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The impact of pharmacologic prophylaxis for venous thromboembolism in patients

undergoing neurosurgical intervention remains uncertain. We reviewed the efficacy and

safety of pharmacologic compared with nonpharmacologic thromboprophylaxis in

neurosurgical patients. Three databases were searched through April 2018, including those

for randomized controlled trials (RCTs) and for nonrandomized controlled studies (NRSs).

Independent reviewers assessed the certainty of evidence using the Grading of

RecommendationsAssessment, Development andEvaluation (GRADE) approach. SevenRCTs

and 3 NRSs proved eligible. No studies reported on symptomatic proximal and distal deep

vein thrombosis (DVT). Two RCTs reported on screening-detected proximal and distal DVTs.

We used the findings of these 2 RCTs as the closest surrogate outcomes to inform the

proximal and distal DVT outcomes. These 2 RCTs suggest that pharmacologic

thromboprophylaxis may decrease the risk of developing asymptomatic proximal DVT

(relative risk [RR], 0.50; 95% confidence interval [CI], 0.30-0.84; low certainty). Findings were

uncertain for mortality (RR, 1.27; 95% CI, 0.57-2.86; low certainty), symptomatic pulmonary

embolism (PE) (RR, 0.84; 95% CI, 0.03-27.42; very low certainty), asymptomatic distal DVT

(RR, 0.54; 95% CI, 0.27-1.08; very low certainty), and reoperation (RR, 0.43; 95% CI, 0.06-2.84;

very low certainty) outcomes. NRSs also reported uncertain findings for whether

pharmacologic prophylaxis affects mortality (RR, 0.72; 95% CI, 0.46-1.13; low certainty) and

PE (RR, 0.18; 95% CI, 0.01-3.76). For risk of bleeding, findings were uncertain in both RCTs

(RR, 1.57; 95% CI, 0.70-3.50; low certainty) and NRSs (RR, 1.45; 95% CI, 0.30-7.12; very low

certainty). In patients undergoing neurosurgical procedures, low certainty of evidence

suggests that pharmacologic thromboprophylaxis confers benefit for preventing

asymptomatic (screening-detected) proximal DVT with very low certainty regarding its

impact on patient-important outcomes.

Introduction

Venous thromboembolism (VTE) is a common life-threatening complication in patients undergoing
neurosurgical procedures. The presence of VTE significantly complicates the delivery of care because of
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mcmaster.ca.
The full-text version of this article contains a data supplement.

2798 23 JUNE 2020 x VOLUME 4, NUMBER 12

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/4/12/2798/1745734/advancesadv2020002195c.pdf by guest on 07 M

ay 2024

mailto:yepesnjj@mcmaster.ca
mailto:yepesnjj@mcmaster.ca
https://crossmark.crossref.org/dialog/?doi=10.1182/bloodadvances.2020002195&domain=pdf&date_stamp=2020-06-23


bleeding risks associated with treatment. The risk of VTE in this
population varies considerably depending on patient comorbidities,
the neurosurgical procedure performed, method of VTE diagnosis
(screening-detected vs symptomatic VTE), and use of different
thromboprophylaxis regimens. Although there are no formal VTE risk
stratification models for neurosurgical patients, several VTE risk
factors have been identified, including active cancer, advanced age,
longer duration of surgery, delayed ambulation, inherited thrombo-
philia, hospital length of stay, and paresis.1 On a biochemical level,
neurosurgical patients have unique risk factors that contribute to
VTE because of the release of prothrombotic proteins such as
fibrinopeptide A, fibrinogen, factor VIII, thromboplastin from brain
tumors, and endothelial injury from traumatic spinal and brain
injuries as well as manipulation of central nervous system tissue
during surgery.2

The incidence of either screening-detected or asymptomatic deep
venous thrombosis (DVT) without prophylaxis in the neurosurgical
population has been reported to be as high as 34% in some
studies,3 with a mean of 16% across earlier studies.4,5 The rate of
postoperative pulmonary embolism (PE) in neurosurgical patients is
estimated to be 0% to 4%, with case fatality ranging from 9%
to 50%.6

Options for thromboprophylaxis include pharmacologic (eg, low-
dose unfractionated heparin [UFH], low molecular weight heparin
[LMWH]) or mechanical measures (eg, intermittent pneumatic
compression devices, graduated compression stockings [CSs], or
inferior vena cava filters). Randomized controlled trials (RCTs) have
evaluated multiple approaches to VTE thromboprophylaxis in
neurosurgical patients. Although mechanical prophylaxis does not
increase the risk of bleeding, its effectiveness in reducing VTE is
limited.4 In contrast, pharmacologic thromboprophylaxis may be
more likely to reduce VTE, but it increases the risk of bleeding,
which is of particular concern with intracranial and intraspinal
bleeding in neurosurgical procedures.5

The ideal initial timing and duration of thromboprophylaxis is a topic
of debate among neurosurgeons. Previous systematic reviews that
evaluated neurosurgical VTE prophylaxis have led to conflicting
conclusions.4,5,7-10 There is still considerable uncertainty regarding
the impact of pharmacologic thromboprophylaxis in neurosurgical
patients on both benefit and harms outcomes.

Methods

This systematic review informed the recommendations of the
American Society of Hematology (ASH) clinical practice guidelines
on VTE, specifically for pharmacologic thromboprophylaxis in
neurosurgical patients.11 We analyzed comparative studies that
examined the effects of either UFH or LMWH or low doses of
warfarin vs nonpharmacologic thromboprophylaxis on patient-
important outcomes in adults who underwent neurosurgical
procedures.

Inclusion and exclusion criteria

We included RCTs and nonrandomized controlled studies (NRSs),
specifically cohort and case-control studies. We excluded confer-
ence abstract reports. Eligible studies included adult patients
undergoing neurosurgical procedures. We excluded studies in
which all patients required a neurosurgical intervention after acute
trauma. We included only studies that reported either UFH or

LMWH or low doses of warfarin compared with nonpharmacologic
thromboprophylaxis such as placebo, no prophylaxis, or mechanical
interventions for VTE prophylaxis (ie, CSs or intermittent pneumatic
compression devices).

The outcomes were determined by the ASH guideline panel
members after a detailed guideline development process.11 The
following outcomes were deemed critical to the decision of whether
or not to use pharmacologic anticoagulation for VTE prophylaxis:
mortality, symptomatic PE, symptomatic proximal DVT, symptomatic
distal DVT, major bleeding, and reoperation. A summary of
definitions for PE, DVT, and major bleeding outcomes is provided
in the supplemental Data.

Search methods

We searched MEDLINE, EMBASE, and The Cochrane Central
Register of Controlled Trials (CENTRAL) from inception to April
2018 without restrictions on the publication’s language. Search
strategies for RCTs and NRSs are provided in the supplemental
Data. We checked the reference lists of reviewed articles and
contacted clinical experts for additional references.

Study selection and data extraction

Ten independent evaluators, working in pairs (L.E.C-L., S.R., F.P.,
M.B., K.E.O., M.V., A.M.B., S.B., H.B., and A.A.) screened the titles
and abstracts obtained through the electronic searches. If a study
was deemed potentially relevant, we obtained the full text, and the
same 10 evaluators, again working in pairs, made final decisions on
eligibility. If reviewers could not resolve disagreement through
discussion, a third reviewer adjudicated the decision (J.J.Y.-N.). We
contacted the authors if additional information or clarification was
needed.

Eight independent evaluators (L.E.C.-L., S.R., F.P., M.B., M.V.,
A.M.B., H.B., and A.A.), working in pairs, read all reports of eligible
studies in detail and summarized the pertinent details in a standard
data extraction sheet (type of study, methodology, characteristics
of participants, results, outcome measurements, and an evalua-
tion of the risk of bias or study limitations). Reviewers discussed
any disagreements and consulted a third reviewer (J.J.Y.-N.) if
necessary.

Assessment of risk of bias in included studies

Two review authors (J.J.Y.-N. and M.B.) independently assessed risk
of bias for each RCT and NRS using the criteria outlined in the
Cochrane Handbook for Systematic Reviews of Intervention12, and
version 1.0 of the Cochrane assessment tool: Risk of Bias in Non-
Randomized Studies-of Intervention (ROBINS-I).13

Data analysis

We calculated the relative risk (RR) and 95% confidence intervals
(95%CIs) for dichotomous outcomes. For NRSs, we calculated the
measure of the relative effect based on information reported by
authors. We selected baseline risks (control group risk) to calculate
absolute effects measures from a systematic review that estimated
the incidence of thromboembolic disease in postoperative patients
who had spinal surgery.8 We estimated absolute effect measures to
facilitate the decision-making process for the effect of pharmaco-
logic thromboprophylaxis in individual neurosurgical patients.14 We
contacted authors if details about study design or descriptive
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statistics for outcomes were not presented in the original articles.
We did not impute data.

We assessed inconsistency between studies by visual inspection of
forest plots, in particular extent of overlap of CIs, the Q statistic (with
P # .05 as a suggestion of important statistical heterogeneity), and
the I2 value. We planned to explore reasons for inconsistency by
prespecified differences in type of intervention. We planned, if 10 or
more studies were available for a particular outcome, to create
a funnel plot to assess publication bias by visual inspection.

We assessed the treatment effect through mean difference for
continuous outcomes and RR for dichotomous outcomes for
individual studies, and we used random-effects models to pool
study data. We presented all measures with 95% CIs. We carried
out all statistical analyses using Review Manager 5.3 (https://
training.cochrane.org/online-learning/core-software-cochrane-
reviews/revman). We considered 1 main group for subgroup
analysis based on the type of neurosurgical intervention (craniotomy
vs spinal surgery vs craniotomy and spinal surgery). We planned
analyses to determine the effect of including or excluding the
studies with high risk of bias on estimates of treatment effect.

We used the GRADE methodology to rate the certainty of the body
of evidence for each outcome as high, moderate, low, or very low.15

The assessment included judgments addressing risk of bias,
imprecision, inconsistency, indirectness, and publication bias. We
also rated the certainty of the body of evidence using a GRADE
approach for observational studies.16 We created evidence profile
and summary of findings tables for each population using GRADE’s
electronic tool GRADEpro GDT (www.gradepro.org). To assess the
usefulness of including NRSs, we applied the GRADE guidance
using ROBINS-I as a part of GRADE’s certainty rating process.17 A
senior methodologist (H.J.S.) checked all GRADE tables and
ratings of the certainty of the body of evidence.

Results

The MEDLINE, EMBASE, and CENTRAL database search yielded
10 538 unique records after duplicates were removed. Figure 1
shows the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow diagram, and the PRISMA checklist
is included in the supplemental Data.18 We reviewed the full text of
112 publications in detail.

Overall, 7 RCTs19-25 and 3 NRSs (retrospective cohort
studies)26-28 met our inclusion criteria. Five RCTs reported the
effect of pharmacologic thromboprophylaxis vs nonpharmacologic
intervention on the development of mortality19-21,23,24; 3 RCTs
reported the development of symptomatic PEs19,22,25; 7 RCTs
reported on the risk of major bleeding19-25; and 2 RCTs reported on
reoperation.20,23 No RCTs reported on symptomatic proximal and
distal DVT. Therefore, we used data from 2 RCTs that reported on
screening-detected proximal19,24 and distal19 DVTs as surrogate
outcomes for symptomatic proximal and distal DVTs for the
purposes of this analysis. The 3 NRSs reported information about
mortality,26,28 PE,26,28 and major bleeding.26-28

One RCT3 reported the incidence of asymptomatic DVT, and
another RCT29 reported the incidence of asymptomatic and
symptomatic DVT. These 2 RCTs reported the outcomes as
a composite outcome, regardless of whether the DVT was proximal
or distal. One RCT30 reported findings of asymptomatic proximal

and distal DVT, but the authors did not describe how many DVTs,
proximal or distal, were identified in the intervention or placebo arm.
Because these 3 RCTs did not report findings for the outcomes to
be included in the guideline, and because we could not use the
information for the surrogate outcomes, we did not incorporate this
body of evidence in our meta-analysis.

One NRS31 reported no qualitative difference in the rate of
hemorrhagic complications and PE between neurosurgical patients
who received pharmacologic thromboprophylaxis with UFH com-
pared with control patients who did not receive pharmacologic
thromboprophylaxis. Because this information was not reported
quantitatively, we could not combine these data in our meta-
analysis.

Another NRS32 reported PE in symptomatic and asymptomatic
patients with subarachnoid hemorrhage and ventriculostomies and
the number of DVTs for both proximal and distal DVT together.
Outcomes were measured through helical computed tomography
angiogram by protocol and venous ultrasound, respectively. In the
group receiving pharmacologic thromboprophylaxis, 6 of 138
patients developed PE compared with none of 53 patients in the
nonpharmacologic thromboprophylaxis group. Cases of DVT were
less frequent in patients who received pharmacologic thrombopro-
phylaxis (28 of 188) compared with those who did not (4 of 53).
These data were not combined in the meta-analysis because the
authors explored DVT in neurosurgical patients regardless of
whether it was proximal or distal, and PE was investigated by
protocol (screening-detected). No additional information from the
included studies was required; therefore, we did not contact the
authors. Table 1 presents the characteristics of the 10 eligible
studies according to the study design. The studies that were
excluded and the reasons for their exclusion are detailed in the
supplemental Data.

Risk of bias in studies included in the analyses

Overall risk of bias was deemed low to very low in individual RCTs
(see supplemental Data). For RCTs, the most significant concerns
were related to incomplete outcome data and lack of blinding of
participants and personnel. Regarding the NRSs, we evaluated risk
of bias in 4 outcomes that were reported in 5 studies. All 4
outcomes presented very serious risk of bias. We found in-
appropriate methods to control for all important confounding
domains across all outcomes in all NRSs.

Effect of interventions

Table 2 summarizes the findings for all research questions. The
supplemental Data contains the full evidence profile with more
detailed explanations along with forest plots of RCTs and NRSs.

Mortality. Five RCTs10-21,23,24 reported the effect of pharmaco-
logic thromboprophylaxis on mortality. No effect of pharmacologic
prophylaxis was found on mortality (RR, 1.27; 95% CI, 0.57-2.86).
We also found 2 NRSs26,28 that reported mortality in patients with
movement disorders who underwent deep brain stimulation surgery
and postoperative patients admitted to the surgical intensive care
unit. In 1 NRS,26 investigators observed no deaths in patients who
received UFH or in patients who did not receive pharmacologic
thromboprophylaxis. In the other NRS,28 pharmacologic prophylaxis
with UFH did not reduce mortality in neurosurgical patients (RR,
0.72; 95% CI, 0.46-1.13). The overall certainty of the body of
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evidence ranged from low to very low because of the risk of bias,
inconsistency, and imprecision.

Symptomatic PE. Three RCTs19,22,25 reported symptomatic
PEs. The evidence was essentially uninformative with respect to
relative effects on PEs with extremely wide CIs (RR, 0.84; 95% CI,
0.03-27.42). Two NRS reported symptomatic PEs. One NRS26

reported the development of symptomatic PEs in 2 of 121
neurosurgical patients who did not receive UFH, and none of the
patients who received UFH developed the outcome being
evaluated. This finding was also uninformative with respect to
relative effects (RR, 0.18; 95% CI, 0.01-3.76). In the other NRS,28

no cases of PE were observed in 522 neurosurgical patients. In
terms of absolute effect, the difference between groups was 4
fewer events of PE per 1000 patients with CIs from 5 in 1000 fewer
to 13 in 1000 more. The overall certainty of the body of evidence
was very low because of the risk of bias, inconsistency, and
imprecision.

Symptomatic proximal DVT. No study reported on symptom-
atic proximal DVT. Two RCTs19,24 reported on screening-detected
asymptomatic proximal DVT, which was deemed to be the closest
surrogate outcome for consideration. Pharmacologic thrombopro-
phylaxis was associated with a reduction of proximal DVT (RR, 0.50;
95% CI, 0.30-0.84). No information about symptomatic proximal
DVT was reported in NRSs. The certainty of the body of evidence
was low because of the risk of bias and indirectness, because the
outcome important to patients was symptomatic proximal DVT. In
addition, we explored data for the following 2 outcomes.

Symptomatic distal DVT. No study reported on symptomatic
distal DVT. One RCT19 reported on screening-detected distal DVT
when pharmacologic thromboprophylaxis was administered in
patients who underwent elective cranial or spinal surgery. We
used data for this outcome as a surrogate for symptomatic distal
DVT. No convincing effect of pharmacologic thromboprophylaxis
was found for distal DVT (RR, 0.60; 95% CI, 0.33-1.08). No NRSs
addressed this outcome. The overall certainty of the evidence was
very low because of the risk of bias, indirectness (because the
outcome of interest was symptomatic distal DVT), and imprecision.

Any screening-detected DVT. Data from the 6RCTs21,23-25,29,30

that reported screening-detected proximal or distal DVT
together were pooled separately. Pharmacologic thrombopro-
phylaxis in neurosurgical patients reduced the risk of de-
veloping proximal or distal DVT (RR, 0.67; 95% CI, 0.49-0.91).
Two NRSs27,32 reported a benefit of pharmacologic thrombo-
prophylaxis in reducing any screening-detected proximal or
distal DVT events (RR, 0.48; 95% CI, 0.29-0.77). The overall
certainty of the body of evidence was very low because of the
risk of bias and imprecision.

Any symptomatic DVT. Seven RCTs19,20,22-25,29 reported
findings pooling proximal and distal symptomatic DVT events.
There was a risk reduction in developing symptomatic DVT with
pharmacologic thromboprophylaxis (RR, 0.55; 95% CI, 0.36-0.85)
in neurosurgical patients. Three NRSs reported on symptomatic
DVT. In 1 NRS,26 pharmacologic prophylaxis did not reduce the
incidence of symptomatic DVT (RR, 0.30; 95% CI, 0.01-7.38) with
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UFH. The other 2 NRSs28,31 did not provide information on
symptomatic DVT events. The overall certainty of the body of
evidence was very low because of the risk of bias and imprecision.

Major bleeding. Ten studies, 7 RCTs19-25 and 3 NRSs,26-28

reported on major bleeding. In the 7 RCTs, pharmacologic
thromboprophylaxis in patients who underwent neurosurgical
procedures did not show an increase in major bleeding compared
with nonpharmacologic thromboprophylaxis (RR, 1.57; 95% CI,
0.70-3.50). In 226,27 of 3 NRSs, no cases of major bleeding were
reported in neurosurgical patients who received pharmacologic
thromboprophylaxis or in those who did not. One NRS28 reported
the same very small number of neurosurgical patients who
developed major bleeding for those who received pharmacologic
thromboprophylaxis and for those who did not (RR, 1.45; 95% CI,
0.30-7.12). In absolute terms, the difference between groups was 3
more events of major bleeding per 1000 patients with CIs from 5 in
1000 fewer to 40 in 1000 more. The certainty of the body of
evidence of the risk of major bleeding ranged from low to very low
because of the risk of bias and imprecision.

Reoperation. Two RCTs20,23 evaluated the risk of reoperation
after pharmacologic thromboprophylaxis. Results were uninforma-
tive in terms of relative effects, with CIs including reductions in RR
of more than 50% and almost threefold increases (RR, 0.43; 95%
CI, 0.06-2.84). In absolute terms, the difference between groups
was 18 fewer events of reoperation per 1000 patients with CIs from
29 in 1000 fewer to 57 in 1000 more. The certainty of the body of
evidence was very low because of the risk of bias and imprecision.

Subgroup and sensitivity analyses

The results of the subgroup analysis for the type of neurosurgical
intervention in RCTs are provided in the supplemental Data. We
carried out subgroup analysis for the outcomes for which evidence
was available: mortality, PE, major bleeding, and reoperation. None of
the analyses supported the existence of a subgroup effect. Sparse
data reported from the NRSs did not allow us to conduct a subgroup
analysis. The number of studies in each particular population for any
individual outcome proved insufficient to conduct sensitivity analyses.

Discussion

Findings from 7 RCTs and 3 NRS provide evidence having low to
very low certainty for prevention of VTEs with pharmacologic
thromboprophylaxis in neurosurgical patients. In these RCTs and
NRSs, results suggest that pharmacologic thromboprophylaxis
possibly prevents asymptomatic proximal DVT (assessed with
screening-detected DVT), with uncertain impact on mortality,
symptomatic PE, reoperation, and asymptomatic distal DVT
(assessed by screening-detected DVT).

Two RCTs provided indirect low-certainty evidence of a benefit of
pharmacologic thromboprophylaxis for prevention of asymptomatic
proximal DVTs (assessed by screening-detected DVT) in neurosur-
gical patients. We did not find evidence to indicate a difference in
effect in subgroups of populations based on the type of surgery. We
also found no effect of pharmacologic thromboprophylaxis on major
bleeding in either RCTs or NRSs. The certainty of the body of
evidence was low or very low.

Although pharmacologic prophylaxis in neurosurgical patients has
been used more commonly in practice, this systematic review
questions whether routine pharmacologic prophylaxis is effective in

preventing symptomatic PE or mortality. The results of this review
should be taken in the context of the low certainty of evidence that
did not detail outcomes based on comorbidities or surgery type.
Therefore, the decision to use pharmacologic prophylaxis in this
population should consider the clinical characteristics of individual
patients that may confer higher risk for VTE. Such patients may
include those undergoing craniotomy or spinal surgery for malig-
nancy,33 patients with severe traumatic brain injury,34 or patients with
spinal cord injury.35. Other characteristics associated with increased
VTE risk are longer duration of surgery, prolonged hospitalization, or
discharge to a subacute nursing facility.36-38 These factors are
associated with a prothrombotic state and/or prolonged immobiliza-
tion resulting in a higher risk of VTE. Therefore, these patients may
benefit from a more aggressive approach to prevention of VTE,
including pharmacologic thromboprophylaxis. Alternatively, patients
who are otherwise at low risk of VTE, such as patients having elective
neurosurgical procedures and who do not have neurologic deficits,
would be well-served with mechanical thromboprophylaxis alone.

Our systematic review has several strengths. We established explicit
eligibility criteria, conducted a comprehensive literature search, and
assessed eligibility and extracted data in duplicate. Our list of outcomes
is more comprehensive and more specific to VTE thromboprophylaxis
than that of previous systematic reviews.4,5,10 We assessed the risk of
bias in NRSs using the ROBINS-I tool, which allowed us to identify
issues in estimates of the benefits or harms in the NRSs. For the first
time, the ROBINS-I assessment was integratedwith theGRADE risk of
bias criteria that used a framework recently reported in GRADE
guidelines.17 We also rated the certainty of the body of evidence using
guidance from the GRADE Working Group. Moreover, we included
both RCTs and NRSs that compared pharmacologic thromboprophy-
laxis with a control group to broaden the results and applicability of our
findings in both cranial and spinal neurosurgeries.

This review also has several limitations, mostly inherent in the
evidence. We found only 7 RCTs, and 3 NRSs that addressed
prevention of VTE after neurosurgical patients had received
pharmacologic thromboprophylaxis. The explanation for this finding
is that we focused on specific VTE outcomes for prevention of VTEs
in neurosurgical patients. Specifically, we included data from
studies that reported symptomatic PE and screening-detected
proximal or distal DVT and did not find studies that reported
proximal or distal symptomatic DVT in neurosurgical patients. An
additional limitation is the over-representation of patients undergoing
elective procedures in the studies that were included. These patients
likely have an overall low likelihood of developing VTEs or mortality
compared with patients undergoing urgent neurosurgical procedures
for tumors, ruptured aneurysms, or traumatic brain or spinal cord
injuries. Although we found that pharmacologic thromboprophylaxis
may reduce the rates of screening-detected proximal DVT, the clinical
significance remains uncertain. Conversely, in part because of limited
sample sizes, the evidence provides only low to very low confidence
in estimates for our outcomes. Serious considerations about the
susceptibility to bias and imprecision of the pool estimates (Table 2)
were noted in most of the studies.

Other systematic reviews have explored the association between
pharmacologic prophylaxis for VTE in neurosurgical patients. In
2008, Collen et al4 identified 30 studies (18 RCTs and 12
prospective cohort studies) that compared pharmacologic throm-
boprophylaxis with UFH, LMWH, or low-dose warfarin to one
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another or to mechanical thromboprophylaxis (intermittent com-
pression devices or CSs), or placebo. Intermittent compression
devices and LMWH were associated with reducing DVT events
compared with placebo (RR, 0.41; 95% CI, 0.21-0.78) and CSs
(RR, 0.60; 95% CI, 0.44-0.81). No other comparisons showed
differences in either DVT or PE events. Estimates for the
comparisons of LMWH vs UFH, LMWH vs nonpharmacologic
management, and UFH vs placebo were also not associated with
intracranial hemorrhage (ICH), minor bleeding, major bleeding, or
death. However, rates of minor bleeding were lower when patients
did not receive heparin peri-operatively (0.04 per 1000 patients;
95% CI, 0.00-3.7 lower).

The systematic review by Collen et al4 included more studies
than ours for 3 reasons. First, Collen et al included comparisons
of mechanical thromboprophylaxis vs placebo or LMWH vs UFH.
We did not consider mechanical thromboprophylaxis interven-
tions vs placebo because patient compliance with mechanical
prophylaxis is low and often difficult to assess in retrospective
studies. We also did not include the comparison of LMWH vs
UFH because both interventions have been shown to have
similar effects for VTE thromboprophylaxis as well as for
intracerebral hemorrhage risk in patients who underwent
craniotomy.10 Second, the prospective cohort studies included
by Collen et al did not have a group of patients who did not
receive thromboprophylaxis to compare thromboprophylaxis
intervention. In contrast, we included only NRSs that reported
a comparison or control group for VTE pharmacologic thrombo-
prophylaxis. Third, although we made a clear distinction between
proximal and distal screening-detected DVT events, Collen et al did
not report on the anatomical location of the blood clot in DVT. Our
approach allowed us to increase our accuracy in estimating the
actual effect of the interventions in each of the outcomes measured.
We also identified additional RCTs that were not reported in the
systematic review by Collen et al, and we reported patient-important
outcomes for patient decision-making purposes.

In 2011, Hamilton et al10 conducted a systematic review to
evaluate the efficacy and safety of low doses of UFH or LMWH
compared with placebo for VTE thromboprophylaxis in patients
who underwent cranial neurosurgery. The systematic review found
6 RCTs that compared heparin (UFH or LMWH) vs placebo or
mechanical methods; these were also included in our systematic
review. The systematic review by Hamilton et al reported findings
for symptomatic and asymptomatic VTE. They concluded that
heparin prophylaxis reduces the risk of symptomatic and
asymptomatic VTE (RR, 0.58; 95% CI, 0.45-0.75) but there was
no association with an increase of ICH (RR, 1.48; 95% CI, 0.63-
3.44) or extracranial major bleeding (RR, 0.91; 95% CI, 0.38-
2.17), but there was an increase in minor bleeding (RR, 2.28; 95%
CI, 1.02-5.10). Authors of this review used the Jadad scale to
assess the certainty of individual RCTs, which is no longer
perceived to be an appropriate tool to assess risk of bias. As with
the study by Collen et al,4 the outcome reporting of the Hamilton
et al systematic review differed from our approach, particularly for
the DVT outcomes. Moreover, Hamilton et al did not include spinal
neurosurgical procedures in their review. Our work included
a broader spectrum of neurosurgical procedures as well as
reported findings for specific components of VTE: proximal and
distal screening-detected DVT and PE.

In 2018, Khan et al5 carried out a systematic review for VTE
pharmacologic thromboprophylaxis in patients undergoing cranial
or spinal neurosurgeries. They found 5 RCTs that we also
identified in our systematic review. They also found 2 publica-
tions that we did not include in our systematic review because
they did not meet our inclusion criteria. They reported a benefit of
pharmacologic thromboprophylaxis to reduce DVT compared
with placebo (odds ratio [OR], 0.51; 95% CI, 0.37-0.71). Safety
outcomes did not show significant increase of major ICH (OR, 1.42;
95% CI, 0.61-3.30), major extracranial hemorrhage (OR, 0.98; 95%
CI, 0.29-3.36), minor bleeding complications (OR, 1.28; 95% CI,
0.50-3.24), or spinal hemorrhage complications. The authors
combined symptomatic and screening-detected DVT and did not
divide findings regarding proximal or distal screening-detected DVT
as we did.

Our systematic review provides an update on the role of pharmaco-
logic thromboprophylaxis for patients with cranial and spinal neurosur-
gery based on evidence from both RCTs and NRSs. We found low
certainty of evidence that pharmacologic thromboprophylaxis reduces
asymptomatic proximal DVT established through evidence from
screening-detected proximal DVT in neurosurgical patients. We did
not find a convincing effect of pharmacologic thromboprophylaxis on
any other VTE or major bleeding outcomes.

Further research must be carried out to increase the certainty of the
body of evidence, including greater precision of the findings. Future
RCTs should use rigorous methods in terms of randomization,
blinding of participants and personnel, and complete and
transparent outcome reporting. In particular, RCTs should
focus on assessing both asymptomatic and symptomatic
proximal and distal DVT. Additional RCTs may help evaluate
the effects of using pharmacologic thromboprophylaxis over
other VTE patient-important outcomes with and without
mechanical thromboprophylaxis.

In conclusion, different pharmacologic and nonpharmacologic
strategies have been proposed for VTE thromboprophylaxis in
neurosurgical patients. The current evidence suggests that
pharmacologic thromboprophylaxis reduces the development of
asymptomatic proximal DVT (assessed using a screening-
detected proximal DVT surrogate outcome) in neurosurgical
patients. However, the finding are hampered because of the risk
of bias as well as the use of an indirect measure for patient-
important outcomes (ie, asymptomatic thrombosis provides only
indirect evidence for symptomatic thrombosis). Future RCTs
must be carried out to evaluate the impact of pharmacologic
thromboprophylaxis on patient-important VTE outcomes as
well as to determine the potential harmful effects of these
interventions.
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Correspondence: Juan José Yepes-Nuñez, Department of
Health Research Methods, Evidence, and Impact, McMaster Uni-
versity, Health Sciences Centre, Room 2C14, 1280 Main St West,
Hamilton, ON L8S 4K1, Canada; e-mail: yepesnjj@mcmaster.ca.

References

1. Rolston JD, Han SJ, Bloch O, Parsa AT. What clinical factors predict the incidence of deep venous thrombosis and pulmonary embolism in neurosurgical
patients? J Neurosurg. 2014;121(4):908-918.

2. Ganau M, Prisco L, Cebula H, et al. Risk of deep vein thrombosis in neurosurgery: State of the art on prophylaxis protocols and best clinical practices.
J Clin Neurosci. 2017;45:60-66.

3. Cerrato D, Ariano C, Fiacchino F. Deep vein thrombosis and low-dose heparin prophylaxis in neurosurgical patients. J Neurosurg. 1978;49(3):378-381.

4. Collen JF, Jackson JL, Shorr AF, Moores LK. Prevention of venous thromboembolism in neurosurgery: a metaanalysis. Chest. 2008;134(2):237-249.

5. Khan NR, Patel PG, Sharpe JP, Lee SL, Sorenson J. Chemical venous thromboembolism prophylaxis in neurosurgical patients: an updated systematic
review and meta-analysis. J Neurosurg. 2018;129(4):906-915.

6. Hamilton MG, Hull RD, Pineo GF. Venous thromboembolism in neurosurgery and neurology patients: a review. Neurosurgery. 1994;34(2):280-296.

7. Iorio A, Agnelli G. Low-molecular-weight and unfractionated heparin for prevention of venous thromboembolism in neurosurgery: a meta-analysis. Arch
Intern Med. 2000;160(15):2327-2332.

8. Glotzbecker MP, Bono CM, Wood KB, Harris MB. Thromboembolic disease in spinal surgery: a systematic review. Spine. 2009;34(3):291-303.

9. Schuster JM, Fischer D, Dettori JR. Is chemical antithrombotic prophylaxis effective in elective thoracolumbar spine surgery? Results of a systematic
review. Evid Based Spine Care J. 2010;1(2):40-45.

10. Hamilton MG, Yee WH, Hull RD, Ghali WA. Venous thromboembolism prophylaxis in patients undergoing cranial neurosurgery: a systematic review and
meta-analysis. Neurosurgery. 2011;68(3):571-581.

11. Anderson DR, Morgano GP, Bennett C, et al. American Society of Hematology 2019 guidelines for management of venous thromboembolism:
prevention of venous thromboembolism in surgical hospitalized patients. Blood Adv. 2019;3(23):3898-3944.

12. Higgins JPT, Thomas J, Chandler J, et al, eds. Cochrane Handbook for Systematic Reviews of Interventions version 6.0 (updated July 2019). Cochrane,
2019. Available at: www.training.cochrane.org/handbook. Accessed 13 February 2018.

13. Sterne JA, Hernán MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of interventions. BMJ. 2016;355:i4919.

14. Guyatt GH, Oxman AD, Santesso N, et al. GRADE guidelines: 12. Preparing summary of findings tables-binary outcomes. J Clin Epidemiol. 2013;66(2):
158-172.

15. Guyatt GH, Oxman AD, Vist GE, et al; GRADE Working Group. GRADE: an emerging consensus on rating quality of evidence and strength of
recommendations. BMJ. 2008;336(7650):924-926.

16. Guyatt GH, Oxman AD, Sultan S, et al; GRADEWorking Group. GRADE guidelines: 9. Rating up the quality of evidence. J Clin Epidemiol. 2011;64(12):
1311-1316.

17. Schünemann HJ, Cuello C, Akl EA, et al. GRADE guidelines: 18. How ROBINS-I and other tools to assess risk of bias in nonrandomized studies should
be used to rate the certainty of a body of evidence. J Clin Epidemiol. 2018;111:105-114.

18. Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement.
J Clin Epidemiol. 2009;62(10):1006-1012.

19. Agnelli G, Piovella F, Buoncristiani P, et al. Enoxaparin plus compression stockings compared with compression stockings alone in the prevention of
venous thromboembolism after elective neurosurgery. N Engl J Med. 1998;339(2):80-85.

20. Constantini S, Kanner A, Friedman A, et al. Safety of perioperative minidose heparin in patients undergoing brain tumor surgery: a prospective,
randomized, double-blind study. J Neurosurg. 2001;94(6):918-921.

21. Dickinson LD, Miller LD, Patel CP, Gupta SK. Enoxaparin increases the incidence of postoperative intracranial hemorrhage when initiated preoperatively
for deep venous thrombosis prophylaxis in patients with brain tumors. Neurosurgery. 1998;43(5):1074-1081.

22. Gruber UF, Rem J, Meisner C, Gratzl O. Prevention of thromboembolic complications with miniheparin-dihydroergotamine in patients undergoing lumbar
disc operations. Eur Arch Psychiatry Neurol Sci. 1984;234(3):157-161.

23. Hamidi S, Riazi M. Incidence of venous thromboembolic complications in instrumental spinal surgeries with preoperative chemoprophylaxis. J Korean
Neurosurg Soc. 2015;57(2):114-118.

2808 YEPES-NUÑEZ et al 23 JUNE 2020 x VOLUME 4, NUMBER 12

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/4/12/2798/1745734/advancesadv2020002195c.pdf by guest on 07 M

ay 2024

https://orcid.org/0000-0002-9912-0031
https://orcid.org/0000-0003-2819-2553
https://orcid.org/0000-0003-2819-2553
https://orcid.org/0000-0001-7737-4914
https://orcid.org/0000-0003-1205-1895
https://orcid.org/0000-0003-1205-1895
https://orcid.org/0000-0002-0931-7851
https://orcid.org/0000-0001-6576-1650
https://orcid.org/0000-0001-6576-1650
https://orcid.org/0000-0001-7577-7963
https://orcid.org/0000-0003-3211-8479
https://orcid.org/0000-0003-3211-8479
www.training.cochrane.org/handbook


24. Nurmohamed MT, van Riel AM, Henkens CM, et al. Low molecular weight heparin and compression stockings in the prevention of venous
thromboembolism in neurosurgery. Thromb Haemost. 1996;75(2):233-238.

25. Rokito SE, Schwartz MC, Neuwirth MG. Deep vein thrombosis after major reconstructive spinal surgery. Spine. 1996;21(7):853-858.

26. Bauman JA, Church E, Halpern CH, et al. Subcutaneous heparin for prophylaxis of venous thromboembolism in deep brain stimulation surgery: evidence
from a decision analysis. Neurosurgery. 2009;65(2):276-280.

27. Dermody M, Alessi-Chinetti J, Iafrati MD, Estes JM. The utility of screening for deep venous thrombosis in asymptomatic, non-ambulatory neurosurgical
patients. J Vasc Surg. 2011;53(5):1309-1315.

28. Hacker RI, Ritter G, Nelson C, et al. Subcutaneous heparin does not increase postoperative complications in neurosurgical patients: An institutional
experience. J Crit Care. 2012;27(3):250-254.

29. Halim TA, Chhabra HS, Arora M, Kumar S. Pharmacological prophylaxis for deep vein thrombosis in acute spinal cord injury: an Indian perspective. Spinal
Cord. 2014;52(7):547-550.

30. Sonaglia F, Agnelli G, Baroni M, Severi P, Quintavalla R, D’Angelo SV. Pre-operative plasma levels of soluble fibrin polymers correlate with the
development of deep vein thrombosis after elective neurosurgery. Blood Coagul Fibrinolysis. 1999;10(8):459-463.

31. Khaldi A, Helo N, Schneck MJ, Origitano TC. Venous thromboembolism: deep venous thrombosis and pulmonary embolism in a neurosurgical population.
J Neurosurg. 2011;114(1):40-46.

32. Zachariah J, Snyder KA, Graffeo CS, et al. Risk of ventriculostomy-associated hemorrhage in patients with aneurysmal subarachnoid hemorrhage treated
with anticoagulant thromboprophylaxis. Neurocrit Care. 2016;25(2):224-229.

33. Buchanan IA, Lin M, Donoho DA, et al. Predictors of venous thromboembolism after nonemergent craniotomy: A nationwide readmission database
analysis. World Neurosurg. 2019;122:e1102-e1110.

34. Byrne JP, Mason SA, Gomez D, et al. Timing of pharmacologic venous thromboembolism prophylaxis in severe traumatic brain injury: A
propensity-matched cohort study. J Am Coll Surg. 2016;223(4):621-631.e5.

35. DiGiorgio AM, Tsolinas R, Alazzeh M, et al. Safety and effectiveness of early chemical deep venous thrombosis prophylaxis after spinal cord injury: pilot
prospective data. Neurosurg Focus. 2017;43(5):E21.

36. Anderson FA Jr., Spencer FA. Risk factors for venous thromboembolism. Circulation. 2003;107(23suppl 1):I9-16.

37. Previtali E, Bucciarelli P, Passamonti SM, Martinelli I. Risk factors for venous and arterial thrombosis. Blood Transfus. 2011;9(2):120-138.

38. Cushman M. Epidemiology and risk factors for venous thrombosis. Semin Hematol. 2007;44(2):62-69.

23 JUNE 2020 x VOLUME 4, NUMBER 12 THROMBOPROPHYLAXIS IN NEUROSURGERIES 2809

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/4/12/2798/1745734/advancesadv2020002195c.pdf by guest on 07 M

ay 2024


