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Anatomical Risk Factors for Intraoperative Cerebrospinal Fluid Leaks During
Transsphenoidal Surgery for Pituitary Adenomas
Alvaro Campero1,2, Juan F. Villalonga2,3, Armando Basso4

BACKGROUND: Cerebrospinal fluid (CSF) fistulas are
among the most clinically important and frequent complications of transsphenoidal surgery for pituitary adenomas.
Between the adenoma and the CSF, a “barrier” exists that
consists of £3 elements. These, from cephalad to caudad, are
the arachnoid, dura mater (sellar diaphragm), and pituitary
glandular tissue. The objective of the present study was to
determine whether the presence or absence of any of these 3
anatomical elements would be associated with the development of an intraoperative CSF fistula.

-

METHODS: From November 2016 to June 2018, 40 patients
with pituitary adenomas underwent surgery, by transsphenoidal endonasal access, under a microscope. All
procedures were filmed in 3 dimensions. The intraoperative
findings and preoperative magnetic resonance images were
analyzed and compared. The patients who had developed a
fistula were compared against those who had not.

-

RESULTS: In 20 patients, glandular tissue was identified
between the tumor and subarachnoid space. In 13, dura
mater was evident, and in 7, only the arachnoid was noted.
An intraoperative CSF fistula occurred in 6 patients, all of
whom had the arachnoid as the only barrier. The presence
of a fistula was significantly more likely statistically for
patients with an arachnoid-only barrier than for those with
any other barrier composition (P < 0.001).

-

CONCLUSIONS: The anatomical architecture forming
the roof of the pituitary fossa is an important determinant of
intraoperative CSF fistula risk. When the barrier consists of
only the arachnoid, the risk will be significantly greater

than when the barrier contains additional elements. Preoperative magnetic resonance imaging would be useful to
determine the type of the existing barrier.

INTRODUCTION

C

ephalous cerebrospinal ﬂuid (CSF) ﬁstulas are 1 of the
most clinically important and frequent complications of
transsphenoidal surgery for pituitary adenomas,1 whether
performed using microscopic techniques,2 assisted endoscopy,3 or
endoscopy alone.4,5 Several risk factors for CSF ﬁstulas have been
described.2 In addition, several reports have proposed a range of
surgical techniques designed to prevent this complication.6-20 To
date, however, no contemporary studies have reported on how the
anatomical structure of the subarachnoid tumorespace interface
might be a determinant of intraoperative CSF ﬁstula risk.
Between the adenoma and the CSF is a “barrier” composed of 3
anatomical structures. Progressing from cephalad to caudad, these
3 structures are the arachnoid, dura mater (i.e., sellar diaphragm),
and pituitary glandular tissue. Of these 3 elements, the only one that
is present in every person is the arachnoid.
The aim of the present study was to determine, by retrospectively analyzing 3-dimensional (3D) surgical videos and operative
ﬁndings, whether the presence or absence of any of these 3
anatomical components of the "barrier" would be associated with
the presence of an intraoperative CSF ﬁstula.

-
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METHODS
From November 2016 to June 2018, 40 patients with pituitary adenomas underwent surgery for adenoma resection. In each case, the
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identiﬁed between the tumor and subarachnoid space in 13
(7 macroadenomas and 6 microadenomas). Finally, only arachnoid
tissue was present in 7 patients (4 macroadenomas and 3
microadenomas). In 6 patients, a CSF ﬁstula developed
intraoperatively (3 macroadenomas and 3 microadenomas). The
common anatomical feature for all 6 intraoperative ﬁstula cases was
that the interface between the tumor and subarachnoid space
consisted only of arachnoid tissue. All 6 CSF ﬁstulas had been
closed at the end of surgery using fat and ﬁbrin glue. Of the 6
patients, 5 experienced no further problems postoperatively.
However, repeat surgery was required for the sixth patient to achieve
a favorable result.
An association was established between the thickness of the
barrier identiﬁed on the preoperative MRI scans and the barrier’s
constitution intraoperatively (Figure 1A). In patients whose barrier
was >1 mm thick on the preoperative MRI scan, the presence of
glandular tissue or dura mater (“strong” barrier) was always
corroborated intraoperatively (Figures 2e5). In the patients
whose barrier was <1 mm thick on the preoperative MRI scan,
intraoperatively, the barrier was always found to be limited to
arachnoid tissue (“weak” barrier; Figures 6 and 7).
The presence of an intraoperative CSF ﬁstula was signiﬁcantly
more likely in patients with a “weak” barrier composed only of
arachnoid tissue (85.7% vs. 0%; P < 0.001; Figure 1B). The
thickness of the barrier on MRI was an accurate indicator of the
barrier’s actual composition.

surgeon used the transsphenoidal endonasal route and microscopic
techniques. All surgeries were performed by the same surgeon
(A.C.) and ﬁlmed in 3 dimensions (Blackmagic Micro Cinema
cameras; 1920  1080, 1080p24 frames per second; constructed by
Blackmagic Design, Port Melbourne, Victoria, Australia). According
to the intraoperative ﬁndings of the tumorecistern interface, 2 types
of “barriers” were identiﬁed: 1 consisting of the arachnoid, sellar
diaphragm, and/or pituitary glandular tissue (i.e. a “strong” barrier)
and 1 consisting only of the arachnoid (i.e. a “weak” barrier). The
intraoperative ﬁndings and preoperative magnetic resonance
imaging (MRI) ﬁndings were compared using a speciﬁc MRI protocol for the sellar region. The MRI protocol included sagittal and
coronal slices from T1-weighted volumetric sequences, with and
without contrast, and axial and sagittal slices of the sellar region
from T2-weighted, ﬂuid-attenuated inversion recovery, diffusionweighted imaging, and echo spin gradient sequences (Signa HDxt
1.5T Resonator [GE Healthcare, Chicago, Illinois, USA]).21 The
Kodak Carestream PACSeClient Suite, version 10, software
(Kodak, Rochester, New York, USA) was used to measure the
“barrier.” The measurements were taken in the cephalocaudal direction on different serial sections of the coronary and sagittal
planes.
For statistical analysis, the patients were divided into 2 groups:
those with a barrier <1 mm in width on the preoperative MRI
scans and those with a barrier >1 mm in width measured on the
T1-weighted volumetric sequences. All 3D videos and MRI scans
were evaluated by the senior author (A.B.).

DISCUSSION
RESULTS

Transsphenoidal surgery has been recognized as a very safe and
effective approach to the sellar region.22 Among the various
complications of transsphenoidal surgery, CSF ﬁstulas have been
the main cause of morbidity.23 The incidence rates of CSF ﬁstulas
diagnosed in the immediate postoperative period have varied
widely, from 0.1% to 17%. However, the incidence has been <5%
in many series in which this complication has been reported.24-27
The risk of meningitis in a patient with an active CSF ﬁstula has

Of the 40 treated patients, 25 had macroadenomas and 15 had
microadenomas. Of the 25 macroadenomas, 19 were nonfunctional
tumors and 6 were associated with acromegaly. Of the 15 microadenomas, 9 were associated with acromegaly and 5 with Cushing’s
syndrome; 1 was a prolactinoma (Table 1). Of the 40 patients, glandular
tissue was evident between the tumor and the subarachnoid space in
20 (14 macroadenomas and 6 microadenomas). Dura mater was

Table 1. Preoperative Patient and Tumor Characteristics and Their Relationship with Cerebrospinal Fluid Fistulas
BMI (kg/m2)

Tumor Characteristic
>25 (High)
Size

Status

<25 (Normal or Low)

With CSF Leak

Without CSF Leak

With CSF Leak

Without CSF Leak

0

2

2

5

Microadenoma (n ¼ 15)
GH producing (n ¼ 9)
ACTH producing (n ¼ 5)

1

4

0

0

PRL producing (n ¼ 1)

0

0

0

1

Nonfunctioning (n ¼ 19)

0

1

2

16

GH producing (n ¼ 6)

0

0

1

5

Macroadenoma (n ¼ 25)

BMI, body mass index; CSF, Cerebrospinal fluid; GH, growth hormone; ACTH, adrenocorticotropic hormone; PRL, prolactin.
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They concluded that the only risk factor consistently associated with
a greater risk of CSF ﬁstula was intraventricular extension of the
tumor.32 Other studies have supported the hypothesis that a high
body mass index (BMI) is an independent risk factor for CSF
ﬁstula formation.23,33 In our experience, a high BMI was not a signiﬁcant and independent risk factor because only one patient with a
high BMI developed an intraoperative CSF ﬁstula (Table 1).
Regarding the surgeon’s learning curve as a risk factor for CSF
ﬁstula, several investigative groups have studied this as an issue
of interest, with many considering 100 procedures necessary for a
surgeon to achieve a stable surgical plateau.34
We believe that the structure of the interphase between the
tumor and the sellar cistern might be more important than the
size or suprasellar extension of the tumor in the genesis of an
intraoperative CSF ﬁstula. To the best of our knowledge, however,
the present study is the ﬁrst to consider anatomical factors as
potential predictors of intraoperative CSF ﬁstulas.

Figure 1. Statistical data regarding the barrier. (A) Threshold of the barrier
on preoperative magnetic resonance imaging (MRI) and composition
intraoperatively. (B) Presence of intraoperative cerebrospinal fluid (CSF)
fistulas and composition of the barrier intraoperatively.

been 19%.28 In addition, the placement of a lumbar drainage tube is
an invasive procedure that carries its own risks.29
Our team has found it useful to differentiate, in the registries,
between intraoperative and postoperative ﬁstula rates. Strickland
et al.1 reported a series of patients, 37.4% of whom developed an
intraoperative ﬁstula and 2.6% still had a ﬁstula postoperatively.
In our series, the corresponding rates were 15.0% and 2.5%.
Currently, several techniques for CSF anti-ﬁstula reconstruction
for use with the endoscopic endonasal approach are being greatly
promoted.6-20 These have included multiple layers; combining fat,
fascia lata, and septal cartilage; pedunculated ﬂaps; dural substitutes; and nonautologous materials.28 In addition, other reported
studies have had, as their primary objective, the early identiﬁcation
of CSF ﬁstulas and, for example, assessed the utility of intrathecal
ﬂuorescein dye to demonstrate an intraoperative ﬁstula30 and the
presence of pneumocephalus on postoperative computed
tomography,31 among others.
Of the studies that reported the preoperative determinants of CSF
ﬁstula development, the study by Lobatto et al.32 deserves special
mention. After conducting a systematic review of the reported
data, they analyzed each factor in sequence, beginning with the
demographic and morphometric factors (e.g., age, gender, and
body mass index), tumor characteristics (e.g., size or volume,
extent, histopathologic features), and treatment-related factors
(e.g., previous surgery, use of radiation, surgeon learning curve).
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Sellar Anatomy: A New Predictive Factor
The anatomy of the roof of the pituitary fossa is highly variable.35 In
a previous study of the sellar diaphragm anatomy, performed using
20 adult cadavers, the opening of the diaphragm was classiﬁed as
small (<4 mm) in 20% of cases, intermediate (4e8 mm) in 40%,
and large (>8 mm)in 40%.35 This anatomical knowledge,
together with the intraoperative ﬁndings from the present series,
have aroused our interest in the systematic study of the anatomy
of the pituitary fossa roof in the context of hypophysis adenomas
to determine whether the same variability in barrier composition
plays a predictive role similar to that for CSF ﬁstulas.
From our intraoperative ﬁndings, their correlation with the
preoperative MRI ﬁndings, and the later corroboration by a senior neurosurgeon (A.B.) examining the 3D videos of the procedures, we believe that between the tumor and the
subarachnoid space just 3 tissues will be interposed: glandular
pituitary tissue and the dura mater of the sellar diaphragm, with
the presence of both inconsistent, and the arachnoid, which will
always be present. Therefore, the only constant component of
the interface between the tumor and the CSF will be the
arachnoid.
In all 6 patients in our series who developed a CSF ﬁstula
intraoperatively, a weak barrier, consisting only of the arachnoid,
was identiﬁed at the tumoreCSF interface. Moreover, these were 6
of just 7 patients with this anatomical architecture, resulting in a
high percentage (87%) that signiﬁcantly greater than the 0% rate
observed for all other patients, with 99.9% conﬁdence
(P < 0.001).
Usefulness of Knowing the Anatomical Risk Factor
We believe consider that identifying those patients with a high risk
of developing an intraoperative CSF ﬁstula preoperatively would be
useful for surgical planning and choosing the best technique. For
example, one could plan the type of ﬂap to be created and foresee
which materials would be necessary for the reconstructive phase.
The latter is especially important in developing countries owing to
the limited availability of certain resources (e.g., synthetic sealants). In addition, the knowledge of a high risk of an intraoperative CSF ﬁstula in relationship to the patient’s own anatomy
could be important when discussing their case with the patient
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Figure 2. Views of a patient with a nonfunctioning
macroadenoma. (A, B) Preoperative magnetic
resonance images; the yellow arrows indicate the
barrier, which captured contrast with a thickness >1

(e.g., postoperative nasal symptoms, operative time, postoperative
CSF ﬁstula risk) and could have legal implications in the postoperative period.
At present, with the advances in MRI, various structures of the
sellar region can be identiﬁed, and the barrier located at the roof
of the pituitary fossa can be measured. This would useful for
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mm. (CeF) Intraoperative images showing the barrier
composed of glandular tissue. (G, H) Postoperative
magnetic resonance images.

estimating the risk of intraoperative CSF leaks and explaining such
risks to the patient.
Endoscopic View of Pituitary Fossa Roof: The Next Step
In 1963, Guiot et al.36 ﬁrst proposed the use of the endoscope as part
of the transnasorhinoseptal microsurgical approach to explore the
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Figure 3. Views of a macroadenoma in an acromegalic
patient in the context of an empty sella turcica. (A, B)
Preoperative magnetic resonance images; the yellow
arrows indicate the barrier, which captured contrast

sellar contents. However, this idea remained unrecognized until the
further contribution of Apuzzo et al.36 in 1977. The use of the
endoscope in transsphenoidal surgery was reconsidered as a
result of advances in optical technology that permitted the

WORLD NEUROSURGERY -: e1-e10, - 2019

with a thickness >1 mm. (CeF) Intraoperative images
showing the barrier composed of glandular tissue. (G,
H) Postoperative magnetic resonance images.

development of adequate endoscopic instrumentation and the
widespread use of endoscopes in nasal and paranasal sinus
surgery by otolaryngologists. Some investigators have described
an endoscope-assisted technique (i.e., the use of the endoscope
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Figure 4. Views of a patient with a nonfunctioning
macroadenoma. (A, B) Preoperative magnetic
resonance images; the yellow arrows indicate the
barrier, which captured contrast with a thickness >1

to complement the microscope in the early or late stages of a
traditional procedure). “Pure” endoscopic endonasal transsphenoidal surgery, with the endoscope used alone throughout the
approach to visualize the surgical trajectory and the surgical target
area, has been described in detail by Jho and Carrau.36
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mm. (CeF) Intraoperative images showing the barrier
composed of dura mater. (G, H) Postoperative
magnetic resonance images.

The endoscopic endonasal technique brings advantages to the
patient (e.g., less nasal traumatism, less postoperative pain), to
the surgeon (e.g., wider and closer view of the surgical target area,
increased scientiﬁc activity, smoothing of interdisciplinary cooperation), and to the institution (e.g., shorter postoperative hospital
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Figure 5. Views of a microadenoma in an acromegalic
patient. (A, B) Preoperative magnetic resonance
images; the yellow arrows indicate the barrier, which
captured contrast with a thickness >1 mm. (CeF)

stay, increased case load).37 However, the endoscopic endonasal
technique has some limits. This procedure is technically
demanding and requires some additional speciﬁc endoscopic
skills. The endoscope provides a 2-dimensional view, and the
surgeon must overcome the inferior depth perception using

WORLD NEUROSURGERY -: e1-e10, - 2019

Intraoperative images showing the barrier composed of
dura mater. (G, H) Postoperative magnetic resonance
images.

“in-and-out” movements of the endoscope with the aim of identifying the main surgical landmarks. However, in the presence of a
presellar or conchal sphenoid sinus, which will provide a paucity
of anatomical landmarks, use of an image-guidance neuronavigation system could be very useful to guide the procedure.37
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Figure 6. Views of a macroadenoma in an acromegalic
patient. (A, B) Preoperative magnetic resonance
images; the red arrows mark the barrier, which was <1

Our patients underwent surgery with the microscopic
technique, and our series was evaluated retrospectively, with
all the imperfections that this method presents. New studies
with a greater casuistry and using the endoscopic technique
would serve to corroborate the conclusions proposed in
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mm thick. (CeF) Intraoperative images showing the
barrier composed solely of arachnoid tissue. (G, H)
Postoperative magnetic resonance images.

the present study. It is not minor to note that an
intraoperative CSF leak is the consequence, at least in
some cases, of an anatomical defect of the roof of the pituitary
fossa of the patient and not the technique used by the
neurosurgeon.
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Figure 7. Views of a microadenoma in a patient with
Cushing syndrome. (A, B) Preoperative magnetic
resonance images; the red arrows mark the smallest
barrier at 1 mm in thickness. (CeF) Intraoperative

CONCLUSIONS
We believe that the anatomical architecture of the pituitary fossa
roof is an important determinant of intraoperative CSF ﬁstula
risk during transsphenoidal surgery for pituitary adenomas.
When glandular tissue and/or dura mater (sellar diaphragm) is

WORLD NEUROSURGERY -: e1-e10, - 2019

images showing the barrier composed solely of
arachnoid tissue. (G, H) Postoperative magnetic
resonance images.

present, a true antiﬁstula barrier will be present. In contrast,
when only the arachnoid tissue is present, the risk of an intraoperative CSF ﬁstula will be signiﬁcantly increased. The use of
preoperative MRI can be useful to determine which type of
barrier is present.
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