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Abstract
Background: Venous thromboembolism (VTE) is a well-established complication of trauma. However, up to now, no measures have
been found to be both effective and safe in completely preventing VTE (in particular post-traumaticpulmonary embolism). In fact, it

has been reported that up to three-quartersof trauma patients diagnosed with pulmonary thrombo-embolism are already receiving
recommended prophylaxis

Aims: We have conducted this literature review in order to analyze all measures confirmed to have been found to be effective and safe
in completely preventing VTE (in particular post-traumatic pulmonary embolism).

Results: VTE remains frequently observed in post-trauma patient requiring ICU admission. VTE prophylaxis seems to reduce the
incidence of this complication. The Eastern Association for the Surgery of Trauma recognizes the importance of early initiating

thrombo-prophylaxis. The efficacy of the various types of prophylaxis used is still vigorously debated. In comparison with LDUH,
the use of LMWH reduced DVT risk. Although Guidelines lack specific recommendations regarding the timing, form and dosage of
chemical prophylaxis, it was established that in the prevention of the events and mortality of VTE, Enoxaparin doses of 40 mg once

daily or 30 mg twice daily was more effective than UFH 5,000 units three times daily. Moreover, the association between mechanical

and pharmacological prophylaxis reduces significantly the risk of DVT. Future studies should evaluate the use of aspirin or other
antiplatelet therapy, in conjunction with LMWH, for thrombo-prophylaxis in trauma patients.

Conclusion: Post-traumatic VTE is frequent in ICU.VTE prophylaxis seems to reduce the incidence of this complication. The association
between mechanical and pharmacological prophylaxis reduces significantly the risk of DVT. Future studies should evaluate the use of
aspirin or other antiplatelet therapy, in conjunction with LMWH, for thrombo-prophylaxis in trauma patients.
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Introduction
Venous thromboembolism (VTE) is a well-established complication of trauma [1-3]. Traumatic events are nowadays known to increase
the risk of VTE and were reported to be responsible for approximately 12% of VTE episodes occurring in the community [4]. Recently,

it has been established that a transitory hypercoagulable state actually occurs early (in the first few days following injury) [5,6], leading

to very early VTE complications after trauma [7-16]. Moreover, It has been well established, that the use of any type of mechanical and/
or pharmacological prophylaxis reduces the risk of DVT in trauma patients [17]. Without prophylaxis, the reported incidence of VTE in
patients with traumatic brain injury ranges from 10% to 90% [18-23].
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The Eastern Association for the Surgery of Trauma (EAST) and the American College of Chest Physicians (ACCP) have developed and pub-

lished guidelines for thrombo-prophylaxis in 2002 and 2012, respectively [23,24]. The ninth edition of Evidence-based Clinical Practice
Guidelines from the ACCP suggests the use of low-dose unfractionated heparin (LDUH), low molecular weight heparin (LMWH), or me-

chanical prophylaxis for major trauma patients. For trauma patients at high risk of VTE, the combined use of mechanical and pharmaco-

logic prophylaxis is a suggested guideline. However, if pharmacologic prophylaxis is contraindicated, mechanical prophylaxis is preferred
over no prophylaxis. The guidelines, also, suggest that an IVC filter not be used for primary prevention of VTE [23].

However, up to now, no measures have been found to be both effective and safe in completely preventing VTE (in particular post-

traumatic pulmonary embolism). In fact, it has been reported that up to three-quarters of trauma patients diagnosed with pulmonary

thrombo-embolism are already receiving recommended prophylaxis [1]. On the other hand, screening and thrombo-prophylaxis can significantly reduce mortality of post-traumatic thrombo-embolic events [1].
Mechanical prophylaxis

It is well known, in the general surgery population, that early postoperative mobilization reduces the risk of VTE complications [22].

However, early mobilization might not be achievable in critically injured patients, with depressed mental status.

Therefore, mechanical prophylaxis is recommended to be used as soon as possible, after injury. Mechanical prophylaxis includes the

use of elastic compression stockings and intermittent pneumatic compressive devices (IPCs).

IPCs work by sequentially inflating and deflating, compressing the lower extremities to provide an intermittent gradient of pressure,

driving the flow of venous blood centrally and preventing blood stasis. They also have a systemic effect by activating the fibrinolytic pathway [23].

Both, the ACCP guidelines and the recent Cochrane review, recommend the use of mechanical prophylaxis. The main advantage, in

addition to reducing the risk of DVT, is the fact they can be used in patients with active contraindications to pharmacological prophylaxis

such as hemorrhage [21,23]. However, due to lower extremity injuries, these techniques, may not always be feasible in trauma patients.
In fact, it is common for trauma patients to have anatomic contraindications to bilateral lower extremity IPC placement. These contrain-

dications include soft tissue trauma to the lower extremity, and lower extremity fractures and recent lower extremity surgery. Moreover,
the use of pharmacologic prophylaxis was found to be more effective than mechanical devices at reducing the risk of DVT [18,20-27].
In the recent Cochrane review [21], it was established that mechanical prophylaxis reduced the risk of DVT (RR = 0.43; 95%; CI 0.25 to

0.73). However, it was also established that in reducing the risk of DVT, pharmacological prophylaxis was more effective than mechanical
methods (RR 0.48; 95% CI 0.25 to 0.95).
Chemical prophylaxis

According to the recent Cochrane review [21], a total of six trials including 1033 patients compared chemical prophylaxis to mechanical

prophylaxis. Pharmacological prophylaxis was proven more effective than mechanical techniques at reducing the risk of DVT (RR 0.48).
Although, it increased the risk of bleeding (RR:2.04), there was no evidence for a difference in effect on the risk of major bleeding [21].
Low dose unfractionated heparin (LDUH)

Low dose unfractionated heparin (LDUH) has been found to reduce the overall incidence of DVT in postoperative patients from 25% to

8% [24]. However, it was established in other reports, that in trauma populations, chemoprophylaxis with LDUH was not proven effective,

and has been shown to be equivalent to no prophylaxis in high-risk trauma patients [24,25]. In 2017, Jacobs BN., et al. [25] had conducted
an analysis of the Michigan Trauma Quality Improvement Program data from January 2012 to December 2014. Information contained

in the data set include date, time, and drug type of the first dose of VTE prophylaxis. The time of administering the first dose of VTE proCitation: Mabrouk Bahloul., et al. “Prevention of Post-Traumatic Venous-Thromboembolism Complications in Intensive Care Unit”. EC
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phylaxis in addition to standard covariates was entered into the model. The cohort analysis consisted of 18,010 patients. In this study,
authors had found that patients administered LMWH had a decreased risk of mortality (odds ratio, 0.64; confidence interval, 0.49 - 0.83),
VTE (odds ratio, 0.67; confidence interval, 0.53 - 0.84), pulmonary embolism (odds ratio, 0.53; confidence interval, 0.35 - 0.79) and deep
vein thrombosis (odds ratio, 0.73; confidence interval, 0.57 - 0.95) when compared with UFH following risk adjustment and accounting
for hospital effect. The conclusion of this study is LMWH was found to be moreeffective than UFH in reducing the incidenceof mortality

and VTE events among trauma patients. Therefore, UFH should not be used for prophylaxis in trauma patients, unless a low molecular
weight heparin (LMWH) is contraindicated.
Low molecular weight heparin (LMWH)

LMWH should be initiated when primary hemostasis has occurred, and it tends to be the method of choice to provide DVT prophylaxis

in the high-risk trauma patient [23-26]. According to the latest Cochrane review, the use of LMWH appeared to decrease the risk of DVT

compared to LDUH, with no statistically significant difference in the risk of bleeding between the two [21]. According to this review [21],

Two trials involving 331 patients compared low molecular weight heparin (LMWH) with unfractionated heparin (UH). The risk of DVT
was observed to be reduced by LMWH compared to UH (RR 0.68; 95% CI 0.50 to 0.94). According to Jacobs BN., et al. [25], in the preven-

tion of the events and mortality of VTE, Enoxaparin doses of 40 mg once daily or 30 mg twice daily was more effective than UFH 5,000
units three times daily. Finally, according to the latest Cochrane review [21], Mechanical prophylaxis plus pharmacological prophylaxis

have been compared with pharmacological prophylaxis alone in three trials involving 507 patients. The conclusion is that a lower risk of
DVT was observed in patients who received both mechanical and pharmacological prophylaxis (RR 0.34; 95%CI 0.19 to 0.60).

Therefore, the use of LMWH should be preferred to LDUH for prophylaxis in trauma patients, unless a low molecular weight heparin

(LMWH) is contraindicated.
Antiplatelet therapy

The rate of VTE in trauma patients remains high despite mechanical and pharmacologic thromboprophylaxis. Moreover, many studies

[14-16,27-34] showed that a high proportion of VTE events occurred while patients were under either mechanical or chemical prophy-

laxis.

On the other hand, several studies revolving about trauma patientsshowed changes in coagulation profile associated with both, the

change in platelet levels and the initiation of thromboprophylaxis [28,29,33,34]. They assume that platelet function is a dominant contributor to trauma induced hypercoagulability, and hypothesize that antiplatelet therapy may be indicated in the management of severely
injured trauma patients [28,29,33,34]. Similarly, the study by Harr., et al. [34], clearly showed that after injury, the increase in platelet

count increased fibrin production and thrombus generation and had the strongest correlation with clot strength. They postulate that
heparin activates platelets, and antiplatelet therapy may play an important role in thromboprophylaxis in trauma [34].
Fondaparinux

Fondaparinux is a synthetic, non-heparin drug, acting as an anti-factorXa inhibitor that has shown promise in reducing VTE in ortho-

pedic patients. The indications of its use include DVT prophylaxis postoperatively in orthopedic as well as abdominal surgery, acute DVT
treatment and acute PE treatment [23,31]. However, it has been less studied in the trauma population, and is not currently, indicated for

post-traumatic VTE prophylaxis. In one series, fondaparinux was found to be an effective prophylactic agent for VTE, in high-risktrauma

patients [35]. In fact, among the 87 enrolled patients, only 1 of 80 patients who received fondaparinux (1.2%) had developed DVT [35]. As
a consequence, the authors had concluded that protection against VTE in high-risk trauma patients appears to be offered by Fondaparinux
[35]. Also, they concluded that once-daily dosing treatment of Fondaparinux can improve compliance, reduce cost, and eliminate the risk
of heparin-induced thrombocytopenia.
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Novel oral anticoagulants
The novel oral anticoagulants (NOACs) are a new class of anticoagulant drug that can be used in the prevention of stroke for people

with non-valvular atrial fibrillation and can also be used in the management of VTE. Two classes of NOACs are currently available, the
oral direct thrombin inhibitors (dabigatran) and oral direct factor Xa inhibitors (rivaroxaban, apixaban, and edoxaban). These drugs are

known to block the activity of one single step in coagulation contrary to VKAs that block the formation of multiple dependent factors of
vitamin K [14,35].

Compared to enoxaparin, several studies including a systematic review of randomized controlled trials, found NOACs to be as effective

as LMWH for venous thromboembolism prophylaxis in elective orthopedic surgeries and can be considered an alternative to conventional

thromboprophylaxis [36-38]. However, until now, there are no studies demonstrating the efficacy and safety of NOACs in critically ill posttraumatic population.
IVC filters

Controversies still exist regarding the prophylactic use of IVC filters, and their use varies widely [39]. The more recent ACCP guidelines

do not recommend prophylactic placement of an IVC filter in trauma patients [23]. IVC filters may cause serious complications including
insertion site thrombosis, IVC thrombosis, hematoma, and filter migration in up to 5% of patients [39-43].

A recent meta-analysis from Haut., et al. concluded that prophylactic IVC filter placement was associated with a lower incidence of pul-

monary embolism and of fatal pulmonary embolism in trauma patients [42]. In fact, in the eight included controlled studies compared the
effectiveness of no IVC filter vs IVC filter on PE, fatal PE, deep vein thrombosis, and/or mortality in trauma patients, there is a consistent
reduction of PE (relative risk, 0.20 [95% CI, 0.06 - 0.70]; and fatal PE (0.09 [0.01 - 0.81]; with IVC filter placement, without any statistical

heterogeneity. However, there is no significant difference in the incidence of deep vein thrombosis (relative risk, 1.76 [95% CI, 0.50 - 6.19];

or in the total mortality (0.70 [0.40 - 1.23]). Finally, the strength of evidence was low. And it was unclear whether patients experience
benefit enough to outweigh the harms associated with IVC filter placement.
Intracranial hemorrhage (ICH) and TBI peculiarities

Patients with TBI have an increased risk of VTE [44]. The timing of initiating thromboprophylaxis and dosage is not universally agreed

upon. The most up-to-date review assessing the timing of pharmacological thromboprophylaxis in TBI, was a meta-analysis published in

2013 [44], concluding that early chemical prophylaxis reduces VTE risks without significantly increasing the risk of ICH progression and
recommending, as such, the use of pharmacological prophylaxis within 72 h in the context of a stable follow-up CT [44].
Obesity and VTE prophylaxis

In light of recent advances in understanding the underlying pathophysiology of obesity-related thrombosis, there is hope that new

antithrombotic therapies may emerge. Given the central role of chronic inflammation, a potential target is pro-inflammatory [45-47].

Aspirin, which has anti-inflammatory as well as antiplatelet effects, could be used to reduce cardiovascular and thrombotic risk in obese
patients [45].

In addition, statins, due to their anti-inflammatory, antithrombotic and lipoprotein modulatory effects, could help decrease thrombotic

risk in obese patients [46]. PAI-1 as another attractive target for antithrombotic therapy in obese patients was the subject of a recent study

by Fjellstrom., et al [47]. They reported the successful development of a small molecule inhibitor of PAI-1. There are few other studies
actively working to develop PAI-1 inhibitors, but these new protocols have not yet been tested in patients [48,49].
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Pharmacological therapies targeting adipokines with antithrombotic properties, such as adiponectin and apelin, is another potentially

promising field of research [50,51]. Finally, the observation that microRNAs play a role in regulating the thrombotic pathway in obesity,

suggests other potential therapeutic approaches for the future [51,52]. More investigation is acquired before any of these new strategies
could be clinically efficacious.

Timing of VTE prophylaxis initiation
Up until now, there are no clear data regarding the timing and dosing protocols of LMWH in thromboprophylaxis of the injured patients

[19,20]. One might argue that the delay to initiating VTE prophylaxis could be associated to a greater risk of venous thromboembolic
events. However, reports in the literature regarding this issue are mixed [50-53].

Benns and colleagues [51] found that patients with early PE were less likely to have had a delay in the initiation of DVT prophylaxis.

In contrast, Owings., et al. [54] found that patients who did not receive prophylaxis had their PE diagnosed earlier. However, Brakenridge
and coworkers [52] found no relationship between the timing of PE and the timing or type of DVT prophylaxis.

Although its presence did not probably prevent the occurrence of emboli, it is possible that chemical prophylaxis contributed to a

lower thrombus extension and respiratory and hemodynamic impact in these patients. Finally, Clinical practice guidelines developed by
the American College of Chest Physicians and the Eastern Association for the Surgery of Trauma recognize the importance of early initiating thrombo-prophylaxis.

Conclusion

In summary, VTE prophylaxis seems to reduce the incidence of PE. However, the recent Cochrane review concluded that, contrary to

DVT, thrombo-prophylaxis did not affect the rate nor mortality in pulmonary embolism. Clinical practice guidelines developed by the

American College of Chest Physicians and the Eastern Association for the Surgery of Trauma recognize the importance of early initiation
of thrombo-prophylaxis. The efficacy of the various types of prophylaxis used is still vigorously debated. The use of LMWH appeared to

decrease the risk of DVT compared with LDUH. Although Guidelines lack specific recommendations regarding the timing, form and dos-

age of chemical prophylaxis, it was established that Enoxaparin doses of 40 mg once daily or 30 mg twice daily were both better than UFH
5,000 units three times daily in the prevention events and mortality of VTE. Moreover, the association between mechanical and pharmacological prophylaxis reduces significantly the risk of DVT. Future studies should evaluate the use of aspirin or other antiplatelet therapy,
in conjunction with LMWH, for thrombo-prophylaxis in trauma patients.
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