
Elevated body mass index and risk of postoperative CSF leak
following transsphenoidal surgery

Brian J. Dlouhy, M.D.1, Karthik Madhavan, M.D.1, John D. Clinger, M.D.2, Ambur Reddy,
M.D.1, Jeffrey D. Dawson, ScD.3, Erin K. O’Brien, M.D.2, Eugene Chang, M.D.2, Scott M.
Graham, M.D.2, and Jeremy D. W. Greenlee, M.D.1
1Department of Neurosurgery, University of Iowa Hospitals and Clinics, Iowa City, Iowa
2Department of Otolarynology, University of Iowa Hospitals and Clinics, Iowa City, Iowa
3Department of Biostatistics (College of Public Health), University of Iowa Hospitals and Clinics,
Iowa City, Iowa

Abstract
Object—Postoperative CSF leakage can be a serious complication after a transsphenoidal
surgical approach. An elevated body mass index (BMI) is a significant risk factor for spontaneous
CSF leaks. However, there is no evidence correlating BMI with postoperative CSF leak after
transsphenoidal surgery. The authors hypothesized that patients with elevated BMI would have a
higher incidence of CSF leakage complications following transsphenoidal surgery.

Methods—The authors conducted a retrospective review of 121 patients who, between August
2005 and March 2010, underwent endoscopic endonasal transsphenoidal surgeries for resection of
primarily sellar masses. Patients requiring extended transsphenoidal approaches were excluded. A
multivariate statistical analysis was performed to investigate the association of BMI and other risk
factors with postoperative CSF leakage.

Results—In 92 patients, 96 endonasal endoscopic transsphenoidal surgeries were performed that
met inclusion criteria. Thirteen postoperative leaks occurred and required subsequent treatment,
including lumbar drainage and/or reoperation. The average BMI of patients with a postoperative
CSF leak was significantly greater than that in patients with no postoperative CSF leak (39.2 vs
32.9 kg/m2, p = 0.006). Multivariate analyses indicate that for every 5-kg/m2 increase in BMI,
patients undergoing a transsphenoidal approach for a primarily sellar mass have 1.61 times the
odds (95% CI 1.10–2.29, p = 0.016, by multivariate logistic regression) of having a postoperative
CSF leak.

Conclusions—Elevated BMI is an independent predictor of postoperative CSF leak after an
endonasal endoscopic transsphenoidal approach. The authors recommend that patients with BMI
greater than 30 kg/m2 have meticulous sellar reconstruction at surgery and close monitoring
postoperatively.
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The transsphenoidal approach to the sella19 allows access to and treatment of sellar masses
including pituitary tumors,26 craniopharyngiomas,17,18,27 Rathke cleft cysts,2 and many
other mass lesions that impinge upon the optic chiasm superiorly. However, this approach is
not without risks. Cerebrospinal fluid leakage22 is a complication that can cause significant
morbidity and long-term consequences due to meningitis and need for further invasive
procedures. After mass resection and depending on intraoperative findings, sellar
reconstruction is often important for prevention of postoperative CSF leaks.6,9,23 However,
no reconstruction technique has been shown to be superior to another.6 In addition to proper
sellar reconstruction, understanding the additional risk factors associated with postoperative
CSF leakage is important for limiting this significant complication.

Obesity is an increasing public health problem in the US and is associated with significant
morbidity.31 In 2007–2008, the prevalence of obesity was 32.2% among adult men and
35.5% among adult women, where “overweight” was defined as a BMI of 25.0 to 29.9 and
“obese” was defined as a BMI of 30.0 or higher.11 Obesity places individuals at risk for a
host of medical problems including cardiovascular disease,16 diabetes,11 and cancer.37 With
regard to neurological/neurosurgical disorders, obesity is associated with both idiopathic
intracranial hypertension24 and spontaneous CSF rhinorrhea.8 Recent studies investigating
the risk factors associated with spontaneous CSF leaks revealed that ICP elevation,8,38 an
underlying diagnosis of idiopathic intracranial hypertension,39 and an elevated BMI8 are all
significant risk factors.

Observation and anecdotal evidence from others suggest a plausible link between BMI and
CSF leak after transsphenoidal surgery. However, to date there is no reported evidence
correlating BMI with postoperative CSF leak after transsphenoidal surgery42 Given the
recent evidence associated with spontaneous CSF leaks, we hypothesized that patients with
elevated BMI would have a higher incidence of CSF leak complications following
transsphenoidal surgery. To test this hypothesis, we retrospectively examined all patients
who underwent a transsphenoidal approach for pituitary mass resection at our institution to
evaluate whether increased BMI correlated with increased rates of postoperative CSF leaks.

Methods
Patient Population

A total of 121 patients underwent endoscopic endonasal transsphenoidal surgeries between
August 2005 and March 2010 at our institution. Only patients who underwent
transsphenoidal approaches for resection of primarily sellar masses and had a minimum 4
weeks of follow-up were included. Patients requiring extended transsphenoidal approaches
with large arachnoidal openings were excluded given the significant difference in surgical
approach, sellar reconstruction, and the rate of postoperative CSF leakage.

All patients were treated by a single neurosurgeon (J.D.W.G.). After the study was approved
by the University of Iowa Institutional Review Board, all inpatient and outpatient records
were retrospectively reviewed, and the following information was recorded: patient age, sex,
BMI at the time of surgery, histopathological diagnosis, presence of Cushing disease, tumor
volume and type (primary or recurrent), sellar/suprasellar remnant, cavernous remnant,
sphenoid packing, use of intraoperative lumbar drain or lumbar puncture, intraoperative CSF
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leakage, and postoperative CSF leakage. Intraoperative CSF leaks were determined using
intraoperative records, and postoperative CSF leaks were determined by clinical evidence of
CSF rhinorrhea.

Surgical Technique
All patients underwent an endonasal endoscopic transsphenoidal approach to the sella in
which rigid endoscopes and instrumentation were used. In each case, the otolaryngology
team provided access to the sphenoid sinus bilaterally. The middle turbinates were
lateralized and not routinely resected. A posterior septectomy was created, removing mucosa
and bone, and a sphenoidotomy was enlarged with a microdebrider. Typically, diamond burs
were used to bur down the posterior septum, thin it out, and enlarge the sphenoidotomy.
Through the sphenoidotomy, the back wall of the sphenoid sinus and both opticocarotid
recesses were visualized. Frameless stereotaxy (Stealth, Medtronic, Inc.) was used to
confirm the borders of the sella, including the carotid arteries laterally.

The anterior sella was opened with a high-speed drill and enlarged with rongeurs. A cruciate
dural incision was made, and tumors were resected with suction and ring curettes. After
tumor resection, the sella was reconstructed, typically using abdominal fat autograft
sandwiched between two pieces of synthetic dura. In addition, some patients had their
sphenoid sinus packed with bioresorbable sponges (Nasopore, Stryker, Inc.) to reinforce the
sellar reconstruction.

Statistical Analysis
Descriptive statistics were calculated, and Wilcoxon rank-sum tests (continuous variables)
and Fisher exact tests (dichotomous variables) were used to compare the 2 groups of patients
—those with a postoperative CSF leak and those with no postoperative CSF leak. Logistic
regression was used to assess predictors of postoperative CSF leakage, with exact
(permutation-based) logistic regression used for dichotomous risk factors. Patient age, sex,
BMI, the presence of Cushing disease, tumor type and volume/size, sellar/suprasellar
remnant, cavernous remnant, sphenoid packing, intraoperative lumbar drain or lumbar
puncture, and intraoperative CSF leak were initially examined in a series of univariate
analyses followed by a multivariate regression analysis based on a stepwise approach
including univariate analyses with p < 0.20 and p < 0.05 as the cutoff for inclusion in the
final adjusted model. Statistical analyses were conducted with the help of SAS 9.2 software
(SAS Institute, Inc.) and LogXact 8 (Cytel, Inc.).

Results
A total of 96 endonasal endoscopic transsphenoidal surgeries that met inclusion criteria were
performed in 92 patients between August 2005 and March 2010 at our institution (Table 1).
The average age of patients at surgery was 53 years (range 19.8–88.2 years). A total of 50
women and 46 men underwent surgery. A second transsphenoidal surgery for recurrent
tumors was performed in 2 women and 2 men. Overall, 7 patients underwent recurrent
pituitary adenoma resection. The sellar pathology consisted of the following: 88 pituitary
adenomas, 3 Rathke cleft cysts, 1 metastatic lesion, and 4 others (for example, fibrous tissue
or infection). Intraoperative CSF leaks were observed at time of surgery in 41 patients.

Thirteen (13.5%) of the 96 procedures were complicated by postoperative leaks and required
subsequent treatment, including lumbar drainage and/or reoperation. In 1 patient with an
intraoperative leak, a lumbar drain was placed during surgery. In 4 of these 13 patients, no
intraoperative leak was evident at the time of initial surgery but delayed CSF rhinorrhea
occurred on postoperative Days 1, 2, 6, and 7. One morbidly obese patient had surgery twice
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for a recurrence, and a postoperative leak developed on both occasions. The average length
of hospital stay was twice as long for the patients with postoperative leaks (8 days) as for
those with no leaks (4 days).

The average BMI of those patients who suffered a postoperative CSF leak was significantly
greater than that in patients with no postoperative CSF leaks (39.2 vs 32.9 kg/m2, p = 0.006)
(Table 2). Logistic regression results (Table 3) showed that increased BMI was associated
with an increased risk of postoperative CSF leakage, both in unadjusted and adjusted
analyses. We found that for every 5-kg/m2 increase in BMI, patients undergoing a
transsphenoidal approach for a primarily sellar mass have 1.61 times the odds (95% CI
1.10–2.29, p = 0.016) of having postoperative CSF leak, adjusting for age and intraoperative
leak status. None of the patients with a postoperative leak had a normal BMI. Eleven of the
13 patients with a postoperative leak met BMI criteria for obesity (> 30 kg/m2), and 9 of the
13 patients with a postoperative leak met BMI criteria for morbid obesity (> 35 kg/m2). The
female/male ratio with postoperative leak was 10:3. However, no significant difference in
postoperative CSF leakage was found between male and female patients. Among the
patients with an intraoperative CSF leak, the female/male ratio was 22:19 Of the 13 patients
with a postoperative leak, only 1 (7.7%) was diagnosed with Cushing disease. This is similar
in comparison with 4 patients (4.8%) diagnosed with Cushing disease that did not result in a
postoperative leak. There was no significant association of Cushing disease with
postoperative CSF leak in our transsphenoidal series.

Additional risk factors beyond BMI that entered our final model (right column of Table 3)
included younger age (p = 0.008) and intraoperative CSF leakage (p = 0.034) after adjusting
for the additional factors. Although it did not enter into the final model, sphenoid sinus
packing also approached significance (p = 0.055, adjusting for age and BMI, Table 3).

Discussion
Risk of CSF Leak With Transsphenoidal Approach to the Sella

The transsphenoidal approach to the sella turcica, based on the foundations laid by Hirsch25

and Cushing, is a procedure that began in the early 20th century but was plagued by CSF
leakage and infection29 The transsphenoidal approach popularized by Cushing was
abandoned in the 1930s in the US for many years due to the significant risk of infection and
success of alternative transcranial approaches.29 With the help of antibiotics and better
techniques, the risk of CSF rhinorrhea and meningitis was considerably reduced, and the
transsphenoidal approach gained popularity again in the US in the 1970s.29

The use of the endoscope in neurosurgical procedures began in the early 1900s.13 However,
it was not until the technical advances in the 1970s, 1980s, and 1990s that the endoscope
became useful and effective as a neurosurgical tool.13 With better endoscopes providing
better visualization for otorhinolaryngologists in the treatment of sinus disease,
neurosurgeons adopted this instrument for the transsphenoidal approach and pituitary tumor
resection.20 Now, the endonasal endoscopic transsphenoidal approach for resection of sellar
and parasellar lesions is commonplace.

Even with advances in antibiotics, endoscopic visualization, and operative techniques, the
risk of a CSF leak remains,6 and the possibility of meningitis can lead to significant
morbidity and mortality. A better understanding of the risk factors associated with
postoperative CSF rhinorrhea may help to lessen this surgical complication. We observed a
greater prevalence of postoperative CSF leakage in our patient population treated with
transsphenoidal surgeries than has been reported in the literature. This provided the impetus
for analyzing unexplored risk factors that may be unique in our patient population.
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Obesity and Increased Risk of Spontaneous CSF Leaks
Obesity is a major cause of morbidity and mortality in the US and is a growing problem, as
the rates of obesity have doubled in adults and tripled in children since 198010 Various
studies have demonstrated that patients with spontaneous CSF leaks have an elevated BMI.
A study examining risk factors for spontaneous CSF leaks showed that 14 of 15 patients
with spontaneous CSF leaks were noted to have an elevated BMI with 5 of those patients
being overweight (BMI > 24.9) and 9 being obese (BMI > 30).8 Lindstrom and associates28

noted that patients with spontaneous CSF rhinorrhea had a BMI of 33 compared with
patients with iatrogenic CSF rhinorrhea who had a BMI of 29.8. Similarly, Banks et al.4

found that patients with spontaneous CSF leaks had a BMI of 35 or greater. In our study, 4
of the 13 patients with postoperative CSF leaks did not have an observed intraoperative leak
but had a significantly elevated BMI; in 2 of the 4 patients a CSF leak was observed on
postoperative Days 6 and 7, possibly due to a prolonged sustained elevated ICP, which
caused a dehiscence in the sellar reconstruction.

Obesity and Increased ICP
The pathophysiology of IIH is unclear, and different hypothesized mechanisms exist.
Obesity is a notable risk factor for IIH,35 and several factors likely contribute to this
phenomenon. Elevated intraabdominal pressure secondary to visceral obesity has been
demonstrated to increase central venous pressure. Sugerman et al.44 suggest that this
increase in pleural pressure and cardiac filling pressure may impede venous return from the
brain, leading to increased intracranial venous pressure and increased ICP associated with
IIH. In addition, other studies show that various metabolic alterations in obesity21,32

increase the risk of deep venous thrombosis.1,43 The elevated levels of coagulation factors,1

elevated lipoprotein(a) levels,30 elevated plasminogen activator inhibitor–I,15 endothelial
dysfunction, and platelet aggregation abnormality21,32 contribute directly to promoting
coagulation in these patients.1,45 This may lead to occult thrombosis of the cerebral dural
sinuses and microthrombi in the arachnoid granulations.35 Similar to the IIH patients, in our
study the incidence of CSF leakage was higher in the female patients than the male patients.
Although there were no gross coagulation abnormalities in these patients, no further workup
was carried out because these patients did not have any symptoms of IIH. No study has
convincingly demonstrated that an elevated BMI increases ICP in asymptomatic individuals.

Obesity and Transsphenoidal CSF Leak
The reported incidence of postoperative CSF leak after transsphenoidal surgery in the
literature ranges from 1.5%36 to 10.3%.41 The national average of transsphenoidal
postoperative CSF leakage is thought to be 2%–3%.5,12,33 We noted a greater prevalence of
postoperative CSF leaks in our patient population than has been reported in the literature. No
study to date has examined BMI as a risk factor in the incidence of transsphenoidal
postoperative CSF leakage. What prompted us to examine risk factors in our patients were
the reported risks of elevated BMI and spontaneous CSF leakage in other studies, and the
suspected elevated BMI in our population. We statistically demonstrated a greater average
BMI in our patients with CSF leaks than in our patients with no CSF leaks. It is possible that
our cohort had a larger percentage of patients with an elevated BMI compared with others,
contributing to our greater postoperative CSF leakage rate (39.2 kg/m2 [with CSF leakage]
vs 32.9 kg/m2 [no leakage]). The pathophysiology behind this association is only
hypothetical, but one can speculate that a similar pathogenesis associated with elevated BMI
and spontaneous CSF leaks and that IIH may play a role. As with IIH, for which elevated
BMI is a risk factor, increased ICP may lead to dehiscence of the sellar reconstruction.
Patients with IIH can have markedly elevated ICP on a chronic basis, yet exhibit few
symptoms.
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In our multivariate analysis, younger age also conferred risk for postoperative CSF leakage
in our patients. Interestingly, patients that present with IIH are of a younger age as well.
Although the significance is unknown, we can speculate that younger age may also play a
role in altering the ICP. Additionally, intraoperative CSF leakage conferred a risk for
postoperative CSF leakage. This is not a surprising observation and is consistent with
previous reports after transsphenoidal surgery40,42

Sellar Reconstruction
There are many ways to reconstruct the sella, including “tiered” repairs based on
intraoperative findings.6 For our typical transsphenoidal approach, we use a fat graft
sandwiched between 2 layers of synthetic dura. We position the fat graft so that it partially
resides within the sella and protrudes into the sphenoid sinus. Other groups use a various
combination of fat, fascia, and muscle in addition to other types of synthetic materials to
reconstruct the sella.7 Some have used a dural suture34 for closure of the sella as well as
various other techniques, including incorporation of rigid buttresses such as titanium,3

bone,9 or cartilage to hold the sellar packing in place.7 For larger sellar defects often
encountered after extended transsphenoidal approaches, Hadad et al.14 used the combination
of fascia lata, abdominal fat, mucoperiosteum, and fibrin sealants followed by a vascularized
nasal septal mucosal flap as a final layer, with reinforcement of this construct via an inflated
Foley catheter balloon. To date, there is no good evidence showing that one reconstruction
technique is superior to another.

Our sellar repair has evolved over time, and earlier patients in the series did not routinely
undergo sphenoid sinus packing, whereas in recent patients the sinus is typically filled with
synthetic, bioresorbable sponges. Additionally, in some patients without intraoperative leaks
early in the series we did not use fat autografts. Our practice now is that every patient with a
BMI over 25 kg/m2 undergoes fat grafting as part of the reconstruction. We do not routinely
use dural sealants. As noted, comparisons of variations in sellar repair are lacking.

Study Limitations
As with all retrospective studies, there is an inherent bias compared with prospective studies.
Additionally, the cohort is small in size, which may lead to an inability to demonstrate
additional risk factors in a subgroup analysis. If anything, our study may provide impetus for
larger studies and further investigation into the question of elevated BMI and
transsphenoidal CSF leak.

Conclusions
There is a significant association between elevated BMI and postoperative transsphenoidal
CSF leakage, and an elevated BMI is an independent predictor of a postoperative CSF leak.
We propose certain recommendations that we adopted in our clinical setting to address the
risk of elevated BMI and the transsphenoidal approach. We recommend that patients with
BMI exceeding 30 kg/m2 undergo appropriate preoperative counseling, meticulous sellar
reconstruction at surgery, and close monitoring postoperatively.

Abbreviations used in this paper

BMI body mass index

ICP intracranial pressure

IIH idiopathic intracranial hypertension

Dlouhy et al. Page 6

J Neurosurg. Author manuscript; available in PMC 2012 September 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



References
1. Abdollahi M, Cushman M, Rosendaal FR. Obesity: risk of venous thrombosis and the interaction

with coagulation factor levels and oral contraceptive use. Thromb Haemost. 2003; 89:493–498.
[PubMed: 12624633]

2. Aho CJ, Liu C, Zelman V, Couldwell WT, Weiss MH. Surgical outcomes in 118 patients with
Rathke cleft cysts. J Neurosurg. 2005; 102:189–193. [PubMed: 15739543]

3. Arita K, Kurisu K, Tominaga A, Ikawa F, Iida K, Hama S, et al. Size-adjustable titanium plate for
reconstruction of the sella turcica. Technical note. J Neurosurg. 1999; 91:1055–1057. [PubMed:
10584857]

4. Banks CA, Palmer JN, Chiu AG, O’Malley BW Jr, Woodworth BA, Kennedy DW. Endoscopic
closure of CSF rhinorrhea: 193 cases over 21 years. Otolaryngol Head Neck Surg. 2009; 140:826–
833. [PubMed: 19467398]

5. Cappabianca P, Cavallo LM, Colao A, Del Basso De Caro M, Esposito F, Cirillo S, et al.
Endoscopic endonasal transsphe noidal approach: outcome analysis of 100 consecutive procedures.
Minim Invasive Neurosurg. 2002; 45:193–200. [PubMed: 12494353]

6. Cappabianca P, Cavallo LM, Esposito F, Valente V, De Divitiis E. Sellar repair in endoscopic
endonasal transsphenoidal surgery: results of 170 cases. Neurosurgery. 2002; 51:1365–1372.
[PubMed: 12445341]

7. Couldwell WT, Kan P, Weiss MH. Simple closure following transsphenoidal surgery. Technical
note. Neurosurg Focus. 2006; 20(3):E11. [PubMed: 16599417]

8. Dunn CJ, Alaani A, Johnson AP. Study on spontaneous cerebrospinal fluid rhinorrhoea: its
aetiology and management. J Laryngol Otol. 2005; 119:12–15. [PubMed: 15807955]

9. Fabiano AJ, Rigual NR, Belber CS, Fenstermaker RA. Endoscopic sellar floor reconstruction with
concha bullosa bone autograft and nasal septal flap: technical case report. Minim Invasive
Neurosurg. 2009; 52:86–88. [PubMed: 19452416]

10. Finkelstein EA, Trogdon JG, Cohen JW, Dietz W. Annual medical spending attributable to
obesity: payer- and service-specific estimates. Health Aff (Millwood). 2009; 28:w822–w831.
[PubMed: 19635784]

11. Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in obesity among US adults,
1999–2008. JAMA. 2010; 303:235–241. [PubMed: 20071471]

12. Gondim JA, Schops M, de Almeida JP, de Albuquerque LA, Gomes E, Ferraz T, et al. Endoscopic
endonasal transsphenoidal surgery: surgical results of 228 pituitary adenomas treated in a pituitary
center. Pituitary. 2010; 13:68–77. [PubMed: 19697135]

13. Grosvenor AE, Laws ER. The evolution of extracranial approaches to the pituitary and anterior
skull base. Pituitary. 2008; 11:337–345. [PubMed: 18340536]

14. 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; 116:1882–1886. [PubMed: 17003708]

15. He G, Pedersen SB, Bruun JM, Lihn AS, Jensen PF, Richelse B. Differences in plasminogen
activator inhibitor 1 in subcutaneous versus omental adipose tissue in non-obese and obese
subjects. Horm Metab Res. 2003; 35:178–182. [PubMed: 12734779]

16. Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as an independent risk factor for
cardiovascular disease: a 26-year follow-up of participants in the Framingham Heart Study.
Circulation. 1983; 67:968–977. [PubMed: 6219830]

17. Jane JA Jr, Kiehna E, Payne SC, Early SV, Laws ER Jr. Earl-outcomes of endoscopic
transsphenoidal surgery for adult craniopharyngiomas. Neurosurg Focus. 2010; 28(4):E9.
[PubMed: 20367523]

18. Jane JA Jr, Prevedello DM, Alden TD, Laws ER Jr. The transsphenoidal resection of pediatric
craniopharyngiomas: a case series. Clinical article. J Neurosurg Pediatr. 2010; 5:49–60. [PubMed:
20043736]

19. Jane JA Jr, Thapar K, Kaptain GJ, Maartens N, Laws ER Jr. Pituitary surgery: transsphenoidal
approach. Neurosurgery. 2002; 51:435–444. [PubMed: 12182782]

Dlouhy et al. Page 7

J Neurosurg. Author manuscript; available in PMC 2012 September 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



20. Jho HD, Carrau RL. Endoscopic endonasal transsphenoidal surgery: experience with 50 patients. J
Neurosurg. 1997; 87:44–51. [PubMed: 9202264]

21. Kakafika AI, Liberopoulos EN, Karagiannis A, Athyros VG, Mikhailidis DP. Dyslipidaemia,
hypercoagulability and the metabolic syndrome. Curr Vase Pharmacol. 2006; 4:175–183.

22. Kaptain GJ, Kanter AS, Hamilton DK, Laws ER. Management and implications of intraoperative
cerebrospinal fluid leak in transnasoseptal transsphenoidal microsurgery. Neurosurgery. 2011; 68
(1 Suppl Operative):144–151. [PubMed: 21206313]

23. Kumar A, Maartens NF, Kaye AH. Reconstruction of the sellar floor using Bioglue following
transsphenoidal procedures. J Clin Neurosci. 2003; 10:92–95. [PubMed: 12464532]

24. Kupersmith MJ, Gamell L, Turbin R, Peck V, Spiegel P, Wall M. Effects of weight loss on the
course of idiopathic intracranial hypertension in women. Neurology. 1998; 50:1094–1098.
[PubMed: 9566400]

25. Lanzino G, Laws ER Jr. Pioneers in the development of transsphenoidal surgery: Theodor Kocher,
Oskar Hirsch, and Norman Dott. J Neurosurg. 2001; 95:1097–1103. [PubMed: 11765831]

26. Laws ER, Jane JA Jr. Pituitary tumors—long-term outcomes and expectations. Clin Neurosurg.
2001; 48:306–319. [PubMed: 11692649]

27. Laws ER Jr. Transsphenoidal microsurgery in the management of craniopharyngioma. J
Neurosurg. 1980; 52:661–666. [PubMed: 7373393]

28. Lindstrom DR, Toohill RJ, Loehrl TA, Smith TL. Management of cerebrospinal fluid rhinorrhea:
the Medical College of Wisconsin experience. Laryngoscope. 2004; 114:969–974. [PubMed:
15179197]

29. Liu JK, Das K, Weiss MH, Laws ER Jr, Couldwell WT. The-history and evolution of
transsphenoidal surgery. J Neuro surg. 2001; 95:1083–1096.

30. Marcucci R, Liotta AA, Cellai AP, Rogolino A, Gori AM, Giusti B, et al. Increased plasma levels
of lipoprotein(a) and the risk of idiopathic and recurrent venous thromboembolism. Am J Med.
2003; 115:601–605. [PubMed: 14656611]

31. Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS, et al. Prevalence of obesity,
diabetes, and obesity-related health risk factors, 2001. JAMA. 2003; 289:76–79. [PubMed:
12503980]

32. Nieuwdorp M, Stroes ES, Meijers JC, Büller H. Hypercoagulability in the metabolic syndrome.
Curr Opin Pharmacol. 2005; 5:155–159. [PubMed: 15780824]

33. Nishioka H, Haraoka J, Ikeda Y. Risk factors of cerebrospinal fluid rhinorrhea following
transsphenoidal surgery. Acta Neurochir (Wien). 2005; 147:1163–1166. [PubMed: 16047106]

34. Nishioka H, Izawa H, Ikeda Y, Namatame H, Fukami S, Haraoka J. Dural suturing for repair of
cerebrospinal fluid leak in transnasal transsphenoidal surgery. Acta Neurochir (Wien). 2009;
151:1427–1430. [PubMed: 19499173]

35. Ooi LY, Walker BR, Bodkin PA, Whittle IR. Idiopathic intracranial hypertension: can studies of
obesity provide the key to understanding pathogenesis? Br J Neurosurg. 2008; 22:187–194.
[PubMed: 18348012]

36. Rabadán AT, Hernández D, Ruggeri CS. Pituitary tumors: our experience in the prevention of
postoperative cerebrospinal fluid leaks after transsphenoidal surgery. J Neurooncol. 2009;
93:127131.

37. Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index and incidence of
cancer: a systematic review and meta-analysis of prospective observational studies. Lancet. 2008;
371:569–578. [PubMed: 18280327]

38. Schlosser RJ, Wilensky EM, Grady MS, Bolger WE. Elevated intracranial pressures in
spontaneous cerebrospinal fluid leaks. Am J Rhinol. 2003; 17:191–195. [PubMed: 12962187]

39. Schlosser RJ, Woodworth BA, Wilensky EM, Grady MS, Bolger WE. Spontaneous cerebrospinal
fluid leaks: a variant of benign intracranial hypertension. Ann Otol Rhinol Laryngol. 2006;
115:495–500. [PubMed: 16900803]

40. Seiler RW, Mariani L. Sellar reconstruction with resorbable vicryl patches, gelatin foam, and fibrin
glue in transsphenoidal surgery: a 10-year experience with 376 patients. J Neurosurg. 2000;
93:762–765. [PubMed: 11059655]

Dlouhy et al. Page 8

J Neurosurg. Author manuscript; available in PMC 2012 September 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



41. Senior BA, Ebert CS, Bednarski KK, Bassim MK, Younes M, Sigounas D, et al. Minimally
invasive pituitary surgery. Laryngoscope. 2008; 118:1842–1855. [PubMed: 18806476]

42. Shiley SG, Limonadi F, Delashaw JB, Barnwell SL, Andersen PE, Hwang PH, et al. Incidence,
etiology, and management of cerebrospinal fluid leaks following trans-sphenoidal surgery.
Laryngoscope. 2003; 113:1283–1288. [PubMed: 12897546]

43. Stein PD, Beemath A, Olson RE. Obesity as a risk factor in venous thromboembolism. Am J Med.
2005; 118:978–980. [PubMed: 16164883]

44. Sugerman HJ, DeMaria EJ, Felton WL III, Nakatsuka M, Sismanis A. Increased intra-abdominal
pressure and cardiac filling pressures in obesity-associated pseudotumor cerebri. Neurology. 1997;
49:507–511. [PubMed: 9270586]

45. von Depka M, Nowak-Göttl U, Eisert R, Dieterich C, Barthels M, Scharrer I, et al. Increased
lipoprotein (a) levels as an independent risk factor for venous thromboembolism. Blood. 2000;
96:3364–3368. [PubMed: 11071628]

Dlouhy et al. Page 9

J Neurosurg. Author manuscript; available in PMC 2012 September 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Dlouhy et al. Page 10

TABLE 1

Demographic data in 96 transsphenoidal surgeries

Characteristic No. of Cases (%)

mean age in yrs (range) 53.0 (19.8–88.2)

male sex 46 (47.9)

mean BMI in kg/m2 (range) 33.7 (18.9–61.8)

diagnosis

 pituitary adenoma 88 (91.7)

 connective tissue/infection 4 (4.2)

 Rathke cleft cyst 3 (3.1)

 metastatic lesion 1 (1)

Cushing disease 5 (5.2)

repeat transsphenoidal surgery 7 (7.3)

intraop CSF leak 41 (42.7)

postop CSF leak 13 (13.5)

 lumbar drain 8 (8.3)

 lumbar drain & reop 5 (5.2)
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TABLE 2

Demographic data stratified by presence or absence of postoperative CSF leak

Characteristic

No. of Cases (%)

No Postop CSF Leak (n = 83) Postop CSF Leak (n = 13) p Value*

mean age in yrs (range) 54.6 (19.8–88.2) 42.9 (22.4–73.5) 0.004

male sex 43 (51.8) 3 (23.1) 0.074

mean BMI in kg/m2 (range) 32.9 (18.9–61.8) 39.2 (26.2–55.6) 0.006

diagnosis

 pituitary adenoma 76 (91.6) 12 (92.3) 1.000

 connective tissue/infection 4 (4.8) 0 (0.0) 1.000

 Rathke cleft cyst 2 (2.4) 1 (7.7) 0.357

 metastatic lesion 1 (1.2) 0 (0.0) 1.000

Cushing disease 4 (4.8) 1 (7.7) 0.525

mean mass vol in cm3 (range) 7.0 (0.0–57.6) 4.4 (0.0–17.2) 0.132

sella/suprasellar remnant 43 (51.8) 4 (30.7) 0.234

cavernous remnant 20 (24.1) 2 (15.4) 0.726

sphenoid packing 19 (22.9) 7 (53.8) 0.039

intraop lumbar drain/puncture 0 (0.0) 1 (7.7) 0.135

repeat transsphenoidal surgery 5 (6.0) 2 (15.4) 0.240

intraop leak 32 (38.6) 9 (69.2) 0.067

*
Wilcoxon rank-sum tests (continuous variables) and Fisher exact tests (dichotomous variables) were used to compare the no postoperative CSF

leak group with the postoperative CSF leak group.
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TABLE 3

Risk factor analysis for postoperative CSF leak using logistic regression analysis*

Variable Total No. of Patients

Postoperative CSF Leak (n = 13)

No. (%) Unadjusted OR (95% CI) Adjusted OR (95% CI)

age in yrs, continuous 0.94 (0.89–0.98) 0.93 (0.88–0.98)

sex

 female 50 10 (20) 1.0 —

 male 46 3 (6.5) 0.28 (0.05–1.20) —

BMI in kg/m2, continuous† 1.47 (1.05–2.01) 1.61 (1.10–2.29)

mass vol in cm3, continuous sella/suprasellar
remnant

0.94 (0.84–1.06) —

 no 49 9 (18.4) 1.0 —

 yes 47 4 (7.8) 0.42 (0.09–1.64) —

cavernous remnant

 no 74 11 (14.9) 1.0 —

 yes 22 2 (9.1) 0.58 (0.06–2.99) —

sphenoid packing

 no 70 4 (5.7) 1.0 —

 yes 26 7 (26.9) 3.86 (0.98–15.8) —

intraop lumbar drain/puncture

 no 0 12 (12.6) 1.0 —

 yes 1 1 (100) 6.39 (0.16–infinity) —

repeat transsphenoidal surgery

 no 89 11 (12.4) 1.0 —

 yes 7 2 (28.6) 2.80 (0.24–19.88) —

intraop leak

 no 55 4 (7.3) 1.0 1.0

 yes 41 9 (21.9) 3.54 (0.89–17.06) 5.66 (1.10–47.95)

*
Unadjusted odds ratios were determined with univariate logistic regression analysis and adjusted odds ratios were determined using multivariate

logistic regression analysis.

†
For every 5-kg/m2 increase in BMI.
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