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Abstract: Background: Venous thromboembolism (VTE) is a well-established complication of trauma. So far, the 
factors that are related to early post-traumatic pulmonary embolism (PE) occurrence have been given little atten-
tion. Aims: We have conducted this literature review in order to analyze the incidence and the physiopathology of 
post-traumatic PE among intensive care unit (ICU) trauma patients, analyze the incidence of early post-traumatic 
PE, and elucidate risk factors associated with post-traumatic PE. Moreover, we aim to study the impact/outcome of 
post-traumatic PE in the ICU. Methods: We used the PubMed and EMBASE databases and entered the following key 
words in MeSH research: Deep vein thrombosis (DVT), Post-traumatic Pulmonary embolism, Early pulmonary-embo-
lism, risk factors, and Prognosis. Results: The incidence of PE among trauma patients varies considerably, ranging 
from 0.35% to 24%. The incidence of early post-traumatic PE varies widely from 10 to 42%. After a traumatic injury, 
many factors have been found to be responsible for the formation of DVT and PE. In addition to the risk factors of 
hypercoagulability described by Virchow in his original triad, inflammation acting via endothelial damage may be 
considered as a fourth factor. The literature review showed that lower limb fractures and age are the most frequent 
factors associated with PE (particularly in early PE). The heterogeneity among studies limits reliable conclusions 
regarding the true risk factors for the timing of the occurrence of post-traumatic PE. Fatality from pulmonary embo-
lism (PE) is close to 50% in some series. Moreover, high mortality rates, a high rate of nosocomial infections, and a 
prolonged stay in an ICU and/or in a hospital were found to be associated with the development of PE. Conclusion: 
Post-traumatic PE is frequent in ICUs. Inflammation acting via endothelial damage may be considered as a fourth 
factor in addition to the Virchow’s triad of risk factors for venous thrombosis. Fractures of the lower extremities, obe-
sity, and age happen to be the most frequent factors associated with PE (in particular early PE). PE development was 
associated with high rates of mortality, nosocomial infections, and a prolonged stay in an ICU and/or in a hospital. 
Therefore, prevention is warranted.

Keywords: Deep vein thrombosis, post-traumatic pulmonary embolism, early pulmonary-embolism, intensive care 
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Introduction

There has been an increase in the diagnosis of 
incidental PE in all groups of patients, including 
medical, surgical and trauma patients (range 
varies between 5-24%) [1-20]. Venous thrombo-
embolism (VTE) is a well-established complica-
tion of trauma [1-3]. Traumatic events are now-
adays known to increase the risk of VTE and 
were reported to be responsible for approxi-
mately 12% of VTE episodes occurring in the 

community [4]. Lately, it has been established 
that a transient hypercoagulable state actually 
occurs in the first few days following injury [5, 
6], leading to early (within 3 days after trauma), 
and even immediate, VTE complications after 
trauma [7-12].

Moreover, PE is also known to cause significant 
morbidity and mortality in the ICU [1-3]. For 
injured patients surviving the first 24 hours, the 
third most common cause of death was found 
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to be fatal PE [13, 14]. This risk is particularly 
more important and more threatening among 
trauma patients admitted to an ICU [14]. 

Despite the fact that prophylactic measures for 
thromboembolic conditions exist, the most 
effective ones are associated with an increased 
risk of bleeding [15, 16]. Pharmacological pro-
phylaxis is often delayed in injured patients 
because of bleeding aggravation, which may 
lead to an increased risk of VTE. These con-
cepts have significant implications for physi-
cians searching for optimal and safe VTE pro-
phylaxis strategies [15, 16].

Until now, the factors that are associated with 
the early occurrence of post-traumatic PE have 
been given little consideration. Few studies, to 
the best of our knowledge, have pinpointed the 
risk factors responsible for early PE after injury. 
However, these studies were retrospective and 
have an intrinsic limitation because the diag-
nostic tool for DVT and/or PE can be different 
for patients [7-11]. In addition, except for the 
study conducted by Darabadi F [12], none of 
them concerned an ICU population and they 
were all conducted in level 1 trauma centers.

In view of this dilemma and the paucity of 
research concerning PE among ICU trauma 
populations, we have conducted this literature 
review in order to analyze the incidence of post-
traumatic PE and early post-traumatic PE 
among ICU trauma-patients, to reveal risk fac-
tors associated with early occurrence of PE, 
and to study the impact/outcome of post-trau-
matic PE in the ICU.

We used the PubMed and EMBASE databases 
and entered the following key words in MeSH 
research: deep vein thrombosis, Post-traumatic 
Pulmonary embolism, early pulmonary-embo-
lism, risk factors, and Prognosis. We did not 
impose any language restrictions.

The incidence of post-traumatic PE

It is well-established, nowadays, that trauma 
patients bear a significantly increased risk of 
VTE events [17-22]. In fact, a number of autop-
sy studies came to confirm the relationship 
between trauma and VTE, and to highlight the 
fact that these events are frequently under-
diagnosed [23-25].

The incidence of PE among trauma patients 
vary considerably, ranging from 0.35% to 24% 
[1, 19, 20, 26]. As a matter of fact, differences 
in population characteristics, severity of injury, 
and screening protocols may account for much 
of the variability in the reported incidences 
[19]. Indeed, until recently, screening for 
asymptomatic pulmonary embolism was 
impractical. In fact, according to the study by 
Schultz [28], the incidence of occult PE was 
much higher than commonly reported. They 
documented a 24% incidence of asymptomatic 
PE in 90 moderately-to-severely injured trauma 
patients, undergoing surveillance using sys-
tematic contrast-enhanced helical computed 
tomography (CT) scanning [26, 28]. Finally, one 
might argue that the increase in PE rates could 
be related to advances in CT scanning technol-
ogy, including the use of multi-detector-scan-
ners (64 slice multi-detector CT) which 
increased the accuracy of PE detection [28].

Timing/incidence of early PE

According to our literature review, there is little 
written about the timing of post-traumatic PE in 
the ICU population. Usually, it has been thought 
that PE occurs most commonly between day 5 
and day 7 following the traumatic event and 
that it is rare earlier than day 4 [29]. This con-
cept resulted mainly from the classical teach-
ing endorsing the belief that post-traumatic PE 
originates from deep venous thrombosis of the 
lower extremities and the pelvis [7, 8, 11, 29, 
30]. In 1856, Virchow identified venous stasis, 
endothelial vascular damage, and hypercoagu-
lability as the classic triad resulting in the for-
mation of DVT. Moreover, as stasis has been 
considered the predominant factor in the for-
mation of DVT, and consequently of PE in trau-
ma patients, it has been traditionally thought 
that these events occur after 5 or even 7 days 
after injury [7, 8, 11, 29, 30].

However, after reviewing the literature, we 
found an increasing trend in the number of PEs 
being diagnosed during the very early phase 
following injury [27, 31]. Indeed, the incidence 
of early post-traumatic PE (diagnosed within 3 
days after trauma) varies widely from 10 to 
42% [7, 8, 11-13, 17, 19-21]. Comparing two 
time periods [20, 27], we found a significant 
decrease in the mean delay of PE diagnosis 
(from 11.3 days to 7.7 days) with 24% to 40% of 
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the patients diagnosed with PE within the first 
four days of ICU hospitalization. This result was 
confirmed by other studies [12, 31].

Most recently, Darabadi [12] found that among 
the trauma patients with PE, 40.4% had early 
PE. Our findings were consistent with recent 
data, suggesting that a significant proportion of 
post-traumatic PEs actually occurs very early 
and even immediately after injury [7, 8, 11, 12, 
29, 31].

We believe that PEs may occur over 3 phases. 
The first is the immediate-PE, which can be 
detected from the first trauma CT-scan, the 
second is the early PE, and the third is the late 
PE. The increase of early diagnosis might be 
due to a number of reasons:

• First, this earlier diagnosis of PE after an inju-
ry does not necessarily indicate that PEs are 
now occurring earlier than before. This notice-
able rise is most likely due to a lower clinical 
threshold for obtaining non-invasive diagnostic 
imaging with CT scans, which are more sensi-
tive and specific for the diagnosis of PEs. In 
other words, the technological advances in 
diagnostic methods, including the use of multi-
detector scanners (64 slice multi-detector CT), 
may explain the increase of early PEs.

• Second, in some cases, “Late” PE may be a 
delay in the diagnosis of a previously, earlier-
installed pulmonary clot. Consequently, the 
late-stage PE may only be a delayed diagnosis. 

Pathophysiology of post-traumatic PE

For more than a century, the development of 
thrombosis has been linked to Virchow’s Triad 
[32]. However, as suggested by Knudson [33], 
we should consider an updated understanding 
of the pathophysiology of post-traumatic VTE 
that recognizes the role of acute inflammation 
due to the severity of trauma as the fourth  
contributor to the formation of thrombi. In fact, 
acute inflammation, with pro-inflammatory 
cytokines release play a significant role in pro-
moting a pro-coagulant state and in increas- 
ing endothelial damage. Therefore, we set to:

• Analyze the four determinants of Post-
traumatic PE, namely: Virchow’s Triad (hyperco-
agulability, stasis, and endothelial injury) and 
the role of acute inflammation due to the sever-
ity of trauma.

• Elucidate the underlying pathophysiology of 
early PE.

Pathophysiological determinants of post-
traumatic PE

Hypercoagulability

Pro-coagulopathy of trauma: Physiologically, 
the coagulation process is regulated to ensure 
thrombus formation without an overshoot of 
fibrin generation. Once coagulation is achieved, 
plasmin-mediated fibrinolysis ensues [34].

The high incidence of VTE after trauma sug-
gests that the usual regulatory pathways can 
fail, and several mechanisms seem to act 
together to produce a hypercoagulable state in 
the acute phase following traumatic events 
[17]. In fact, during an injury, a massive libera-
tion of tissue factor (TF) represents the central 
initiator of cell-based coagulation [35]. Nor- 
mally, TF (factor III) is not expressed in direct 
contact with the blood but is up-regulated in 
response to hypoxia, vascular injury, and circu-
lating inflammatory cytokines [36]. In addition, 
the down-regulation of thrombomodulin could 
logically be a mechanism of procoagulopathy 
[34]. Furthermore, after trauma, the levels of 
natural anticoagulant agents, such as activated 
C protein (APC), protein S, and antithrombin III 
(ATIII), are reduced, contributing to thromboem-
bolic events [34, 37, 38].

Endothelial injury and the role of acute inflam-
mation: The vascular endothelium represents a 
key element in the protection against thrombus 
formation and in maintaining blood fluidity. 
Following trauma, the endothelial injury is 
accompanied by the expression of adhesive 
molecules with procoagulant activities, leading 
to the development of thrombi [39].

Nevertheless, the likelihood that inflammation 
of the vessel wall could cause thrombosis on 
undamaged veinsexists [40]. In fact, this may 
trigger the coagulation system through the 
induction of TF [40]. Indeed, severe injuries 
strongly stimulate the production of cytokines, 
leading to excessive systemic inflammation 
[41, 42]. Tissue injury activates the intrinsic 
immune system and causes the activation of 
local platelets, tissue macrophages, neutro-
phils, and mast cells [43-46]. As a result of this 
cellular activation, there is an increased release 
of cytokines [40]. In the first 2 to 3 days follow-
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ing injury, tumor necrosis factor (TNF), interleu-
kin (IL)-1, and IL-6 and IL-8 concentrations 
increase [46, 47]. By inducing tissue factor 
expression, activated neutrophils and pro-
inflammatory cytokines play a significant role in 
promoting a pro-coagulant state and in increas-
ing endothelial damage [40, 47-50]. Fur- 
thermore, we hypothesize that “local” inflam-
mation may contribute to the high incidence of 
PE related to trauma [51]. The local activation 
of venous endothelium results in the release of 
granules called Weibel-Palade bodies, contain-
ing both Von-Willebrand factor and membrane-
bound P-selectin [51]. Both of these proteins 
have the capacity to initiate thrombus forma-
tion [51]. Similarly, Knudson [33] postulated in 
his study that the local inflammatory process 
initiated by chest trauma could lead to pulmo-
nary thrombosis and might explain why chest 
injury is associated with PE, but not significant-
ly with DVT.

Reduced blood flow and stasis

Stasis is a major contributor to thrombotic for-
mation. By increasing the residence time in the 
large vessels, the natural mechanisms control-
ling coagulation through interaction with the 
anticoagulants become impaired and the risk 
to develop thrombi increases [52]. In fact, 
reduced blood flow allows the accumulation of 
procoagulant factors that may overcome the 
local anticoagulant pathways and induce 
thrombosis. Stasis may, thus, explain the 
increased rate of VTE associated with hospital-
ization, surgery, and paralysis [53]. In humans, 
the most likely site of thrombus initiation is the 
valve pocket sinus due to its vertical blood flow 
and low oxygen tension [54]. In trauma patients, 
reduced blood flow results from immobilization, 
sedation, surgical procedures, and also vein 
compression by hematoma. 

Pathophysiology of early PE

Traditionally, it was commonly believed that 
post-traumatic PE originates from deep venous 
thrombosis of the lower extremities and pelvis 
[29]. However, PE and DVT have been known 
not to coexist, and the origination of PE from 
DVT of peripheral veins has little evidence [55]. 
This last hypothesis has received insufficient 
attention and was rarely discussed in the litera-
ture [55]. Moreover, several recent studies 
showed that an increased proportion of post-
traumatic PEs was being diagnosed very early, 
and even immediately, after injury [9, 12, 55]. 

The most recent study by Gelbard [9] showed 
that more than half of the early PEs occurred 
within the first 24 hours following trauma. 
Based on these reports, we hypothesize that 
PEs diagnosed “early” after trauma may be 
related to a different underlying pathophysiolo-
gy. However, demonstrating this would be 
extremely difficult. Two main explanations for 
early pulmonary embolism in trauma exist. 

The first possibility is the presence of an undi-
agnosed thrombophilia, congenital or acquired 
after trauma. Recently, Shreiber [56] reported 
that a hypercoagulable state is most prevalent 
in the first 4 days after injury. The second pos-
sibility was advanced by Velmahos [55] who 
showed that the majority of patients (70 to 
84%) sustaining an early post-traumatic PE 
were not diagnosed with DVT, suggesting that 
pulmonary clots may occur “de novo” within the 
lungs [7, 9]. Indeed, Knudson [33] also found a 
significantly increased risk of PE with severe 
chest trauma and suggested localized inflam-
mation, occult vascular injury and the low flow 
state that occur after chest injuries, as a pos-
sible etiology for “in situ” formation of pulmo-
nary thrombosis. Moreover, the role of post-
traumatic adrenergic response leading to vas-
cular endothelial inflammation with circulating 
adhesion molecules production, leading to 
regional thrombosis and rapid occlusion, may 
play a role in the formation of pulmonary throm-
bosis [57]. A third hypothesis was advocated by 
Brakenridge [11], who found that only the pres-
ence of long-bone fracture is an independent 
risk factor of early PE. He suggested that there 
was an unknown underlying molecular mecha-
nism associated with fractures contributing to 
the early occurrence of PE.

We conclude that there are many factors con-
tributing to the formation of DVT and PE after 
traumatic injury. In addition to the risk factors 
for hypercoagulability originally described by 
Virchow, we suggest in this specific condition 
that a fourth factor should also be considered: 
the role of inflammation acting via endothelial 
damage. There are 4 possible explanations for 
the early occurrence of PE along with the lack 
of association between PE and DVT:

• Rapidly developing post-traumatic hyperco-
agulable disorders.

• Clots formed in the lower extremity veins 
embolize completely to the pulmonary cir- 
culation.
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• Errors in DVT screening and undetected 
upper extremity DVTs.

• The appearance of clots in the pulmonary cir-
culation is “de novo” and they are not generat-
ed from peripheral DVTs.

The role of major chest trauma in stimulating 
local inflammation leading directly to the forma-

tion of a PE by direct inflammation of pulmo-
nary vessels requires further investigations in 
the future. Further studies are required on this 
subject. Figure 1 summarizes the Patho- 
physiology of post-traumatic PE and early post-
traumatic PE.

Predictive factors of post-traumatic PE and risk 
factors of early occurrence: Recent literature 

Figure 1. Pathophysiology of post-trau-
matic PE and Early post-traumatic PE.
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has shown that a significant proportion of PEs 
among trauma patients may occur very early 
after injury [7-12]. However, there is little writ-
ten about early post-traumatic PE peculiarities 
in the ICU, where diagnosis and treatment are 
more complicated. On the other hand, while the 
incidence of DVT and PE is generally different, 
in most cases, risk factors are determined as a 
single entity for VTE. We hypothesize that PE 
and DVT may not always be related. In addition, 
we believe that “early” and “late” PEs are sepa-
rate clinical entities, with a different underlying 
pathophysiology. Therefore, we set to identify 
specific risk factors associated with the timing 
of occurrence of post-traumatic PE. We also 
believe that a better understanding of these 
risk factors may help to risk-stratify patients 
and guide the timing of pharmacologic prophy-
laxis. Reviewing the literature, lower limb frac-
tures and age are the most frequent factors 
associated with early PE [7-12]. The heteroge-
neity among studies limits reliable conclusions 
regarding the true risk factors for the timing of 
occurrence of post-traumatic PE.

Age

As established in the literature, the aging pro-
cess was proven to be an important risk factor 
in the development of VTEs [12, 20]. The inci-
dence of VTE was found to be 2 to 7 times high-
er in patients above 55 years of age [58]. The 
influence of age on the incidence of VTE is likely 
to be multifactorial [59]. This may be related to 
anatomic changes in the veins and more pro-
nounced stasis in the venous valve pockets 
[60]. Furthermore, higher levels of thrombin-
activation, and an increase in Weibel-Palade 
bodies (P-selectin surface) expression from 
vein walls and platelets were found among 
older patients [60, 61]. However, fewer studies 
analyzed the impact of the age on the timing of 
early occurrence of post-traumatic PE. Recently, 
in a study by Darabadi [12], one of the main 
determinants of early occurrence of PE was 
older age with an OR of 1.24.

Obesity

Studies have shown that obesity could be a ri- 
sk factor for arterial and venous thrombosis 
with an odds ratio ranging from 1.7 to 2.2 for 
VTE [62]. Likewise, in a recent work, the Rea- 
sons for Geographic and Racial Differences 
(REGARDS) cohort has shown that an associa-
tion between Body Mass index (BMI) and VTE 

exists [63]. Also, in some studies, it was sug-
gested that inflammation may be a possible 
mechanism which is fundamental to the rela-
tionship between obesity and VTE risk [19, 62, 
63]. 

Injury characteristics

Regarding the injury characteristics, various 
studies have pointed toward different predic-
tors for the timing of occurrence of PE in trau-
ma patients. Certain injury patterns - such as 
spinal cord injuries, traumatic brain injuries, 
lower extremity fractures, and severe chest 
trauma - have been identified as predictive risk 
factors for the development of early or late PE 
[7, 8, 11, 12]. It has been thought that orthope-
dic and neurologic injuries, in particular, due to 
extended periods of immobility, predispose 
patients to stasis and lead to VTE events. This 
purely mechanical explanation was consistent 
with the late occurrence of PE.

The study by Brakenridge [11] was the first to 
elucidate factors associated with the timing of 
post-traumatic PE, with long-bone extremity 
fractures identified as the only independent 
risk factor for early PE. On the other hand, the 
late PE group had a higher injury severity score 
(ISS), severe head injury, and/or severe chest 
injury. Most recently, Darabadi [12] identified 
higher ISS and the presence of long-bone frac-
tures of the lower extremities as two indepen-
dent determinants of early occurrence of PE.

Hemodynamic state

Although not all acute PEs present with right 
ventricular (RV) impairment (25% overall), PE 
can lead to right ventricular dysfunction, which 
predisposes patients to hemodynamic instabil-
ity and cardiogenic shock (not specific to trau-
ma). If present, it would help to risk-stratify 
patients. The hemodynamic changes are due to 
the severity of PE or late presentation of a large 
PE than a different pathophysiology. In their 
study, Gelbard [9] showed that early post-trau-
matic PEs were not more associated with RV 
dysfunction.

Sepsis

The risk of VTE might be affected by systemic 
infections with their resultant inflammation and 
hypercoagulable state [65]. Likewise, a hyper-
coagulable state can be activated by an infec-
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tion, and this can induce platelet activation tis-
sue factor production, leading to thrombotic 
complications. In addition, indirect factors 
related to the septic state, such as hypoxemia 
and hypotension, can represent triggers for 
thrombosis initiation [66]. There are, however, 
few data on the risk of thrombosis associat- 
ed with infection [65, 67]. Donze [68] showed 
the presence of a significant association 
between sepsis and the risk of arterial and 
venous thrombosis following major non-trauma 
surgeries in a large multicenter surgical cohort. 
Improved prevention of thromboembolic events 
among ICU trauma patients can be achieved by 
a better assessment of the impact of infection 
and its severity on post-traumatic thrombotic 
complications. 

Hypoxemia

Hypoxemia in the post-traumatic context could 
be an aggravating factor, thus, increasing the 
risk of post-traumatic VTE. Indeed, hypoxia fol-
lowed by re-oxygenation is known to be harmful 
to tissues and could be a risk factor of throm-
bus development in veins (although this rela-
tionship has not been directly proven). Animal 
experimentations [69] showed that exposure to 
6% oxygen for 24 hours followed by 1-3 hours 
of re-oxygenation led to a significantly increased 
thrombosis prevalence in a mouse model of 
DVT. Moreover, the thrombi extension from the 
test group significantly exceeded those in the 
control group. 

The initial use of transfusions

Blood transfusion is a common event in the 
acute phase following trauma [70-73]. Trans- 
fused blood can disrupt the balance of coagula-
tion factors, modulating the inflammatory cas-
cade [70]. Since inflammation and coagulation 
are tightly coupled, we believe that blood trans-
fusions might be associated with the develop-
ment of venous thromboembolic events. The 
pro-inflammatory and immunomodulatory na- 
ture of blood transfusion may promote a hyper-
coagulable state [71]. In CRASH-2 study, Perel 
[72] found an evident association between red 
blood cell (RBC) transfusions and the risk of 
fatal and non-fatal vascular occlusive events 
(including PE, DVT, stroke and myocardial 
infarction) with an odds ratio (OR) of 2.58. 
However, less focus was attributed to the asso-
ciation between the initial use of transfusions 

and the timing of occurrence of PE after trau-
ma. According to the research performed by 
Coleman [8], late PEs were more likely to occur 
in patients who had blood transfusion within 
the first 24 hours in univariate analysis. 
However, multivariate analysis showed that 
transfusions were not independently associat-
ed with the timing of PE.

Surgical measures within 72 hours

Even though operative procedures are known 
to be a risk factor for thromboembolic events, 
there has been little written about the interval 
between surgery and the occurrence of a PE 
[29]. The use of radioactive-labeled fibrinogen 
[74] showed that patients undergoing surgery 
for a major injury had evidence of clotting in leg 
veins and that, interestingly, all of the patients 
who subsequently developed clinical complica-
tions had increased radioactivity in their leg 
veins during surgery. So, one might conclude 
that the clotting starts on the operating table 
and proceeds from there.

Use of tranexamic acid (TXA) in head trauma

TXA is an interesting treatment in hemorrhagic 
shock. Its efficiency in head trauma is still 
debated and controversial. Its use was associ-
ated with a higher rate of pulmonary embolism 
in the treated group in one study [75]. However, 
this result was not confirmed by other studies 
[76, 77]. 

In summary, many factors were associated with 
post-traumatic PE. Factors associated with 
early and late development of PE are summa-
rized in Table 1.

Impact on outcome

Mortality rates

Pulmonary embolism (PE) is well-known to 
cause significant morbidity and mortality in the 
ICU [1-3]. Fatality from pulmonary embolism 
(PE) was found to be the third most common 
cause of death in injured patients that survive 
the first 24 hours [13, 14], with a percentage 
close to 50% in some series [78]. Furthermore, 
post-traumatic PE has been reported to 
increase mortality rates among major trauma 
patients, up to 10 times [79, 80]. This risk is 
particularly more notable and more threatening 
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among trauma patients admitted to the inten-
sive care unit [14]. Age, severity of injuries, 
severity scores, and co-morbidities, according 
to our literature review, were important risk fac-
tors of fatal PE [78-80].

Length of stay (LOS)

Previous studies showed that PE might prolong 
the duration of ICU stay and delay weaning from 
mechanical ventilation [18, 81-86]. In his pro-
spective study, Skrifvars [18] showed that 
patients who developed VTE complications had 
significantly longer ICU and hospital stays (P < 
0.001) with significantly longer median time of 
mechanical ventilation (P < 0.001), in compari-
son with patients who did not develop VTE com-
plications. The comparison between the PE (+) 
group and the PE (-) group showed that the 
development of PE was associated with a high 
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Table 1. Pulmonary embolism’s risk factors in trauma patients
Risk factors Study Results
Elder Age Bahloul M [20 ] NT

Cambien B [61] NT
Darabadi [12] Increased risk of Early PE

Obesity  Howard VJ [63] NT
Lentz SR [62] NT
Blokhin IO [64] NT

Severe ISS Brakenridge [11] Increased risk of Late PE
Coleman JJ [8] Increased risk of Late PE
Benns M [7] Increased risk of Late PE
Darabadi [12] Increased risk of Early PE

Brain injury Brakenridge [11] Increased risk of Late PE
Coleman JJ [8] Increased risk of Late PE
Benns M [7] Increased risk of Late PE

Spinal cord injury Coleman [8] Increased risk of Late PE
Long bone fractures Brakenridge [11] Increased risk of Early PE

Coleman JJ [8] Increased risk of Early PE
Benns M [7] Increased risk of Early PE
Darabadi [12] Increased risk of Early PE

AIS Coleman [8] Increased risk of Early PE
Severe chest injury Brakenridge [11] Increased risk of Late PE
Hemodynamic instability Gelbard [9] NT
Sepsis Donze [68] NT
Hypoxemia Levine [67] NT

Brill A [69] NT
Transfusion Coleman [8] Increased risk of Late PE
Surgical intervention < 72 h Blaisdell FW [74] NT
Use of TXA Chakroun-Walha [75] NT
PE: pulmonary embolism; NT: no timing precision; TXA: Tranexamic Acid.

mortality rate, a high rate 
of nosocomial infections 
and a high length of stay in 
ICU and/or in hospital 
[83-86].

Conclusion

Post-traumatic PE is fre-
quent in ICUs. In addition 
to risk factors for hyper- 
coagulability, as originally 
described by Virchow, the 
role of acute inflammation 
(acting via promoting a 
pro-coagulant state and in 
increasing endothelial da- 
mage) should be consid-
ered. Lower limb fractures, 
obesity, and age are the 
most frequent factors 
associated with PE (in par-
ticular, early PE). The de- 
velopment of PE was asso-
ciated with high mortality 
rates, a high rate of noso-
comial infections and a 
prolonged stay in an ICU 
and/or in a hospital. Pre- 
vention is immensely wa- 
rranted.
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