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Thrombosis of the cerebral veins and dural sinuses is 
a rare but serious event that may lead to myriad dev-
astating effects within the CNS. The pathogenesis 

of cerebral vein and dural sinus thrombosis (CVT) has yet 
to be fully elucidated due to both the inherent variability 
in the anatomy of the venous system and the paucity of 
experiments in relevant animal models of CVT.27 How-
ever, various clinical conditions have been associated with 
CVT development (e.g., intracranial surgery and tumor 
compression).29

As has been described by Wong et al.,33 surgery for in-
tracranial neoplasms may be associated with a number of 
adverse events. Although previous studies have focused 
on the natural history of CVT14,25 and the importance of 

specific hazards in selected groups of patients,19,21,22,26 the 
literature lacks a critical assessment of risk factors associ-
ated with the development of CVT following neurosurgi-
cal removal of an intracranial mass.

Accordingly, herein we examined a large database con-
taining all patients admitted for the removal of an intra-
cranial brain tumor over a 10-year period, with the aim of 
investigating risk factors associated with the development 
of CVT in such a clinical context. In so doing we have 
highlighted risk factors associated with unfavorable out-
comes in an effort to develop a safe pre- and postoperative 
treatment regimen. Such protocols may ultimately be used 
in such patients to help prevent and/or manage CVT after 
a craniotomy.

ABBREVIATIONS CVT = cerebral vein and dural sinus thrombosis; ICH = intracerebral hemorrhage; IQR = interquartile range; ISCVT = International Study on Cerebral 
Vein and Dural Sinus Thrombosis; LMWH = low-molecular-weight heparin; mRS = modified Rankin Scale. 
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OBJECTIVE Neurosurgical intervention may increase the risk of developing cerebral vein and dural sinus thrombosis 
(CVT). The clinical management of CVT in postoperative patients remains unclear. This retrospective study explores the 
disease occurrence, associated risk factors, and outcomes in patients with tumors who developed CVT after craniotomy.
METHODS A retrospective analysis and review of patient records in those who had undergone cranial tumor removal 
within the authors’ neurosurgical department was performed. In so doing, the authors identified a cohort of patients who 
developed CVT postoperatively. The study included patients who presented to the department between January 2004 
and December 2013.
RESULTS Of 2286 patients with intracranial lesions who underwent craniotomy, 35 (1.5%) went on to develop CVT. The 
authors identified the semisitting position (OR 7.55, 95% CI 3.73–15.31, p < 0.001); intraoperative sinus injury (OR 1.5, 
95% CI 3.57–15.76, p < 0.001); and known CVT risk factors (OR 7.77, 95% CI 2.28–21.39, p < 0.001) as predictors of 
CVT development. Of note, 19 patients (54.3%) had good outcomes (modified Rankin Scale Score 0–1), whereas 9 pa-
tients (25.7%) had suffered dependency or death (modified Rankin Scale Score 4–6) at last follow-up. Intracerebral hem-
orrhage (OR 21.27, 95% CI 1.59–285.01, p = 0.02) and delayed delivery of an intermediate dose of low-molecular-weight 
heparin anticoagulation (OR 24.12, 95% CI 2.08–280.13, p = 0.01) were associated with unfavorable outcomes.
CONCLUSIONS Only a minority of patients undergoing craniotomy for tumor removal develop CVT, and the majority of 
those who do develop CVT recover well. Early administration of an intermediate dose of low-molecular-weight heparin 
anticoagulation might be considered once CVT is diagnosed.
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Methods
This study received internal review board approval 

from the local ethics committee. Patient consent was nei-
ther sought nor required for this retrospective analysis. We 
reviewed the records of all patients who had undergone 
craniotomy after being diagnosed with an intracranial 
mass between January 1, 2004, and December 31, 2013, 
for the subsequent development of CVT. After craniotomy 
for intracranial tumor, our institutional standard of care 
mandates a follow-up visit at 3 months and regular visits 
thereafter. For analysis, the last documented clinical status 
was used. All of the patients with documented CVT who 
survived to 3 months underwent at least 1 follow-up visit.

Per the aforementioned process, we retrospectively re-
trieved the following patient parameters: baseline demo-
graphics, tumor pathology, histological grading, patient po-
sition during surgery, location of the tumor, proximity to a 
major sinus, sinus compression and/or infiltration, location 
of craniotomy, duration of surgery, known CVT risk factors 
(as described below), intraoperative sinus or sinus vein inju-
ry, initial clinical manifestations of CVT occurrence, neu-
rological outcome, complications, number of affected sinus 
vein segments, degree of recanalization at last follow-up, 
time to diagnosis after surgery, time to intermediate-dose 
low-molecular-weight heparin (LMWH) anticoagulation 
after surgery, and time to full therapeutic anticoagulation.

Intraoperative dural sinus or sinus vein injury was con-
sidered to have occurred if any direct or indirect signs of 
injury (e.g., bleeding, visible injury, and/or air embolism) 
were mentioned in the surgical report. The early versus 
late initiation of anticoagulation regimens was stratified 
by the median time observed. The modified Rankin Scale 
(mRS) scores, assessed at both discharge and last known 
follow-up, were used for outcome analysis.

We defined the following conditions and syndromes as 
known medical risk factors: genetic prothrombotic condi-
tions (antithrombin deficiency, protein C and/or protein S 
deficiency, factor V Leiden mutation, prothrombin muta-
tion, homocysteinemia); acquired prothrombotic states (ne-
phrotic syndrome, antiphospholipid syndrome); infections 
(otitis, mastoiditis, meningitis); inflammatory diseases 
(systemic lupus erythematosus, Wegener’s granulomatosis, 
sarcoidosis, inflammatory bowel disease, Behçet’s syn-
drome); hematological conditions (polycythemia, throm-
bocythemia, leukemia, anemia [hemoglobin level of < 13.5 
g/dl in male and < 11.6 g/dl in female patients]); and finally, 
the use of oral contraceptive medication.3,17,29,32 We includ-
ed patients with intracranial WHO III and IV tumors and 
patients with intracranial masses secondary to metastatic 
(nonbrain) tumor that were defined as malignant.

Patients diagnosed with CVT underwent laboratory 
screening for risk factors. Screening was performed after 
recovery from surgery to avoid false-negative laboratory 
results due to trauma-induced alterations in patients’ co-
agulation states. Patients in whom thrombophilia was then 
diagnosed were considered to bear a medical risk factor.

Of note, our institutional standard of care calls for pa-
tients to receive prophylactic anticoagulation consisting 
of LMWH (nadroparine calcium 0.3 ml subcutaneously) 
from postoperative Day 1 onward. Prophylactic anticon-
vulsants are not routinely used in patients with newly di-

agnosed brain tumors at our academic center; such drugs 
were only prescribed in patients after the first observed 
seizure.16 Moreover, all patients were admitted to the in-
tensive care unit postoperatively regardless of the develop-
ment of CVT. Therefore, we defined the intermediate dose 
of LMWH anticoagulation to be twice that of prophylactic 
anticoagulation. We defined anti-Xa-level–adjusted anti-
coagulation as fully therapeutic. During the initiation of 
treatment, anti-Xa levels were checked to avoid overdosing 
with LMWH, thereby avoiding a prohemorrhagic state.

All patients underwent imaging on postoperative Day 
1 or 2, per the institutional standard. The modality (CT or 
MRI) depended on the clinical indication. All patients de-
veloping clinical signs of a possible CVT underwent MRI 
and venous MR angiography according to the institutional 
standard, unless patients were ineligible because of MRI 
contraindications. In this case patients were diagnosed 
using CT and venous CT angiography. Venous infarction 
was defined by the radiological demonstration of CVT and 
infarction in the affected territory of the venous drainage.

Outcome variables were measured using the mRS at 
3 months after onset of illness by an independent neu-
rosurgeon, who did not perform the surgery. For further 
analysis, patients were stratified into the following groups: 
“favorable outcome” (mRS Score 0–2) and “unfavorable 
outcome” (mRS Score 3–6).

Statistical Analysis
For the purposes of data analysis, patients were dichot-

omized by the median of the analyzed parameters (i.e., 
age, duration of surgery, time to diagnosis, and so on). 
The Mann-Whitney U-test was used for nonparametric 
analyses. Binary parameters were analyzed using the chi-
square test. Multivariable analysis was performed using 
a binary logistic regression model, which incorporated a 
backward, stepwise exclusion to identify independent pre-
dictors of outcome parameters. Results with a p value < 
0.05 were considered to be statistically significant. Multi-
variable analysis included parameters identified in univar-
iate analysis with a p value of < 0.1. Missing values were 
processed using a missing-value analysis, followed by a 
multiple imputation model for outcome parameters. In-
formation on missing values before multiple imputation is 
given in Supplementary Table 1. All statistical tests were 
2-tailed. All calculations were performed using standard 
commercial software (SPSS version 20, IBM, Inc.).

Results
We included 2286 patients, of whom 35 (1.53%) de-

veloped CVT during their postoperative clinical course 
(Table 1).

Morphological and Clinical Characteristics of CVT
The majority of patients (57.2%) suffered CVT that af-

fected multiple sinus segments (Table 2). Further analysis 
of the segments involved demonstrated that the majority 
of diagnosed CVTs occurred within the transverse sinus 
(54.3%), sigmoid sinus (48.6%), and jugular vein (8.6%). 
Only a minority of these 35 patients (n = 11) had radiologi-
cally confirmed involvement of the cerebral veins (31.4%). 
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Of those, 5 patients had isolated cerebral vein thrombosis, 
whereas 6 patients displayed combined cerebral vein and 
dural sinus thrombosis.

Seventeen patients displayed clinical symptoms of 
CVT development (48.6%). Of these patients, 8 report-
ed headaches (22.8%), 7 displayed neurological deficits 
(20%), and 2 reported or displayed other symptoms (5.8%). 
In the remaining 18 patients (51.4%), CVT was diagnosed 
incidentally via routine postoperative imaging (Table 3). 
Of the patients who developed CVT, 8 (22.9%) received 
anticonvulsive medication: of these, 6 patients received 
levetiracetam, 1 received valproic acid, and 1 received 
carbamazepine.

Nine patients (25.8%) ultimately developed complica-
tions: 4 (11.4%) suffered a venous infarction, 3 (8.6%) de-
veloped an intracerebral hemorrhage (ICH), and 2 (5.8%) 
developed other complications (e.g., seizures). The median 
time to diagnosis of CVT was 2 days (interquartile range 
[IQR] 1.5 days), the median time from surgery to the start 
of an intermediate dose of LMWH anticoagulation was 2 
days (IQR 2.5 days), and the median time from surgery 
to start of therapeutic anticoagulation was 7 days (IQR 
6 days). Full therapeutic anticoagulation was initiated in 
25 patients (71.4%), whereas 10 patients (28.6%) received 
long-term intermediate dosing of LMWH.

Risk Factors
Patients who developed CVT were significantly young-

er (median age 54.8 years overall [IQR 22.8] vs 47.2 years 
in patients with CVT [IQR 20.1], p = 0.01, univariate); were 
more likely to have been in the semisitting position during 
the procedure (OR 8.22, 95% CI 4.18–16.1, p < 0.001, uni-
variate); and had a higher rate of known preoperative med-
ical risk factors for CVT (OR 6.35, 95% CI 2.56–15.79, p 
= 0.001, univariate) than did patients who did not develop 
CVT. Furthermore, the intraoperative lesioning of either 
the cerebral sinuses or veins led to a higher rate of CVT 
(OR 7.49, 95% CI 3.75–14.97, p < 0.001, univariate). The 
occurrence of an intraaxial tumor versus a meningioma 
was not associated with the development of CVT, when 
compared to other tumors (OR 0.62, 95% CI 0.31–1.22, 
p = 0.17). Other parameters such as adjacency to sinus, 
sinus infiltration, a craniotomy distant to a sinus, duration 
of surgery longer than 155 minutes, or malignancy were 
also not associated with the development of CVT (Supple-
mentary Table 2).

TABLE 1. Overall characteristics in 2286 patients who underwent 
craniotomy for intracranial lesions

Characteristic
No  

CVT CVT
p 

Value

No. of patients 2251 35
Median age in yrs (IQR) 54.8 (22.8) 47.2 (20.1) 0.01
Female sex 1133 (50.3) 23 (65.7) 0.09
Tumor entity 0.45
 Meningioma 892 (39.6) 18 (51.4)
 High-grade glioma 676 (30.0) 7 (20)
 Low-grade glioma 65 (2.9) 1 (2.9)
 Metastatic tumor 325 (14.4) 7 (20)
 Other 293 (13) 2 (5.7)
Patient positioning <0.001
 Supine 1430 (63.5) 12 (34.3)
 Prone 41 (1.8) 0 (0)
 Lateral 520 (23.1) 4 (11.4)
 Sitting/semisitting 257 (11.4) 19 (54.3)
 Other 3 (0.1) 0 (0)
Location of the tumor 0.17
 Intraaxial 579 14
 Extraaxial 1672 21
Proximity to a dural sinus/sinus 

vein
0.46

  Distant 1143 20
  Adjacent 1108 15
Sinus infiltration 0.34
 Yes 139 3
 No 2112 32
Location of craniotomy 0.8
 Distant to dural sinus/sinus 

vein
556 8

 Adjacent to or spanning a 
dural sinus/sinus vein

1695 27

Median duration of surgery in 
mins (IQR)

155 (133) 133 (155) 0.37

CVT medical risk factor 71 (3.2) 6 (17.1) 0.001
Intraop cerebral vein/sinus injury 184 (8.2) 14 (40) <0.001

Data are presented as the number of patients (%) unless otherwise stated. 
Data comparisons were done using either the Mann-Whitney U-test or chi-
square test, where applicable.

TABLE 2. Radiological characteristics in 35 patients who 
developed CVT

Characteristic No. (%)

Segments involved
 1 15 (42.8)
 2 15 (42.8)
 3 3 (8.6)

 >3 2 (5.7)
Sinus thrombosis
 Superior sagittal sinus 12 (34.3)
 Confluence of sinuses 6 (17.1)
 Transverse sinus 19 (54.3)
 Sigmoid sinus 17 (48.6)
 Jugular vein 3 (8.6)
 Other 6 (17.1)
Cerebral vein thrombosis 
 Isolated cerebral vein thrombosis 5 (14.3)
 Cerebral vein & dural sinus thrombosis 6 (17.1)
Venous infarction 4 (11.4)
ICH
 Prior to anticoagulation 2 (5.7)
 During anticoagulation 1 (2.9)
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Furthermore, age (OR 0.37, 95% CI 0.15–0.91, p = 0.016); 
the semisitting position (OR 7.55, 95% CI 3.73–15.31, p < 
0.001); known medical risk factors for CVT (OR 7.77, 95% 
CI 2.28–21.39, p < 0.001); and intraoperative sinus and/or 
vein injury (OR 7.5, 95% CI 3.57–15.76, p < 0.001) were 
confirmed as independent parameters associated with 
a higher occurrence of CVT via multivariable analysis 
(Nagelkerke R2 = 0.227) (Table 4). Sex (p = 0.08) and tumor 
pathology (malignant vs nonmalignant tumor) (p = 0.07) 
were not associated with the development of CVT.

Postoperative Outcomes
For the assessment of parameters associated with out-

come, only patients with CVT were analyzed. All but 
5 patients with CVT were available for follow-up at 3 
months. The average follow-up of patients with CVT was 
181 days (Table 3). At discharge, 16 patients (45.7%) re-
covered (i.e., mRS Score 0–1), 17 (48.6%) remained in a 
dependent clinical state, and 2 (5.7%) had died. As of the 
last follow-up, the majority of patients (n = 26, 74.3%) had 
recovered from surgery, and fewer patients remained in a 
dependent state (n = 6, 17.1%); in total 3 patients (8.6%) 
were dead at the 3-month follow-up.

Risk Factors Predictive of an Unfavorable Neurological 
Outcome

Of the parameters recorded, the development of ICH 
(OR 24, 95% CI 3.25–177.41, p = 0.001); a symptomatic 
CVT (OR 15.33, 95% CI 2.45–96.09, p = 0.003); the exis-
tence of a malignant tumor (OR 6.88, 95% CI 1.27–37.34, 
p = 0.03); and the late initiation (after postoperative Day 2) 
of intermediate-dose LMWH anticoagulation (OR 26.83, 
95% CI 3.71–194.18, p = 0.001) were associated with the 
development of unfavorable neurological outcome as con-
firmed via univariate analyses (Supplementary Table 3). 
Multivariable analysis confirmed ICH (OR 21.27, 95% 
CI 1.59–285.01, p = 0.02) and the late initiation of inter-
mediate-dose LMWH anticoagulation (OR 24.12, 95% 
CI 2.08–280.13, p = 0.01) as independent risk factors for 
the development of unfavorable neurological outcomes 
(Nagelkerke R2 = 0.78) (Table 5). Of note, no differences 
were observed between patients undergoing long-term in-
termediate dosing with LMWH and full therapeutic anti-
coagulation with either LMWH or warfarin (p = 1).

Discussion
Our study attempted to identify novel risk factors as-

sociated with the development of CVT. Furthermore, we 
have described a proposed treatment regimen that may be 
used in the event that CVT develops (i.e., acute intermedi-
ate-dose LMWH anticoagulative therapy).

The data obtained from our retrospective cohort con-
firmed both the percentage and mode of clinical presenta-
tion previously reported for CVT.3,5,23,30 However, in the 
International Study on Cerebral Vein and Dural Sinus 
Thrombosis (ISCVT) conducted by Ferro et al., headaches 
were observed in 88.8% of patients developing spontane-
ous CVT.14 To avoid insufficient management of postopera-
tive headaches,20 our institutional standard of care routine-
ly calls for the administration of postoperative analgesia to 

patients, which may hinder the clinical diagnosis of CVT 
(i.e., via the suppression of a critical presenting symptom). 
Moreover, seizures were observed in 39.5% of all patients 
within the ISCVT. In the course of our study we observed 
seizure as the initial symptom in only 1 patient. This may 
be due to the patient population analyzed, which consists 
only of patients with intracranial tumors; those tumor pa-
tients initially presenting with seizures have been receiving 
anticonvulsant medications, therefore suppressing seizure 
as a symptom of CVT. Furthermore, crucial methodologi-
cal differences between the ISCVT and our study exist: we 
only focus on the initial symptom leading to the diagnosis 
of CVT, contrary to the study by Ferro et al., which lists 
all observed symptoms. Most importantly, we present data 
centered on a highly exclusive patient population, whereas 
the ISCVT reports data in the format of a cross-sectional 
trial, thereby limiting the comparability.

The assessment of CVT is associated with difficulties 
after brain tumor surgery. Therefore, diagnosis of CVT 
postoperatively in the neurosurgically treated patient 
predominantly relies on imaging. Both CT and MRI are 
widely used in the diagnosis of CVT, with MRI displaying 
a higher sensitivity with regard to the detection of CVT 
and venous infarction; therefore it is the gold standard in 
the diagnosis of CVT.4 Additionally, postoperative chang-

TABLE 3. Clinical characteristics in 35 patients with CVT

Characteristic Value

Malignancy 11 (31.4)
Patients w/ anticonvulsive medication 8 (22.9)
Symptom
 Incidental 18 (51.4)
 Headaches 8 (22.9)
 Neurological deficit 7 (20)
 Other 2 (5.7)
Complication
 Venous infarction 4 (11.4)
 ICH 3 (8.6)
 Other 2 (5.7)
Median difference in days (IQR)
 Time from surgery to diagnosis 2 (1.5)
 Time from surgery to intermediate-dose anticoagulation 2 (2.5)
 Time from surgery to therapeutic anticoagulation 7 (6)
Therapeutic anticoagulation 25 (71.4)
Type of anticoagulation
 LMWH 28 (80)
 Unfractionated heparin 7 (20)
Average follow-up in days (IQR) 181 (109)
Outcome on discharge
 Complete recovery 16 (45.7)
 Death or dependency 19 (54.3)
Outcome on last follow-up
 Complete recovery 26 (74.3)
 Death or dependency 9 (25.7)

Data are presented as the number of patients (%) unless otherwise stated.
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es commonly observed in neurosurgically treated patients 
may impede the diagnosis of CVT in these individuals; 
therefore, patients who had developed clinically unappar-
ent CVT may have remained undetected within our study. 
Routine imaging on postoperative Day 1 was performed 
in all patients as per the institutional standard. Although 
postoperative imaging may be waived in neurosurgically 
treated patients with noneloquent tumors who do not dis-
play risk factors for the development of CVT,15 our data 
underline the importance of such a postoperative routine, 
because a significant number of patients were in fact diag-
nosed during postoperative imaging within this study. It is 
prudent to note that our institutional standard after remov-
al of intracranial tumor includes T1-weighted spin echo 
MRI sequences. As has been described, T1-weighted spin 
echo images provide a reliable tool for the detection of 
CVT (i.e., with a sensitivity of up to 90%).18 Despite such 
robust detection, it remains possible that approximately 
10% of our asymptomatic and/or mildly symptomatic pa-
tients may in fact be missed via this imaging paradigm.

Furthermore, within our cohort we have defined a num-
ber of risk factors associated with the development of post-
operative CVT in patients with intracranial lesions who 

underwent craniotomy. Whereas some of these factors are 
indeed modifiable, others are not (e.g., preoperative surgi-
cal planning should take into account patient positioning). 
The semisitting position leads to an increase in cerebral 
venous drainage, which is beneficial from a surgical point 
of view, because it leads to a decrease in venous bleeding.6 
However, the increased venous drainage may lead to the 
collapse of the cerebral veins and dural sinuses. This is 
supported by observations that CVT is also a complication 
observed after lumbar puncture. In those cases, low CSF 
pressure postpuncture results in a downward shift of the 
brain, increasing traction on the cortical veins and sinuses, 
a mechanism by which the semisitting position increases 
the risk of CVT.1

Interestingly, the development of CVT was observed 
more often in younger patients. This is in line with pre-
vious observations: in a study of the general population, 
78% of the cases that resulted in the development of CVT 
occurred in patients < 50 years of age.4,7 Previously de-
scribed medical risk factors3,17,29,32 were also identified as 
risk factors for the development of CVT within our popu-
lation. Of note, the presence of a malignant tumor did not 
seem to increase the risk of CVT occurrence. This may 

TABLE 4. Univariate and multivariate analyses of parameters associated with the development of CVT

Parameter
Univariate Analysis Multivariate Analysis

OR 95% CI p Value OR 95% CI p Value

Age >55 yrs 0.34 0.14–0.83 0.01 0.37 0.15–0.91 0.016
Female sex 1.89 0.94–3.82 0.09 0.08
Semisitting position 8.22 4.18–16.1 <0.001 7.55 3.73–15.31 <0.001
Risk factor for CVT 6.35 2.56–15.79 0.001 7.77 2.28–21.39 <0.001
Intraaxial tumor location 0.62 0.31–1.22 0.17
Adjacency to sinus 1.23 0.66–2.53 0.46
Sinus infiltration 1.42 0.43–4.7 0.34
Craniotomy distant to sinus 0.9 0.41–2.0 0.80
Surgery longer than 155 mins 1.35 0.67–2.66 0.37
Malignancy 1.91 0.93–3.93 0.07 0.07

Binary logistic regression with stepwise exclusion was used for multivariate analysis (Nagelkerke R2 = 0.227). 

TABLE 5. Univariate and multivariate analysis of parameters associated with death or dependency

Parameter
Univariate Analysis Multivariate Analysis

OR 95% CI p Value OR 95% CI p Value

Age >47 yrs 0.933 0.2–4.29 1
Female sex 0.685
ICH 24 3.25–177.41 0.001 21.27 1.59–285.01 0.02
CVT in ≥2 segments 1.09 0.24–5.03 0.9
Symptomatic CVT 15.33 2.45–96.09 0.003 0.46
Malignancy 6.88 1.27–37.34 0.03 0.29
Missing recanalization 2.18 0.3–1.58 0.58
Time to diagnosis ≥3 days 3.83 0.61–24.02 0.16
Time to semitherapeutic anticoagulation ≥3 days 26.83 3.71–194.18 0.001 24.12 2.08–280.13 0.01
Full therapeutic anticoagulation 0.83 0.13–5.3 1
Time to full therapeutic anticoagulation ≥8 days 0.44 0.07–2.79 0.66

Binary logistic regression with stepwise exclusion was used for multivariate analysis (Nagelkerke R2 = 0.78). 
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be because we observed different additional risk factors 
for CVT in intracranial tumors: a large number of patients 
underwent removal of benign tumors (i.e., meningiomas), 
which are prone to CVT development due to the nature 
of their origin and location.22,26 On the other hand, ma-
lignant tumors are known to express and/or release size-
able amounts of procoagulative factors,12 which result in 
a high incidence of deep vein thrombosis and pulmonary 
embolism.24 Although patients with meningiomas at cer-
tain locations (e.g., parafalcine) have been demonstrated to 
be at risk for the development of CVT,26 our data did not 
demonstrate an association with meningioma in general 
and the development of CVT. Taken together, this may in-
deed explain why no statistical differences were observed 
between patients undergoing the resection of benign or 
malignant intracranial tumors.

Intraoperatively, several factors must be considered in 
an effort to minimize the development of CVT. They in-
clude the maintenance of adequate hydration, minimiza-
tion of the exposure of the sinuses, and the avoidance of 
dominant sinus sacrifice.19,28 We report a fairly high rate of 
sinus and sinus vein injury in our patient population. We 
attribute this high rate to the retrospective nature of this 
study; the operating reports were screened for any note of 
(i.e., even minor) reports of injury to sinus vein structures 
that resulted in bleeding. All of these patients were consid-
ered to have suffered an injury to a sinus structure, result-
ing in a rate of injury > 8%. Although this might result in 
an overestimation of cases, homogeneity within the study 
population was maintained.

A number of medical approaches for the clinical treat-
ment of CVT exist and include intravenous heparin ther-
apy,13 direct endovascular thrombolytic therapy,2,31 and/
or the use of LMWH.11 Furthermore, patients developing 
CVT with impending herniation may also be treated sur-
gically via decompressive hemicraniectomy.9 Clearly, the 
risks of postoperative hemorrhage versus CVT progres-
sion must be weighed against each other.

The initiation of anticoagulation is considered safe in 
patients with CVT,8 and our study provides further confir-
mation with regard to neurosurgically treated patients. We 
have shown that an initiation of intermediate-dose LMWH 
later than postoperative Day 2 in patients with diagnosed 
CVT may lead to an increased risk of unfavorable neuro-
logical outcomes. It is therefore tempting to speculate that 
the beneficial effects observed are due to a decrease in the 
appositional growth of the initiating thrombus.13 Interest-
ingly, a fully therapeutic anticoagulative state did not result 
in a more favorable outcome. It is important to remember 
that the development of ICH was associated with unfavor-
able neurological outcome in our study; an observation 
previously reported in nonneurosurgically treated patients 
with CVT.10,14 Because risk factors for CVT development 
and poor outcome include parameters not attributable to a 
tumor burden (e.g., semisitting position or sinus injury), the 
results of our study may ultimately be generalizable and 
relevant for neurosurgically treated patients undergoing 
craniotomy for other indications (e.g., vascular diseases 
and/or malformations). However, when assessing the out-
come, in particular for patients with gliomas, it is difficult 
to ascertain if disability is due to the tumor or to CVT.

Limitations of the Study
Due to the retrospective nature of our study and the po-

tential for bias (i.e., data were collected and analyzed ret-
rospectively) all generalizations and clinical recommenda-
tions must be made with caution. For example, we note that 
CVT risk factors are more likely to be elicited and record-
ed in patients who develop CVT, whereas such risk factors 
may be underestimated in patients without complications. 
It is also important to note that the diagnostic criteria for 
CVT relied on patient charts and/or radiological documen-
tation, because specific rescreening of images for CVT was 
not performed. Moreover, CVT can be asymptomatic, or it 
can produce symptoms that are thought to be caused by the 
tumor surgery. Therefore, our study may underestimate the 
prevalence of postoperative CVT. Nevertheless, the con-
clusions drawn with regard to the parameters influencing 
the development of CVT and clinical outcomes in patients 
should remain valid. All conclusions regarding anticoagu-
lation need to be carefully discussed due to the retrospec-
tive nature of this study and the limitations named above. 
Because extended diagnostics for medical risk factors were 
only performed in patients who developed CVT or who 
had a history of thrombosis or CVT, this might potentially 
lead to a bias. The main strength of our single-center study 
is the inclusion of a large number of consecutively treated 
patients and the extensive period of surgical follow-up.

Conclusions
We have provided a detailed set of data, which define 

the postoperative rates of CVT following craniotomy for 
patients with tumors in a large retrospective case series in 
an effort to advance neurooncological surgery. In so do-
ing we hope to bring effective CVT interventions to bear. 
The data presented identify independent risk factors for 
the development of CVT and further highlight those that 
are associated with unfavorable neurological outcomes. 
Although only a small minority of patients undergoing 
craniotomy for tumor removal go on to develop CVT, per-
tinent risk factors (e.g., patient position) should be taken 
into account when developing a neurosurgical plan.
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