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INTRODUCTION

Cerebral venous sinus thrombosis (VST)
may represent a complication of neuro-
surgical interventions, especially in cases of
craniotomy or lesions involving the dural
sinuses. VSTs can be severe and potentially
life-threatening conditions and the re-
ported incidence is estimated at around
5%—12%."* Their management is chal-
lenging because antithrombotic therapy
could induce hemorrhagic complications,
especially in the early postoperative period.

However, postsurgical VSTs seem to
differ from spontaneous thrombosis
depending on systemic conditions because
they frequently appear segmental and not

BACKGROUND: Venous sinus thromboses (VSTs) are rare complications of
neurosurgical procedures in the proximity of the dural sinuses. Surgery of the
posterior cranial fossa (PCF) and particularly of the cerebellopontine angle
(CPA) shows increased risk of VST. VST management is challenging because
anticoagulant therapy must be balanced with the risk of postoperative bleeding.
We performed a systematic review and meta-analysis to summarize the most
important neuroradiologic and clinical aspects of VST after PCF/CPA surgery.

METHODS: We performed a comprehensive literature search to identify ar-
ticles reporting data on VST after PCF/CPA surgery. We selected only compar-
ative studies providing adequate neuroimaging assessing VST and a control
group.

RESULTS: We included 13 articles reporting 1855 patients. VST occurred in
251/1855 cases (estimated incidence, 17.3%; 95% confidence interval [Cl],
12.4%—22.2%). Only presigmoid approach (odds ratio [OR], 2.505; 95% CI, 1.161—
5.404; P = 0.019) and intraoperative sinus injury (OR, 8.95; 95% Cl, 3.43—23.34; P <
0.001) showed a significant association with VST. VST-related symptoms were
reported in 12/251 patients with VST (pooled incidence, 3.1%; 95% Cl, 1%—5.2%).
In particular, we found a significantly increased OR of cerebrospinal fluid leak
(OR, 3.197; 95% CI, 1.899—5.382; P < 0.001) and cerebrospinal fluid dynamic al-
terations in general (OR, 3.625; 95% Cl, 2.370—5.543; P < 0.001). Indications for
VST treatment were heterogeneous: 58/251 patients underwent antithrombotics,
with 6 treatment-related bleedings. Recanalization overall occurred in 56.4%
(95% CI, 40.6%—72.2%), with no significant difference between treated and un-
treated patients. However, untreated patients had a favorable outcome.

CONCLUSIONS: VST is a relatively frequent complication after PCF/CPA
surgery and a presigmoid approach and intraoperative sinus injury represent the
most significant risk factors. However, the clinical course is generally benign,
with no advantage of antithrombotic therapy.

progressive, probably not sharing the same
pathophysiologic ~ mechanisms.  Post-
operative VSTs may sometimes remain
completely silent from a clinical point of
view,* with a lower risk of progression
compared with the systemic forms.">
Therefore, because of the risk connected
with postoperative anticoagulation, a
different attitude regarding treatment is
found among investigators who have
reported their experience.

Although in the supratentorial space,
most VSTs seem related to parasagittal

disease, often with superior sagittal sinus
infiltration, tumors arising in the posterior
cranial fossa (PCF) and cerebellopontine
angle (CPA) do not often directly contact/
infiltrate  dural sinuses.’ Nonetheless,
dural sinuses are often exposed or
manipulated during CPA surgery and
many investigators have reported a
relatively high frequency of VSTs after
these operations.

We conducted a systematic review and
meta-analysis among comparative studies
regarding the incidence of VST after PCF/
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CPA surgery and analyzed the most
important associated neuroradiologic and
clinical characteristics, the treatment, and
the related outcome.

METHODS

This meta-analysis was performed ac-
cording to the PRISMA (Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses) 2020 guidelines’ and
was not registered in any database.

Search Strategy
Two authors (C.L.S. and G.P.) performed
a comprehensive literature search of the
PubMed/MEDLINE, Cochrane Library da-
tabases, and main online trials registries
(clinicaltrials.gov; clinicaltrialsregister.eu)
to identify relevant studies of incidence,
risk factors, and clinical and radiologic
outcomes of VST in PCF/CPA surgery.
The search algorithm used was based
on a combination of terms, as follows:
(brain OR intracranial OR cerebral OR
cerebellar) AND (sinus OR dura* OR
venous) AND (thrombosis OR occlusion)
AND (posterior fossa OR cerebello-
pontine angle OR cerebellopontine). The
search was updated to March 31, 2023,
with no beginning time limit. To expand
the search, a forward search within the
references of the retrieved articles was
performed to screen for additional studies.

Study Selection

Studies or subsets of studies investigating
the occurrence of VST in PCF/CPA surgery
were included. The following exclusion
criteria were used: 1) articles not in En-
glish; 2) reviews, editorials, or letters; 3)
series not including a control group,
namely a group of patients undergoing
PCF/CPA surgery with no evidence of VST;
4) case reports or case series including <5
patients; 5) mixed supratentorial and
infratentorial series with no detailed data
on PCF/CPA surgery cases; 6) studies not
using postoperative magnetic resonance
angiography, = computed tomography
angiography, or digital subtraction angi-
ography as reference standard to assess
the occurrence of thrombosis; 7) insuffi-
cient data to reassess the incidence, risk
factors, and clinical and radiologic out-
comes of dural sinus thrombosis in PCF/
CPA surgery. In cases of possible patient
overlap between studies, the most

complete article was included in the meta-
analysis.

Two authors (C.L.S. and G.P.) inde-
pendently screened titles and abstracts of
the articles retrieved by the search algo-
rithm and selected studies according to
the inclusion or exclusion criteria. After
exclusion of clearly ineligible articles, full
texts of the remaining studies were
assessed for eligibility according to the
same criteria. Disagreements were
resolved in a consensus meeting through a
new reading of the article and collegial re-
evaluation of the extracted data.

Data Extraction

For each eligible study, we retrieved basic
study characteristics (author, year, study
design), patient characteristics (total
number of patients, number of patients in
non-VST group and in VST group), kind of
disease (grouping schwannomas vs. non-
schwannoma cases), surgical data (retro-
sigmoid or presigmoid approach;
exposure and/or damage of sinus during
surgery), clinical data (symptoms and/or
VST-related radiologic lesions), clinical
outcome (modified Rankin Scale [mRS]
score at discharge and follow-up), and
radiologic outcome (thrombosis resolu-
tion at follow-up and timing of
recanalization).

Statistical Analysis

Data derived from the single studies were
statistically pooled according to a bivariate
random-effects model (DerSimonian-Laird
method). Pooled data are presented with
the 95% confidence interval (95% CI).
One-arm or 2-arm meta-analysis of pro-
portions was used as appropriate. An un-
transformed proportion metric was used
for incidence estimation. The odds ratio
(OR) was calculated to assess the associ-
ation between a potential risk factor and
VST. Heterogeneity was calculated by the
I” index, representing percentage variation
across studies that is caused by heteroge-
neity rather than chance. Statistical ana-
lyses were performed using
OpenMetaAnalyst software (http://www.

cebm.brown.edu/openmeta/). P values
<o0.05 were considered statistically
significant.

RESULTS

With the application of our search algo-
rithm for literature review, after duplicate
removal, we retrieved 258 articles. Once
we screened titles and abstracts, 26 arti-
cles were selected for full-text revision.
According to our inclusion/exclusion
criteria, 13 articles reporting data on 1855
total patients were included in the sys-
tematic  review and  meta-analysis
(Figure 1, Table 1). Only 2 of the
retrieved articles presented prospective
series,””” whereas the remaining 11
reported retrospective data.>+% 377 All
these articles were published in the last
10 years. Older studies were often case
reports or limited case series, which did
not report the routine use of

postoperative magnetic resonance
angiography, computed tomography
angiography, or digital subtraction

angiography or did not include a control
group.z,x&zx

A pooled quantitative analysis (meta-
analysis) was performed for those data
that were numerically reported in the
article or that could be inferred by an ac-
curate reading of the full text.

Nine articles>*'>"*""7 focused on series

limited to CPA surgery, whereas 3
series*®” included also other PCF
approaches. However, also in mixed

series, there was often a prevalence of
CPA approaches."

VST Incidence and Risk Factors

Limited to the comparative studies
included in this meta-analysis, VST after
PCF/CPA surgery was reported in 251 of
1855 patients, with an estimated incidence
in the pooled analysis of 17.3% (95% CI,
12.4%—22.2%) with a high heterogeneity
among the studies (I* = 90.38%; P <
o.001). In all cases, the thrombosis
occurred on the same side as the treated
disease.

Risk factors were divided into 2 cate-
gories: patient/disease-related and treat-
ment-related.

Several possible patient/disease-related
risk factors were retrieved from the med-
ical literature, including age, gender, body
mass index (BMI, calculated as weight in
kilograms divided by the square of height
in meters), smoking habits, pregnancy,
use of oral contraceptive pill, and tumor
type and volume.
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Figure 1. PRISMA’ flow diagram with study selection details according to the inclusion and exclusion
criteria included in the Methods section.

No difference in pooled mean age was
detected between VST (52 years; 95% CI,
49.4—54.4) and non-VST groups (51.9
years; 95% CI, 49.0—54.7; P = 0.88). Fe-
male gender and schwannomas did not
show significantly higher ORs of VST
compared with male gender and non-
schwannoma tumors, respectively. No
significant association with VST was found
for BMPP*'** and smoking habit."”
Instead, a significant association of VST
with use of the contraceptive pill was
found by Apra et al.® (P = o.004), but
the same evidence was not confirmed by
other investigators who explored this
association."

On the other hand, findings on a
possible role of tumor volume as a risk
factor for VST were contradictory, because

a positive association with larger tumor
volume was found by Moore et al.> (mean
maximal diameter, 32.4 mm in VST group
vs. 18 mm in non-VST group; P < 0.001),
but not confirmed in other studies
exploring the same outcome.'®"3""%'7

Regarding treatment-related risk fac-
tors, the presigmoid approach, duration of
surgery, intraoperative sinus exposure and
damage, the extent of resection, intra-
operative and postoperative fluid balance,
and use of diuretic agents as mannitol
have been partially investigated by some
investigators, but only data on surgical
approach, intraoperative sinus damage,
and extent of resection were eligible for
pooling analysis.

In the meta-analysis of proportions (2-
arms), a presigmoid approach was

significantly  associated  with VST
compared with a retrosigmoid approach
(OR, 2.505; 95% CI, 1.161—5.404; P =
0.019), although a significantly high het-
erogeneity among studies was found (I* =
63.24%; P = 0.002).

Data on the duration of surgery were
rarely and heterogeneously reported, pre-
venting a pooled analysis. Some in-
vestigators  reported a  statistically
significant longer surgery in patients with
VST,>"> whereas others could not find any
association.*%*7

Only 4 very homogeneous (> = o)
studies reported data on the extension of
resection as a potential risk factor for VST
development”'**>"7: comparing the VST
group with non-VST group, gross total
resection showed an insignificant esti-
mated OR for VST of 0.71 (95% CI, 0.35—
1.42; P = 0.33).

Regarding intraoperative sinus injury,
data were reported in g of the 11 studies
and were often referred only to patients
who developed a  VST.»®91131517
Therefore, first, we estimated the pooled
incidence of sinus injury in the 142 VST
cases reported in these g studies. An
intraoperative dural sinus injury was
documented in 28 cases, with an
untransformed proportion incidence of
18.2% (95% CI, 11.9%—24.4%), with
extremely low heterogeneity among
studies (I* = 0%; P = 0.84).

Then, we focused on 4 studies that re-
ported data on sinus injury in both VST
and non-VST groups and performed a 2-
arm meta-analysis of proportions to esti-

mate OR of sinus injury between
groups.>®™° This analysis showed a
significant association between
intraoperative sinus injury and

postoperative evidence of VST, with an
OR of 8.95 (95% CI, 3.43—23.34; P <
0.001). Heterogeneity between studies
seemed very low (I* = 0%; P = 0.8).

Data on other possible risk factors such
as fluid balance and use of diuretic agents
such as mannitol were sparsely reported,
not allowing a pooled analysis as well as
data regarding the surgical position that
were reported only in 1 study.* Results are
summarized in Figure 2.

VST Symptoms and Therapy

Data on VST-related symptoms were re-
ported in all selected studies. Symptoms
directly related to VST were reported in 12
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Table 1. Selected Study Characteristics and Main Findings

Number of Patients

Raw VST
Incidence (%)

Main Findings

Disease
Reference Study Type Location Total Non-VST VST
Moore et al., 2014 Retrospective CPA 43 38 5
Apra et al., 2016° Retrospective PCF + CPA 180 168 12
Abou-Al-Shaar et al., 2018'°  Retrospective CPA 116 109 7
Shew et al., 2018 Retrospective CPA 127 103 24
Benjamin et al., 2019’ Prospective Mixed PCF + 50 34 16
supratentorial®
Guazzo et al., 2019" Prospective CPA 54 33 21
Orlev et al., 2019" Retrospective PCF + CPA 538 512 26

11.63

6.67

6.03

23.30

32

38.89

483

Patients with VST had significantly larger tumors than did control individuals and tended
to undergo longer operations. All patients with VST received anticoagulation with no
complications

Significant risk factors for postoperative VST: history of deep venous thromboasis, oral
contraceptive pill, midline surgical approach, and surgical exposure of the sinus.
Anticoagulation therapy in 58.3% of patients with VST. Sinus recanalization occurred
radiologically at a mean time of 272+23 days in 85.7% of patients undergoing
treatment-dose anticoagulant therapy and in 20% of patients not receiving treatment-
dose anticoagulant therapy. Postoperative complications occurred in 56.2% of patients
with treatment-dose curative anticoagulant therapy and in 27% of patients with no
therapeutic anticoagulation

All vestibular schwannoma cases. No difference between presigmoid and retrosigmoid
approaches. All patients had anticoagulation or antiplatelet therapy. One patient
experienced intraparenchymal hemorrhage, epidural hemorrhage, and obstructive

hydrocephalus, because of the anticoagulation therapy. However, all 7 patients with VST

had a modified Rankin Scale score of 1 at the last follow-up

Incidence of VST is significantly underreported and may predispose patients to increased
risk for CSF leak. Staged and translabyrinthine approaches show an increased trend
toward thrombosis risk. [t may not be necessary to treat asymptomatic VST

All patients with VST were asymptomatic. No risk factors, including age, body mass

index, sex, surgical approach, length of surgery, fluid balance, mannitol use, tumor type,

or extent of resection, were statistically correlated with thrombosis. All patients were

treated conservatively, with only 1 patient receiving intravenous fluids. There were no

instances of venous infarctions, hemorrhages, or neurologic deficits. The rate of CSF

leakage was significantly higher in the thrombosis group than in the nonthrombosis
group

All translabyrinthine approaches. VST more frequent when surgery is performed on the
side of nondominant cerebral venous drainage. All patients with VST were treated
conservatively and remained asymptomatic in the immediate postoperative period and
long-term follow-up. There were no instances of venous infarction, intracranial
hemarrhage, or neurologic deficits. Most (61.1%) recanalized on long-term follow-up
with conservative management

Early postoperative complication rate was 38% in the VST group and 15% in the non-
VST group (P = 0.02). A significantly higher rate of pseudomeningocele, dysphagia
requiring gastrostomy, and cerebellar stroke signs was noted in patients with VST.
However, most of these complications resolved without anticoagulation. It may be

reasonable, therefore, to manage these patients conservatively to avoid the risks
associated with anticoagulation in the perioperative period

VST; venous sinus thrombosis; CPA, cerebellopontine angle; CSF, cerebrospinal fluid; PCF; posterior cranial fossa; OR, odds ratio; Cl, confidence interval.

*Supratentorial cases were not included in the total number of patients column and in pooled analyses.
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Table 1. Continued

Reference

Study Type

Disease
Location

Number of Patients

Total

Non-VST

VST

Raw VST
Incidence (%)

Main Findings

Arnone et al., 2020'

Kow et al., 2020"

Brahimaj et al., 2021'°

Krystkiewicz et al., 2021"7

Gerges et al., 2022'

Shabo et al., 2023

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

CPA

CPA

CPA

CPA

CPA

PCF + CPA

115

126

63

116

61

266

102

90

4

97

51

233

13

36

22

26

33

1.3

28.57

34.92

22.41

16.39

12.41

There were no statistically significant differences between the groups with or without
VST. Operation on the side of the dominant sinus did not predispose to postoperative
VST. Therapy with antiplatelets in 5/13 patients with VST. There was no difference in
outcomes in the group who did not receive antiplatelet medication versus those who did

VST was significantly associated with translabyrinthine resection of acoustic
schwannoma. Twenty patients had new sinus thrombosis, another 16 developed a
critically narrowed sinus without intrinsic thrombus. Only 4 patients among the
thrombosed group started therapeutic anticoagulation or antiplatelets, whereas the rest
were observed. Seventeen patients had radiologic follow-up: 10/17 had significantly
improved sinus thrombosis, including 8/14 who were not given additional
anticoagulation. Patients with a compromised sinus showed a higher rate of CSF leak
requiring blindsac procedures. When involving a dominant sinus, there is also an
association of an increased requirement for permanent CSF diversion

Only vestibular schwannoma. VST group had longer operative time (6.69 hours) and
tumor diameter (2.75 cm) compared with non-VST group (respectively 4.87 hours, P =
0.04; 2.12 cm; P = 0.05). The translabyrinthine approach was most prevalent (68.2%).
All patients were asymptomatic, 85% had a codominant or thrombus contralateral to the
dominant sinus. No patients were treated with anticoagulation. Resolution of thrombus

was seen in 5 of the patients (22.7%) on last follow-up imaging. There were no
hemorrhagic complications

The size of the sinus, age, and the tumor size were not risk factors for thrombosis,
whereas an intraoperative sinus injury was a statistically significant risk factor (P =
0.001). All the patients diagnosed with thrombosis were in good clinical condition at
long-term follow-up, except 1 patient who died who also had severe intraoperative
bleeding from superior petrosal vein avulsion and superior petrosal sinus. Complete
recanalization was observed in 58% of patients after 1 year follow-up

Only vestibular schwannoma resected through a translabyrinthine approach. Koos
grading and tumor size were not associated with thrombasis. More acute petrous angle
and shorter distance between internal auditory canal and sigmoid sinus are objective

anatomic variables associated with VST

All patients with VST were asymptomatic. No association was found between VST and
age, sex, American Society of Anesthesiologists status, body mass index, and length of
surgery. Meningioma (P < 0.001; OR, 11.3; 95% Cl, 4.1—31.2) and vestibular
schwannoma (P = 0.013; OR, 4.4; 95% Cl, 1.3—16.3) disease are risk factors for VST. 13
of 33 patients with VST received therapeutic anticoagulation, and 20 patients did not.
Therapeutic anticoagulation was associated with a higher rate of intracranial
hemoarrhage (n = 4; P = 0.017)

VST; venous sinus thrombosis; CPA, cerebellopontine angle; CSF, cerebrospinal fluid; PCF; posterior cranial fossa; OR, odds ratio; Cl, confidence interval.
*Supratentorial cases were not included in the total number of patients column and in pooled analyses.
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A

Studies Estimate (95% C.I.) VST patients/ Total patients
Moore et al. 2014 0.116 (0.020, 0.212) 5/43 =
Apra et al. 2016 0.067 (0.030, 0.103) 12/180 —a—
Abou-Al-Shaar et al. 2018 0.060 (0.017, 0.104) 7/116 —a— i
Shew et al. 2018 0.189 (0.121, 0.257) 24/127 —‘—l—
Benjamin et al. 2019 0.320 (0.191, 0.449) 16/50 i
Guazzo et al. 2019 0.389 (0.259, 0.519) 21/54 =
Orlev et al. 2019 0.048 (0.030, 0.066) 26/538 -
Arnone et al. 2020 0.113 (0.055, 0.171) 13/115 —
Kow et al. 2020 0.286 (0.207, 0.365) 36/126 —_—
Brahimaj et al. 2021 0.349 (0.231, 0.467) 22/63 =
Krystkiewicz et al. 2021 0.224 (0.148, 0.300) 26/116 R S W—
Gerges et al. 2022 0.164 (0.071, 0.257) 10/61 =
Shabo et al 2023 0.124 (0.084, 0.164) 33/266 —a—
Overall (1*2=90.38 % , P< 0.001) 0.173 (0.124, 0.222) 251/1855 Q
) : T | T 1
01 02 03 04 05
Proportion
Studies Estimate (95% C.I.) VST: Female / Total VST Non-VST: Female / Total Non-VST
Moore et al. 2014 2.909 (0.296, 28.554) 4/5 22/38 =
Apra et al. 2016 2.600 (0.680, 9.943) 9/12 90/168 ]
Abou-Al-Shaar et al. 2018~ 0.407 (0.076, 2.191) 2/7 54/109 =
Benjamin et al. 2019 0.600 (0.169, 2.130) 10/16 25/34 ]
Guazzo et al. 2019 0.706 (0.235, 2.123) 9/21 17/33 =
Orlev et al. 2019 1.457 (0.649, 3.271) 16/26 268/512 =
Amone et al. 2020 1.848 (0.534, 6.391) 9/13 56/102 -
Kow et al. 2020 0.736 (0.333, 1.625) 21/36 59/90 -
Brahimaj et al. 2021 0.749 (0.258, 2.178) 13/22 27/41 =
Krystkiewicz et al. 2021 1.647 (0.653, 4.155) 18/26 56/97 1
Gerges et al. 2022 2.244 (0.521, 9.658) 7/10 26/51 =
Shabo et al 2023 1.662 (0.790, 3.498) 20/33 112/233 ]
Overall (142=0 % , P=0.506) 1.198 (0.882, 1.628) 138/227 812/1508 <
| . —i— ; , ; |
0.08 015 0.38 076 12152 379 7.58 15.15 2855
Odds Ratio (log scale)
Studies Estimate (95% C.I.) Schwannoma: VST/ Total Cases Non-Schwannoma: VST/ Total Cases
Moore et al. 2014 0.143 (0.003, 7.961) 5/43 0/0
Apra et al. 2016 0.927 (0.112, 7.684) 1/16 11/164
Abou-Al-Shaar et al. 2018 0.068 (0.001, 3.699) 7/116 0/0
Benjamin et al. 2019 1.000 (0.271, 3.694) 6/15 10/25 —’——
Guazzo et al. 2019 0.642 (0.012, 33.571) 21/54 0/0
Orlev et al. 2019 1.386 (0.319, 6.028) 247483 2/55 ib
Arnone et al. 2020 1.227 (0.353, 4.266) 9/75 4/40
Kow et al. 2020 13.146 (3.757, 46.004) 33/74 3/52 —a—
Brahimaj et al. 2021 0.542 (0.010, 28.253) 22/63 0/0
Krystkiewicz et al. 2021 0.272 (0.005, 14.023) 26/123 0/0
Gerges et al. 2022 0.204 (0.004, 10.865) 10/61 0/0
Shabo et al 2023 2.029 (0.759, 5.427) 6/29 27/237 -
Overall (1"2=39.16 % , P=0.080) 1.361 (0.652, 2.841) 170/1152 57/573

Figure 2. Forest plots of pooled data analysis. Incidence of venous sinus
thrombosis (VST) (A). Odds ratio for VST in female versus male gender (B);
schwannoma versus nonschwannoma disease (C); presigmoid versus

[
0

T T T T T T T T T T ™
001 001 003 006 013 025 063 127 254 634 1268 2536 46
Odds Ratio (log scale)

retrosigmoid approach (D); gross total resection versus partial resection (E).
Incidence of sinus injury in VST group (F). Odds ratio for VST in patients with
or without sinus injury (G). Cl, confidence interval.

of the 251 patients who developed a VST,
with an estimated incidence of 3.1% (95%
CI, 1%—5.2%). Heterogeneity among
studies was very low (I* = 1.32%; P = 0.4)
and 5 investigators"*®*'5 did not
report  patients  with  VST-related
symptoms.

Although patients with VST showed a
significantly increased OR of cerebrospi-
nal fluid (CSF) leak (3.197; 95% CI,
1.899—5.382; P < o.001) and CSF dy-
namic alterations (3.625; 95% CI, 2.370—
5.543; P < o.o01) with very low hetero-
geneity, several investigators did not

consider these alterations as symptoms
related to VST, and therefore these
complications were probably
underreported.

On the other hand, some investigators
reported an increase in complications
unrelated to VST®" and a significant
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Shew et al. 2018 .489 (0.977, 6.340)

5.612
0
@
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Kow et al. 2020 22.000 (6.221, 77.805)
Brahimaj et al. 2021 (0.359, 3.710)
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Figure 2. continued
reduction in CSF leaks in patients with Overall, 14 patients were prescribed bleeding was reported.’>  Bleeding

VST treated with aspirin.”**?

Regarding treatment, 58 of the 251 pa-
tients started therapeutic dosage of
antithrombotics after radiologic evidence
of VST, with an estimated incidence of
31% (95% CI, 18.7%—43.3%) but a signif-
icantly high heterogeneity among studies
(I = 95%; P < 0.001).”>%"** " Details on
antithrombotic ~ therapy = were  too
heterogeneous to allow data pooling.

cardioaspirin at different dosages and
timing, and the remaining 44 were on
different regimens and duration of
anticoagulants.

All the included studies also reported
the incidence of therapy-related compli-
cations, with an overall incidence of 6/58
patients. In 5 of 6 cases, the reported
complication was intracranial bleeding,’
whereas in the remaining case, vaginal

occurred in 5 cases under anticoagulants
and in 1 under cardioaspirin.

The estimated incidence of antith-
rombotic therapy—related complications
was 9.6% (95% CI, 2.6%—16.5%). Data are
summarized in Figures 3 and 4A and B.

The rate of recanalization after treat-
ment was reported in 6 studies and
seemed higher among patients who un-
derwent  therapeutic  anticoagulation
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Figure 3. Venous sinus thrombosis (VST) symptoms: incidence of VST-related symptoms (A); odds ratio of patients with VST versus without VST for
cerebrospinal fluid (CSF) leak (B) and cerebrospinal fluid dynamic alterations (C). CI, confidence interval.

compared with those treated conserva-
tively (80% vs. 48.5%), but not with a
statistical significance (Figure 5).

Clinical and Radiologic Outcomes at
Discharge and Follow-Up
Overall, clinical outcomes were poorly re-
ported, but in general, a good outcome
was found. A mean mRS
discharge of 0.8 was described in 6 studies
among patients with VST34 2131510
compared with a mean mRS score of
0.99 reported in a single study”® among
patients without VST, thus preventing a
quantitative pooled analysis.

The mean follow-up of selected studies
was 18 months, with a mean mRS score of
0.63 at follow-up, 34912131516

Data on radiologic follow-up were re-
ported in 8 studies and overall in 151
patients.>*®>®  Sinus  recanalization
occurred in 78 cases, with an estimated
incidence of 56.4% (95% CI, 40.6%—
72.2%) and a high heterogeneity among

independently from the recanalization
itself.

DISCUSSION

Our meta-analysis confirms that VST is a
relatively frequent finding after PCF

surgery, particularly at CPA, occurring in
about 17% of cases. However, symptoms
directly related to VST seem rare and
frequently mild.

In general, most investigators focused
on VST-related hemorrhages and brain

studies (* = 77.75; P < o0.001) swelling when defining the VST-related
(Figure 4C). Insufficient data were complications.  Nonetheless, patients
score at available to estimate the time of  with VST showed a certain risk of devel-
recanalization, but in general, a good oping a larger spectrum of complications
clinical status was reported such as postoperative CSF leak and other

alterations of the CSF dynamics, including
pseudomeningocele and increased intra-
cranial pressure. Although it is common
for these complications to occur after PCF/
CPA surgery,**™* a univocal pathophysio-
logic interpretation is missing and a mild
form of transitory pseudotumor cerebrilike
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Figure 4. VVenous sinus thrombosis (VST) therapy and follow-up: incidence of antithrombotics (A); incidence of antithrombotics-related complications (B); and

incidence of recanalization at follow-up (C). Cl, confidence interval.
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Figure 5. Forest plot showing the rate of recanalization in patients receiving antithrombotics compared with patients without antithrombotics.

130

WWW.SCIENCEDIRECT.com

WORLD NEUROSURGERY, HTTPS://DOI.ORG/10.1016/4.WNEU.2024.03.087



www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2024.03.087

GIANLUCA TREVISI ET AL.

LITERATURE REVIEW

SINUS THROMBOSIS AFTER PCF SURGERY

syndrome could explain the increased
frequency of this phenomenon in patients
with VST. The need for a permanent shunt
was rarely reported. Coherently, Keiper
et al.”” described one of the largest case
series of alterations of CSF dynamics
associated with postoperative VST. These
investigators reported 5 of 107 patients
(4.6%) with pseudotumor cerebri as a
postoperative complication of PCF/CPA
craniotomies, all associated with VST."
However, these investigators acquired
postoperative imaging only in
symptomatic cases, so they could not
estimate the rate of asymptomatic VST in
their series and therefore we cannot
include this study in our meta-analysis.

Regarding possible risk factors for VST,
our analysis did not show a significant
increased OR for demographics (age and
gender), whereas the lack of systematically
reported data regarding other possible risk
factors such as increased BMI, smoking
habits, pregnancy, use of oral contracep-
tive pill, tumor volume, and duration of
surgery prevented a pooled quantitative
analysis.

Direct injury to the dural sinus during
surgery and after compression or packing,
excessive manipulation, prolonged fixed
retraction of the sinus wall determining
transient stenosis or occlusion, and heat-
ing damage caused by drilling or bipolar
coagulation were also listed as possible
risk factors.”*> Among these factors, only
the occurrence of overt intraoperative
sinus damage has been systematically
reported by most investigators, allowing
a quantitative pooled analysis. Patients
who had a sinus laceration during
surgery had an OR of VST of 8.95 (95%
CI, 3.43—23.34; P < 0.001). Overall, sinus
laceration occurs in up to a quarter of
patients who develop a VST after PCF/
CPA surgery (untransformed proportion
incidence 18.2%; 95% CI, 11.9%—24.4%).

In general, a presigmoid approach was
shown to have a higher risk of VST
compared with a retrosigmoid approach.
This finding is intuitively related to a more
extensive manipulation of the sinus
structures and heating damage caused by
prolonged drilling. Nonetheless, data on
surgical approach were very heteroge-
neous among selected studies and most of
them alternatively focused on data
regarding a presigmoid approach'*"” or a
retrosigmoid approach only.I6

Our study also showed that the more
recent studies report a change in the
treatment paradigm, with less aggressive
pharmacologic approaches. Overall, a
therapeutic dosage of anticoagulant was
used in about one third of cases. Despite
the relatively higher rate of sinus recana-
lization among the treated patients, this
difference was not statistically significant,
and on the other hand, the rate of
treatment-induced complications was
higher (approximately 10%) and mainly
characterized by intracerebral bleeding. A
good clinical status was independent of
recanalization, supporting the hypothesis
that the presence of venous collaterals may
represent the main spontaneous compen-
sation in the acute phase and the most
important prognostic factor.

Most patients with documented post-
operative VST reported in the literature did
not receive a therapeutic dose of antith-
rombotics. Nonetheless, the clinical
course of these patients was mostly un-
eventful and no significant advantage in
recanalization was evident in treated pa-
tients compared with untreated ones.
Therefore, in light of these data, the
advantage of high-dose anticoagulant
therapy in the postoperative period is
questionable. This aspect seems strikingly
diverse from the rationale for treatment of
spontaneous cerebral sinus thrombosis of
different causes, in which the use of
therapeutic anticoagulants is mandatory
and life-saving.>**

The observed differences in VST pre-
sentation likely stem from distinct under-
lying causes. Spontaneous VST arises from
systemic risk factors such as dehydration,
infections, inherited thrombophilias, and
hormonal imbalances. These factors can
either promote hypercoagulability or
directly compromise the sinus wall, facil-
itating clot formation. In contrast, post-
surgical VST is a localized phenomenon
resulting from direct or indirect injury to
the exposed dural sinus during surgery.
This injury triggers inflammation and
disrupts blood flow, leading to clot for-
mation within the affected sinus.

Second, the location and extent of
thrombosis differ. Spontaneous VST often
presents with a more diffuse pattern,
involving multiple sinuses (including the
superior sagittal sinus) and potentially
cortical veins. In contrast, postsurgical
VST after PCF surgery frequently involves a

single transverse sigmoid sinus on 1 side,
with the contralateral side remaining pat-
ent and allowing adequate venous
drainage.

The clinical presentation also aligns
with the underlying mechanisms. Spon-
taneous VST often manifests with more
severe symptoms as a result of the po-
tential for thrombosis extension, intra-
cranial hemorrhage, and increased
intracranial pressure. Conversely, as
shown by this study, postsurgical VST in
PCF surgery can be asymptomatic or
minimally symptomatic, with a tendency
for spontaneous resolution.

However, because the decision to treat
was in some cases made on an individual
basis, we cannot exclude a selection bias.
Only a dedicated, prospective, randomized
study could add valuable evidence.

Limitations

Although pooled analysis strengthens the
evidence of single case series, our litera-
ture review retrieved mostly retrospective
single-center series, with their intrinsic
limitations. Although we limited our
analysis to PCF cases, heterogeneous
populations were reported because some
investigators included both CPA and non-
CPA cases and did not always allow a clear
distinction between tumor location and in
some studies between surgical ap-
proaches. Nonetheless, most of the
studies focused on CPA surgery. However,
a heterogeneous distribution of presig-
moid and retrosigmoid approaches was
seen among studies.

Moreover, only 1 study analyzed the
possible role of the surgical position,*
thus preventing the analysis of possible
differences in VST incidence among
these patients.

The decision-making approach to start
antithrombotic therapy or not after VST
among the investigators was very hetero-
geneous, thus representing a further
interpretation limit of this meta-analysis.

Although the retrieved studies focused
primarily on VST, comprehensive clinical
outcomes were sparsely reported. Even
when reported, it was challenging to
distinguish whether disability (measured
by the mRS) arose from the underlying
condition, the surgery itself, or VST.
Despite this limitation, the available data
painted a generally positive picture. Most
patients showed no symptoms (mRS score
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o) or minimal disability (mRS score 1),
allowing them to maintain their usual ac-
tivities. This result is further supported by
the finding that the average mRS score
was <I.

CONCLUSIONS

Segmental dural sinus thrombosis is a
common result after PCF and particularly
after CPA surgery. A presigmoid approach
and the occurrence of intraoperative sinus
injury are the most significant risk factors.
However, related symptoms are generally
rare, mild, and self-limiting. The admin-
istration of a therapeutic regimen of
antithrombotics does not seem to influ-
ence the outcome or increase the post-
operative hemorrhagic risk.

Moreover, patients with a postoperative
VST after PCF/CPA surgery are at increased
risk of CSF leak or transient CSF dynamic
alterations such as pseudotumor cerebri,
with low necessity of permanent shunting.
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