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Venous Thromboembolism Prophylaxis in Meningioma Surgery: A Population-Based
Comparative Effectiveness Study of Routine Mechanical Prophylaxis with or without

Preoperative Low-Molecular-Weight Heparin
Kristin Sjåvik1, Jiri Bartek Jr2,3, Ole Solheim4-6, Tor Ingebrigtsen1,7, Sasha Gulati4,6, Lisa Millgård Sagberg4-6,

Petter Förander2, Asgeir Store Jakola4,8,9
-OBJECTIVES: Venous thromboembolism (VTE) is a
serious complication after intracranial meningioma sur-
gery. To what extent systemic prophylaxis with pharma-
cotherapy is beneficial with respect to VTE risk, or
associated with increased risk of bleeding and post-
operative hemorrhage, remains debated. The current study
aimed to clarify the risk/benefit ratio of prophylactic
pharmacotherapy initiated the evening before craniotomy
for meningioma.

-METHODS: In a Scandinavian population-based cohort,
we conducted a retrospective review of 979 operations for
intracranial meningioma between 2007 and 2013 at 3
neurosurgical centers with population-based referral. We
compared 2 different treatment strategies analyzing fre-
quencies of VTE and proportions of postoperative intra-
cranial hematomas requiring surgery or intensified
subsequent observation or care (intensive care unit or
other intensified observation or treatment). One neurosur-
gical center favored preoperative prophylaxis with low-
molecular-weight heparin (LMWH) (LMWH routine group)
in addition to mechanical prophylaxis, and 2 centers
favored mechanical prophylaxis with LMWH only given as
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needed in cases of delayed mobilization (LMWH as needed
group).

-RESULTS: In the LMWH routine group, VTE was diag-
nosed after 24/626 operations (3.9%), and VTE was diag-
nosed after 11/353 (3.1%) operations in the LMWH as
needed group (P [ 0.56). Clinically relevant postoperative
hematomas occurred after 57/626 operations (9.1%) in the
LMWH routine group compared with 23/353 (6.5%) in the
LMWH as needed group (P [ 0.16). Surgically evacuated
postoperative hematomas occurred after 19/626 operations
(3.0%) in the LMWH routine group compared with 8/353
operations (2.3%) in the LMWH as needed group (P[ 0.26).

-CONCLUSIONS: There is no benefit of routine preoper-
ative LMWH starting before intracranial meningioma sur-
gery. Neither could we for primary outcomes detect a
significant increase in clinically relevant postoperative
hematomas secondary to this regimen. We suggest that as
needed perioperative administration of LMWH, reserved for
patients with excess risk because of delayed mobilization,
is effective and also appears to be the safest strategy.
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INTRODUCTION
ntracranial meningioma is the second most common primary
brain tumor1,2 and surgical removal is the treatment of choice.3
IBecausemeningiomas are typically benign lesions,4 expectations

for patient safety are high and serious complications of treatment are
less acceptable. Postoperative venous thromboembolism (VTE),
including deep vein thrombosis (DVT) and pulmonary embolism
(PE), after intracranial tumor surgery is reported as high as 26%1,3,5-

10 with 1.5%e5% risk of PE.1,7,11 PE is a serious complication and
reported mortality was 23% in a recent study of patients with
meningioma.4

Early mobilization andmechanical prophylaxis (e.g., compression
stockings and sequential compression devices [SCDs]) to reduce
VTE may be used.12-16 To further reduce the risk of VTE after intra-
cranial tumor surgery, different schemes of pharmacologic prophy-
laxis have been implemented, most commonly subcutaneous
injections of low-molecular-weight heparin (LMWH). The efficacy of
perioperative pharmacologic prophylaxis with LMWH in patients
with intracranial tumor has been assessed in 2 randomized
controlled trials (RCTs).1,17 One study including 307 patients1 found a
reduced incidence of VTE without increasing the risk of
postoperative hemorrhage with LMWH administration the
morning after surgery, but the study did not have enough power to
detect potential differences in postoperative hematomas. Another
study17 that randomized 68 patients to placebo or LMWH at the
beginning of surgery was stopped early because of increased risk
of postoperative hematoma (11%). After these studies, a systematic
review modeling patient outcomes favored mechanical prophylaxis
alone over routine additional pharmacologic prophylaxis because
of the increased risk of postoperative hematoma with potentially
devastating consequences.18 Because of the potentially negative
consequences of systemic anticoagulation therapy on hemostasis
during and after intracranial tumor surgery, there is still no
consensus on the overall use and timing of pharmacologic
prophylaxis.6,13,19 To further elucidate on potential risks and bene-
fits of routine LMWH prophylaxis in intracranial meningioma sur-
gery, a large-scale study is needed. In this context, pragmatic
comparative studies can complement RCTs, offering a real-life
setting.20,21

The aim of this population-based retrospective comparative
cohort study was to compare the proportions of VTE and post-
operative hematoma at 3 neurosurgical centers with 2 different
policies for thromboembolic prophylaxis in meningioma surgery.
At 1 center, LMWH was started the evening before surgery and
continued until adequate mobilization. In the 2 other centers, no
preoperative pharmacologic prophylaxis for VTE was adminis-
trated routinely but rather given as needed if postoperative
mobilization was delayed.

METHODS

The study was approved by the respective Stockholm regional ethical
review board in Sweden (EPN 2013/634-31/7) and the Regional
Committee for Medical and Health Research Ethics in Central Nor-
way (2013/884). The study was registered in clinicaltrials.gov
(NCT01941602) before data collection. The study is reported based
on the STROBE statement.
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Scandinavian Health Care System
The health care system in Norway and Sweden is divided into
different geographic regions with compliant referral patterns for
intracranial tumor surgery within these regions. A patient with an
intracranial meningioma in the greater Stockholm region is
referred to and cared for at the Neurosurgical Department at
Karolinska University Hospital. Similarly, patients with meningi-
oma in Northern Norway and Central Norway will be referred to
the University Hospital of North Norway and St. Olavs University
Hospital, respectively. Because no private health care alternative
exists for patients with intracranial tumors and a strict regional
referral is used, it is highly unusual that patients actively seek
health care outside their region, in practice eliminating risk of
referral bias.22 Data from Statistics Norway (http://www.ssb.no)
and Statistics Sweden (http://www.scb.se) were used to estimate
the mean population of the respective hospital catchment areas
during the study period.

Study Population
All patients undergoing resection of intracranial meningioma
between 1 January 2007 and 30 June 2013 at the Departments of
Neurosurgery at Karolinska University Hospital (Stockholm,
Sweden), the University Hospital of North Norway (Tromsø,
Norway), and St. Olavs University Hospital (Trondheim, Norway)
were identified using the hospital patient administrative data-
bases. In total, 979 craniotomies and meningioma resections were
performed in patients aged 18 years or older. All cases were his-
topathologically verified.
Biopsies only, transsphenoidal surgery, and patients having

undergone intracranial procedures or VTE within 3 months before
meningioma surgery were excluded. Also, patients from abroad,
actively seeking care and operated at the study centers, were
excluded from the study.
We registered the perioperative course limited to the first 30

days after surgery through comprehensive review of the medical
records and operating room logs.

Assessment of Population-Based Data
The University Hospital of Northern Norway served a population
of 466,699 (14% of our total cohort), St. Olavs University Hospital
served a population of 673,874 (21% of our total cohort), and
Karolinska University Hospital served a population of 2,129,919
(65% of our total cohort). Crude incidence rates of craniotomy and
meningioma resection were 4.1/100,000/year at University Hospi-
tal of North Norway, 5.3/100,000/year at St. Olavs University
Hospital and 4.5/100,000/year at Karolinska University Hospital.
The difference between expected proportion of caseload between
centers compared with the actual caseload was not significant (c2,
P ¼ 0.93). This finding makes it unlikely that there are relevant
differences in indications for surgical treatment of meningiomas
between departments.

Treatment Regimens
At 1 center, patients with intracranial meningioma selected for
craniotomy and tumor resection received subcutaneous LMWH
(40 mg enoxaparin) approximately 12 hours before intracranial
surgery, later referred to as the LMWH routine group. LMWH was
www.WORLDNEUROSURGERY.org 321
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continued once a day until patients were sufficiently mobilized.
Exceptions were patients with coagulopathy or those using other
anticoagulant treatment. In addition to the above, patients
routinely received mechanical VTE prophylaxis with compression
stockings or SCD.
At the 2 other centers, patients with meningioma did not

routinely receive preoperative pharmacologic VTE prophylaxis.
Instead, patients with delayed postoperative mobilization were
given LMWH (enoxaparin 40 mg or dalteparin 5000 IU daily) from
the second postoperative day until sufficiently mobilized. Me-
chanical prophylaxis with compression stockings or SCD was
routinely provided. We refer to this cohort as the LMWH as needed
group.

End Points
All end points were preplanned before data collection unless
otherwise clearly specified. The primary end point was a between-
group comparison of radiologically confirmed VTE within 30 days
after surgery. At all institutions, the first-line diagnosis of DVT
and PE is lower extremity ultrasonography and contrast-enhanced
spiral chest computed tomography CT, respectively. None of the
centers performed VTE screening in asymptomatic patients. The
coprimary end point was proportion of clinically relevant post-
operative hematoma within 30 days of surgery. Clinically relevant
postoperative hematoma was here defined as a radiologically
detected hematoma (CT or magnetic resonance imaging [MRI])
having any possible association with postoperative course/events,
including prolonged observation in intensive care unit, delayed
mobilization, possibly related neurologic deficits (including tran-
sient deficits), or more severe related events like impaired con-
sciousness and death.
Preplanned secondary end points were analysis of treatment

regardless of treatment center for the primary end points, pro-
portions of either DVT or PE, peroperative blood loss and pro-
portions of patients reoperated as a result of postoperative
intracranial hematoma. Explorative post hoc analyses were dura-
tion of surgery, postoperative hematomas when LMWH was pro-
vided within 24 hours postoperatively, and severe complications
(Ibanez grade IIIeIV) within 30 days after surgery.23

Statistical Analysis and Power Estimate
All analyses were decided a priori (per protocol) unless otherwise
specified. To avoid selection bias, primary end points were
analyzed according to treatment policy and not according to
treatment provided. Analyses of actual LMWH treatment,
regardless of treatment center, are provided as secondary end
points. Statistical significant level was set to P < 0.05, with no
adjustments for multiple comparisons.
Comparisons of dichotomous data (including primary end

point) were analyzed with Pearson c2 test. Distributions of
continuous variables were analyzed with Q-Q plots. For contin-
uous data, comparisons of groups were analyzed with indepen-
dent sample t test if normally distributed or with Mann-Whitney U
test if skewed.
We hypothesized that the proportion having VTE would be 10%

in the LMWH as needed group, and 5% for the LMWH routine
group.10 Because of an expected 2:1 difference in cohort size, we
found that to achieve 80% power using a 2-sided significance
322 www.SCIENCEDIRECT.com WORLD NEU
level of 0.05 we needed 1050 operations (350 and 700, respec-
tively). We ended up with 979 operations in this study. Thus, our
final inclusion ended below 80% power, but higher than 70%
power (total 849 operations needed). We simply reversed the
equation when calculating the risk of clinically significant post-
operative intracranial hematoma.
Statistical analyses were performed using SPSS Statistics for

Windows, Version 18.0 (SPSS Inc., Chicago, Illinois, USA) and
Figure 1 is created using GraphPad Prism 6 (GraphPad, La Jolla,
California, USA).
RESULTS

Baseline and treatment characteristics for the 2 groups are pre-
sented and compared in Table 1. Other than for VTE prophylaxis,
the 2 study groups were comparable except for World Health
Organization grade, early postoperative CT/MRI, and previous
radiation therapy.
In the LMWH as needed group, compression stockings alone

were used in 251 cases (71.1%) whereas SCD was used in addition
in 97 cases (27.6%). All patients in the LMWH routine group
received mechanical prophylaxis, but SCD use was not reliably
documented and consequently not reported. All mechanical pro-
phylaxis in both groups was initiated immediately before surgery.
VTE
The primary end points are presented in Figure 1, and the
differences in secondary outcomes between treatment strategies
are summarized in Table 2.
For the entire study population, VTE was detected after 35/979

operations (3.6%). In the LMWH routine group, VTE was diag-
nosed after 24/626 operations (3.8%) compared with after 11/353
operations (3.1%) in the LMWH as needed group (P ¼ 0.56).
When analyzed according to treatment and not according to

policy, the risk of VTE when treated with preoperative LMWH was
3.4% (20/591). The corresponding risk in the group who did not
receive LMWH before surgery was 3.9% (15/380, P ¼ 0.65).
Including patients treated with LMWH within 24 hours after
surgery in the analysis did not alter the result (P ¼ 0.98).
Postoperative Intracranial Hematoma
For the entire study population, clinically relevant postoperative
hematomas were observed after 80/979 operations (8.2%). Post-
operative hematomas were seen after 57/626 operations (9.1%) in the
LMWH routine group and after 23/353 operations (6.5%) in the
LMWH as needed group (Figure 1, P ¼ 0.16). Postoperative
hematomas in need of surgical evacuation were observed in 19/626
operations (3.0%) in the LMWH routine group compared with 8/
353 operations (2.3%) in the LMWH as needed group (P ¼ 0.48).
In the secondary analysis grouped according to LMWH treat-

ment, a clinically significant postoperative hematoma occurred after
54/591 operations in patients who received preoperative LMWH
prophylaxis (9.1%) compared with after 25/380 operations (6.6%) in
the group who did not receive LMWH preoperatively (P ¼ 0.16).
When exploring cases in which LMWH was provided either pre-
operatively or within 24 hours after surgery, 59/636 operations
(9.3%) were complicated with significant postoperative hematoma
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.12.077
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Table 1. Demographic Data, Patient, and Tumor
Characteristics*

LMWH
Routine

Group (n [ 626)

LMWH As
Needed Group
(n [ 353)

P
Value

LMWH given preoperatively 583 (93.6) 8 (2.3) <0.001

LMWH given within 24 hours
postoperativelyy

603 (96.8) 33 (9.5) <0.001

Any LMWH given as inpatient 608 (97.8) 107 (30.7) <0.001

Previous thromboembolism 26 (4.2) 21 (5.9) 0.21

Preoperative therapeutic use of
anticoagulants

24 (3.8) 16 (4.5) 0.60

Age, mean � standard
deviation, years

57.3 � 12.1 56.8 � 13.2 0.53

Female 443 (70.8) 232 (65.7) 0.10

Charlson Comorbidity Index >1 86 (13.7) 40 (11.3) 0.28

Preoperative Karnofsky Score
�70*

550 (88.3) 307 (87.0) 0.55

Paretic limb 101 (16.1) 42 (11.9) 0.07

Location 0.49

Falx/parasagittal 158 (25.2) 93 (26.4)

Sphenoid wing 109 (17.4) 58 (16.5)

Convexity 154 (24.6) 102 (29.0)

Olfactorius/planum/sella 106 (16.9) 52 (14.8)

Other/infratentorial 99 (15.8) 47 (13.4)

World Health Organization grade 1 561 (90.0) 273 (78.4) <0.001

Perifocal edema on initial
magnetic resonance imaging

306 (49.1) 150 (42.6) 0.05

Postoperative computed
tomography/magnetic resonance
imagingz

429 (68.8) 275 (77.9) <0.01

Previous intracranial meningioma
surgery

89 (14.2) 62 (17.6) 0.16

Previous radiation therapy 2 (0.3) 15 (4.2) <0.001

Previous stereotactic
radiosurgery

27 (4.3) 5 (1.4) 0.01

Simpson grade IeIII 422 (67.8) 253 (71.7) 0.21

Proximity to venous sinus 225 (36.0) 108 (30.6) 0.09

LMWH, low-molecular-weight heparin.
*Values are number (%) except where indicated.
y3 missing.
z2 missing.

Table 2. Secondary End Points

LMWH
Routine
Group

LMWH
As Needed

Group
P

Value

As treated analysis for venous
thromboembolism, n/N (%)

20/591 (3.4) 15/380 (3.9) 0.65

As treated analysis for
postoperative hematoma, n/N
(%)

54/591 (9.1) 25/380 (6.6) 0.16

Deep vein thrombosis, n/N (%) 11/626 (1.8) 1/353 (0.3) 0.04

Pulmonary embolism, n/N (%) 13/626 (2.1) 10/353 (2.8) 0.88

Reoperations for hematoma,
n/N (%)

19/626 (3.0) 8/353 (2.3) 0.48

Intraoperative blood loss, mL,
median (IQR)*

450 (200e800) 300 (150e600) <0.001

Ibanez grade IIIeIV, n/N (%)14 50/626 (8.0) 18/353 (5.1) 0.09

Duration of surgery, minutes,
median (IQR)y

270 (194e374) 210 (140e300) <0.001

LMWH, low-molecular-weight heparin; IQR, interquartile range.
*28 (LMWH routine group) þ 21 (LMWH as needed group) missing blood loss.
y3 missing.

Figure 1. Primary end points. LMWH, low-molecular-weight heparin;
VTE, venous thromboembolism.
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compared with 20/335 operations (6.0%) in the group not receiving
LMWH within the first 24 hours postoperatively (P ¼ 0.07).

Secondary Outcomes
As seen from Table 2, we observed no difference in serious
complications defined as Ibanez grade III and IV between
WORLD NEUROSURGERY 88: 320-326, APRIL 2016
treatment strategies (P ¼ 0.09). However, there were significant
differences in median blood loss (450 vs. 300, P < 0.001) and
duration of surgery (270 vs. 210 minutes, P < 0.001) between
treatment strategies.

Explanatory Post Hoc Analyses
Because LMWH effect in the LMWH routine group could be
counteracted by longer duration of surgery observed in this group,
we analyzed whether VTE was associated with duration of surgery
in this cohort. No statistically significant association between
duration of surgery and VTE (P ¼ 0.145) was found.
www.WORLDNEUROSURGERY.org 323
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The timing of VTE and hematoma occurrence postoperatively was
evaluated in a descriptive analysis, as seen in Table 3. The median
time point of detection of postoperative hematomas for the
LMWH routine group was postoperative day 1 (range 0e26),
whereas the median time point in the LMWH as needed group
was postoperative day 2 (range 0e10). VTE was detected after a
median of 13 days in the LMWH routine group (range 2e30)
compared with a median of 3 days in the LMWH as needed group
(range 1e30).

DISCUSSION

This multicenter population-based study comparing routine me-
chanical prophylaxis with or without preoperative LMWH in pa-
tients undergoing intracranial meningioma surgery showed no
benefit of preoperative LMWH in VTE prevention. There was no
statistically significant increase in postoperative hematomas with
preoperative LMWH administration. Including early postoperative
(within 24 hours) LMWH administrations did not alter the results.
Given the lack of effectiveness of routine perioperative LMWH in
VTE prevention after intracranial meningioma surgery it seems
reasonable to abandon this routine if mechanical prophylaxis is
well established. Pharmacologic prophylaxis should be reserved
for patients with delayed mobilization (e.g., second day after
surgery), because prolonged bed rest is associated with increased
VTE risk.4

Compared with the literature. both groups are in the lower range
of clinically detected PE with 2.1% in the LMWH group and 2.8% in
the mechanical group.4,24 Our results are comparable with a study
from 2005 concluding that VTE in a clinical setting using multi-
modal prophylaxis was uncommon, with PE detected in 2.2% of
cases.15 Further, the VTE detection rates reported here are also in
line with large data sets from National (Nationwide) Inpatient
Sample database reporting on results of benign brain tumor
resection, making it likely that our results are valid in other
clinical settings as well.25 Because definitions of postoperative
hematoma may vary between studies, it seems more relevant to
compare reoperations caused by hematoma.4,19 In our study,
Table 3. Timing of Postoperative Venous Thromboembolism and
Hematoma

Postoperative
day

LMWH routine LMWH as needed

VTE
(n, %)

Hematoma
(n, %)

VTE
(n, %)

Hematoma
(n, %)

0 0 (0) 9 (16) 0 (0) 3 (13)

1e2 4 (17) 26 (46) 4 (36) 14 (61)

3e7 4 (17) 15 (26) 5 (45) 4 (17)

8e14 6 (25) 5 (9) 1 (9) 2 (9)

15e21 5 (21) 0 (0) 0 (0) 0 (0)

22e30 5 (21) 2 (4) 1 (9) 0 (0)

Total 24 57 11 23

LMWH, low-molecular-weight heparin; VTE, venous thromboembolism.
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postoperative hematoma evacuation occurred in 3.0% in the LMWH
routine group and 2.3% in the LMWH as needed group. These
results are comparable with a recent, large single-center study
reporting surgically evacuated hematomas in 2.9% of cases.4 In
regards to the timing of events, it is often seen that hematomas
occur close to surgery, whereas VTE events are typically first
detected a few days after surgery. This is presumably also why
preoperative LMWH therapy is withheld in many neurosurgical
departments.
The lack of clinical benefit of LMWH presented here is not

consistent with the findings in a landmark RCT from 1998
including 307 patients.1 Agnelli et al. reported a significant
reduction of VTE in the group receiving postoperative enoxaparin
compared with placebo, but only 10 of 65 patients with diagnosed
VTE were symptomatic and the others were detected by
screening. The clinical relevance of asymptomatic DVT can be
debated, so for clinical end points, their study was underpowered
and consequently the clinical relevance of the result is less clear.
In their study, the initiation of LMWH was postoperative. Timing
of LMWH administration is presumably not the explanation why
LMWH failed to reduce VTE in our study, because preoperative
administration of LMWH should theoretically provide additional
protection. Most VTE after intracranial surgery occur within 30
days, and 30 days is also by convention the period considered for
postoperative complications and perioperative events.22,23 In this
time frame, we had 3 deaths (0.8%) in the LMWH as needed group
and 3 in the LMWH routine group (0.5%). There was 1 death in
which PE played a causative role, and this was in the LMWH routine
group. Despite providing the highest level of evidence, the gener-
alizability of results of RCTs may be questionable. For instance,
patients with expected hospital stay less than 7 days were excluded
in the study by Agnelli et al. Although we did not document length
of hospitalization in this study, this expected length of stay is clearly
longer than the average at our centers. Patients with preoperative
Karnofsky Performance Score >70 undergoing uncomplicated
intracranial meningioma surgery are typically discharged home or
occasionally to a local hospital on the third or fourth postoperative
day. Mobilization starts on the first postoperative day, and addi-
tional pharmacoprophylaxis for VTE is provided if mobilization is
delayed in the LMWH as needed group, typically starting on the
second postoperative day. In the study by Agnelli et al., there is
apparently no crossover (before the diagnosis of VTE) and one may
argue that the clinical setting appears artificial. The present study
provides a real-life scenario and focus on clinical end points by
comparing strategies and allowing for crossover when indicated.
This strategy better reflects the dynamics of clinical decision
making and improves the external validity of our results.
Concerning the risk profile (e.g., postoperative hematoma) of

early preoperative LMWH administration, an RCT from Dickinson
et al.17 was terminated prematurely because of increased
occurrence of hematomas. This increased risk could be explained
by the timing of administration being direct preoperatively with
enoxaparin 30 mg subcutaneously.26 In our study, the
administration was approximately 12 hours before surgery, and
we did not observe a statistically significant increase in
postoperative hematomas.27 Still, an exploratory secondary
analysis of LMWH treatment demonstrated an absolute difference
of 3.3 %, albeit a statistically nonsignificant finding. Given the
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.12.077
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possible lack of statistical power, there could still be a small
increased risk of intracranial hematomas when LMWH is used
preoperatively, even when used in prophylactic dosage.
To examine the possible effect on hemostasis, we analyzed the

difference in estimated blood loss and found a significant differ-
ence in favor of the LMWH as needed group (450 mL vs. 300 mL, P
< 0.001). Duration of surgery was also significantly longer in the
LMWH routine group compared with the LMWH as needed group
and this could be a confounding factor. The reasons behind longer
duration of surgery are probably multifactorial, and possible ex-
planations frequent enough to affect the median may be more
problematic hemostasis or different traditions in surgical expo-
sures and approaches.28

Our results are in line with the recommendations made in 2012
for thromboprophylaxis in neurosurgery.29 The recommendations
are that stand-alone mechanical prophylaxis is provided to pa-
tients undergoing craniotomy, but with add-on pharmacopro-
phylaxis to high-risk patients (e.g., malignant disease with a
hypercoagulable state). In the light of this study and the recent
literature, the add-on of pharmacoprophylaxis in meningioma
surgery should be considered only after longer-lasting surgery in
patients with increased risk factors,14,18,28,30 and most impor-
tantly, with delayed mobilization.4,29

Strengths and Limitations
This study is to our knowledge the largest study to date assessing
the risk/benefit ratio of routine prophylactic administration on
LMWH in meningioma surgery. The multicenter, population-
based approach with the parallel cohorts instead of historical
controls provides a valid result for neurosurgical practice. As a
supplement to RCTs, comparative effectiveness studies are known
to offer a real-life setting and high generalizability. The Scandi-
navian model of population-based referral with no private health
care alternative for intracranial tumor surgery practically elimi-
nates the risk of referral bias. In retrospective studies, selection
bias is frequently a major concern, but we have been careful in our
design to eliminate this. In neurosurgical departments, the
question of thromboprophylaxis is most often subject to a clear
strategy because of perceived risk of systematic medical prophy-
laxis.4,15,24,31 The high compliance to treatment policy in our study
ensures representative findings and is the proof of no selection
bias. Further, our strategy of analyzing according to department
policy instead of treatment eliminates selection bias.
Having practically eliminated referral bias and selection bias by

the setting and statistical workup, the main concern is the pos-
sibility for detection bias. The retrospective nature of this study is
therefore the main limitation in this regard. Concerning the end
point of VTE, there may be a difference between groups in the
postoperative alertness and thresholds for effectuating radiologic
examinations for suspected VTE. However, resources or difference
in reimbursement are unlikely to influence our findings because
VTE diagnostics are readily available at all study sites, and for this
specific workup, costs are not an issue in socialized health care
WORLD NEUROSURGERY 88: 320-326, APRIL 2016
systems. Nevertheless we cannot fully exclude the possibility of
detection bias, and this may be 1 reason for the observed differ-
ence in DVT because it is unlikely that LMWH add-on is associated
with increased VTE risk.
Concerning postoperative hematomas, different traditions

clearly existed between study centers with respect to routine
postoperative radiologic assessment. At 1 of the centers in the
LMWH as needed group, postoperative CT or MRI was routinely
performed in all patients within 3 days after surgery. However, in
this study, we assessed only clinically relevant postoperative he-
matomas, meaning that the hematoma had to have consequences
in terms of surveillance (e.g., kept in intensive care unit/inter-
mediate section longer than normally expected),2,8 affecting clin-
ical status or treatment. The center performing routine imaging
had the lowest rate of clinically relevant hematomas; however, no
statistically significant difference was observed (data not shown,
P ¼ 0.375). In our material, all patients with unexpected slow
habilitation or postoperative events underwent postoperative CT
or MRI scans. Gessler et al.32 recently presented a study on clinical
relevance of routine postoperative imaging after surgery for
intracranial meningiomas in 206 patients, and reported it
mandatory in clinically symptomatic patients but found it
completely safe to withhold routine imaging in asymptomatic
patients. We believe that this argues for a limited potential bias,
and if affecting our results, the difference in routines for
postoperative imaging is in favor of the LMWH routine group,
which makes the small difference between groups concerning
hematomas a conservative estimate.
Although the strategies of early mobilization were similar at the

study sites, there may still be minor differences in how they are
implemented that could influence outcome because prolonged bed
rest is a known predictor of VTE.4 In this retrospective study, it was
impossible to reliably determine when adequate mobilization
occurred. Additional factors that could be of importance that we
could not control for in this study are the use of topical
hemostatic agents previously found to be associated with VTE
and various biological factors.31,33 In particular, body mass index
is a factor that could influence VTE risk. This variable was not
possible to extract retrospectively from the patient charts. However,
a population-based approach in the homogenous Scandinavian
countries reduces the chances of major differences in proportion of
predisposing factors.
CONCLUSIONS

This multicenter population-based study comparing routine me-
chanical prophylaxis with or without preoperative LMWH in me-
ningioma surgery showed no benefit of LMWH in VTE prevention.
There was not a significant increase in postoperative hematomas
with preoperative LMWH administration. When planning intra-
cranial meningioma surgery, we recommend implementing strict
mechanical prophylaxis and early mobilization as routine, using
pharmacologic prophylaxis only as needed.
www.WORLDNEUROSURGERY.org 325

http://www.WORLDNEUROSURGERY.org


ORIGINAL ARTICLE

KRISTIN SJÅVIK ET AL. VENOUS THROMBOEMBOLISM PROPHYLAXIS IN MENINGIOMA SURGERY
REFERENCES
without intraoperativ
the contralateral leg.
1. Agnelli G, Piovella F, Buoncristiani P, Severi P,
Pini M, D’Angelo A, et al. Enoxaparin plus
compression stockings compared with compres-
sion stockings alone in the prevention of venous
thromboembolism after elective neurosurgery.
N Engl J Med. 1998;339:80-85.

2. Taylor WA, Thomas NW, Wellings JA, Bell BA.
Timing of postoperative intracranial hematoma
development and implications for the best use of
neurosurgical intensive care. J Neurosurg. 1995;82:
48-50.

3. Sughrue ME, Rutkowski MJ, Shangari G,
Chang HQ, Parsa AT, Berger MS, et al. Risk fac-
tors for the development of serious medical
complications after resection of meningiomas.
Clinical article. J Neurosurg. 2011;114:697-704.

4. Hoefnagel D, Kwee LE, van Putten EH, Kros JM,
Dirven CM, Dammers R. The incidence of post-
operative thromboembolic complications
following surgical resection of intracranial me-
ningioma. A retrospective study of a large single
center patient cohort. Clin Neurol Neurosurg. 2014;
123:150-154.

5. Brandes AA, Scelzi E, Salmistraro G, Ermani M,
Carollo C, Berti F, et al. Incidence of risk of
thromboembolism during treatment high-grade
gliomas: a prospective study. Eur J Cancer. 1997;
33:1592-1596.

6. Chan AT, Atiemo A, Diran LK, Licholai GP,
McLaren Black P, Creager MA, et al. Venous
thromboembolism occurs frequently in patients
undergoing brain tumor surgery despite prophy-
laxis. J Thromb Thrombolysis. 1999;8:139-142.

7. Constantini S, Kanner A, Friedman A, Shoshan Y,
Israel Z, Ashkenazi E, et al. Safety of perioperative
minidose heparin in patients undergoing brain
tumor surgery: a prospective, randomized,
double-blind study. J Neurosurg. 2001;94:918-921.

8. Khaldi A, Helo N, Schneck MJ, Origitano TC.
Venous thromboembolism: deep venous throm-
bosis and pulmonary embolism in a neurosurgical
population. J Neurosurg. 2011;114:40-46.

9. Levi AD, Wallace MC, Bernstein M, Walters BC.
Venous thromboembolism after brain tumor sur-
gery: a retrospective review. Neurosurgery. 1991;28:
859-863.

10. Wong JM, Panchmatia JR, Ziewacz JE, Bader AM,
Dunn IF, Laws ER, et al. Patterns in neurosurgical
adverse events: intracranial neoplasm surgery.
Neurosurg Focus. 2012;33:E16.

11. Sanai N, Sughrue ME, Shangari G, Chung K,
Berger MS, McDermott MW. Risk profile associ-
ated with convexity meningioma resection in the
modern neurosurgical era. J Neurosurg. 2010;112:
913-919.

12. Auguste KI, Quinones-Hinojosa A, Gadkary C,
Zada G, Lamborn KR, Berger MS. Incidence of
venous thromboembolism in patients undergoing
craniotomy and motor mapping for glioma
326 www.SCIENCEDIRECT.com
e mechanical prophylaxis to
J Neurosurg. 2003;99:680-684.

13. Danish SF, Burnett MG, Ong JG, Sonnad SS,
Maloney-Wilensky E, Stein SC. Prophylaxis for
deep venous thrombosis in craniotomy patients: a
decision analysis. Neurosurgery. 2005;56:1286-1292
[discussion 1292-1284].

14. Frisius J, Ebeling M, Karst M, Fahlbusch R,
Schedel I, Gerganov V, et al. Prevention of venous
thromboembolic complications with and without
intermittent pneumatic compression in neuro-
surgical cranial procedures using intraoperative
magnetic resonance imaging. A retrospective
analysis. Clin Neurol Neurosurg. 2015;133:46-54.

15. Gerber DE, Segal JB, Salhotra A, Olivi A,
Grossman SA, Streiff MB. Venous thromboem-
bolism occurs infrequently in meningioma pa-
tients receiving combined modality prophylaxis.
Cancer. 2007;109:300-305.

16. Goldhaber SZ, Dunn K, Gerhard-Herman M,
Park JK, Black PM. Low rate of venous thrombo-
embolism after craniotomy for brain tumor using
multimodality prophylaxis. Chest. 2002;122:
1933-1937.

17. Dickinson LD, Miller LD, Patel CP, Gupta SK.
Enoxaparin increases the incidence of post-
operative intracranial hemorrhage when initiated
preoperatively for deep venous thrombosis pro-
phylaxis in patients with brain tumors. Neurosur-
gery. 1998;43:1074-1081.

18. Collen JF, Jackson JL, Shorr AF, Moores LK. Pre-
vention of venous thromboembolism in neuro-
surgery: a metaanalysis. Chest. 2008;134:237-249.

19. Palmer JD, Sparrow OC, Iannotti F. Postoperative
hematoma: a 5-year survey and identification of
avoidable risk factors. Neurosurgery. 1994;35:
1061-1064 [discussion 1064-1065].

20. Golub RM, Fontanarosa PB. Comparative effec-
tiveness research: relative successes. JAMA. 2012;
307:1643-1645.

21. Tinetti ME, Studenski SA. Comparative effective-
ness research and patients with multiple chronic
conditions. N Engl J Med. 2011;364:2478-2481.

22. Solheim O, Jakola AS, Gulati S, Johannesen TB.
Incidence and causes of perioperative mortality
after primary surgery for intracranial tumors: a
national, population-based study. J Neurosurg.
2012;116:825-834.

23. Landriel Ibanez FA, Hem S, Ajler P, Vecchi E,
Ciraolo C, Baccanelli M, et al. A new classification
of complications in neurosurgery. World Neurosurg.
2011;75:709-715 [discussion 604e711].

24. Eisenring CV, Neidert MC, Sabanes Bove D,
Held L, Sarnthein J, Krayenbuhl N. Reduction of
thromboembolic events in meningioma surgery: a
cohort study of 724 consecutive patients. PLoS One.
2013;8:e79170.

25. Bekelis K, Kalakoti P, Nanda A, Missios S.
A Predictive Model of Unfavorable Outcomes After
WORLD NEUROSURGERY, http://
Benign Intracranial Tumor Resection. World Neu-
rosurg. 2015;84:82-89.

26. Niemi T, Armstrong E. Thromboprophylactic
management in the neurosurgical patient with
high risk for both thrombosis and intracranial
bleeding. Curr Opin Anaesthesiol. 2010;23:558-563.

27. Cage TA, Lamborn KR, Ware ML, Frankfurt A,
Chakalian L, Berger MS, et al. Adjuvant enox-
aparin therapy may decrease the incidence of
postoperative thrombotic events though does not
increase the incidence of postoperative intracra-
nial hemorrhage in patients with meningiomas.
J Neurooncol. 2009;93:151-156.

28. Golebiowski A, Drewes C, Gulati S, Jakola AS,
Solheim O. Is duration of surgery a risk factor for
extracranial complications and surgical site in-
fections after intracranial tumor operations? Acta
Neurochir (Wien). 2015;157:235-240 [discussion
240].

29. Gould MK, Garcia DA, Wren SM, Karanicolas PJ,
Arcelus JI, Heit JA, et al. Prevention of VTE in
nonorthopedic surgical patients: Antithrombotic
Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-
Based Clinical Practice Guidelines. Chest. 2012;
141:e227S-277S.

30. Kim JY, Khavanin N, Rambachan A, McCarthy RJ,
Mlodinow AS, De Oliveria GS Jr, et al. Surgical
duration and risk of venous thromboembolism.
JAMA Surg. 2015;150:110-117.

31. Safaee M, Sun MZ, Oh T, Aghi MK, Berger MS,
McDermott MW, et al. Use of thrombin-based
hemostatic matrix during meningioma resection:
a potential risk factor for perioperative thrombo-
embolic events. Clin Neurol Neurosurg. 2014;119:
116-120.

32. Gessler F, Dutzmann S, Quick J, Tizi K, Voigt MA,
Mutlak H, et al. Is postoperative imaging
mandatory after meningioma removal? Results of
a prospective study. PLoS One. 2015;10:e0124534.

33. Sawaya R, Zuccarello M, Elkalliny M, Nishiyama H.
Postoperative venous thromboembolism and brain
tumors: Part I. Clinical profile. J Neurooncol. 1992;14:
119-125.
Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 20 September 2015; accepted 21 December 2015

Citation: World Neurosurg. (2016) 88:320-326.
http://dx.doi.org/10.1016/j.wneu.2015.12.077

Journal homepage: www.WORLDNEUROSURGERY.org

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2016 Elsevier Inc.
All rights reserved.
dx.doi.org/10.1016/j.wneu.2015.12.077

http://refhub.elsevier.com/S1878-8750(15)01784-2/sref1
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref1
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref1
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref1
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref1
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref1
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref2
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref2
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref2
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref2
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref2
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref3
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref3
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref3
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref3
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref3
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref4
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref4
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref4
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref4
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref4
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref4
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref4
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref5
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref5
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref5
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref5
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref5
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref6
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref6
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref6
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref6
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref6
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref7
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref7
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref7
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref7
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref7
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref8
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref8
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref8
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref8
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref9
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref9
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref9
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref9
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref10
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref10
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref10
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref10
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref11
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref11
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref11
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref11
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref11
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref12
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref12
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref12
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref12
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref12
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref12
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref13
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref13
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref13
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref13
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref13
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref14
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref14
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref14
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref14
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref14
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref14
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref14
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref15
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref15
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref15
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref15
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref15
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref16
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref16
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref16
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref16
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref16
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref17
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref17
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref17
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref17
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref17
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref17
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref18
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref18
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref18
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref19
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref19
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref19
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref19
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref20
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref20
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref20
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref21
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref21
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref21
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref22
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref22
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref22
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref22
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref22
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref23
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref23
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref23
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref23
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref23
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref24
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref24
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref24
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref24
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref24
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref25
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref25
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref25
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref25
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref26
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref26
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref26
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref26
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref27
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref27
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref27
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref27
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref27
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref27
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref27
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref28
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref28
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref28
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref28
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref28
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref28
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref29
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref29
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref29
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref29
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref29
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref29
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref29
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref30
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref30
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref30
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref30
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref31
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref31
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref31
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref31
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref31
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref31
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref32
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref32
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref32
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref32
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref33
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref33
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref33
http://refhub.elsevier.com/S1878-8750(15)01784-2/sref33
http://dx.doi.org/10.1016/j.wneu.2015.12.077
http://www.WORLDNEUROSURGERY.org
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
http://dx.doi.org/10.1016/j.wneu.2015.12.077

	Venous Thromboembolism Prophylaxis in Meningioma Surgery: A Population-Based Comparative Effectiveness Study of Routine Mec ...
	Introduction
	Methods
	Scandinavian Health Care System
	Study Population
	Assessment of Population-Based Data
	Treatment Regimens
	End Points
	Statistical Analysis and Power Estimate

	Results
	VTE
	Postoperative Intracranial Hematoma
	Secondary Outcomes
	Explanatory Post Hoc Analyses

	Discussion
	Strengths and Limitations

	Conclusions
	References


