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Background: Venous thromboembolism (VTE) is a major cause of morbidity and mortality
in patients with traumatic brain injury (TBI); this study is testing the safety of enoxaparin use
for the prevention of venous thromboembolism in this group of patients.

Patients and Methods: From January 2016 to May 2018, 46 patients (36 males, 10 females)
with closed traumatic intracranial bleeding received early (ie, within 72 hours) venous throm-
boembolic prophylaxis with 40 mg of enoxaparin. Patients with traumatic intracranial hemor-
rhage were followed up both clinically and with repeated brain computed tomography to
examine the safety of enoxaparin VTE prophylaxis.

Results: The age of the patients ranged from 16-91 years (43.9+25.8 years). Glasgow coma
score ranged from 5-15 (9.9+4.7). Twenty patients had mild TBI (GCS 15-13), 17 patients
had moderate TBI (GCS 12-9), and nine patients had severe TBI (GCS<8). Brain computed
tomography showed variable types of brain injuries. Non-surgical management was applied
for 18 patients. Craniotomy and surgical evacuation of significant (>lcm in maximum
diameter) EDH and/or SDH was carried out in 26 patients. External ventricular drain was
inserted in two patients with significant IVH. Thirty-eight patients had good overall outcome,
eight patients showed poor outcome. None of the reviewed patients developed clinical
deterioration and/or progression of the intracranial bleeding on follow-up brain CT scans.
Conclusion: Enoxaparin is a safe prophylaxis against venous thromboembolism in patients
with traumatic closed intracranial bleeding.

Keywords: head injury, traumatic brain injury, intracranial hemorrhage, DVT prophylaxis,

enoxaparin, pharmacologic thrombosis prophylaxis

Introduction

Major injury substantially increases the risk of venous thromboembolism (VTE). The
incidence of DVT in multiply-injured patients ranges from 6-60%, even with the use
of prophylactic measures such as pneumatic compression devices.'* Major trauma
causes a significant increase in the markers for thrombin generation with disruptions
of its regulation which, in turn, causes a hypercoagulability state. These changes
occur within 24 hours after injury, remain markedly elevated for the next 5 days, and
decrease by day 14 post-injury.’

Traumatic brain injury (TBI) was recognized as an independent risk factor for
deep venous thrombosis (DVT), it increases the chance of venous thromboembo-
lism by 3—4-fold.* Praeger et al® studied the prevalence of VTE following TBI
prospectively by doing Doppler ultrasound twice weekly in isolated TBI patients,
36% of TBI patients developed venous thromboembolism. In a retrospective study,
Ekeh et al® found that 31% of patients with moderate or severe TBI developed
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VTE. Multiple injuries, old age, male gender, comorbid-
ities, craniotomies, SAH, and lower limbs injury were
identified as risk factors for the occurrence of VTE in
patients with TBL%” The use of hypertonic saline and
osmotic diuresis was also identified as a risk factor for
the development of VTE in TBI patients.®

The occurrence of VTE in TBI was associated with
an increased mortality rate and delayed recovery;” '
therefore VTE prophylaxis is essential in these critically
ill patients. Low molecular weight heparin (enoxaparin)
was reported to be very effective in preventing the occur-
rence of VTE in TBI patients; however the increasing risk
of intracranial hemorrhage expansion raises the issue of its
safety in this group of patients.”> Several studies that
demonstrated the efficacy of low molecular weight heparin
(LMWH) superiority in prophylactic anticoagulation in
trauma patients had routinely excluded patients with ICH
from their studies.'"'* Despite its proven efficacy for VTE
prophylaxis, there is controversial data in the literature
regarding the safety of early initiation of enoxaparin in
this group of patients. This retrospective cohort represents
the author's experience, over a 2-year period, of early DVT
prophylaxis with enoxaparin in patients with intracranial
hemorrhage following traumatic brain injury.

Patients and Methods

The medical records of 46 patients with isolated traumatic
ICH admitted to the Neurosurgical Unit of King Abdulla
University Hospital (KAUH) in Irbid, Jordan, were
reviewed in the period from January, 2016 to May, 2018.
The inclusion criteria for further analysis included isolated
traumatic ICH on CT-imaging and early (within 72 hours)
administration of VTE prophylaxis, which was continued
for at least 1 week.

After the primary survey and resuscitation, emergency
brain, cervical spine, chest, abdomen, and pelvic CT
scans were performed for all patients. All patients were
admitted to the intensive care unit at King Abdulla
University Hospital. Proper management of the TBI was
conducted by the neurosurgery and critical care teams
based on the clinical and radiological findings; the non-
surgical treatment included close clinical monitoring of
vital signs and the level of consciousness in the intensive
care unit and in the neurosurgical ward afterwards,
mechanical ventilation, head elevation (30-45°), fluid
resuscitation, sedation with either midazolam (1-2 mg/h)
or fentanyl (25-100 pg/h), mild hyperventilation (PCO,
30-35 mmHg), osmotherapy (0.25 mg/kg mannitol every

4-6 h), and blood pressure support, when necessary, with
dopamine (2-5 pg/kg/min). Different surgical procedures
were preformed based on clinical and radiological find-
ings. Precautionary measures included immediate access
to surgery whenever deterioration occurred.

Mechanical VTE prophylaxis with a pneumatic compres-
sive device was applied for all patients at the time of admis-
sion, additionally all patients received early (within 72 hours)
chemical VTE prophylaxis with 40 mg of enoxaparin sodium
injected subcutaneously every 24 hours. The administration of
chemical VTE prophylaxis was not related to the type of
injury, GCS on admission, or brain CT findings. Chemical
VTE prophylaxis was started for the surgically managed group
24 hours after surgery. All patients were followed up both
clinically and by brain CT-scan. The primary outcome mea-
sures were propagation of ICH, and/or deterioration of GCS.

Propagation of ICH was defined as an increase in the
size of hemorrhage on a brain CT scan in comparison to
the initial CT scan, recurrence of ICH following surgical
evacuation, or the occurrence of new ICH.

Results

From January 2016 to May 2018, 46 patients (36 males,
10 females) with traumatic ICH received early (within 72
hours from TBI) thromboembolic prophylaxis with 40 mg of
enoxaparin sodium injected subcutaneously every 24 hours.
The age of the patients ranged from 16-91 years (43.9£25.8
years). Twenty patients had mild TBI (GCS 15-13),
17 patients had moderate TBI (GCS 12-9), and nine patients
had severe TBI (GCS <8). GCS on admission ranged from
5-15 (9.9£4.7).

Admission Brain CT scans revealed EDH in 17 patients,
SDH in 16 patients, SAH in 10 patients, IVH in five
patients, brain hemorrhagic contusions in 12 patients, DAI
in three patients, and skull fractures in 10 patients. Sixteen
patients had more than one type of traumatic ICH.

Non-surgical management was applied for 18 patients.
Craniotomy and surgical evacuation of significant (>1 cm in
maximum diameter) EDH and/or SDH was carried out in
26 patients. An external ventricular drain was inserted in two
patients with significant IVH. Cranioplasty and elevation of
depressed skull fracture was performed in three patients, all
were done at the time of evacuation of EDH or SDH. All
patients with isolated brain contusions, SAH, and DAI were
managed non-surgically.

All patients in the non-surgical group received VTE
prophylaxis with enoxaparin within 72 hours from the
time of TBI. The initiation of prophylactic enoxaparin in
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patients who underwent surgery was 24 hours after surgery.
All patients (surgical and non-surgical) received prophylac-
tic enoxaparin within 72 hours from TBI. The duration of
VTE prophylaxis ranged from 7-45 days (18+12). The
hospital stay ranged from 7—180 days (42+36.8).

CT findings, admission GCS, clinical outcome, and
type of management are shown in Table 1.

Eight patients had poor outcome (vegetative state or
severe disability) due to their severe injury at presentation.
Thirty-eight patients had a good outcome, defined as full
recovery or mild disability. Three patients in the poor outcome
group continued VTE prophylaxis after hospital discharge.

In the non-surgical group, the brain CT scan was repeated
24 hours after admission, a second follow-up brain CT scan
was done within 3 days of admission, and repeated CT scans
were done upon clinical need. The surgically treated patients
had a follow-up brain CT scan 24 hours after surgery (before
the initiation of chemical VTE prophylaxis), repeated within
3 days after initiation of prophylactic enoxaparin and upon
clinical deterioration later on. The numbers of follow-up
brain CT scans for each patient ranged from 4-12 exams
(6+3.5).

None of the conservatively treated patients showed sig-
nificant progression of the baseline ICH on follow-up brain
CT scans and none of them required surgical interventions,
this was also reflected by stable clinical course. Similarly,
surgically treated patients did not show recurrence of ICH or
the development of new ICH following surgical evacuation.

Discussion
VTE is a silent disease, with high morbidity and mortality;
moreover, it can easily be missed in trauma patients as the
surgeons’ attention usually moves towards more obvious
injuries. Here comes the significant role of a VTE prophy-
laxis protocol in trauma patients. In traumatic ICH the
clinical situation is more complex, as the use of anticoagu-
lant prophylaxis may increase the risk of ICH progression;
clinicians and researchers are usually avoid or delay the use
of anticoagulation in this group of patients. Since the major-
ity of VTE occurs between day 1 and day 4 in TBI patients,
early VTE prophylaxis is recommended.

Enoxaparin (ENX), a low-molecular-weight heparin, has
a long established history of reducing injury-related venous
thrombotic complications by blocking two key coagulation
factors, factor Xa and factor II. Compared with unfractionated
heparin, ENX may have superior bioavailability, a higher
anti-Xa/anti-Ila ratio, and a longer half-life, making it the
agent of choice following multiple injuries and TBL'*'® It
is usually given once daily (40 mg SC injection). Several
reports demonstrated the occurrence of ICH expansion fol-
lowing enoxaparin prophylaxis in trauma patients and recom-
mended the use of VTE prophylaxis in selected patients with
multiple risk factors for VTE following TBI.”-'*!7

Reiff et al* demonstrated that isolated TBI is an inde-
pendent risk factor for VTE and PE, as it increases the risk
of VTE by 3-4 fold. Byrne et al’ demonstrated that the use
of prophylactic enoxaparin in isolated severe TBI patients

Table | Brain CT Findings, Admission GCS, Managements, and Outcome of Patients with Closed Traumatic
Intracranial Hemorrhage Who Received Prophylactic Enoxaparin

Brain CT Finding M F Total
EDH 13 4 17
SDH 12 4 16
SAH 8 2 10
Contusions 10 2 12
DAl 3 0 3
IVH 4 | 5
Skull fractures 7 3 10
Glasgow coma scale 15-13 12-9 5-8 Total

20 46
Type of management | Outcome

Full recovery | Moderate disability | Severe disability | Vegetative state | Total
Surgical 19 5 2 2 28
Conservative I 3 3 | 18
Total 30 8 5 3 46
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significantly reduced the risk of VTE without increasing
the risk of neurosurgical procedures or death. Cote et al'”
showed that death of TBI patients following VTE prophy-
laxis with enoxaparin was due to PE in all patients and no
patients died from expansion of traumatic ICH. The major-
ity of retrospective cohort studies of venous thromboem-
bolic prophylaxis, with enoxaparin, in patients with
traumatic intracranial hemorrhage, while biased by the
starting dosage, starting time, heterogeneity of patients,
and trauma type, demonstrated that the benefits of VTE
prophylaxis outweigh the minimal risks of ICH expansion,
which in most reports did not mandate surgical interven-
tion or affect the outcome.

This demonstrated safety of enoxaparin was reflected
on its clinical use as VTE prophylaxis following sponta-
neous ICH'®'® and following craniotomies for non-trauma
patients.*

In this report the author used early enoxaparin prophy-
laxis for patient with TBI to avoid the deadly consequences
of VTE, taking into consideration the chances of increasing
risk for expanding ICH in this group of patients. This
heterogeneous group of isolated TBI patients included dif-
ferent age groups (16-91 years), different severity of TBI
(mild, moderate, and severe), and different types of intra-
cranial hemorrhage. Sixteen patients had multiple types of
ICH. The close monitoring of patients with TBI and fre-
quent brain CT scans were applied for this group of
patients to detect early clinical or radiological deterioration.
Precautionary measures included immediate access to sur-
gery whenever deterioration occurred.

The authors showed in this review that none of the
patients that received prophylactic enoxaparin developed
expansion of the primary ICH that affected the patient’s
clinical course, also we demonstrated that enoxaparin was
safe following craniotomy for different types of traumatic
ICH; none of our patient who underwent craniotomy
developed recurrence of the ICH. These findings support
earlier reports concerning the safety of prophylaxis enox-
aparin in patients with traumatic ICH. The main limitation
of this report is its retrospective nature. Future prospective
studies are needed to further explore the safety of prophy-
lactic enoxaparin in TBI patients.

Enoxaparin prophylaxis may have an additional beneficial
role by improving brain perfusion and preventing secondary
hypoxic injury in patients with traumatic brain injury. Single-
photon emission computed tomography (SPECT) of the brain
demonstrated that enoxaparin treatment improves brain perfu-
sion in patients with decreased brain perfusion.”' Additionally

animal studies demonstrated that enoxaparin can work as
a neuroprotective agent by reducing brain edema and second-
ary brain injury following TBI due to its anti-inflammatory
effects.”>* Recently, Baharvahdat et al,** in a randomized
double-blinded placebo-controlled pilot trial comparing the
effects of high dose of enoxaparin with placebo on the clinical
outcome of patients with severe TBI, demonstrated a favorable
outcome in the enoxaparin group, despite the higher incidence
of hematoma expansion. This first human trial supported the
neuroprotective role of enoxaparin as a potential treatment of
severe TBIL

Conclusion

Enoxaparin use in TBI patients is safe in not propagating
ICH. Future prospective studies can include patient strati-
fication according to specific brain injury characteristics
which, in turn, help in drawing more specific prophylaxis
guidelines.
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