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Abstract The risk of death from venous thromboem-
bolism (VTE) is high in intensive care unit patients with
neurological diagnoses. This is due to an increased risk of
venous stasis secondary to paralysis as well as an increased
prevalence of underlying pathologies that cause endothelial
activation and create an increased risk of embolus forma-
tion. In many of these diseases, there is an associated risk
from bleeding because of standard VTE prophylaxis. There
is a paucity of prospective studies examining different VTE
prophylaxis strategies in the neurologically ill. The lack of
a solid evidentiary base has posed challenges for the
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establishment of consistent and evidence-based clinical
practice standards. In response to this need for guidance,
the Neurocritical Care Society set out to develop and evi-
dence-based guideline using GRADE to safely reduce VTE
and its associated complications.
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IS Ischemic stroke

TBI Traumatic brain Injury
SCI Spinal cord injury
UFH Unfractionated heparin

LMWH Low-molecular-weight heparin

IPC Intermittent pneumatic compression
CS Compression stockings

IVF Inferior venous-caval filter
Introduction

Venous thromboembolism (VTE), comprising deep venous
thrombosis (DVT) and pulmonary embolism (PE), is a
common problem in critically ill patients who are immobile
due to neurologic injury. Complications due to VTE are the
third most common cause of cardiovascular death after
myocardial infarction and ischemic stroke in all patients
[1]. The estimated worldwide incidence of VTE is one to
two cases per 1000 annually, although incidences as high
as four per 1000 annually have been reported [2-5]. In
adults admitted to the ICU, the prevalence of clinically
evident DVT and PE is at least 20 per 1000 patients with a
frequency of at least 14.5 per 1000 patients despite phar-
macologic thromboprophylaxis [6, 7].

The neurologically impaired patient can be cared for in a
specialized neurological intensive care unit (NICU) or in a
general medical/surgical intensive care unit (ICU). No
reliable population-based estimates of VTE risk in this
group exist, although the risk is presumed to be high.
Multiple factors contribute to this risk, with increased
venous stasis from paralysis and prolonged coma chief
among them [1, 8, 9]. Additionally, clot formation, prop-
agation, and consolidation are increased in these patients.
Brain neoplasms and rheumatologic and inflammatory
diseases affecting the central or peripheral nervous system
can also cause endothelial activation and promote throm-
bosis [10-12]. Cerebrovascular disorders such as ischemic
and hemorrhagic stroke increase the risk of clot formation
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through secondary effects on the vascular endothelium
[13]. While many of these neurological disorders are rel-
atively common outside the ICU, their relatively low
prevalence in the ICU makes large population-based
analysis difficult. As a result, there is a paucity of evidence
addressing thromboprophylaxis in neurocritical care
patients.

The goal of this guideline is to provide clinicians with
an evidence-based framework for the appropriate admin-
istration of thromboprophylaxis in patients with neurologic
illness, with a focus on those requiring neurocritical care.
This includes patients with ischemic stroke, intracranial
and intraventricular hemorrhage (ICH and IVH), aneurys-
mal subarachnoid hemorrhage (aSAH), traumatic brain
injury (TBI), spinal cord injury (SCI), brain neoplasms,
neuromuscular disorders, and patients undergoing neuro-
surgical and neurovascular interventions.

Methods

The Neurocritical Care Society (NCS) selected a multi-
disciplinary panel of experts based on their experience in
neurocritical care and in the specific subject matter of VTE
thromboprophylaxis. A representative from the Society of
Critical Care Medicine (SCCM) was recruited and acted as
a liaison between the two organizations. Members of the
expert panel disclosed all relationships with industry and
all other entities relevant to the subject prior to writing or
review of the literature. The panel was subdivided into
topic-related working groups according to expertise.

With the assistance of a medical librarian, the panel
undertook a search of the literature beginning 30 years
prior to January Ist, 2013. Randomized controlled studies
were given priority and meta-analyses were also included.
When such studies were not available case series, retro-
spective studies were also incorporated into decision-
making. The evidence was analyzed and collated using the
GRADE scale. Preliminary recommendations were devised
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by each working group and then reviewed by the expert
panel as a whole. Statistical experts from within the NCS
and the leadership of the NCS Guidelines Committee then
reviewed the guideline in a stepwise progression. The
recommendations then underwent external peer review and
final approval by the NCS and SCCM, including review by
the general membership of the NCS. The final document
represents the final analysis of the guidelines subcommit-
tee. All conflict of interest disclosures of the subcommittee
are listed in the Disclosures table.

VTE Prophylaxis in Critically Ill Patients
with Ischemic Stroke

Ischemic stroke is a major cause of death and disability
worldwide and represents one of the most important public
health challenges in the world today [14—16]. PE occurs in
up to 2.5 % of all ischemic stroke patients, and in the first
3 months after stroke, DVT and PE occur with an inci-
dence of 2.5 and 1.2 %, respectively [17, 18]. In the United
States, the prevalence of institutionalized stroke survivors
will increase if stroke incidence and the mean length of
post-stroke survival do not decrease [14, 15, 19]. In this
scenario, VTE will become increasingly prevalent in neu-
rocritical care.

Ischemic stroke patients in the ICU have medical issues
associated with high morbidity and mortality and which are
rendered even more complex by the need for anticoagula-
tion. This includes the risk of hemorrhagic conversion of
large hemispheric strokes in the setting of medical
comorbidities requiring anticoagulation, such as atrial fib-
rillation, heart failure, and VTE. Fortunately, at this time,
there are a number of guidelines based on randomized
controlled trials specifically addressing these issues,
including guidelines from the American Heart Association
and the American College of Chest Physicians [20, 21].
Many meta-analyses discuss the use of various forms of
pharmacologic thromboprophylaxis including unfraction-
ated heparin (UFH), low-molecular-weight heparin
(LMWH), elastic compression stockings (CS), and inter-
mittent venous compression stockings (IPC) in the setting
of ischemic stroke [22-25]. In general, all of these analysis
support the use of pharmacological VTE prophylaxis with
either LWMH or UFH. This can be done safely with
concurrent IPC use. Pharmacologic and mechanical pro-
phylaxis may act synergistically [22-25]. In general, the
evidence for the use of CS is unclear but their use appears
to be safe in spite of an increased risk of skin break down
[22-25].

In the CLOTS 3 trial, there was an absolute risk
reduction of VTE of 3.6 % (95 % CI 1.4-5.8 %) with the
use of IPC beginning 0-3 days post-stroke [24]. Two

published prospective trials demonstrate the utility of
unfractionated heparin and LMWH [26, 27]. The PRE-
VAIL trial established the superior clinical efficacy of
LMWH over unfractionated heparin for DVT prevention in
acute ischemic stroke [22]. In the PREVAIL study, LMWH
reduced the risk of VTE by 43 % compared with UFH (RR
0.57, 95 % CI 0.44-0.76, p = 0.0001) [22].

In general, the risk of serious bleeding complications is low
in hospitalized ischemic stroke patients treated with LMWH
and UFH [27, 28]. The benefits of external compression of the
veins in the lower extremities using CS or IPC has been well
characterized [23, 24]. While their use is standard, concern
over unintentional damage or provocation of VTE dislodge-
ment is still a concern, particularly in patients who have been
immobile prior to application [29, 30].

The use of pharmacological prophylaxis for VTE pre-
vention immediately after hemicraniectomy in the setting
of the malignant MCA syndrome is unstudied [31]. In the
general neurosurgical literature, UFH and LMWH are
considered safe in patients experiencing elective and
emergent craniotomy [32-34]. Due to the known risk of
VTE in patients who are hemiparetic after an ischemic
stroke and the relative safety of UFH and LMWH in
patients undergoing hemicraniectomy in general, the use of
pharmacological and mechanical prophylaxis in this pop-
ulation is warranted. For patients undergoing endovascular
procedures, little data exist to guide practice at this time
although it is known that most protocols incorporate large
doses of heparin during the procedure and often incorpo-
rate r'TPA. In these settings waiting 24 hours after the
administration of rTPA or hemicraniectomy may be war-
ranted although specific recommendations are not
supported by strong clinical evidence.

Recommendations

1. We recommend initiating VTE pharmacoprophylaxis
as soon as is feasible in all patients with acute ischemic
stroke. (Strong recommendation and high-quality
evidence)

2) In patients with acute ischemic stroke and restricted
mobility, we recommend prophylactic-dose LMWH
over prophylactic-dose UFH in combination with IPC.
(Strong recommendation and high-quality evidence)

3) Due to insufficient evidence, the panel could not issue
a recommendation regarding the use of CS for VTE
prophylaxis although their use does not appear to be
harmful.

4) In stroke patients undergoing hemicraniotomy or
endovascular procedures, we suggest the use of
UFH, LMWH, and/or IPC for VTE prophylaxis in
the immediate postsurgical or endovascular epoch
except when patients have received rTPA, in which
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case prophylaxis should be delayed 24 h. (Weak
recommendation and low-quality evidence)

VTE Prophylaxis in Critically Il Patients
with Intracranial Hemorrhage

There is substantial risk of VTE in patients with intracra-
nial hemorrhage (ICH). The prevalence of symptomatic
DVT in patients with ICH has been estimated to be 1-2 %
in retrospective observational studies [35-38] and was 5 %
in the placebo group of the FAST trial [39]. In two
prospective observational studies, the incidence of DVT
detected by scheduled venous ultrasonography was
20-40 % [40, 41]. The reported incidence of clinically
evident PE is approximately 0.5-2 % [35-43]. Half of
these may be fatal [17]. In two retrospective large database
studies, the risk of VTE in patients with ICH has been
estimated to be 2—4 times as high as patients with acute
ischemic stroke [36, 38].

A prospective randomized trial comparing thigh-high
intermittent pneumatic compression devices (IPC) and grad-
uated compression stockings (GCS) to GCS alone showed a
significant reduction in the risk of asymptomatic DVT [44].
The CLOTSS3 trial provided additional evidence in support of
the effectiveness of IPC for DVT prevention in ICH patients
[24]. In addition, the CLOTSI1 trial demonstrated that GCS do
not prevent VTE and cause skin injury [45].

Small prospective randomized trials have investigated
the risks and benefits of VTE pharmacoprophylaxis in
patients with ICH. Dickmann and colleagues compared the
effects of UFH 5000 IU SQ tid to IPC alone, while Boeer
et al. prospectively studied UFH 5000 IU SQ tid. [46, 47]
The quality of these studies is limited by their very small
size and low frequency of VTE and hemorrhagic events.
Two prior meta-analyses have examined the effects of
VTE pharmacoprophylaxis in ICH, although the actual
number of observations are small and included studies of
low quality [47, 48]. A more comprehensive meta-analysis
completed by Paciaroni and colleagues [49] included data
from the prospective randomized trials of Boeer et al. [46]
and Orken et al. [47] as well as two larger single-center
retrospective observational studies [50, 51]. This meta-
analysis demonstrated a significant reduction in PE asso-
ciated with UFH or LMWH prophylaxis (RR 0.37, 95 %
CI 0.17-0.80, p = 0.01) compared with no pharmacopro-
phylaxis, but no significant differences for DVT,
hematoma expansion, or mortality [49]. The 9" edition of
the American College of Chest Physicians Guidelines for
Antithrombotic Therapy and Prevention of Thrombosis
[52] compared rates of VTE reduction derived from higher
quality studies of pharmacoprophylaxis in acute ischemic
stroke patients to rates of hematoma expansion from the
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limited quality studies of ICH patients from Boeer et al.
[46], Dickmann et al. [53], and Orken et al. [47] as the
basis for their recommendations on VTE prophylaxis in
ICH. Using these methods, VTE pharmacoprophylaxis
reduced the risk of symptomatic DVT (RR 0.31, 95 % CI
0.21-0.42) and PE (RR 0.7, 95 % CI 0.47-1.03) and had
no effect on hematoma expansion (RR 0.24, 95 % CI
0.05-1.13) or mortality (RR 1.05, 95 % CI 0.46-2.36)
[52].

Recommendations

1. We recommend the use of IPC and/or GCS for VTE
prophylaxis over no prophylaxis beginning at the time
of hospital admission. (Strong recommendation and
high-quality evidence)

2. We suggest using prophylactic doses of subcutaneous
UFH or LMWH to prevent VTE in patients with
stable hematomas and no ongoing coagulopathy
beginning within 48 h of hospital admission. (Weak
recommendation and low-quality evidence)

3. We suggest continuing mechanical VTE prophylaxis
with IPCs in patients started on pharmacologic prophy-
laxis. (Weak recommendation low-quality evidence)

VTE Prophylaxis for Critically Il Patients
with Aneurysmal Subarachnoid Hemorrhage

Patients with aneurysmal subarachnoid hemorrhage
(aSAH) are at increased risk of developing VTE. The
incidence of acute lower leg DVT ranges from 1.5 to 24 %
and the incidence of clinically evident pulmonary embo-
lism (PE) is 1.2-2.0 % [37, 54-57]. VTE is associated with
nearly double the mean length of stay (p < 0.001) and an
increased risk of pulmonary/cardiac complications,
including stunned myocardium and pulmonary edema (OR
2.8, 95 % CI 2.4-3.2). VIE is also associated with
increased infectious complications, including pneumonia
and sepsis (OR 2.8, 95 % CI 2.4-3.3), as well as vasos-
pasm (OR 1.3, 95 % CI 1.0-1.6) [54].

Determining appropriate VTE pharmacoprophylaxis
strategies is challenging in the presence of acute intracra-
nial bleeding. Patients may also require the placement of an
external ventricular drain and/or a craniotomy to secure a
ruptured aneurysm, and these procedures also increase risk
of bleeding. Few papers address the issue of VTE pro-
phylaxis in aSAH. Most recommendations in this group are
based on extension of observation of patients with ischemic
stroke.

Early mobilization helps to reduce VTE in patients with
good grade aSAH that are neurologically and physiologi-
cally stable and who lack clinical and/or sonographic
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evidence of vasospasm [58]. Thigh-length GCS do not
significantly decrease the risk of DVT and increase the risk
of skin lesions [45, 59, 60]. Intermittent pneumatic com-
pression devices (IPCs) decrease the risk of DVT when
compared to placebo [59]. Combining IPCs with antico-
agulants may have additive effects in regards to VTE
prevention [27].

Unfractionated Heparin decreases the risk of DVT
[59]. Regimes of 5000 IU SQ either bid or tid have
been used, but there are no head to head studies com-
paring these two modalities in patients with aSAH [59].
It has been suggested but not proven that UFH tid
increases the risk of intracranial bleeding and the use of
bid dosing may be safer, especially during the first few
days after bleeding or after an intracranial surgical
procedure [59].

LMWH also decreases the risk of DVT but increases the
risk of intracranial bleeding [59, 61, 62]. In neurosurgical
patients in general, patients receiving LMWH had statisti-
cally significantly higher bleeding rates than those receiving
therapy with mechanical modalities (p < 0.0005). Patients
receiving UFH did not have higher rates of bleeding
(p = 0.40) [59]. In patients undergoing craniotomy, the
benefits of low-dose LMWH are probably outweighed by
the harm. LMWH can be expected to prevent between 8 and
36 VTE events per 1000 patients at a cost of 4 to 22
additional subarachnoid bleeds per 1000 patients. Assuming
that disability and mortality resulting from SAH is 2 to 3
times greater than with VTE, LMWH could be considered
to be more harmful than not providing prophylaxis at all
[63].

Many centers routinely screen their patients with an
aSAH with lower extremity Doppler ultrasound. This
approach is safe but its effectiveness remains to be deter-
mined and it is unknown if this approach is cost-effective
[28].

Recommendations

1. We recommend VTE prophylaxis with UFH in all
patients with aSAH (Strong recommendation and high-
quality evidence) except in those with unsecured rup-
tured aneurysms expected to undergo surgery. (Strong
recommendation and low-quality evidence)

2. We recommend initiating IPCs as VTE prophylaxis as
soon as patients with aSAH are admitted to the
hospital. (Strong recommendation and moderate-qual-
ity evidence)

3. We recommend VTE prophylaxis with UFH at least
24 h after an aneurysm has been secured by surgical
approach or by coiling. (Strong recommendation and
moderate-quality evidence)

VTE Prophylaxis for Critically Ill Patients
with Traumatic Brain Injury (TBI)

Among trauma patients admitted to hospital, PE is the
third-leading cause of death in those surviving the first 24 h
[64]. Severe TBI is an independent risk factor for DVT in
polytrauma patients, which is likely due to decreased
mobility, prolonged ventilation, and the activation of pro-
coagulant factors [65-67].

The incidence of DVT in patients with severe TBI who
have received delayed, or no prophylaxis, ranges from 13
to 17 %. The absence of evidence-based recommendations
for trauma patients with ICH has led to inconsistency and
institutional variability in thromboprophylaxis manage-
ment, and there is no consistent standard of care as to the
initiation of VTE prophylaxis in the TBI patient population
with pharmacoprophylaxis with UFH and LWMH, or
mechanical prophylaxis with IPC [68]. Despite the preva-
lence of VTE in this population, there are no randomized
trials of early versus late pharmacoprophylaxis. In a
prospective cohort study, Nathans et al. found that a delay
greater than 4 days in initiating anticoagulant thrombo-
prophylaxis conferred a threefold increase of DVT and that
patients with severe head injury were twice as likely to
have thromboprophylaxis delayed greater than 4 days [69].
Further, a retrospective review found that when prophy-
laxis is delayed more than 48 h, multi-system trauma
patients with traumatic ICH are three to four times more
likely to develop DVT than those without head injury (RR
2.67, 95 % CI 1.69—4.20) [70].

The anticoagulant of choice in this population requires
further study. To date, there are no direct comparisons of
LMWH versus UFH for VTE prophylaxis in multi-system
trauma patients with severe TBI and ICH. RCTs in multi-
system trauma patients with spinal cord injuries and
without head injuries have shown that LMWH is more
effective at VTE prevention than UFH. Both the 2001
Eastern Association for the Surgery of Trauma (EAST)
Guidelines and the 8th edition of the American College of
Chest Physicians for VTE prevention in trauma recom-
mend the use of LMWH for VTE prophylaxis in trauma
patients without head injury [64, 71]. However, for patients
with traumatic ICH, the EAST guidelines state that LMWH
has not been sufficiently studied to recommend its use,
while the American College of Chest Physicians guidelines
suggests LMWH for all trauma patients [64]. The 2007
Brain Trauma Foundation guidelines on thromboprophy-
laxis in severe traumatic brain injury indicate that the
preferred pharmacological agent in this setting is unknown
and that there is insufficient evidence to support a recom-
mendation regarding the timing of prophylactic
anticoagulation for VTE prophylaxis [72].
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Recommendations

1. We recommend initiating IPC for VTE prophylaxis
within 24 h of presentation of TBI or within 24 h after
completion of craniotomy as supported by evidence in
ischemic stroke and postoperative craniotomy. (Weak
recommendation and low-quality evidence)

2. We recommend initiating LMWH or UFH for VTE
prophylaxis within 2448 h of presentation in patients
with TBI and ICH, or 24 h after craniotomy. (Weak
recommendation and low-quality evidence).

3.  Werecommend using mechanical devices such as IPC for
VTE prophylaxis in patients with TBI, based on data from
other Neurological injuries such as ischemic stroke.
(Weak recommendation and low-quality evidence).

VTE Prophylaxis for Critically Il Patients
with Brain Tumors

Approximately 20-30 % of malignant glioma patients
develop VTE, the risk of DVT in patients having a cran-
iotomy for brain tumor is as high as 31 %. Several VTE
risk factors have been identified in the brain tumor patient,
including glioblastoma multiforme tumor, larger tumor
size, leg paresis, older age, lengthy surgery, chemotherapy,
and steroid use [73].

DVT prophylaxis in the population can be either
mechanical (with IPC) and/or pharmacological (with UFH
or LMWH), and hemorrhagic complications must be a
consideration when choosing the most appropriate method.
Pharmacologic agents are effective at decreasing VTE.
Simanek et al. studied 63 patients with high-grade gliomas
who wore GCS and then received 40 mg enoxaparin,
2500 IU dalteparin, or 5000 IU dalteparin once daily [73].
Twenty-four percent (15/63) developed VTE (60 % (9/15)
had PE and 40 % (6/15) had DVT). VTE developed in 5 %
(2/15) who received combined VTE prophylaxis. Hemor-
rhagic complications were not reported. Robbins et al.
administered 5000 IU dalteparin to 42 newly diagnosed
GBM patients [74]. There was no VTE or ICH during a
median time on dalteparin of 6.3 months. Perry et al.
examined the safety of tinzaparin for VTE prophylaxis in
40 patients with newly diagnosed malignant glioma (Grade
III-IV) patients [75]. Tinzaparin at a dose of 4500 U SC
was initiated within 2 days to 4 weeks postoperatively and
continued for up to 12 months. A 5 % (2/40) CNS hem-
orrhage rate was observed. In another study, Perry et al.
randomized patients with newly diagnosed malignant
glioma to either dalteparin 5000 IU (n = 99) or to placebo
(n = 87) [16, 76]. In the first 6 months, the incidence of
VTE was 9 % in the dalteparin group and 15 % in the
placebo group (p = 0.29). By 6 months, ICH had occurred
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in 3 % of the dalteparin group and 0 % of the placebo
group (p = 0.22), and by 12 months, ICH had occurred in
5 and 1 %, respectively (p = 0.48). In contrast, Cage et al.
retrospectively reviewed 86 patients with surgical resection
of a meningioma; 24 patients received enoxaparin within
48 h after surgery and 62 did not receive prophylaxis [77].
There was no significant difference in the incidence of
intracranial hemorrhage in the enoxaparin and control
groups (12.5 and 12.9 %, respectively) [77].

Recommendations

In brain tumor patients:

1. We recommend VTE prophylaxis with either LMWH
or UFH upon hospitalization for patients with brain
tumors who are at low risk for major bleeding and who
lack signs of hemorrhagic conversion. (Strong recom-
mendation and moderate-quality evidence).

VTE Prophylaxis for Critically Ill Patients
with Spinal Cord Injury

Spinal cord injury (SCI) has been identified as an inde-
pendent risk factor for DVT, although its prevalence in this
population varies across studies due to differences in
diagnostic methods [78]. Using clinical criteria, the
prevalence of lower extremity DVT varies from 12 to
64 %. Using labeled fibrinogen, plethysmography or
phlebography, the incidence of DVT in the absence of
prophylaxis, ranges between 50 and 80 % [7]. The overall
reported incidence of DVT in paralytic spinal cord injuries
varies from 18 to 100 % within first 12 weeks and the
frequency of PE is approximately 4.6-14 %. The risk
appears greatest during the first 2 weeks after injury and
decreases after the first 3 months. Although the frequency
decreases even further after 6 months, DVT is still known
to occur several months after the injury [78, 79].

The effectiveness of passive or active range of motion
exercises and/or compressive stockings in preventing DVT
in SCI patients is not known. In a prospective clinical trial,
LMWH plus early mobilization (within 72 h) was com-
pared to LMWH plus late mobilization (between 8 and
28 days, mean 12 days) [79]. The incidence of DVT was
2 % in the early group versus 26 % in the late group.

When used alone, IPCs are not sufficient to prevent
DVT in SCI patients. Green [80] and Merli [81] reported
reductions in DVT by utilizing pneumatic compression
stockings (IPCs) in combination with pharmacological
prophylaxis. If mechanical or pharmacologic prophylaxis is
not possible, screening with duplex ultrasonography should
be considered, followed with possible placement of inferior
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vena cava (IVC) filter once objective data confirm the
presence of DVT. A small series of SCI in high-risk trauma
patients reported that IVC filters were effective in pre-
venting symptomatic pulmonary embolism [82-84].

UFH and LMWH are effective at reducing DVT in SCI
[80, 85, 86]. The 8th edition of the American College of
Chest Physicians Antithrombotic Guidelines suggests use
of UFH (Grade 2C) or LMWH (Grade 2C) or mechanical
prophylaxis, preferably with IPC (Grade 2C), over no
prophylaxis [21]. The use of adjusted dose UFH is rec-
ommended by The Consortium for Spinal Medicine [87]. A
retrospective cohort study of 90 patients receiving dal-
teparin (5000 IU QD) or UFH (5000 IU bid) for VTE
prophylaxis after acute traumatic SCI revealed no signifi-
cant difference between the two agents (p = 0.7054) in the
incidence of VTE (7.78 % overall) and the type of pro-
phylaxis received (UFH 3/47 versus dalteparin 4/43) [88].
A cost analysis demonstrated that adjusted dose UFH is
more cost-effective than enoxaparin 30 mg bid [88].

The duration of DVT prophylaxis in persons with SCI
has not been fully established. The Consortium for Spinal
Medicine recommends the duration of DVT prophylaxis be
determined based on the functional status, presence of
additional risk factors or medical conditions, and avail-
ability of the support services for the patient [89].

Recommendations

In spinal cord injury patients:

1. We recommend initiating VTE prophylaxis as early as
possible, within 72 h of injury. (Strong recommenda-
tion and high-quality evidence)

2. We recommend against using mechanical measures
alone for VTE prophylaxis. (Weak recommendation
and low-quality evidence)

3. We recommend LMWH or adjusted dose UFH for
VTE prophylaxis as soon as bleeding is controlled.
(Strong recommendation and moderate-quality
evidence)

4. If VTE prophylaxis with LMWH or UFH is not
possible, we suggest mechanical prophylaxis with IPC.
(Weak recommendation and low-quality evidence)

VTE Prophylaxis in Critically Ill Patients
with Neuromuscular Disease

Hospitalization, critical illness, immobilization, and respi-
ratory failure are well-established and potent risk factors
for the development of DVT and PE [90]. Patients who are
critically ill due to neuromuscular diseases such as Guil-
lain—Barre Syndrome (GBS) and myasthenia gravis (MG)

are thus at high risk for DVT and PE. Data from published
case series of patients with GBS, for example, suggest that
the risk of symptomatic DVT is approximately 4-7 % and
the risk of PE is 3—-7 % [91-96]. Accordingly, prophylaxis
against VTE complications is a key element of the care of
these patients. However, the expert panel did not identify
any studies that have systematically examined the effects
of any method of VTE prophylaxis in hospitalized or
critically ill patients with neuromuscular disease. We
therefore chose to extrapolate from the most closely anal-
ogous patient groups for which data do exist: hospitalized
and critically ill medical patients and patients with spinal
cord injury.

A number of meta-analyses have examined the utility of
various forms of VTE prophylaxis in hospitalized and
critically ill medical patients [90, 97-100]. The most recent
and relevant of these examined data from 4 to 8 random-
ized controlled trials (5206—-8605 patients) depending on
the outcome [90]. In hospitalized medical patients, com-
pared with no prophylaxis, the use of prophylactic UFH,
LMWH, or fondaparinux was associated with a relative
risk (RR) of 0.47 (95 % CI 0.22-1) for symptomatic DVT,
and RR 0.41 (95 % CI 0.22-0.76) for fatal PE. No statis-
tically significant effects were found for nonfatal PE, major
bleeding, and all-cause mortality. When low-dose UFH
(5000 SC IU bid-tid) was compared with LMWH, there
were no differences in DVT, PE, or mortality. While there
was a significant relative risk reduction in major bleeding
events associated with LMWH (RR 048, 95 % CI
0.24-0.99), the absolute effect was small, amounting to
only 5 fewer events per 1,000 patients treated. When bid
UFH and tid UFH were compared (indirectly in a mixed-
treatment comparison meta-analysis since these regimens
have never been compared directly against each other),
there were no statistically significant differences in risk of
PE, DVT, major bleeding, or mortality.

Mechanical VTE prophylaxis methods are less well
studied in hospitalized or critically ill medical patients. In
this population, graduated compression stockings (GCS)
are not associated with any benefit in terms of prevention
of symptomatic DVT, nonfatal PE, or mortality but, largely
due to the effect of the results from the CLOTS 1 trial, are
associated with a significant increase in the risk of skin
breaks/ulcers/blisters/necrosis (RR 4.02, 95 % CI
2.34-6.91) [45, 90]. Both GCS and IPC, when added to
pharmacologic prophylaxis, are associated with a reduction
in the risk of DVT but not PE in surgical patients [101,
102]. This issue has not been studied in medical patients.
There is a suggestion that LMWH may be more effective
than bid UFH in preventing symptomatic PE in these
patients RR 0.58, 95 % CI 0.34—0.97), but this is driven by
the results of a single trial with a small number of PE
events [90, 103]. There are no directly relevant data to
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guide decisions regarding the duration of VTE prophylaxis
in this group of patients in the ICU.

Recommendations

In patients with neuromuscular disease:

1. We recommend using prophylactic doses of UFH (bid
or tid) LMWH, or fondaparinux as the preferred
method of VTE prophylaxis. (Strong recommendation
and moderate-quality evidence)

2. We recommend using IPC for VTE prophylaxis for
patients in whom the bleeding risk is deemed too high
for pharmacologic prophylaxis. (Strong recommenda-
tion and moderate-quality evidence)

3.  We suggest combining pharmacologic and mechanical
VTE prophylaxis (with IPC) in patients with neuro-
muscular disease. (Weak recommendation and low-
quality evidence)

4. We suggest using GCS only for VTE prophylaxis in
patients in whom neither pharmacologic prophylaxis
nor IPC use is possible. (Weak recommendation and
low-quality evidence)

5. We suggest continuing VTE prophylaxis for an
extended period of time, at a minimum for the duration
of the acute hospitalization, or until the ability to
ambulate returns. (Weak recommendation and very
low-quality evidence)

VTE Prophylaxis in Critically Ill Patients
Undergoing Neurosurgical and Neurovascular
Interventions

Postoperative VTE, such as DVT and PE, is an important
cause of morbidity and mortality in the general neurosur-
gical population. Neurosurgical patients and the procedures
they undergo are highly varied; thus, patients undergoing
elective spine surgery, brain tumor resection, or invasive
intra-arterial procedures have different incidences of VTE.
The incidence of DVT ranges from 0 to 15.5 %, with the
incidence of PE in up to 15 % in patients undergoing
massive reconstructive spinal surgery [104]. In patients
undergoing elective spinal surgery, the overall incidence of
VTE can vary from 0.3 to 31 % with an estimated overall
pooled risk of 2.1 % [105]. The incidences of DVT and PE
in this population are 0.4 and 0.4 %, respectively [106—
108]. Procedures with unique positioning strategies, such
as prone or kneeling, have been associated with zero rates
of VTE [31]. In patients undergoing craniotomy for neo-
plasm, the rate of DVT and PE combined has been reported
to be as low as 3 % and as high as 28.0 % in patients with
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high-grade gliomas [109, 110]. Little data exists for
patients with neurologically specific intra-arterial inter-
ventions. Patients are anticoagulated during many
endovascular procedures, which could potentially affect the
occurrence rates for thromboembolic events.

Over the past 40 years, numerous trials have examined
measures aimed at reducing VTE in neurosurgical patients
including those with craniotomies [34, 59, 111-120]. The
most common interventions have included CS, IPC,
LMWH, and UFH. Two recent meta-analyses have com-
pared the benefits of VTE prophylaxis to the potential
risks, including intracranial hemorrhage [112, 117, 121].
The most recent meta-analysis included 30 prospective
studies (18 randomized trials and 12 cohort studies). The
conclusion was that LWMH was less effective than IPC
(LMWH: RR 0.60, CI 0.44-0.81; ICP: RR 0.41; 95 % CI
0.21-0.78), in later head to head trials there was no dif-
ference in efficacy observed (RR 197, 95 % CI
0.64-6.06) [117]. This meta-analysis suggests that the use
of LWMH and ICP is generally equally safe and effective
with a limited risk of ICH [122-128].

However, these large meta-analyses have not illustrated
the risks and benefits of VTE prophylaxis in specific sub-
populations of neurosurgical patients. UFH is efficacious but
has an increased risk of bleeding as compared to other
modalities [115, 129]. The prophylactic use of LMWH upon
induction of anesthesia in patients undergoing craniotomy,
or patients undergoing craniotomy in general, has been
associated with increased postoperative ICH [130,59, 61,
62]. In contrast, other studies have reported a similar risk for
using LMWH or UFH perioperatively after craniotomy in
neurosurgical patients [112, 113, 131]. Large prospective
cohort studies suggest the LMWH is safe in the setting of
elective craniotomy for glioma as well as craniotomy in
general [34, 132, 133]. GCS, IPC with LMWH, or UFH have
been used effectively in complicated spinal surgery [33, 112,
113,115,129, 134-136]. The use of inferior vena cava (IVC)
filters in the setting of severe spinal cord injury or compli-
cated spine surgery has not been adequately investigated.
Small case series suggest some benefits in trauma patients;
however, most evidence to date suggests limited benefit and
a significant possibility of harm [137-140]. The use of IPC
plus either LMWH or UFH in elective craniotomy surgery
has been shown to be beneficial [59, 112-114, 131, 141].

In those patients who are anticoagulated during
intracranial endovascular procedures, the risk of develop-
ing intracranial bleeding complications may be increased.
There is some evidence that using full heparinization for
coiling soon after inserting an EVD does not increase the
risk of either symptomatic or asymptomatic EVD-related
hemorrhage as long as the activated prothrombin time is
kept strictly controlled [142].
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Recommendations for Prevention of VTE in Elective
Spine Surgery

1. Ambulatory back surgery with unique positioning
strategies such as prone or kneeling has been associ-
ated with zero rates of VTE, and we suggest
considering the use of IPC only for VTE prophylaxis
in this surgical population. (Weak recommendation
and low-quality evidence)

2. In standard elective spine surgery, we recommend using
ambulation with mechanical VTE prophylaxis (GCS or
IPC) alone, or combined with LMWH. In patients with
increased risk for VTE, we recommend combined therapy
with ambulation, GCS or IPC, and LMWH. (Strong
recommendation and moderate-quality evidence).

3. Because of the increased risk of bleeding, we recom-
mend using UFH only as an alternative to other
methods of VTE prophylaxis. (Strong recommendation
and moderate-quality evidence)

Recommendations for Prevention of VTE
in Complicated Spinal Surgery

1. Werecommend using IPC with LMWH or UFH. (Strong
recommendation and moderate-quality evidence)

2. Werecommend against the routine use of [IVC filters in the
setting of severe spinal cord injury or complicated spine
surgery. (Weak recommendation and low-quality
evidence)

3. We suggest considering a removable prophylactic IVC
filter as a temporary measure only in patients with PE
and DVT or those with DVT at risk for PE who cannot
be anticoagulated. (Weak recommendation and low-
quality evidence)

Recommendations for Prevention of VTE in Elective
Craniotomy

1.  We recommend using IPC with either LMWH or UFH
within 24 h after craniotomy. (Strong recommendation
and moderate-quality evidence)

2. We recommend the use of IPC with LMWH or UFH
within 24 h after standard craniotomy in the setting of
glioma resection. (Strong recommendation and mod-
erate-quality evidence)

Recommendations for Prevention of VTE in Elective
Intracranial/Intra-arterial Procedures

1. We suggest the use of CS and IPC until the patient is
ambulatory. (Weak recommendation and low-quality
evidence)

2. We suggest immediate prophylactic anticoagulation
with LWMH or UFH. (Weak recommendation and
low-quality evidence)

VTE Prevention in Patients Undergoing
Intracranial Endovascular Procedures

1. We recommend initiating pharmacoprophylaxis with
UFH and/or mechanical VTE prophylaxis with IPC or
CS in patients with hemiparesis from stroke or other
neurological injury within 24 h if activated pro-
thrombin time is measured. (Weak recommendation
and low-quality evidence) If during the proceed rTPA
or other thrombolytics are used, then extra caution is
advised, and delay of initiation of chemoprophylaxis
only for at least 24 h after the procedure should be
considered. (Weak recommendation and low-quality
evidence)

2. Patients undergoing elective procedures may not
require LMWH or UFH, but may benefit from early
ambulation, and/or mechanical prophylaxis with IPC
or CS. (Weak recommendation- very low-quality
evidence)

Conclusions

In setting out to develop evidence-based guidelines for
VTE prophylaxis in neurocritical care, the most important
challenge the reviewers faced was the paucity of random-
ized, controlled, and adequately powered clinical trials. It
was clear that additional research is needed to effectively
resolve the myriad of clinical issues surrounding VTE in
this unique care setting. This type of research is chal-
lenging due to the complexity of the patients and the rarity
of VTE.

These guidelines are a starting point for future clinical
research and should be used in determining the best
methods of VTE prophylaxis in neurocritical care. The
panel made recommendations based on the GRADE sys-
tem, which allows for the consideration of factors such as
risk—benefit ratio, patient values and preferences, and
resource availability when determining recommendation
strength. It should be noted that weak recommendations in
particular need to be individualized to the patient’s unique
context and carefully evaluated by relevant stakeholders
before implementation. The panel encourages guideline
users to consider their own clinical experience and the
subtleties of the evidence presented as they use these rec-
ommendations in their practice. The Neurocritical Care
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Society intends for these guidelines to be updated as new
evidence arises.
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