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Prophylaxis against thromboembolism in
neurosurgical and head injury patients

Hasan Mohamed, MD.

ABSTRACT

Neurosurgical patients are at great risk for venous thromboembolism. Thromboprophylaxis is either with unfractionated
heparin or low molecular weight heparin (LMWH). In neurosurgery, thisis a matter of debate because of fear from
bleeding. Few randomized studies show that chemical prophylaxisis safe after elective neurosurgeries. Prophylaxis
with gradual elastic stocking and venous pump may be affective but there are not enough studies and trials examining
their efficacy. Larger trials are needed to examine the safety of unfractionated heparin versus LMWH in neurosurgical

patients including head injury patients.
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V enous thromboembolic disease (VTE) remains
one of the maor causes of mortality and
morbidity. It is estimated that pulmonary embolism
is a direct cause of death in more than 100,000
patients per year in the United States.® Various risk
factors have been identified for venous
thromboembolism.  Lengthy  surgery, trauma,
prolonged immobility, and cancers are among the
major risk factors.2 Neurosurgery, head and spinal
cord injury carry sSignificant risks for venous
thromboembolism.* The reported incidence of VTE
in neurosurgical patients ranges from 20-50%.2 Risk
factorsidentified for VTE in neurosurgical patients
include cranial surgery, lower extremity weakness,
length of surgery and brain tumor.® A high
incidence of VTE after operation for brain tumor
even with prophylaxis has been reported.** Some
investigators reported changes in the fibrinolytic
profile in favor of thrombosis after brain surgery.2
Mark et a3 reported 25% prevalence of pulmonary
embolism (PE) in 101 consecutive autopsies of
neurosurgical patients, and PE was judged to be a
direct cause of death in 50% of these patients. It is
worth mentioning that the reported incidence of
VTE in neurosurgical patients differs widely,
probably due to the different methods used for

prophylaxis and for detection of venous thrombosis.
In addition, the aim of the investigators in those
studies is sometimes for surveillance or for
diagnosis of symptomatic patients, and since VTE
in many occasions is asymptomatic we suspect a
higher incidence of VTE in this group of patients.
Prophylaxis against VTE has been found effective
after general surgical procedure and trauma, and
many reports suggest its superiority to regular
surveillance for venous thrombosis in high risk
pan ents_ 1,2,14,15

Cupitt® recently reported diversity of practice
among neurosurgical unitsin the United Kingdom
regarding VTE prophylaxis in patients with head
injury. Regarding the ideal method of prophylaxis,
different methods have been wused, mainly
mechanical methods and recent trials have used
heparin and low molecular weight heparin
(LWMH).*722 There has been different opinion
regarding the efficacy and safety of different
methods. There have also been several reports on
thromboprophylaxis in neurosurgical patients, but
most of these are retrospective or prospective case
control trials, some of which involved large
numbers of patients.112327

Chemical thromboprophylaxiswith heparin and
LMWH. Five randomized studies using
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unfractionated heparin or LMWH have been
identified. One study used unfractionated heparin
and 4 studies used LMWH. The studies that used
unfractionated heparin were not blinded, and one
study using LMWH was not blinded (Table 1). Of
notice, these studies used different LMWH with
different dosages and different frequencies. The
study by Agnelli et al*” used enoxaparin 40mg once
daily in e€lective neurosurgery and showed
significant reduction in the deep venous thrombosis
(DVT) rate in the treatment group with no
significant major bleeding complications between
the control group and the treatment group. However,
Nurmohamed, et al 8 used nadroparin and his results
were similar to the Agnelli study. Both studies used
elastic stockings in the treatment and the control
groups. In the study by Melon et al’® enoxaparin,
20mg once daily was used in the treatment group.
Elastic stockings were not used in both groups, and
it was found that there was no significant difference
in the incidence of DVT in both groups nor
sgnificant difference in the hemorrhagic complications
and this study was powered to assess safety and not
the efficacy. In the study by Dickinson et a2
enoxaparin 30mg was used at induction and every
12 hours in the 2 groups, and graduated
compression stocking in the control group. This
study was terminated due to the high incidence of
hemorrhagic complication in the treatment group
before the attainment of the primary endpoint. All
the trials described above used venography for
outcome assessment except the study by Dickinson

et a2 which used Doppler ultrasound for outcome
assessment. The only study which used
unfractionated heparin, was Cerrato et a,2 which
used heparin 5000U every 8 hours postoperatively
after establishing a safe heparin level and showed
significant reduction in DVT incidence in the
treatment group, without significant difference in
the bleeding complication from the control group,
however, they used the fibrinogen uptake test for
outcome assessment. It is worth mentioning the
study by Bostrom et al2 in which they randomized
their patientsto unfractionated heparin 5000U twice
daily with first dose administered preoperatively, and
they used calf muscle stimulation followed by dextran
infusion postoperatively in the other group and they
used a historical control group. They demonstrated
effectiveness of both prophylaxis method without
significant hemorrhagic complication, but the study
was not blinded and they used a historical control;
they aso used the fibrinogen uptake test for
outcome assessment. One will notice great
heterogeneity in these studies with regard to the
type, dosage, time of chemical prophylaxis in
addition to the test used for outcome assessment.
The emergency neurosurgery and head injury
patients were not represented in these studies, so
you cannot generalize the result of these studies to
this group of patients. In a meta-analysis study by
lorio et a,2 it shows safety and efficacy of LMWH
for DVT prophylaxis after eective neurosurgery
recommendations for the use of unfractionated
heparin could be concluded as there are not enough

Table 1 - Summary of randomized studies for the use of heparin and LMWH for DVT prophylaxisin neurosurgical patients.

Authors Study Procedure Method of Durationof Outcome VTErate VTErate Significance Major Major Significance
Design prophylaxis prophylaxis assessment intreat- incontrol of VTErate bleeding bleeding of bleeding
ment group in in rate
group treatment  control
Agnellieta Randomized Elective  Enoxoparin  Within 24hr  Venography 22\130 43\130 S 3\153 A154 N/S
199817 blinded neuro- 40mg+GCS  postop until 16.9% 33.1% 2.6% 2.59%
placebo surgery vsGCSin  8+/-1days
control the control
Nurmohamed Randomized Craniotomy Nadroparin 18-24h Venography  31\166 4N\179 S 6\241 2244 N/S
et al 100618 blinded orspina 7500u+GCS postop until 18.7% 26.3% 2.5% 0.8%
placebo surgery vsGCSin 10
control the control days
Melonetal Randomized Intracrania Enoxaparin  Postop until Venography 10\64 14\58 N/S 0\67 0\63 N/S
199119 blinded surgery 20mg vs 10 days 15.6% 24%
placebo placeboin
control the control
Dickinson Prospective  Elective  Enoxaparin ~Until Doppler 5\45 3\22 N/S 5\46 0\22 S
et al 199821 randomized intracranial  30mg+GCS  discharge u/s 11.1% 13.6% 10.9%
unblinded surgery for  or+SCD or
tumors GCSinthe
control
Cerratoetal  Prospective  Elective Heparin Preopfor 7 Fibrinogen 3\50 17\50 S 2\50 1\50 N/S
197820 randomized  neuro-  5000u x3vs days uptake test 6% 34% 4% 2%
unblinded  surgery  no treatment
LMWH - low molecular weight heparin, DVT - deep vein thrombosis, VTE - venous thromboembolism, GCS - graduated compression stocking,
Vs - versus, SCD - sequential compression device, U/S - ultrasound, S - significant, NS - not significant
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trials, and the meta-analysis showed the diversity of
the type and frequencies of different agents used.
Several other non randomized trials have reported
safety of unfractionated heparin after neuro-
surgery.it2-2729 Raabe et al* reported low incidence
of hemorrhagic complicationsin 1564 neurosurgical
patients with the use of unfractionated heparin.
Boeer et a® used unfractionated heparin early in
patients with spontaneous intracranial hemorrhage
and reported better efficacy for DVT prophylaxis
and similar bleeding rates to the group started late
on heparin. It is probably safe to use LMWH and
unfractionated heparin for DVT prophylaxis after
€l ective neurosurgery, however, alarger multicenter
randomized study using one protocol for
prophylaxis and in different neurosurgical patients
including traumatic brain injury and spinal cord
injury patients is required to reach firm re
commendations for VTE prophylaxisin this group.
Mechanical prophylaxis. M echanical
prophylaxis with pneumatic compression and calf
muscle stimulation have been used as a means of
prophylaxisin surgical patients in whom heparin is
contraindicated or as an adjuvant with heparin to
offer more protection. The mechanism of its action
is thought to be prevention of blood stasis and
possible enhancement of fibrinolysis. Regarding its
use as prophylaxis against DVT in neurosurgical
patients, 2 randomized studies identified the use of
an intermittent compression device in the treatment
group against no specific prophylaxis in the control
group (Table 2). Both studies used the fibrinogen
uptake test for outcome assessment. Both studies
showed significant reduction in DVT incidence in
the treatment group. Thefirst study by Turpie et al®
used a pneumatic compression device in the
treatment group for 5 days and showed significant
reduction in the incidence of DVT in the treatment
group, this difference disappeared after dis
continuation of the device and the incidence was the
same in both groups. In another study by Turpie et
a, a pneumatic compression device was used

against a graduated compression stocking (GCS)
and no specific prophylaxis in the third group and
shows that both GCS and pneumatic compression
are effective. Bucci et al3 showed no difference
between GCS and pneumatic compression, and both
methods were shown to be effective. These studies
are not blinded and included a small number of
patients. The compliance with these devicesis also
low and causes discomfort to the patients. Cornwell
et al* reported a low compliance with the use of
sequential compression devices in trauma patients.
These devices also cannot be applied to patients
with leg injury. Nevertheless, a meta-analysis by
Vanek* shows the effectiveness of these devicesin
prevention of proximal DVT in moderate to high
risk patients, however, they are not protective
against pulmonary embolism. Flinn et al°
prospectively studied 2643 neurosurgical patientsin
whom the prophylaxis was by pneumatic
compression and elastic stockings and reported a
low incidence of thromboembolic events. Several
other studies reported efficacy of compression
devicesin surgical patients.?353% Different devices

are avalable for DVT prophylaxis, including
intermittent compression, sequential intermittent

pneumatic compression, and calf stimulation
devices. It isdifficult to conclude from the literature
which device is superior to others, some studies
have compared 2 different types of devicesin each
group and found one type superior to the other.
There is aso controversy regarding its application,
whether thigh high or knee high. If these devices
are used properly, they would offer protection
against DVT in neurosurgical patients in whom
Heparin and LMWH are contraindicated.
Prophylaxis with GCS. Prophylaxis with GCS.
The GCS has been used in surgical patients in
whom heparin prophylaxis is contraindicated, and
found to be effective. The mechanism by which
GCS offers protection against DVT is not clearly
known, but it isthought to create a pressure gradient
which mobilizes the blood from superficial veinsto

Table 2 - Summary of randomized studies for the use of heparin and LMWH for DV T prophylaxisin neurosurgical patients.

Authors Study design Population M ethods of Duration of VTEratein VTEratein Outcome Significance
prophylaxis prophylaxis  treatment control assessment
Turpieet a Prospective  Adult potential Intermittent 5 days 1\65 12\63 Fibrinogen S
197716 randomized neurosurgical pneumatic device 1.5% 19.1% uptake
control patients Vs no treatment in test
control
Skillman et a Prospective Adult Pneumatic Until patient \vvg 12\48 Fibrinogen S
197846 randomized neurosurgery compression is 8.5% 25% uptake
control devicevsno ambulatory test
treatment in
control
LMWH - low molecular weight heparin, DVT - deep vein thrombosis, VTE - venous thromboembolism,
Vs - versus, S - significant
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Table 3 - Summary of randomized studies using GCS for DVT prophylaxisin neurosurgical patients.

Authors Study design Population M ethods of Duration of VTEratein VTEratein Outcome Significance
prophylaxis prophylaxis GCS control assessment

Turpieet a Prospective Potential GCSvsGCSand 14 days 7\81 16\81 Fibrinogen S
198931 randomized neurosurgical pneumatic 8.8% 19.8% uptake

control patients compression test

device

Bucci et a Prospective Adult for GCS vs pneumatic Until 1\38 132 Impedance S
198932 randomized craniotomy compression ambulatory 2.6% 3.1% plethys-

control mography
Agnelli et Randomized Adult for GCS + placebo vs 8 days 43\130 22\130 Venography S
a 199817 placebo elective GCS + enoxaparin 33.1% 16.9%

control neurosurgery
Nurmohamed Randomized Craniotomy and GCS + placebo vs 10 days 4N179 31\166 Venography S
et al 199618 placebo spinal surgery GCSZ + 26.3% 18.7%

control nadroparin

GCS - graduate compression stocking, DVT - deep vein thrombosis, VTE - venous thromboembolism,
Vs - versus, S - significant

deep veins through the perforators and helps to
prevent venous stasis.¥’ Two recent meta-analysis
evaluating the efficacy of GCSin DVT preventions
found them effective against DVT, but they may be
more effective if used with other modes of
prophylaxis such as heparin.?® Thereis atotal of 4
randomized trials in which GCS was used against
heparin or pneumatic compression stocking, with
the exception of the study by Turpie et al in which
no specific prophylaxis had been used in one of the
3 groups included in the study. The results of these
studies are conflicting as GCS shows efficacy in the
Turpie and Bucci studies, but in the randomized
trials by Agnelli and Nurmohamed in which it is
used against LMWH, there was significant DVT in
the GCS groups (Table 3). This may be explained by
the high percentage of brain tumor patients in the
Agnelli and Nurmohamed studies in which even
heparin prophylaxis may not be adequate.® Asitis
shown to be effective in surgical patients and other
groups of patients such as patients with stroke,3040-42
and with the lack of significant side effects, they
seem to be a reasonable choice in neurosurgical
patients when other methods are contraindicated or
not available or as adjuvants to other methods in
high risk patients.

Prophylaxis by inferior vena cava filter. The use
of prophylaxis inferior vena filters (IVC) has not
gained popularity as prophylaxis for DVT. It has
been used mainly to prevent PE in patients with
established DV T in whom anticoagulation is either
contraindicated or not effective. No randomized
trials have been carried out with IVC filter in
neurosurgical patients as the primary method for
DVT prophylaxis. Severa retrospective studies
have evaluated the IV C filter as primary prophylaxis
with mixed results.*4 Langan et al* retrospectively
studied 160 trauma patients at high risk for DVT,

including traumatic brain injury patients, and
reported a low rate of PE with a low rate of
complication.® Decuosus et a* reported a
randomized trial using IVC filter as secondary
prophylaxis against PE, and shows no differencein
the incidence of PE in both groups. Because of the
lack of randomized trias, the use of the IV C filter as
primary prophylaxis remains undefined.
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