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Abstract Brain tumor patients undergoing craniotomy
generally receive prophylaxis against venous thrombo-
embolism (VTE), but modalities in use differ widely and
have been debated in the literature. A systematic review
and meta-analysis was conducted to assess the efficacy
and safety of VTE prophylaxis among brain tumor patients
undergoing craniotomy. Ten randomized controlled trials
were included in the final efficacy analysis. The various
prophylactic measures employed in these studies reduced
the risk for thrombosis compared to controls with an over-
all risk ratio of 0.61 (95% CI: 0.47-0.79) in the fixed
effect model. Although Cochrane Q-test showed unimport-
ant heterogeneity across studies (p=0.19) and the 1%, a
measure of heterogeneity between studies, was reasonably
low at 28 %, subgroup analysis indicated that intervention
type was a potential effect modifier for efficacy (p=0.04).
Unfractionated heparin alone showed a stronger reduc-
tion in VTE risk compared to placebo (RR=0.27; 95%
CI: 0.10-0.73), and LMWH combined with mechanical
prophylaxis showed a lower VTE risk as compared to
mechanical prophylaxis alone (0.61; 95% CI: 0.46-0.82).
This meta-analysis demonstrates a statistically significant
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VTE risk reduction among brain tumor patients receiv-
ing prophylaxis, with chemical prophylaxis showing the
strongest risk reduction. Five studies were included in the
safety analysis, which showed an overall increased risk of
bleeding comparing different prophylactic measures to dif-
ferent controls (RR=2.02; 95% CI: 1.14-3.58; I*=0%;
p=0.86). Interventions in these studies were associated
with an increased risk of post-operative, minor hemorrhage
(RR=2.20; 95% CI=1.00; 4.85), while the risk of major
hemorrhage was not increased by chemoprophylaxis.
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Introduction

Patients with brain tumors undergoing craniotomy are at a
significantly increased risk of developing venous thrombo-
embolism (VTE). Previously reported risks for developing
deep vein thrombosis (DVT) and pulmonary embolism (PE)
are 31 and 5 %, respectively, for patients undergoing crani-
otomy [1-3]. The etiology of these events is multifactorial
and includes relative stasis after surgery, direct activation
of the coagulation cascade due to tissue damage, as well
as tumor-specific pro-coagulant effects. Other risk factors
include older age, large tumor size, and peri-operative ste-
roid use. Injury to the vessel wall due to chemotherapy and/
or radiation therapy can further increase the risk of VTE
among brain tumor patients [4-7].

Interventions used to prevent VTE in brain tumor patients
undergoing craniotomy include mechanical prophylaxis
and/or pharmacological prophylaxis. Current modalities for
mechanical prophylaxis include the application of sequential
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compression devices (SCD), graduated compression stock-
ings, or a combination of both [8]. Pharmacological pro-
phylaxis is typically achieved with unfractionated heparin
(UFH) or low molecular weight heparin (LMWH), which
reduce the incidence of VTE through direct anticoagulation
effects but also carry the risk of postoperative bleeding [9,
10].

The American College of Chest Physicians’ (ACCP)
guidelines consider patients with central nervous system
neoplasms undergoing surgery a high-risk population for
VTE and recommend both pharmacologic prophylaxis
and mechanical prophylaxis. The exact methods and tim-
ing for commencing pharmacological prophylaxis were
not specified, however [11]. The National Institute for
Health and Care Excellence (NICE) guidelines recom-
mend mechanical prophylaxis among all neurosurgical
patients, but recommend pharmacological prophylaxis
only among patients who are considered low risk for hem-
orrhage [12].

In this systematic review and meta-analysis, random-
ized controlled trials (RCTs) that evaluated the efficacy and
safety of different methods of prophylaxis in brain tumor
patients undergoing craniotomy were pooled for analysis.
We aim to help guide clinical practice for these patients
by identifying the most efficacious and safest modality for
VTE prophylaxis.

Methods
Literature search

The PubMed, EMBASE, and Cochrane Library databases
were searched from their establishment date through Octo-
ber 2014 for studies evaluating the efficacy and safety of
pharmacological prophylaxis and/or mechanical prophy-
laxis in brain tumor patients undergoing craniotomy. An
additional supplementary search was performed at the time
of manuscript review, through June 30, 2016. Appropriate
medical subject heading (MeSH) terms, text words (tw),
and Emtree terms were used (Appendix 1). Additional arti-
cles were identified from the reference lists of relevant stud-
ies and reviews.

Study selection

Studies were included if they met the following criteria: (1)
RCTs conducted on patients diagnosed with brain tumor and
undergoing craniotomy, (2) patients were older than 18 years
old, recently diagnosed with a brain tumor of any grade, not
at risk of VTE and without a history of VTE events, and who
were randomly assigned to prophylaxis (chemical prophy-
laxis, mechanical prophylaxis, or a combination of both),
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(3) sample size of greater than or equal to 20 patients with
reported data on efficacy outcomes (e.g., symptomatic and
objectively verified VTE) or safety outcomes (e.g., major or
minor hemorrhage). Articles were excluded if they were not
in English. Titles and abstracts were screened and poten-
tially relevant articles were selected for full-text evaluation,
which was performed independently by five investigators.
Discrepancies were resolved by consultation with the senior
authors (R.A.M., T.R.S.). The quality of the RCTs was eval-
uated using the Jadad score, which assesses randomization,
double blinding, and withdrawals/dropouts on a scale from
zero (very poor) to five (rigorous) [12].

Data extraction

For each identified article, the following information was
extracted: study characteristics (authors, publication year,
country of origin, sample size, number included for intent-
to-treat analysis, center type, number of surgeons, follow-up
duration, journal impact factor); participant characteristics
(gender, age, ethnicity, inclusion/exclusion criteria, types
of tumor, comorbidities), perioperative details, VTE inter-
vention details (dose, duration, frequency, administration
time), study control type, efficacy outcomes (number of
VTE events in each group), and safety outcomes (occur-
rence of bleeding, hemorrhage, or any other adverse event).
Data extraction was conducted independently by two
investigators.

Data analysis

Data analysis was performed using Comprehensive Meta-
Analysis (CMA) Version 3 (Biostat, Inc., Englewood, NJ,
USA). The fixed-effects model using the inverse variance
method was used to obtain the overall relative risk (RR)
estimates and the 95 % confidence intervals for both the effi-
cacy and safety analyses. A random-effects model according
to the method of DerSimonian and Laird [ 13] that accounted
for variation between studies in addition to within-study
variance was evaluated for comparison. Forest plots were
used to visualize the individual and summary estimates.
Heterogeneity was evaluated among studies by using the
Cochran’s Q-test (p <0.10) and the I? to measure the propor-
tion of total variation due to that heterogeneity. An I? value
>50% was considered to be high [14]. Potential sources
of heterogeneity were explored using sub-group analyses
by categorical covariates [intervention type (chemical vs.
chemical; chemical vs. mechanical; chemical vs. placebo;
and mechanical vs. placebo), follow-up duration (<30 days;
>30 days; N/A), intervention time (preoperative; postopera-
tive), study quality (<3; >3), center type (multicenter; sin-
gle), and region of study origin (US; non-US)]. Studies that
classified prophylaxis as preoperative and/or perioperative
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were grouped in one category. A univariate meta-regression
was conducted on each categorical covariate separately as
well as on age (continuous) and a multivariate meta-regres-
sion was also used to explore sources of heterogeneity. A
sensitivity analysis was conducted to examine the influ-
ence of individual studies on the overall risk estimate by
recalculating the pooled estimates for the remainder of the
studies after removing one study at a time. A cumulative
meta-analysis was conducting by publication year. Poten-
tial publication bias was assessed by funnel plots, Egger’s
linear regression test, and Begg’s correlation test. If publica-
tion bias was indicated, the number of missing studies was
evaluated by the trim and fill method. A p-value <0.05 was
considered significant unless otherwise indicated. Because
Peto’s method [15] using the hypergeometric variance per-
forms well with low-rate events (<1%), all of the above
models using were recalculated using Peto odds ratio (OR)
estimates.

Results
Study characteristics

After the systematic search, 826 articles from PubMed, 226
articles from Embase, and eight articles from the Cochrane
Library were identified (Fig. 1). After the removal of dupli-
cates and papers that did not meet the inclusion criteria
based on title and abstract, 33 articles remained for full text
review. After the final review, ten RCTs reporting 212 VTE
events among 1263 participants were included in this meta-
analysis [1-6, 9, 16-18]. No RCTs meeting the inclusion
criteria were identified in the supplementary search per-
formed at the time of review, through June 30, 2016.
Characteristics of the ten RCTs included in this meta-
analysis are found in Table 1. In the intervention arm, the
total number of participants ranged from 11 to 193 and the
number of VTE cases from 1 to 33. In the control arm, the

Fig. 1 Study selection process
of the identified articles

Total Articles (n=1060)

Articles were found in Pubmed (n=826)
Articles were found in Embase (n=226)
Articles were found in Cochrane Library (n=8)

Duplicates (n=42)

Studies included (n=1018)

Case Report (n=99)

Conference abstracts (n= 13)
Conference Papers (n= 6)
Economics Analysis (n= 28)
Letter to the Editor (n=16)
Metanalysis (n=27)

Systematic Reviews (n=24)
Not English (n=75)
Practice Guidelines (n=13)
Reviews (n= 230)

Surveys (n=10)

Case Series (n=7)

Studies included (n=470)

Articles excluded on the

bases of title or abstracts
(unrelated) (n=453)

| Studies included (n=17)

pa
-

Articles included based on

hand search (n=16)

| Studies included (n=33)

Articles excluded on the bases of inclusion criteria
(n=13)

Case Series (n=10)
Cohort (n=3)

Final Studies included (n=10)
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total number of participants ranged from 20 to 207 and the
number of VTE cases from 0 to 51. All studies included
both men and women but only seven of ten studies gave the
exact percentage of men and women per study. For those
studies, the male percentage ranged from 45 to 52 % in the
intervention arm and from 44 to 58 % in the control arm.

The mean age of participants ranged from 49 to
57.5 years. Seven studies were conducted in the United
States (US), one in Israel, one in Germany, and one in Can-
ada. Study follow-up varied across studies (5—348 days).
VTE prophylaxis was started either pre/perioperatively (six
studies) [2, 5, 17-20] or postoperatively (four studies) [3, 9,
16, 21]. The types of prophylaxis used in each study were
diverse and were compared to different controls.

Assessment of study quality using the Jadad score yielded
an average score of 2.8. The diagnosis and reporting of VTE
varied across the RCTs. In all studies except for one [5],
asymptomatic VTE was diagnosed by using an ultrasound
or a venography during the post-operative period prior to
discharge. The study publication year started as early as
1977 and the most recent study was in 2003. Trials that did
not report details about the type of control were consid-
ered compared to placebo. The analyses conducted on the
ten RCTs as well as in our meta-analysis were done on the
intent-to-treat population.

Efficacy analysis
Of the ten studies included in the meta-analysis, only two
demonstrated a significant reduction in VTE risk [1, 4];

one study was borderline significant [9]; while the remain-
ing seven trials reported non-statistically significant results.

Fig. 2 Forest plot represents

Pooling results from all ten studies demonstrated a protec-
tive effect between the different prophylaxis regimens and
VTE risk (Fig. 2). The pooled RR of VTE was 0.61 (95%
CI: 0.47; 0.79; fixed-effects model). Results from the ran-
dom-effects model were similar (0.60; 95 % CI: 0.40; 0.89)
and no significant heterogeneity was observed (I>=28%;
P-heterogeneity =0.19).

Subgroup analyses revealed that intervention type was
a potential effect modifier (p=0.04). Specifically, UFH
alone showed a stronger reduction in VTE risk as com-
pared to placebo (RR=0.27; 95% CI: 0.10-0.73), while
LMWH combined with mechanical prophylaxis showed
a lower VTE risk as compared to mechanical prophylaxis
alone (RR=0.61; 95% CI: 0.46—0.82). The remaining com-
parisons (combination of LMWH and mechanical prophy-
laxis vs. combination of UFH and mechanical prophylaxis;
mechanical prophylaxis vs. placebo) showed non-signifi-
cant results (Fig. 3). Using the Peto OR for the comparison
of mechanical prophylaxis vs. placebo revealed a significant
reduction in VTE events (Peto OR=0.30; 95% CI=0.11;
0.87). Subgroup analysis and meta-regression analyses
based on other trial-level covariates such as age (p=0.24),
intervention time (p=0.74), follow-up duration (p=0.15),
study quality (p=0.67), center type (p=0.98), and country
(p=0.98) showed no significant evidence that effects var-
ied by group. Dose was not tested for effect modification
because of the diversity of the interventions used in these
trials.

A multi-covariate meta-regression model adjusting for all
the previous variables did not explain significant between-
study variance (overall p=0.38). A symmetrical inverted
funnel plot suggested the absence of publication bias along

Overall efficacy meta-analysis (Fixed-Effect model)

the relative risk for develop-

ing venous thromboembolism Study name

(VTE) (95 % CI) with differ- - .

ent prophylactic regimens as R|§k quf“r
compared to different control ratio limit
regimens from ten random- Turpie 0.180 0.023
ized controlled studies in adult Cerrato 0.176 0.055
brain tumor patients undergoing Skillman 0.260 0.037
craniotomy. Horizontal lines -

denote 95 22) Cls, solid squares Bucci 1.188 0.077
represent the point estimate of Nurmqhamed 0.694 0.469
each study and the diamond Agneli 0512 0.325
represents the pooled estimate Dickinson 0.784 0.198
of the intervention effect. The Constantini  0.873 0.128
size of the solid squares is Goldhaber 1.724 0.608
proportional to the weight of Macdonald 2417 0.102
the study. Weights are from 0.609 0.468

the fixed-effects analysis using
the using the inverse variance
method. The I? and p values for
heterogeneity are shown
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I-squared= 28%, P=0.19
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Efficacy sub-group analysis by intervention type (Fixed-Effect model)

Group by Study name
Type of Intervention

ratio
Anticoagulant (UFH) vs Placebo  Cerrato 0.176
Anticoagulant (UFH) vs Placebo  Constantini 0.873
Anticoagulant (UFH) vs Placebo 0.271

Comb. (LMWH) vs Comb. (UFH) Goldhaber  1.724

Comb. (LMWH) vs Comb. (UFH) Macdonald 2417
Comb. (LMWH) vs Comb. (UFH) 1.782
Comb. (LMWH) vs Mechanical Nurmohamed 0.694
Comb. (LMWH) vs Mechanical Agnelli 0.512
Comb. (LMWH) vs Mechanical Dickinson 0.784
Comb. (LMWH) vs Mechanical 0.616
Mechanical vs Placebo Turpie 0.180
Mechanical vs Placebo Skillman 0.260
Mechanical vs Placebo Bucci 1.188
Mechanical vs Placebo 0.312
Overall 0.609

Risk ratio and 95% CI

Risk Lower Upper

limit  limit

0.055 0.565 —1—

0.128 5.961

0.100 0.733 |

0.608 4.884 -

0.102 57.135

0.663 4.791 -

0469 1.027 -

0.325 0.804 -
<

-
-
0198 3.111
0461 0823
0023 1393
0037 1.847 -
0.077 18237
0.089 1.097 e
0468 0.791 -

001 0.1 1 10 100

Favors Intervention Favors Control

Fig. 3 Forest plot represents the relative risk for developing venous
thromboembolism (VTE) (95% CI) with different prophylactic regi-
mens as compared to different control regimens from ten randomized
controlled studies in adult brain tumor patients undergoing craniotomy.
Horizontal lines denote 95% Cls, solid squares represent the point
estimate of each study and the diamonds represent the pooled esti-
mate of the intervention effects for each subgroup. The size of the solid
squares is proportional to the weight of the study. Weights are from

the fixed-effects analysis using the using the inverse variance method.
The first group represents the anticoagulant UFH alone as compared to
placebo (I>=48.61 %; p=0.16); the second group represents the com-
bination of LMWH with mechanical prophylaxis vs. combination of
UFH with mechanical prophylaxis (I? =0%; p =0.84); the third group
represents the combination of LMWH with mechanical prophylaxis
vs. mechanical prophylaxis alone (I>=0%; p=0.57); the fourth group
represents mechanical prophylaxis vs. placebo (I>=0%; p=0.54)

Fig. 4 Efficacy funnel plot Funnel Plot of Standard Error by Log risk ratio

of log risk ratio according to 0.0
their standard errors using the
fixed-effect model. The vertical
solid line is drawn at the pooled
log risk ratio, and the other two
lines represent the expected

95 % confidence interval for a
given standard error. The plot
shows no significant publica-
tion bias

0.5

Standard Error

2.0

-2.0 -1.6 -1.0

the efficacy analysis (Fig. 4). Both Begg’s rank correlation
test (p=0.93) and Egger’s linear regression test (p=0.94)
indicated no publication bias. The one-study removal sen-
sitivity analysis did not change the summary estimate. The
cumulative meta-analysis showed that the efficacy of the
intervention was shown as early as 1978 and remained con-
sistent until the latest study in 2003 (Fig. 5).
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Safety analysis

Only five studies were included in the safety analysis as data
pertaining to the occurrence of hemorrhage or bleeding was
lacking from the remaining five studies [3—6, 9], of which
only four discerned major [3, 4] from minor [4—6] bleeding.
None of the five studies showed a significant increased risk
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Overall safety meta-analysis (Fixed-Effect model)

Risk ratio and 95% CI

Study name

Risk Lower Upper

ratio  limit limit
Nurmohamed 3.575 0.999 12.797
Agnelli 1647 0.805 3.370
Constantini 1.745 0.163 18.654
Goldhaber 1915 0.178 20.641
Macdonald 4.028 0.201 80.635
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Fig. 6 Forest plot represents the relative risk for developing compli-
cations (95% CI) with different prophylactic regimens as compared
to different control regimens from five randomized controlled studies
in adult brain tumor patients undergoing craniotomy. Horizontal lines
denote 95% Cls, solid squares represent the point estimate of each

of combined major/minor hemorrhagic events in the inter-
vention group; however, pooling these study results demon-
strated a significant effect between the different prophylaxis
regimens and combined major/minor hemorrhagic events
risk (Fig. 6). This increased risk seemed to be mostly driven
by minor hemmorhages (RR=2.20; 95% CI=1.00; 4.85)
as the pooled OR for major hemmorhages was not signifi-
cant (RR=1.20; 95% CI=0.36; 3.95). The pooled RR of
adverse events was 2.02 (95% CI: 1.14; 3.58; fixed-effect

study and the diamond represents the pooled estimate of the interven-
tion effect. The size of the solid squares is proportional to the weight
of the study. Weights are from the fixed-effect analysis using the using
the inverse variance method. The I? and p values for heterogeneity are
shown

model). Results from the random-effects model were simi-
lar (RR=2.02; 95% CI: 1.14; 3.58) and no significant het-
erogeneity was observed (I>=0%; P-heterogeneity = 0.86).

Subgroup analyses provided no evidence that the
pooled effects varied by group for either intervention type
(p=0.96), intervention time (p=0.90), follow-up dura-
tion (p=0.96), study quality (p=0.35), center (p=0.90),
or country (p=0.40). Both the univariate meta-regression
analyses on age and on each of these covariates separately
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(all p values >0.05) and the multi-variate meta-regression
(simultaneously adjusting for study quality and center;
overall p=0.58) did not explain significant between-study
variance. Although the funnel plot did not give clear results
owing to the limited number of safety studies (n=5) (not
shown), both Begg’s rank correlation test (p=0.46) and
Egger’s linear regression test (p=0.42) indicated no publi-
cation bias. The one-study removal sensitivity analysis did
not change the summary estimate. The cumulative meta-
analysis showed that the efficacy of the intervention was
shown as early as 1998 and remained consistent until the
latest study in 2003. All of the above-mentioned results did
not materially change with the random-effects model (not
shown) or when using Peto odds ratio (not shown), except
when otherwise indicated.

Discussion

Upon meta-analysis, a statistically significant decrease in
VTE events with prophylaxis was found. Subgroup analy-
sis suggested that intervention type is an effect modifier of
this risk reduction. Among the studies included, UFH alone
showed a stronger reduction in VTE events than placebo,
followed by LMWH and mechanical prophylaxis com-
bined, which showed a lower VTE risk than mechanical
prophylaxis alone. These findings suggest that chemopro-
phylaxis for VTE is effective and can successfully reduce
the incidence of VTE in patients undergoing craniotomy for
brain tumor.

Pooled analysis also demonstrated a statistically signifi-
cant increase in hemorrhagic events among patients receiv-
ing prophylaxis, although only five studies were included
in this analysis. While there was a statistically significant
increase in hemorrhagic events, this was driven by minor,
and not major, bleeding, although only two studies reported
major bleeding [3, 4]. These findings correlate with the effi-
cacy analysis and characterize the dilemma inherent in pro-
phylaxis for patients undergoing tumor resection: the more
effective the intervention (due to its mechanism of action),
the higher the chance of adverse events such as minor hem-
orrhage. Nevertheless, only five studies published data
regarding safety of intervention, and only four of these dis-
cerned major from minor bleeding; thus, this topic would
benefit from further studies.

Patients undergoing surgery of any type have repeat-
edly been shown to be at an increased risk of VTE, which
is classically explained by Virchow’s triad of hemodynamic
changes, endothelial injury, and hypercoaguability [22-27].
Relative stasis post-operatively can result in procoagula-
tive hemodynamic changes in the venous circulation, while
direct tissue violation intraoperatively increases the risk
of coagulation in general [28, 29]. Some tumors, such as
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glioblastoma multiforme, have also been shown to exert
direct hypercoagulative effects through the secretion of cir-
culating tissue factor [30, 31].

Similarly, patients undergoing craniotomy for brain tumor
are considered to be at high risk for VTE, due to both the
above-mentioned factors and particularly prolonged stasis
as a result of long durations of general anesthesia and longer
hospital stays [11, 28, 32-34]. In clinical decision making,
however, these risks must be weighed against the risks of
adverse events from anticoagulation, including postopera-
tive hemorrhage. In the case of patients undergoing resec-
tion of brain tumor, the complications of hemorrhage into
the tumor bed can be particularly severe, and can include
permanent neurological deficit, stroke, or death [35-38]. In
all cases, regardless of the findings of RCTs or meta-anal-
yses, post-operative anticoagulation must be individualized
to the patient. Nevertheless, high quality data in the form of
meta-analyses regarding the relative efficacy and safety of a
treatment modality across entire populations, such as post-
operative anticoagulation, can help drive effective clinical
practice.

To evaluate the safety and efficacy of various anticoagu-
lation methods typically used for patients undergoing crani-
otomy, numerous investigators have undertaken randomized
clinical trials [3, 5, 9, 16, 17, 21, 39—42]. These clinical tri-
als have variably compared different forms of mechanical
prophylaxis (e.g., stockings, SCD) and chemical prophy-
laxis (e.g., LMWH, UFH) against different controls.

Our specific aim was to advance the understanding of
VTE prophylaxis after craniotomy for brain tumor, in terms
of both efficacy and safety, by pooling together the results
of these studies in a meta-analysis. Although some studies
have demonstrated the efficacy of prophylaxis, others have
shown no statistical difference between the tested prophy-
laxis modalities and controls [2, 3, 5, 9, 21, 43]. Addition-
ally, none of the studies included in this analysis reported
an increased risk of adverse events with prophylaxis. By
pooling these studies together, we hoped to increase the
power of the analysis, potentially discovering new findings
that could inform clinical decision making surrounding the
complex and nuanced issue of VTE prophylaxis in patients
undergoing craniotomy for brain tumors. Interestingly, the
most recent study included in this analysis was published
in 2003, demonstrating a need for more up-to-date recom-
mendations on VTE prophylaxis that we believed could be
generated by detailed meta-analysis of the highest quality
studies available.

Previous meta-analyses in the neurosurgical literature
on VTE development and prophylaxis are relatively lim-
ited. In 2008, Collen et al. reported the results of a com-
prehensive meta-analysis analyzing VTE prophylaxis in all
neurosurgical patients [43]. The results of their study sug-
gested that patients undergoing craniotomy for intracranial
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neoplasms may be at higher risk for VTE development, and
would therefore benefit from combined therapy, a finding
corroborated by the data presented here. The RR of VTE
development in patients receiving prophylaxis reported in
their study was similar to that reported here (0.60, 95% CI:
0.44-0.81 vs. 0.61, 95% CI: 0.47-0.79). This prior study
was limited in that it reported higher rates of heterogene-
ity than those reported here, likely due to the inclusion
of both RCTs and cohort studies, and did not stratify into
detailed subgroup analyses by other covariates. Third, the
high heterogeneity in the previous meta-analysis could be
attributed to the inclusion of both RCTs and cohort studies
as well as the inclusion of all neurosurgery patients; both of
these issues were amended in our meta-analysis in which
only RCTs including brain tumor patients undergoing crani-
otomy were included.

Limitations of our study include the inherent limitations
of a meta-analysis, most importantly a dependence on the
quality of studies pooled for analysis. In an effort to com-
bine only the highest quality evidence, we elected to include
only RCTs in this meta-analysis, excluding all cohort stud-
ies. The relatively low heterogeneity of the included studies
and the lack of evidence of publication bias both support
the findings of this meta-analysis. No meta-analytic conclu-
sion could be drawn regarding the best administration time
or type of the prophylaxis with respect to major bleeding,
however, owing to the lack of information included in the
studies analyzed. Missing data that would have been rel-
evant in this analysis included the histologic type of tumors
being treated, whether patients were undergoing index or
repeat craniotomy, and the location and type of hemorrhage
post-operatively. The first two of these may affect the risk
of VTE post-operatively, while the latter would affect the
relative safety of chemoprophylaxis in the post-operative
period.

Conclusion

This meta-analysis demonstrates a statistically significant
VTE risk reduction among brain tumor patients receiv-
ing prophylaxis, with chemical prophylaxis showing the
strongest risk reduction. Interventions in these studies were
associated with an increased risk of post-operative minor
hemorrhage.
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