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INTRODUCTION

The retrosigmoid approach represents an excellent surgical route to address various tumors and 
vascular lesions in the cerebellopontine angle.[6,17,18,20,24] Despite the continuous evolution and 
refinements of the surgical technique, the recent introduction of new biomaterials for dural and 

ABSTRACT
Background: The retrosigmoid approach represents a crucial surgical route to address different lesions in the 
cerebellopontine angle but cerebrospinal fluid (CSF) leak still remains the most frequent complication after 
this approach. Here, we analyzed the impact of different factors in CSF leak development after a retrosigmoid 
approach. Identifying risk factors related to a specific approach may help the surgeon to tailor the perioperative 
management and to appropriately counsel patients regarding their risk profile.

Methods: We retrospectively reviewed the clinical, surgical, and outcome data of 103 consecutive patients (M/F, 
47/56; mean follow-up 35.6 ± 23.9 months) who underwent a retrosigmoid approach for different cerebellopontine 
angle pathologies and studied the impact of different factors on the occurrence of a CSF leak to univariate and 
multivariate analysis.

Results: Seventy-nine patients (76.7%) were operated for tumors growing in the cerebellopontine angle. Twenty-
four patients (23.2%) underwent microvascular decompression to treat a drug-resistant trigeminal neuralgia. 
Sixteen patients (15.5%) developed CSF leak in the postoperative course of which six underwent surgical revision. 
Performing a craniectomy as surgical procedure (P = 0.0450) and performing a reopening procedure (second 
surgery; P = 0.0079) were significantly associated to a higher risk of developing CSF leak. Moreover, performing a 
reopening procedure emerged as an independent factor for CSF developing on multivariate analysis (P = 0.0156).

Conclusion: Patients submitted to craniectomy and patients who underwent a second surgery showed an 
higher CSF leak rate. Ongoing improvement of biomaterial technology may help neurosurgeons to prevent this 
potentially life-threatening complication.
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bone reconstruction, along with the growing awareness and 
experience of the neurosurgeons, cerebrospinal fluid (CSF) 
leak still remains the most frequent complication after this 
approach, with a reported overall rate up to 22%.[8,9,17] This 
complication negatively affects patients outcome, being 
associated with risk of meningitis, need for reoperation, 
increased hospital stay, and increased costs.[4,5,7,14,15,25,26] 
The majority of studies on this topic have investigated the 
risk factors for CSF leak in the surgery of the vestibular 
schwannoma.[3,7,12,13,26] However, the surgery of a vestibular 
schwannoma carries specific problems which may directly 
impact on the developing of specific complications such 
as CSF leak. Moreover, most of these series were focused 
on comparing the results of the retrosigmoid and the 
translabyrinthine approaches in that particular surgical 
scenario. Thus, the aim of our study was to analyze the 
impact of different factors in CSF leak development after a 
retrosigmoid approach regardless the pathology treated. 
Identifying risk factors related to a specific approach may 
help the surgeon to tailor the perioperative management and 
to appropriately counsel patients regarding their risk profile.

MATERIALS AND METHODS

We retrospectively reviewed the clinical, surgical and 
outcome data of 103 consecutive patients (M/F, 47/56) who 
underwent a retrosigmoid approach for cerebellopontine 
angle pathologies between February 2013 and December 
2019 at our department. The mean age was 53.6 ± 15.4 years 
and the mean follow-up was 35.6 ± 23.9 months. We studied 
the role of factors such as age, sex, the type of pathology, the 
evidence of preoperative and postoperative hydrocephalus, 
and the type of surgical procedure (craniotomy/craniectomy) 
or if the procedure was a reopening (second surgery), 
the cisterna magna opening during surgery, the use of 
dural suture, dural patch, fibrin glue, and other dural 
sealants during surgery on the occurrence of a CSF leak 
(subcutaneous collection, incisional leak, CSF rhinorrhea, 
and CSF otorrhea) in the postoperative course of these 
patients. The surgical procedures were performed by different 
neurosurgeons thus the closure techniques varied according 
to the surgeon’s preference. The dura was sutured either 
with a 3–0 silk suture (40 cases) or with a 4–0 nylon suture 
(58 cases). An artificial dural substitute was used in all cases 
of dural patch (77  cases). For patients in whom CSF leak 
occurred, the type of treatment was also recorded. Statistical 
comparison of categorical variables was performed by χ² 
statistic, using the Fisher exact test. A  multivariate logistic 
regression model was used to estimate the odds ratio of 
developing a CSF leak, while adjusting for baseline variables. 
Differences were considered significant at P < 0.05. Statistical 
analyses were done using StatView version 5 software (SAS 
Institute Inc.).

RESULTS

Data of patients are summarized in Table  1. Briefly, 
79 patients (76.7%) were operated for tumors growing in the 
cerebellopontine angle (62 vestibular schwannoma, three 
trigeminal schwannoma, three mixed nerve schwannoma, 
one facial schwannoma, seven meningioma, and three 
other tumors). Twenty-four patients (23.2%) underwent 
microvascular decompression to treat a drug-resistant 
trigeminal neuralgia. Nineteen out of 103  patients had 
hydrocephalus at presentation. Postoperative CSF leak was 
noted in 16 patients (15.5%), of which nine presented with 
a subcutaneous CSF collection, three with an incisional 
CSF leak, and four with CSF rhinorrhea. No CSF otorrhea 
was recorded. Six patients required a reoperation for the 
CSF leak [Table  2]. On univariate analysis, we found that 
performing a craniectomy as surgical procedure (P = 0.0450) 
and performing a reopening procedure (P = 0.0079) were 
significantly associated to a higher risk of developing CSF 
leak. The reopening procedure emerged as an independent 
factor for CSF developing on multivariate analysis 
(P = 0.0156; Table 3 and Figure 1).

DISCUSSION

The retrosigmoid approach to the cerebellopontine angle, first 
popularized in the 1930s by Dandy,[9] remains a crucial route 
in the surgical management of various pathologies. Despite 

Table  1: Clinical and outcome data of patients submitted to 
retrosigmoid approach for cerebellopontine angle surgery.

Patients 103

Sex (M/F) 47/56
Mean age (years) 53.6±15.4
Mean follow-up (months) 35.6±23.9
Pre-operative hydrocephalus (yes/not) 19/84
Diagnosis

Trigeminal neuralgia
Meningioma 
Schwannoma CN VIII
Schwannoma CN V
Schwannoma lower nerves
Schwannoma CN VII
Other

24
7

62
3
3
1
3

Craniotomy (yes/not) 23/80
Reopening (yes/not) 14/89
Cisterna magna opening (yes/not) 23/80
Dural suture (yes/not) 98/5
Dural patch (yes/not) 77/26
Fibrin glue (yes/not) 58/45
Other dural sealant (yes/not) 34/69
Post-operative hydrocephalus (yes/not) 15/88
CSF leak (yes/not) 16/87
CSF: Cerebrospinal fluid
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Table  2: Treatment of patients who developed CSF leak after a 
retrosigmoid approach.

CSF leak Number of patients Treatment

Subcutaneous 
CSF collection

6 1 external ventricular 
drain
5 spontaneous resolution

Incisional 
CSF leak

6 4 retrosigmoid surgical 
repair
1 endoscopic third 
ventriculostomy
1 external ventricular 
drain

CSF 
rhinorrhea

4 3 spinal drainage 
placement
1 retrosigmoid surgical 
repair

CSF: Cerebrospinal fluid

Figure 1: Forest plot of multivariate logistic regression analysis demonstrating the reopening as the only independent prognostic factor for 
cerebrospinal fluid leak development.

several important modifications introduced through the 
following decades, this approach still remains associated with 
high rates of postoperative CSF leak. The aim of this study was 
to evaluate which factors were significantly associated with the 
developing of CSF leak in the retrosigmoid approach. To do 
this we studied different preoperative features, intraoperative 
technical nuances and postoperative findings of patients 
submitted to this approach. Several factors potentially 
contributing to the development of a postoperative CSF 
leak following retrosigmoid approach have been described. 
While age, sex and the evidence of a pre- and post-operative 
hydrocephalus have been reported associated with CSF 
leak,[3,4,7,27] these factors did not correlate with an increased risk 
of leakage in our series. Moreover, we included in our analysis 
many different pathologies operated through the retrosigmoid 
approach most of which were vestibular schwannoma and 
neurovascular conflicts. Even if in our series the kind of 
pathology operated did not correlate with an increased risk 
of leakage, it has been reported that resecting a vestibular 
schwannoma may carry adjunctive risks because of the need 

of drilling the petrous bone of the internal auditory canal to 
obtain a gross total resection of the tumor. This maneuver may 
expose the petrous air cells which can potentially result in 
CSF rhinorrhea.[26,27] In our series, we found that performing 
a craniotomy as surgical procedure was significantly associated 
with a lower risk of CSF leak. The previous studies[10,16,29] 

reported an increased risk of leakage in patients submitted to 
retrosigmoid craniectomy compared with cases submitted to 
retrosigmoid craniotomy. For example, Legnani et al.,[16] in a 
series of 152 patients, reported a complication rate associated 
to craniotomy significantly lower than in the craniectomy 
group (7% vs. 33%) and Teo and Eljamel[29] observed a CSF 
leak rate of 6.6% in craniotomy group and 20% in craniectomy 
group, respectively. Probably replacing the bone flap between 
the dura and the muscles, could prevent the adhesion and 
traction between the two different layers, thereby reducing 
the risk of dural tearing.[10] However, the use of some 
biomaterial such as the polymethylmethacrylate cement,[21,23] 
the hydroxyapatite bone cement,[1] and the demineralized 
bone matrix[22] has been reported effective in reducing the CSF 
leak after a retrosigmoid craniectomy. Nonetheless no case 
of CSF leak in a recent series of 86 patients submitted to the 
replacement of bone flap with primary dural closure without 
the use of allo-  or autografts has been recently reported.[30] 
Performing a reopening procedure significantly increased the 
risk to have a CSF leak in the postoperative course of our 
patients. Duong et al. found a significantly higher CSF leak 
rate up to 50% after a second surgery in patients submitted to 
a retrosigmoid approach.[11] The possible mechanism might 
be related to the fact that a second surgery is a more difficult 
procedure requiring a longer operative time. This could 
lead to an accumulation of more blood and proteinaceous 
debris in CSF thereby inhibiting the normal CSF circulation 
postoperatively.[7] Moreover, in second surgeries a scarred and 
hardened dura with impaired physiological microcirculation 
could have a decreased healing tendency and could be 
prone to dural tears.[27] In patients operated for a vestibular 
schwannoma recurrence an adjunctive mechanism has been 



Montano, et al.: CSF leak in cerebellopontine angle surgery

Surgical Neurology International • 2021 • 12(258)  |  4 Surgical Neurology International • 2021 • 12(258)  |  5

proposed. In these cases, CSF leak could be related to the 
opening of air cells at the internal auditory canal opened in a 
previous surgery and obstructed only partly by postoperative 
scarring. Thus, a broader covering of the internal auditory 
canal with autologous fat tissue and fibrin glue has been 
proposed to prevent the leakage in these cases.[27] Regardless 
the mechanisms involved in CSF leak occurrence, it is crucial 
its rapid identification and treatment due to the possibility of 
developing a life-threatening meningitis. In our series, 83.3% of 
patients with subcutaneous collections resolved spontaneously 
without need for any treatment [Table 2]. On the other hand, 
all patients with incisional leak and rhinorrhea required a 
treatment (40% of cases resolved after a CSF drainage and 60% 
required a reoperation, respectively; Table  2). However, no 
further complications were recorded in patients with CSF leak, 
confirming previous results.[27]

Our study has some limitations due to the retrospective 
nature of data. For this reason, we were not able to study 
the impact of body mass index which might affect the 
complication rate in this type of surgery.[2,28] In addition, 
although we studied many different surgical nuances, we did 
not perform a subgroup analysis of different biomaterials 
used in our series to create more homogeneous groups to 
enhance the statistical power.

CONCLUSION

In our study, we identified subgroups of patients who were at 
risk for CSF leak occurrence after a retrosigmoid approach 
for the treatment of different pathologies. Patients submitted 
to craniectomy and patients who underwent a second surgery 
showed an higher CSF leak rate. Ongoing improvement of 
biomaterial technology[19] may help neurosurgeons to prevent 
this potentially life-threatening complication.
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