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Key points

Incidence and risk factors
for fatal pulmonary
embolism (PE) after
trauma are poorly
understood.

Fatal PE was uncommon
but it accounted for a
significant proportion of
mortality after trauma.
Severity of injuries, co-
morbidity and BMI were
important risk factors for
fatal PE.

More research is needed
to assess whether IVC
filter is efficacious and
cost-effective for patients
with these risk factors.

Background. Venous thromboembolism is common after major trauma. Strategies to
prevent fatal pulmonary embolism (PE) are widely utilized, but the incidence and risk
factors for fatal PE are poorly understood.

Methods. Using linked data from the intensive care unit, trauma registry, Western
Australian Death Registry, and post-mortem reports, the incidence and risk factors for
fatal PE in a consecutive cohort of major trauma patients, admitted between 1994 and
2002, were assessed. Non-linear relationships between continuous predictors and risk of
fatal PE were modelled by logistic regression.

Results. Of the 971 consecutive trauma patients considered in the study, 134 (13.8%) died
after their injuries. Fatal PE accounted for 11.9% of all deaths despite unfractionated
heparin prophylaxis being used in 44% of these patients. Fatal PE occurred in those who
were older (mean age 51- vs 37-yr-old, P=0.01), with more co-morbidities (Charlson’s co-
morbidity index 1.1 vs 0.2, P=0.01), had a larger BMI (31.8 vs 24.5, P=0.01), and less
severe head and systemic injuries when compared with those who died of other causes.
Sites of injuries were not significantly related to the risk of fatal PE. Fatal PE occurred
much later than deaths from other causes (median 18 vs 2 days, P=0.01), and the
estimated attributable mortality of PE was 49% (95% confidence interval 36-62%).

Conclusions. Fatal PE appeared to be a potential preventable cause of late mortality after
major trauma. Severity of injuries, co-morbidity, and BMI were important risk factors for
fatal PE after major trauma.
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Venous thromboembolism is common after major trauma
(>50%) and fatality from pulmonary embolism (PE)
approaches 50% in some series." The incidence of sympto-
matic PE after major trauma varies and is very dependent
on how the diagnosis is confirmed and probably under-
reported in cases of sudden death without an autopsy.?
Evidence suggests that pneumatic lower limb com-
pression devices and low-dose s.c. unfractionated heparin
(UFH) prophylaxis are not completely effective in preventing
venous thromboembolism.? Low-molecular-weight heparin
(LMWH) is more efficacious than UFH, and although there
was no difference in major bleeding in those patients
without obvious contraindication, the clinical concern about
excessive haemorrhage persists. As such, retrievable inferior

vena cava (IVC) filters have been increasingly used in many
trauma patients.* ® The IVC filters are, however, expensive,
invasive, and associated with some complications, including
erosion of the IVC, inducing thrombosis either above or
below the filter, migration of the filter to the right atrium,
and tilting or mal-positioning of the filter resulting in ineffec-
tive filtering of emboli and fatal PE.°~® Although IVC filters
are now widely used in many trauma patients,’ evidence to
support their cost-effectiveness from randomized controlled
trials or meta-analyses is sparse.’® '*

Fatal PE is an important outcome after major trauma.’ It
has been reported to occur at a frequency between 0.4% and
4.2% after major trauma.? '# ** It is possible that fatal PE
occurs more often in patients who have more severe
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traumatic injuries and some of these patients may die with
PE instead of from PE. If most deaths related to PE after
major trauma are in fact preventable and the risk factors
for this fatal condition can also be identified, selecting high-
risk patients for invasive preventive therapy such as IVC
filters will be most appropriate. The most appropriate time
to insert and remove a retrievable IVC filter in patients
after major trauma is also uncertain.**~*°

We hypothesized that fatal PE after major trauma is pre-
ventable and may be predictable from the characteristics
of patients and conducted a nested cohort study to assess
its incidence, time of occurrence, and risk factors in a con-
secutive cohort of major trauma patients who did not
receive IVC filters.

Methods

After obtaining approval from the Confidential Health Infor-
mation Committee and hospital ethics committee, the clini-
cal data of all major trauma patients who were admitted
to the Intensive Care Unit of Royal Perth Hospital in
Western Australia, between 1994 and 2002, were linked to
the trauma registry, death registry, and state hospital mor-
bidity databases. This study period was chosen because IVC
filters and routine duplex-Doppler ultrasonography were
not used for the trauma patients during the study period.
Information on the precise causes of death and on the use
of UFH prophylaxis before death were obtained from the Cor-
oner’s post-mortem reports and hospital notes, respectively.
Royal Perth Hospital is a tertiary hospital in Western Australia
and is the state’s designated trauma centre. In this study
centre, all deaths related to major trauma were referred to
the Coroner’s office for post-mortem examination to deter-
mine the cause(s) of death.

Statistical analysis

The data analysed included patients’ age, sex, severity of
injury as measured by Acute Physiology and Chronic Health
Evaluation [APACHE]'’ Injury Severity Score, and details of
the severity of head injuries including computed tomo-
graphic (CT) findings of the brain,*® Charlson’s co-morbidity
index,'® interventions such as intracranial pressure monitor,
pattern of injuries, the use of s.c. UFH prophylaxis, and BMI.
Categorical variables were analysed by y? test, and continu-
ous variables with a near normal distribution and variables
with skewed distributions [standard deviation (sp) >50%
mean] were analysed by t-test and the Mann-Whitney test,
respectively. Multivariate logistic regression was used to
assess the associations between multiple predictors and risk
of fatal PE. The predicted risk of death of each patient in
this cohort was estimated by a combination of the APACHE
II-predicted mortality, Injury Severity Score, and details of
the severity of head injuries such as pupillary response to
light, motor response, and CT findings of the brain.*®
Attributable mortality of PE was estimated by the differ-
ence in the predicted risk of death between those who died
from PE and other causes. We used a four-knot restricted

cubic spline function, a technique very similar to polynomial
function, to allow non-linearity of continuous predictors in
the multivariate analysis.?® All statistical tests were per-
formed by SPSS (version 13.0, IL, USA) and S-Plus (version
8.0, Insightful Corp., Seattle, WA, USA) and P-value <0.05
was regarded as significant.

Results

Of the 971 consecutive major trauma patients included in
the study, 134 patients (13.8%) died during their hospital
stay after the injury. Fatal PE accounted for a total of 16
deaths [11.9%, 95% confidence interval (CI) 8-19%]
despite s.c. UFH being used in 44% of these patients.
LMWH was not used in this cohort of patients. One other
patient also had a small subsegmental PE in the post-
mortem examination, but the PE was judged not to be the
cause of death by the Coroner. Most patients with fatal PE
were treated as having deteriorating sepsis, without consid-
ering PE as a diagnosis, before they died. The incidence of
fatal PE in the whole cohort was about 1.6% (95% CI 1.0-
2.7%; Fig. 1). The median time of fatal PE after the injury
was 18 days [mean 39, inter-quartile range (IQR) 9-28]
which was much later than other causes of death (median
2, mean 7, IQR 2-5; Fig. 2). The other main causes of
death were severe traumatic brain injury, uncontrolled
haemorrhage from multiple injuries, and infection leading
to multiple organ failure.

More than 50% of the patients who died from fatal PE had
chest and head injuries (Table 1). When compared with
patients who died from other causes, the patients who
died from fatal PE were older, with more co-morbidities
especially chronic obstructive pulmonary disease and liver
disease, had a higher BMI (mean 31.8 vs 24.5), and less
severe head and systemic injuries (Table 1). The predicted
mortality rates of the patients who had fatal PE were much
lower than the patients who died from other causes (18%
vs 67%), suggesting that a significant number of deaths
due to fatal PE were preventable. The attributable mortality
of PE, estimated by the difference in the predicted mortality
rates of the patients who died from fatal PE and other
causes, was 49% (95% CI 36-62%).

Age, Injury Severity Score, and severity of head injury
showed a triphasic relationship with the risk of fatal PE
(Fig. 3a-c), and this was different from the relatively linear
relationship between the risk of fatal PE and BMI (Fig. 3p)
or co-morbidity (Fig. 3e).

Discussion

Our results showed that fatal PE was relatively uncommon after
major trauma (1.6%), but it accounted for about 11.9% of all
deaths. We estimated that about 50% of the deaths from
fatal PE were preventable. Severity of injuries, co-morbidities,
and BMI were important risk factors for fatal PE.

The incidence of fatal PE in our cohort was comparable
with other reports.®> '* 3 Although fatal PE was relatively
uncommon, it accounted for a significant proportion of
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All ICU patients admitted between
1994 and 2002 in the ICU database
(n=15425)

All major trauma patients admitted to
hospital between 1994 and 2002 in
the trauma registry (n=1119)

Linkage of data to establish the
demographic factors, injury pattern,
severity of acute illness, interventions
(e.g. intracranial pressure monitor), and

severity of injury (e.g. Injury Severity
Score) of each patient (n=971)

Co-morbidity (e.g. obesity,
alcoholism, drug use) and
mortality data from Department
of Health and Western Australian
Death Registry, respectively

Comprehensive data of major trauma
patients for data analysis (n=971)

Non-survivors (n=134)

Survivors (n=837)

Causes of death from Coroner’s post-mortem

reports

Hospital notes to

identify the use of
subcutaneous
heparin prophylaxis
and other risk factors
for pulmonary
embolism (e.g. BMI)

16 deaths from fatal
pulmonary embolism
(11.9%)

118 deaths from
other causes
(88.1%)

Fig 1 Linkage of different data sources to obtain comprehensive information on the study trauma patients.

deaths (11.9%). Our results showed that many patients who
died from fatal PE did not have very severe injuries; the pre-
dicted risks of mortality were much lower than those who
died from other causes (Table 1). The estimated attributable
mortality of PE suggested that about half of the deaths
from fatal PE were potentially preventable. UFH prophylaxis,
although only used in less than half of the patients with
fatal PE, was not very effective in preventing fatal PE in
our cohort, a finding similar to some other reports.3 The
American College of Chest Physicians has recently strongly
recommended LMWH prophylaxis (Grade 1A) for venous
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thromboembolism prophylaxis after major trauma. Our
data support this recommendation because UFH was not
very effective in preventing fatal PE and the medium time
to fatal PE after the injury (18 days) was long after the
injury when LMWH may be safely commenced.

Because the absolute incidence of fatal PE was relatively
low among all trauma patients (1.6%) and the attributable
mortality of PE was about 50%, the crude mortality of the
whole cohort would only reduce slightly from 13.8% to
13.0% even if all PE were prevented by IVC filters. These
results suggested that the estimated number of IVC filters
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Fig 2 The timing of fatal pulmonary embolism and other causes of death after major trauma. IQR, inter-quartile range.

needed to prevent one fatal PE was relatively large (mean
125, 95% CI 100-167). Even if IVC filters were used only
for patients who survived the first 3 days after the injury
(n=900), the number needed to prevent one fatal PE was
still large (mean 113, 95% CI 90-154). The non-linear
relationship between the severity of injuries and fatal PE
suggested that a very selective approach to use IVC filters
to prevent fatal PE after major trauma was needed. When
the severity of injuries was either very mild or extreme,
patients were more likely to survive without fatal PE or die
directly from the injuries, respectively (Fig. 38 and c). There-
fore, an expensive and invasive preventive therapy such as
IVC filter is likely to be most cost-effective if it is used for
those with severe injuries that are compatible with survival
(e.g. Injury Severity Score between 20 and 45) or practically
those who survive the first few days after their severe injuries
but have ongoing contraindications to initiation of LMWH. In
patients with severe head injury who have contraindications
to LMWH but are likely to survive with a favourable neurologi-
cal outcome (e.g. predicted risk <70%),”’ an early place-
ment of an IVC filter may be the most effective measure to
prevent fatal PE.

Our results showed that BMI and Charlson’s co-morbidity
index were important risk factors for fatal PE after major
trauma. These findings were consistent with the literature
on PE in patients without trauma. Various abnormalities of
haemostasis have been reported in obesity, including
increased platelet aggregability, circulating mircoparticles,

and reduced fibrinolysis, resulting in increased risk of
venous thromboembolism.?? Co-morbidity may increase the
risk of fatal PE by either an increased risk of venous throm-
boembolism (e.g. chronic obstructive airway disease)?®~2°
or a reduced haemodynamic tolerance to a submassive PE
(e.g. heart failure).”” Trauma patients with co-morbidities
and an increased BMI may benefit most from early initiation
of LMWH or placement of an IVC filter if they have contrain-
dications to LMWH.

This study has some limitations. Firstly, fatal PE was rela-
tively uncommon in our cohort of patients and hence the
results were imprecise. Secondly, this was a single-centre
study and our results may not be applicable to other
centres. Because fatal PE is relatively rare after major
trauma, a multicentre study will significantly increase the
power of the study and external validity. A prospective multi-
centre observational study will, however, need a significant
amount of funding to allow collection of comprehensive
data from a large number of trauma patients, and manda-
tory post-mortem examinations for all deaths after major
trauma may not be feasible at all study centres. Thirdly,
because of the retrospective nature of the study, we could
not ascertain the use of pneumatic compression devices in
our patients and this may have confounded our results.”®
Finally, our study period was relatively long; medical practice
such as the early use of CT pulmonary angiography or early
mobilization after damage control surgery might have
changed the pattern of fatal PE during the study period.
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Table 1 Characteristics of deaths due to fatal PE and other causes. APACHE, Acute Physiology and Chronic Health Evaluation; COPD, chronic
obstructive pulmonary disease; sb, standard deviation; IQR, inter-quartile range; ICP, intracranial pressure; ISS, Injury Severity Score. #P_values

generated by the Mann-Whitney test

Variable Fatal PE (n=16) Other causes (n=118) P-value
Age (yr) (range) 51.3 (21-92) 36.7 (13-90) 0.018
Male [no. (%)] 12 (75) 85 (72) 1.000
Head injuries [no. (%)] 9 (56.3) 116 (89.8) 0.002
ICP monitor [no. (%)] 6 (37.5) 91 (77.1) 0.002
Chest injuries [no. (%)] 10 (62.5) 74 (62.7) 1.000
Lower limb long-bone fractures [no. (%)] 3(18.8) 28 (23.7) 1.000
Spinal fractures [no. (%)] 5(31.3) 28 (23.7) 0.541
Abdominal injuries [no. (%)] 3(18.8) 27 (22.9) 1.000
Pelvic fractures [no. (%)] 3(18.8) 24 (20.3) 1.000
BMI (sp) (median, IQR) 31.8 (4.0) (31.2, 29-35) 24.5 (4.1) (24.0, 21-26) 0.001
ISS (sp) 27.8 (9.4) 38.2 (11.9) 0.001
Prophylactic heparin [no. (%)] 7 (43.8) 12 (0.9) 0.001
Charlson’s index (sp) (median, IQR) 1.1 (2.2) (0,0-2) 0.2 (0.6) (0, 0-0) 0.003*
Past medical conditions [no. (%)]
COPD 3 (19) 1(1) 0.005
Cerebrovascular disease 2 (13) 3(3) 0.108
Hypertension 0 (0) 1(1) 1.000
Congestive heart failure 0 (0) 2(2) 1.000
Any tumour 1(6) 0 (0) 0.119
Liver disease 2 (13) 1(1) 0.038
Alcoholism 1(6) 4 (3) 0.476
Drug use 0 (0) 3(3) 1.000
Diabetes mellitus 0(0) 3(3) 1.000
Renal disease 1(6) 0 (0) 0.119
Depression 1 (6) 2(2) 0.319
APACHE II-predicted mortality [% (sp)] (median, IQR) 15.4 (13.4) (14, 4-19) 32.0 (16.8) (28, 20-45) 0.001%
Head injury prediction model mortality risk [% (sp)] (median, IQR) 23.4 (16.1) (22, 7-35) 51.4 (23.2) (56, 38-70) 0.001*
Predicted mortality by combining ISS, APACHE II risk, and head injury 17.8 (22.9) (8, 4-22) 66.6 (32.3) (79, 43-94) 0.001*

prediction model risk [% (sp)] (median, IQR)

In spite of these limitations, this study has some strengths
when compared with previous studies on PE after major
trauma. Firstly, we used autopsy-proven PE as a study end-
point instead of clinical diagnosis which tends to underesti-
mate the true incidence of fatal PE.° ** Even in a recent
report on PE after major trauma, an autopsy was used to
confirm fatal PE in only 23% of the deaths.’® Secondly, we
have included a comprehensive assessment of risk factors
for fatal PE. Some of these risk factors for fatal PE, such as
BMI and co-morbidity, have not been thoroughly assessed
in patients after major trauma.’ Finally, we have modelled
the non-linear relationships between these risk factors and
fatal PE; these results may be useful for clinicians to
choose appropriate patients for an IVC filter or design a ran-
domized controlled study to assess the cost-effectiveness of
IVC filters. In the most recent audit of our trauma patients in
2007 and 2008, LMWH prophylaxis was still not used, but 40
IVC filters (7.4%), 18 CT pulmonary angiography (3.4%), and
11 duplex-Doppler ultrasonography (2%) were used for a
total of 538 trauma patients. Of these 538 trauma patients,
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a total of eight patients had CT pulmonary angiography-
confirmed PE (1.5%), another seven patients had
duplex-Doppler-confirmed deep vein thrombosis (1.3%),
and one patient, with a BMI of 40, died from fatal PE
(0.2%). These recent data together with the results of the
present study suggest that a combination of early diagnosis
and the selective use of IVC filters may be useful in reducing
the incidence of fatal PE.

In summary, fatal PE appeared to be a potential preventa-
ble cause of late mortality after major trauma. Severity of
injuries, co-morbidity, and BMI were important risk factors
for fatal PE. More research is needed to assess whether the
selective use of IVC filter is efficacious and cost-effective
for patients with these risk factors and contraindications to
LMWH prophylaxis.
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