nature. 

Certain pathologies, such as pituitary adenoma, were overrepre-

sented as compared to other rarer pathologies (e.g., chordoma). 

Moreover, certain factors such as history of previous radiation 

treatment or comorbid sinusitis were not accounted for in our 

analysis. Finally, our rates of meningitis and sinus infection 

were low in our cohort, thereby limiting our statistical analyses 

of these outcomes. However, notable strengths of this study 

include a larger sample size across different tertiary skull base 

programs of wide geographic distribution (U.S. West, Mid-

west, and Northeast) and diversity in surgical techniques and 

management principles, which permits for comparison groups, 

as well as granular data collection with consistent reporting of 

specific layers of reconstruction, which has not been compiled 

previously.

Conclusion
In this multicenter observational study of 706 ESBS patients, we 

found technical factors, such as the use of rigid reconstruction, 

dural onlay, and tissue sealants, to be independent predictors of 

postoperative CSF leak in certain skull base subsites. Periopera-

tive factors, such as the use of synthetic grafts for reconstruction 

and nondissolvable nasal packing postoperatively, may also 

incur increased risk for meningitis or sinus infection. Success 

of skull base reconstruction may largely depend on surgeon 

adherence to basic principles and necessary elements of skull 

base reconstruction, and to do so in a meticulous and thought-

ful manner.

Authorship contribution
Data acquisition: AA, BFB, TVN, JCP, KMR, MV, DDC, SHT, JCH, NK, 

RMS, MK, JEM; Data analysis: AA; Data interpretation: AA, BFB, 

JED, DJL, JGE, RSK, KMP, ARS, MB, MBW, JNP, NDA, FPKH, ECK; 

Drafting Article: AA, BFB, TVN, JCP; Final Approval: AA, BFB, TVN, 

JCP, KMR, MV, DDC, SHT, JCH, NK, RMS, MK, JEM, JED, DJL, JGE, 

RSK, KMP, ARS, MB, MBW, JNP, NDA, FPKH, ECK

Conflict of interest
There are no relevant conflicts of interest.

Funding
This work was supported in part by the National Institute of Ge-

neral Medical Sciences of the National Institutes of Health under 

award number T32GM008620.

Ethics approval
This study was conducted in accordance with the Institutional 

Review Boards at University of California - Irvine, University of 

California - Los Angeles, University of Pennsylvania, University of 

Cincinnati.

Availability of data and materials
Data used in this study is available from the corresponding 

author (ECK) on reasonable request.

References 
1.	 Wang EW, Zanation AM, Gardner PA, 

Schwartz TH, Eloy JA, Adappa ND, et al. 
ICAR: endoscopic skull-base surgery. Int 
Forum Allergy Rhinol. 2019;9(S3):S145–365. 

2.	 Zimmer LA, Theodosopoulos PV. Anterior 
skull base surgery: open versus endoscopic. 
Curr Opin Otolaryngol Head Neck Surg. 
2009 Apr;17(2):75–8. 

3.	 Goshtasbi K, Lehrich BM, Abouzari M, Abiri 
A, Birkenbeuel J, Lan MY, et al. Endoscopic 
versus nonendoscopic surgery for resection 
of pituitary adenomas: a national database 
study. J Neurosurg. 2020 Mar;134(3):816–24. 

4.	 Abiri A, Roman KM, Latif K, Goshtasbi K, 
Torabi SJ, Lehrich BM, et al. Endoscopic ver-
sus Nonendoscopic Surgery for Resection 
of Craniopharyngiomas. World Neurosurg. 
2022 Nov;167:e629–38. 

5.	 Fraser S, Gardner PA, Koutourousiou M, 
Kubik M, Fernandez-Miranda JC, Snyderman 
CH, et al. Risk factors associated with post-
operative cerebrospinal fluid leak after 
endoscopic endonasal skull base surgery. J 
Neurosurg. 2018;128(4):1066–71. 

6.	 Kim JS, Hong SD. Risk factors for postop-
erative CSF leakage after endonasal endo-
scopic skull base  surgery: a meta-analysis 

and systematic review. Rhinology. 2021 
Feb;59(1):10–20. 

7.	 Pool C, Abir i  A, Kuan EC. Skull Base 
R e c o n s t r u c t i o n  fo l l ow i n g  S u rg i c a l 
Treatment of Sinonasal Malignancies. J 
Neurol Surg Rep. 2023 Feb 2;84(1):e17–20. 

8.	 Harvey RJ, Parmar P, Sacks R, Zanation AM. 
Endoscopic skull base reconstruction of 
large dural defects: a systematic review 
of published evidence. Laryngoscope. 
2012;122(2):452–9. 

9.	 Soudry E, Turner JH, Nayak JV, Hwang PH. 
Endoscopic reconstruction of surgically cre-
ated skull base defects: a systematic review. 



339

Risk factors in ESBS repair 

Otolaryngol Neck Surg. 2014;150(5):730–8. 
10.	 Abiri A, Abiri P, Goshtasbi K, Lehrich BM, 

Sahyouni R, Hsu FPK, et al. Endoscopic ante-
rior skull base reconstruction: a meta-anal-
ysis and systematic review  of graft type. 
World Neurosurg. 2020 Jul;139:460–70. 

11.	 Khan DZ, Ali AMS, Koh CH, Dorward NL, 
Grieve J, Layard Horsfall H, et al. Skull base 
repair following endonasal pituitary and 
skull base tumour resection: a  systematic 
review. Pituitary. 2021 Oct;24(5):698–713. 

12.	 Esposito F, Dusick JR, Fatemi N, Kelly DF. 
Graded repair of cranial base defects and 
cerebrospinal fluid leaks in transsphenoidal 
surgery. Oper Neurosurg. 2007;60(2):295–
304. 

13.	 Hernán MA, Hernández-Díaz S, Werler MM, 
Mitchell AA. Causal knowledge as a pre-
requisite for confounding evaluation: an 
application to birth defects epidemiology. 
Am J Epidemiol. 2002 Jan 15;155(2):176–84. 

14.	 Yoo W, Mayberry R, Bae S, Singh K, Peter He 
Q, Lillard  Jr JW. A study of effects of multi-
collinearity in the multivariable analysis. Int 
J Appl Sci Technol. 2014 Oct;4(5):9–19. 

15.	 Soudry E, Turner JH, Nayak JV, Hwang PH. 
Endoscopic reconstruction of surgically 
created skull base defects: a systematic 
review. Otolaryngol Head Neck Surg. 2014 
May;150(5):730–8. 

16.	 Zanation AM, Carrau RL, Snyderman CH, 
Germanwala A V., Gardner PA, Prevedello 
DM, et al. Nasoseptal flap reconstruction 
of high flow intraoperative cerebral spinal 
fluid leaks during endoscopic skull base sur-
gery. Am J Rhinol Allergy. 2009;23(5):518–
21. 

17.	 Eloy JA, Shukla PA, Choudhry OJ, Singh R, 
Liu JK. Assessment of frontal lobe sagging 
after endoscopic endonasal transcribriform 
resection of anterior skull base tumors: Is 
rigid structural reconstruction of the cranial 
base defect necessary? The Laryngoscope. 
2012;122(12):2652–7. 

18.	 Liu JK, Christiano LD, Patel SK, Tubbs RS, 
Eloy JA. Surgical nuances for removal of 
olfactory groove meningiomas using the 
endoscopic endonasal transcribriform 
approach. Neurosurg Focus. 2011 May 
1;30(5):E3. 

19.	 Greenfield JP, Anand VK, Kacker A, Seibert 
MJ, Singh A, Brown SM, et al. Endoscopic 
endonasal transethmoidal transcribri-
form transfovea ethmoidalis approach to 
the anterior cranial fossa and skull base. 
Neurosurgery. 2010 May;66(5):883–92. 

20.	 Kassam AB, Prevedello DM, Carrau RL, 
Snyderman CH, Thomas A, Gardner P, et al. 
Endoscopic endonasal skull base surgery: 
analysis of complications in the authors’ 
initial 800 patients. J Neurosurg. 2011 
Jun;114(6):1544–68. 

21.	 Eloy JA, Choudhry OJ, Shukla PA, Kuperan 
AB, Friedel ME, Liu JK. Nasoseptal flap 
repair after endoscopic transsellar versus 
expanded endonasal approaches: is there 
an increased risk of postoperative cer-
ebrospinal fluid leak? Laryngoscope. 2012 

Jun;122(6):1219–25. 
22.	 Eloy JA, Patel SK, Shukla PA, Smith ML, 

Choudhry OJ, Liu JK. Triple-layer reconstruc-
tion technique for large cribriform defects 
after endoscopic endonasal resection 
of anterior skull base tumors. Int Forum 
Allergy Rhinol. 2013;3(3):204–11. 

23.	 Germani RM, Vivero R,  Herzal lah IR, 
Casiano RR. Endoscopic reconstruction 
of large anterior skull base defects using 
acellular dermal allograft. Am J Rhinol. 
2007;21(5):615–8. 

24.	 Hadad G, Bassagasteguy L, Carrau RL, 
Mataza JC, Kassam A, Snyderman CH, et 
al.  A novel reconstructive technique 
after endoscopic expanded endonasal 
approaches: Vascular pedicle nasoseptal 
flap. Laryngoscope. 2006;116(10):1882–6. 

25.	 Esposito F, Dusick JR, Fatemi N, Kelly DF. 
Graded repair of cranial base defects and 
cerebrospinal fluid leaks in transsphe-
noidal surgery. Oper Neurosurg. 2007 
Apr;60(4):295. 

26.	 Chaskes MB, Fastenberg JH, Vimawala S, 
Nyquist GF, Rabinowitz MR, Chitguppi C, 
et al. A simple onlay sellar reconstruction 
does not increase the risk of postopera-
tive cerebrospinal fluid leak in well-selected 
patients. J Neurol Surg Part B Skull Base. 
2021 Jul;82(Suppl 3):e231–5. 

27.	 Sanders-Taylor C,  Anaizi  A,  Kosty J, 
Zimmer LA, Theodosopoulos PV. Sellar 
Reconstruction and rates of delayed cer-
ebrospinal fluid leak after endoscopic pitui-
tary surgery. J Neurol Surg Part B Skull Base. 
2015 Mar 2;281–5. 

28.	 Mehta GU, Oldfield EH. Prevention of 
intraoperative cerebrospinal fluid leaks by 
lumbar cerebrospinal fluid drainage dur-
ing surgery for pituitary macroadeno-
mas: clinical article. J Neurosurg. 2012 Jun 
1;116(6):1299–303. 

29.	 Romero ADCB, Nora JE, Topczewski TE, 
Aguiar PHP de, Alobid I, Rodriguéz EF. 
Cerebrospinal fluid fistula after endoscopic 
transsphenoidal surgery: experience in a 
spanish center. Arq Neuropsiquiatr. 2010 
Jun;68(3):414–7. 

30.	 Nishioka H, Izawa H, Ikeda Y, Namatame 
H, Fukami S, Haraoka J. Dural suturing for 
repair of cerebrospinal fluid leak in transna-
sal transsphenoidal surgery. Acta Neurochir 
(Wien). 2009 Nov;151(11):1427–30. 

31.	 Berker M, Aghayev K, Yücel T, Hazer DB, 
Onerci M. Management of cerebrospi-
nal fluid leak during endoscopic pitui-
tary surgery. Auris Nasus Larynx. 2013 
Aug;40(4):373–8. 

32.	 Seda L, Camara RB, Cukiert A, Burattini JA, 
Mariani PP. Sellar floor reconstruction after 
transsphenoidal surgery using fibrin glue 
without grafting or implants: technical 
note. Surg Neurol. 2006 Jul;66(1):46–9.

33.	 Jalessi M, Sharifi G, Mirfallah Layalestani 
MR, Amintehran E, Yazdanifard P, Rezaee 
Mirghaed O, et al.  Sellar reconstruc-
tion algorithm in endoscopic transsphe-
noidal pituitary surgery: experience with 

240 cases. Med J Islam Repub Iran. 2013 
Nov;27(4):186–94. 

34.	 Hebert AM, Kuan EC, Wang MB, Snyderman 
CH, Gardner PA, Bergsneider M, et al. An 
algorithm for the use of free tissue graft 
reconstruction in the endoscopic endo-
nasal approach for pituitary tumors. World 
Neurosurg. 2023 Jul:175:e465-e472.

35.	 Kuan EC, Yoo F, Patel PB, Su BM, Bergsneider 
M, Wang MB. An algorithm for sellar recon-
struction following the endoscopic endo-
nasal approach: a review of 300 consecutive 
cases. J Neurol Surg Part B Skull Base. 2018 
Apr;79(2):177–83. 

36.	 Leng LZ, Brown S, Anand VK, Schwartz TH. 
“Gasket-seal” watertight closure in mini-
mal-access endoscopic cranial base sur-
gery. Neurosurgery. 2008 May;62(5 Suppl 
2):ONSE342-343. 

37.	 Cavallo LM, Messina A, Esposito F, Divitiis O 
de, Fabbro MD, Divitiis E de, et al. Skull base 
reconstruction in the extended endoscopic 
transsphenoidal approach for suprasellar 
lesions. J Neurosurg. 2007 Oct 1;107(4):713–
20. 

38.	 Garcia-Navarro V, Anand VK, Schwartz TH. 
Gasket seal closure for extended endonasal 
endoscopic skull base surgery:  efficacy in 
a large case series. World Neurosurg. 2013 
Nov;80(5):563–8. 

39.	 Khatiwala RV, Shastri KS, Peris-Celda M, 
Kenning T, Pinheiro-Neto CD. Endoscopic 
endonasal reconstruction of high-flow cer-
ebrospinal fluid leak with fascia lata “but-
ton” graft and nasoseptal flap: surgical tech-
nique and case series. J Neurol Surg Part B 
Skull Base. 2020 Dec;81(6):645–50. 

40.	 Farzal Z, Lemos-Rodriguez AM, Rawal RB, 
Overton LJ, Sreenath SB, Patel MR, et al. The 
reverse-flow facial artery buccinator flap for 
skull base reconstruction: key anatomical 
and technical considerations. J Neurol Surg 
Part B Skull Base. 2015 Jun 1;432–9. 

41.	 Kim GG, Hang AX, Mitchell C, Zanation 
AM. Pedicled extranasal flaps in skull base 
reconstruction. Adv Otorhinolaryngol. 
2013;74:71–80. 

42.	 Patel MR, Stadler ME, Snyderman CH, Carrau 
RL, Kassam AB, Germanwala AV, et al. How 
to choose? endoscopic skull base recon-
structive options and limitations. Skull Base. 
2010 Nov;20(6):397–404. 

43.	 Shah RN, Surowitz JB, Patel MR, Huang BY, 
Snyderman CH, Carrau RL, et al. Endoscopic 
pedicled nasoseptal flap reconstruction for 
pediatric skull base defects. Laryngoscope. 
2009 Jun;119(6):1067–75. 

44.	 Carrabba G, Dehdashti AR, Gentili F. Surgery 
for clival lesions: open resection versus the 
expanded endoscopic endonasal approach. 
Neurosurg Focus. 2008 Dec 1;25(6):E7. 

45.	 Saito K, Toda M, Tomita T, Ogawa K, Yoshida 
K. Surgical results of an endoscopic endo-
nasal approach for clival chordomas. Acta 
Neurochir (Wien). 2012 May;154(5):879–86. 

46.	 St ippler  M,  Gardner PA,  Snyderman 
CH, Carrau RL, Prevedello DM, Kassam 
AB. Endoscopic endonasal approach for 



340

Abiri et al.

clival chordomas. Neurosurgery. 2009 
Feb;64(2):268–77; discussion 277-278. 

47.	 Wang EW, Zanation AM, Gardner PA, 
Schwartz TH, Eloy JA, Adappa ND, et al. 
ICAR: endoscopic skull-base surgery. Int 
Forum Allergy Rhinol. 2019;9(S3):S145–365. 

48.	 Ahmed OH, Marcus S, Tauber JR, Wang B, 
Fang Y, Lebowitz RA. Efficacy of periopera-
tive lumbar drainage following endonasal 
endoscopic cerebrospinal fluid leak repair. 
Otolaryngol Head Neck Surg Off J Am 
Acad Otolaryngol-Head Neck Surg. 2017 
Jan;156(1):52–60. 

49.	 D’Anza B, Tien D, Stokken JK, Recinos PF, 
Woodard TR, Sindwani R. Role of lumbar 
drains in contemporary endonasal skull 
base surgery: meta-analysis  and system-
atic review. Am J Rhinol Allergy. 2016 
Nov;30(6):430–5. 

50.	 Guo X, Zhu Y, Hong Y. Efficacy and safety of 
intraoperative lumbar drain in endoscopic 
skull base tumor  resection: a meta-analysis. 
Front Oncol. 2020 May 7:10:606.

51.	 Mehta GU, Oldfield EH. Prevention of intra-
operative cerebrospinal fluid leaks by lum-
bar cerebrospinal  fluid drainage during 
surgery for pituitary macroadenomas. J 
Neurosurg. 2012 Jun;116(6):1299–303. 

52.	 Birkenbeuel JL, Abiri A, Warner DC, Nguyen 
E, Marquina S, Gowda S, et al. Lumber 
drain morbidity in endonasal endoscopic 
skull base surgery. J Clin Neurosci. 2022 
Jul;101:1–8. 

53.	 Abiri A, Patel TR, Nguyen E, Birkenbeuel JL, 
Tajudeen BA, Choby G, et al. Postoperative 
protocols following endoscopic skull base 
surgery: an evidence-based review with 
recommendations. Int Forum Allergy 
Rhinol. 2023 Jan;13(1):42-71.  

54.	 Albu S, Emanuelli E, Trombitas V, Florian IS. 
Effectiveness of lumbar drains on recur-
rence rates in endoscopic surgery of  cer-
ebrospinal fluid leaks. Am J Rhinol Allergy. 
2013;27(6):e190-4. 

55.	 Adams AS, Russell PT, Duncavage JA, 
Chandra RK, Turner JH. Outcomes of endo-
scopic repair of cerebrospinal fluid rhinor-
rhea without lumbar  drains. Am J Rhinol 
Allergy. 2016 Nov;30(6):424–9. 

56.	 Kitchel SH, Eismont FJ, Green BA. Closed 
subarachnoid drainage for management of 
cerebrospinal fluid leakage after an opera-
tion on the spine. J Bone Jt Surg - Ser A. 
1989;71(7):984–7. 

57.	 Scheithauer S,  Bürgel U, Bickenbach 
J, Häfner H, Haase G, Waitschies B, et al. 
External ventricular and lumbar drainage-
associated meningoventriculitis: prospec-
tive analysis of time-dependent infection 
rates and risk factor analysis. Infection. 
2010;38(3):205–9. 

58.	 Zwagerman NT, Wang EW, Shin SS, Chang 
YF, Fernandez-Miranda JC, Snyderman 
CH, et al. Does lumbar drainage reduce 
postoperative cerebrospinal fluid leak after 
endoscopic endonasal skull base surgery? 
A prospective, randomized controlled trial. J 
Neurosurg. 2018 Oct 1:1-7. 

59.	 Hannan CJ, Kewlani B, Browne S, Javadpour 
M. Multi-layered repair of high-flow CSF 
fistulae following endoscopic skull base 
surgery without nasal packing or lumbar 
drains: technical refinements to optimise 
outcome. Acta Neurochir ( Wien). 2023 
Aug;165(8):2299-2307. 

60.	 Kitano M, Taneda M. Subdural patch graft 
technique for watertight closure of large 
dural defects in extended transsphenoidal 
surgery. Neurosurgery. 2004 Mar;54(3):653–
61. 

61.	 Cappabianca P, Esposito F, Magro F, Cavallo 
LM, Solari D, Stella L, et al. Natura abhor-
ret a vacuo--use of fibrin glue as a filler 
and sealant in neurosurgical “dead spaces”. 
Technical note. Acta Neurochir (Wien). 2010 
May;152(5):897–904. 

62.	 Burkett CJ, Patel S, Tabor MH, Padhya T, 
Vale FL. Polyethylene glycol (PEG) hydro-
gel dural sealant and collagen dural graft 
matrix in transsphenoidal pituitary sur-
gery for prevention of postoperative cer-
ebrospinal fluid leaks. J Clin Neurosci. 2011 
Nov;18(11):1513–7. 

63.	 Eloy JA, Choudhry OJ, Friedel ME, Kuperan 
AB, Liu JK. Endoscopic nasoseptal flap repair 
of skull base defects: is addition of a dural 
sealant necessary? Otolaryngol Neck Surg. 
2012 Jul;147(1):161–6. 

64.	 Pereira EAC, Grandidge CA, Nowak VA, 
Cudlip SA. Cerebrospinal fluid leaks after 
transsphenoidal surgery – Effect of a poly-
ethylene glycol hydrogel dural sealant. J 
Clin Neurosci. 2017 Oct;44:6–10. 

65.	 Ganesh PB, Basavarajaiah BM, Rudrappa 
BA, Kasaragod SK. Cerebrospinal fluid rhi-
norrhoea: does fibrin glue change the 
surgical outcome? J Laryngol Otol. 2020 
Jul;134(7):582–5. 

66.	 Laufe r  I ,  Anand VK ,  S chwar tz  TH . 
Endoscopic, endonasal extended trans-
sphenoidal, transplanum transtubercu-
lum approach for resection of suprasellar 
lesions. J Neurosurg. 2007 Mar;106(3):400–6. 

67.	 Sautter NB, Batra PS, Citardi MJ. Endoscopic 
management of sphenoid sinus cerebro-
spinal fluid leaks. Ann Otol Rhinol Laryngol. 
2008 Jan;117(1):32-9.  

68.	 Mohindra S ,  Mohindra S ,  Gupta K . 
Endoscopic repair of CSF rhinorrhea: 
necessity of fibrin glue. Neurol India. 
2013;61(4):396. 

69.	 Asmaro K, Yoo F, Yassin-Kassab A, Bazydlo M, 
Robin AM, Rock JP, et al. Sinonasal packing 
is not a requisite for successful cerebro-
spinal fluid leak repair. J Neurol Surg Part B 
Skull Base. 2022 Oct;83(05):476–84. 

70.	 Lee TJ, Huang CC, Chuang CC, Huang SF. 
Transnasal endoscopic repair of cerebrospi-
nal fluid rhinorrhea and skull base defect: 
ten-year experience: Laryngoscope. 2004 
Aug;114(8):1475–81. 

71.	 K han DZ ,  M arcus  HJ ,  Hors fa l l  HL , 
Bandyopadhyay S, Schroeder BE, Patel V, et 
al. CSF rhinorrhoea after endonasal inter-
vention to the skull base (CRANIAL) - part 
1: multicenter pilot study. World Neurosurg. 

2021 May;149:e1077–89. 
72.	 Yano S, Tsuiki H, Kudo M, Kai Y, Morioka M, 

Takeshima H, et al. Sellar repair with resorb-
able polyglactin acid sheet and fibrin glue 
in endoscopic endonasal transsphenoidal 
surgery. Surg Neurol. 2007 Jan;67(1):59–64. 

73.	 Hor iguchi  K ,  Murai  H,  Hasegawa Y, 
Hanazawa T,  Yamak ami  I ,  Saek i  N . 
Endoscopic endonasal skull base recon-
struction using a nasal septal flap: surgi-
cal results and comparison with previous 
reconstructions. Neurosurg Rev. 2010 
Apr;33(2):235–41. 

74.	 Bosnjak R, Benedicic M, Vittori A. Early out-
come in endoscopic extended endonasal 
approach for removal of supradiaphrag-
matic craniopharyngiomas: a case series 
and a comprehensive review. Radiol Oncol. 
2013 Sep 1;47(3):266–79. 

75.	 Hsu AK, Singh A, Bury S, Schwartz TH, 
Anand VK, Kacker A. Endoscopic cerebrospi-
nal fluid leak closure in an infected field. Am 
J Rhinol Allergy. 2015 Jul;29(4):305–8. 

76.	 Zeden JP, Baldauf J, Schroeder HWS. Repair 
of the sellar floor using bioresorbable poly-
dioxanone foils after endoscopic endonasal 
pituitary surgery. Neurosurg Focus. 2020 
Jun;48(6):E16. 

77.	 Tosaka M, Prevedello DM, Yamaguchi R, 
Fukuhara N, Miyagishima T, Tanaka Y, et al. 
Single-layer fascia patchwork closure for the 
extended endoscopic transsphenoidal tran-
stuberculum transplanum approach: deep 
suturing technique and preliminary results. 
World Neurosurg. 2021 Nov;155:e271–84. 

78.	 Solari D, d’Avella E, Agresta G, Catapano D, 
D’Ecclesia A, Locatelli D, et al. Endoscopic 
endonasal approach for infradiaphragmatic 
craniopharyngiomas: a multicentric Italian 
study. J Neurosurg. 2022 Jul 1;1–11. 

79.	 Yu S, Karsy M, Prashant GN, Barton B, Rosen 
MR, Parkes W, et al. Minimally invasive endo-
scopic approaches to pediatric skull base 
pathologies. Int J Pediatr Otorhinolaryngol. 
2022 Nov;162:111332. 

80.	 Lai LT, Trooboff S, Morgan MK, Harvey RJ. 
The risk of meningitis following expanded 
endoscopic endonasal skull base surgery: a 
systematic review. J Neurol Surg Part B Skull 
Base. 2014 Feb;75(1):18–26. 

81.	 Little AS, Kelly D, Milligan J, Griffiths C, 
Prevedello DM, Carrau RL, et al. Predictors of 
sinonasal quality of life and nasal morbidity 
after fully endoscopic transsphenoidal sur-
gery. J Neurosurg. 2015 Jun 1;122(6):1458–
65. 

82.	 Abiri A, Nguyen TV, Li JY, et al. The impact 
of nasal packing on skull base reconstruc-
tion and quality-of-life outcomes following 
endoscopic skull base surgery. Int Forum 
Allergy Rhinol. 2023 Jul 28.

83.	 Ph i l l i p s  K M ,  Tu r n e r  MT,  K u a n  E C . 
Preoperative, technical, and postoperative 
considerations for skull base reconstruc-
tion: a practical review of critical concepts. 
Rhinology. 2023;61(5):386-403.



341

Risk factors in ESBS repair 

Edward C. Kuan, MD, MBA

Department of Otolaryngology

Head and Neck Surgery

University of California

Irvine Medical Center

101 The City Drive South

Orange, CA 92868

USA

Tel: +1-714 456-5753

Fax: +1-714 456-5747 

E-mail: eckuan@uci.edu

Arash Abiri1, Benjamin F. Bitner1, Theodore V. Nguyen1, Jonathan C. Pang1, 
Kelsey M. Roman1, Milind Vasudev1, Dean D. Chung1, Siddhant H. Tripathi3, 
Jacob C. Harris4, Nikitha Kosaraju5, Ryan M. Shih6, Myungjun Ko6, Jessa E. 
Miller5, Jennifer E. Douglas4, Daniel J. Lee7, Jacob G. Eide8, Rijul S. Kshirsagar9, 
Katie M. Phillips3, Ahmad R. Sedaghat3, Marvin Bergsneider6, Marilene B. 
Wang5, James N. Palmer4, Nithin D. Adappa4, Frank P.K. Hsu2, Edward C. Kuan1,2

1 Department of Otolaryngology-Head and Neck Surgery, University of California, Irvine, Orange, CA, USA

2 Department of Neurological Surgery, University of California, Irvine, Orange, CA, USA

3 Department of Otolaryngology-Head and Neck Surgery, University of Cincinnati College of Medicine, Cincinnati, OH, USA 

4 Department of Otorhinolaryngology-Head and Neck Surgery, Perelman School of Medicine, University of Pennsylvania, 

Philadelphia, PA, USA

5 Department of Head and Neck Surgery, David Geffen School of Medicine at UCLA, Los Angeles, CA, USA

6 Department of Neurosurgery, David Geffen School of Medicine at UCLA, Los Angeles, CA, USA

7 Department of Otolaryngology-Head and Neck Surgery, Harvard Medical School, Boston, MA, USA

8 Department of Otolaryngology-Head and Neck Surgery, Henry Ford Health System, Detroit, MI, USA

9 Department of Head and Neck Surgery, Kaiser Permanente Redwood City Medical Center, Redwood City, CA, USA

Rhinology 62: 3, 330 - 341, 2024 

https://doi.org/10.4193/Rhin23.267

*Received for publication:

July 26, 2023

Accepted: December 28, 2023 

Assocociate Editor: 

Ahmad Sedaghat

This study was presented as a 

podium at the European Rhinologic 

Society/International Society of 

Inflammation and Allergy of the 

Nose Meeting in Sofia, Bulgaria on 

June 19, 2023.


