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Venous thromboembolism in burn patients —
low incidence or underdiagnosis?
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\thromboembolism prophylaxis, targeting an anti-Xa level of 0.2-0.5 IU/mL.

~— ABSTRACT ~N

Venous thromboembolism (VTE), essentially deep venous thrombosis and pulmonary embolism, urinary
tract infection, and renal failure are the main unplanned hospital events with negative long-term impact on
burn patients’ rehabilitation. Due to the hypercoagulable state induced by severe critical burns, either in the
acute or recovery phase and the intimal vascular damage, the risk of VIE is increased, with an incidence
varying from 0.4% to almost 60%. Other risk factors for VIE in burn patients are prolonged immobilization,
long and multiple surgical interventions, central venous catheterization, wound infection and sepsis,
extensive burns, and red blood cell transfusion. To avoid underdiagnosing VTE, in face of increased
incidence of asymptomatic venous thromboembolism, high risk-patients should be routinely screened using
Doppler ultrasound. Patients” weight and burn size, as well as the high incidence of heparin resistance in
the first weeks after injury, should be considered when establishing the optimal dose for venous
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INTRODUCTION

In the last years, venous thromboembolism (VTE),
as deep venous thrombosis (DVT) and pulmonary em-
bolism (PE), raised various problems in burn patients,
category at the highest risk, but it remains a controver-
sial subject to be studied [1]. Nowadays, it is considered
not to have a low incidence, but to be partly underdiag-
nosed, since almost 50% of cases are asymptomatic
(“silent VTE”) [2,3]. VTE (DVT/PE), along with urinary
tract infection and renal failure are the main unplanned
hospital negative events influencing the long-term
quality of life in patients suffering severe burns [4].

Reports show an incidence of VTE in burn patients
ranging from 0.4-0.8% [5,6], to 5.92% [7] or 8% [8] to as

high as 53% [9]. When prophylaxis methods are not
used, the rate of venous thromboembolism rises to
60% [10]. An interesting study, including 233 autopsies
of burn patients, showed that PE was the cause of
death in less than 1% of cases, but subclinical VTE was
found in 25% of cases [11]. It appears that studies that
focus only on clinical manifestations report a low inci-
dence, while in those in which various diagnostic tech-
niques are used, such as ultrasound, the noted inci-
dence is higher [12].

The main problems with identifying VTE in burn pa-
tients are represented by:

¢ the high number of hospitalized patients with

asymptomatic DVT [13];
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¢ low-sensitive diagnostic tools [14,15];

e burns mimicking the main symptoms of DVT, es-
pecially if lower limbs are involved (pain, swell-
ing, redness, tenderness) [7].

RISK FACTORS FOR VENOUS
THROMBOEMBOLISM

Patients presenting critical burns are at risk of devel-
oping venous thromboembolism (VTE), like patients
with major traumas, and effective mechanical and
pharmacological prophylaxis should be applied [1].

In Figure 1 are presented the main risk factors for
VTE in patients with severe burns, factors whose pres-
ence places patients in the high-risk category for throm-
boembolic events [1,16-19]. In the acute phase after a
burn injury, there is a systemic hypermetabolic re-
sponse, being responsible for a hyperdynamic state,
increased basal energy expenditure and improper pro-
tein catabolism, along with an inadequate immune re-
sponse [20]. In a large prospective clinical trial, Jeschke
et al. detailed the postburn pathophysiologic response,
showing that in this period, patients have the highest
risk of developing DVT, associating increased morbidity
[21]. It is mainly due to the hypercoagulable state dur-
ing the recovery period [6]. AlImost 3% of burn deaths
are caused by thromboembolic complications [22].

Various reports presented numerous other risk fac-
tors for this subgroup of patients, including the pres-
ence of inhalation injury, larger and deeper burned are-
as, long and complicated surgical interventions, older
age, obesity, increased days of mechanical ventilation,
central venous catheters’ presence, pneumonia devel-
opment, and extended ICU (intensive care unit) hospi-
talization [8,9,23,24]. Extensive burns, associated trau-
ma of the lower limbs, along with wound infections are
considered to put the patient at risk of developing DVT
[1]. Further, Mullins et al., in a retrospective study from
a burn center including 1452 adult patients with acute
burns, presented additional factors predisposing to
DVT development, like male sex, smoking, alcoholic sta-
tus, and increased number of transfusions [7]. Wibben-
meyer et colab. emphasized the need for VTE prophy-
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laxis in patients receiving transfusion-packed red blood
cells (>4 units) [25]. Black race, mechanical ventilation,
and history of VTE are additional risk factors, doubling
the incidence of venous thromboembolism [6].

Pannucci et al., in a retrospective study including 19
cases, showed that in patients with thermal injury,
there are some acquired, in-hospital risk factors for
VTE. The number of surgical interventions, pneumonia
presence, and central venous catheters significantly in-
crease the risk of thromboembolic events [19]. Younger
patients presenting burns affecting 45-55% TBSA (total
body surface area) are prone to develop VTE, as shown
by Ahuja et colab. [8].

SCREENING AND PROPHYLACTIC
METHODS

There are some concerns about routine VTE proph-
ylaxis in burn patients, like the risk of bleeding (espe-
cially in patients needing multiple surgical interven-
tions), or heparin-induced thrombocytopenia (HIT)
appearance [5,6,26]. A recent meta-analysis, encom-
passing 44 randomized controlled trials (90.095 pa-
tients), presented the superiority of low-molecu-
lar-weight heparin in preventing VTE, having the lowest
risk of hemorrhagic events compared to other agents
[27].

Various studies emphasized the need for dose-ad-
justed DVT pharmacologic agents used for prophylaxis
in burn patients (increased doses) due to burn-induced
altered pharmacokinetics. Therefore, monitoring an-
ti-factor Xa levels, in patients receiving low molecu-
lar-weight heparin (LMWH) helps achieve optimal dos-
ages [28,29]. In a study including 64 patients with acute
burns, Faraklas et al. showed that the enoxaparin dos-
age used for prophylaxis in burn patients in influenced
not only by the patient weight, but also by burn size,
and routine use of standard dosages is not recommend-
ed. The monitoring of anti-Xa (AFXa) levels is of para-
mount importance [22,30]. Normally, an anti-Xa level
>0.2 IU/mL (0.2-0.5 IU/mL) ensures optimal prophylaxis
[31]. As a recent study showed, it is of paramount im-
portance in obese patients [32]. Nevertheless, Cato et

FIGURE 1. The main risk factors for venous
thromboembolism in burn patients
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TABLE 1. The Caprini risk assessment model

(*adapted after Caprini JA. Thrombosis risk assessment as a guide to quality patient care. Dis Mon. 2005 Feb-Mar;51(2-3):70-8.)

1 POINT FOR EACH FACTOR
age 40-59 years
minor surgery
swollen legs
varicose veins
BMI 225
medical patient at bed rest
history of prior major surgery (<1 month)
sepsis (<1 month)
acute myocardial infarction (<1 month)
congestive heart failure (<1 month)
abnormal pulmonary function (COPD)
history of IBD

2 POINTS FOR EACH FACTOR
age 60-74 years
present cancer (except breast and thyroid)
prior cancer (except non-melanoma skin

confined to bed >72 hours
immobilizing plaster cast
central venous access HIT
laparoscopic surgery (>45 minutes)
major open surgery (>45 minutes)
arthroscopic surgery

3 POINTS FOR EACH FACTOR
age > 75 years
history of VTE

familial history of VTE
++ prothrombin 20210A
++ factor V Leiden
++ lupus anticoagulant

cancer)

4 anticardiolipin
4 serum homocysteine
congenital / acquired
thrombophilias

5 POINTS FOR EACH FACTOR

1 POINT FOR EACH FACTOR (women only)

major surgery (>6 hours) pregnant Total score Risk
elective major lower extremity arthroplasty post-partum (<1 month) 0-4 point |
hip, pelvis, leg fracture (<1 month) history of unexplained / recurrent abortion points ow
polytrauma (<1 month) (=3) 5-8 points moderate
acute spinal cord fracture or paralysis (<1 month) oral contraceptives
stroke (<1 month) hormone replacement therapy 29 points high

Caprini risk category

Note: BMI=body mass index; COPD=chronic obstructive pulmonary disease; IBD=inflammatory bowel disease; VTE=venous thromboembolism;

HIT=heparin-induced thrombocytopenia

al. concluded in a recent study that it must always be
kept in mind the high incidence of heparin-resistance 2
weeks after a burn injury and how it influences the an-
ticoagulant effect of heparin [33]. As Meizoso et colab.
suggested, considering the incidence of VTE in patients
receiving proper enoxaparin dosage for prophylaxis, as
defined by anti-Xa levels, the role of antiplatelet agents
use should be studied [24].

Van Haren et al. studied hypercoagulability develop-
ment after burn injury using thrombelastography (TEG),
emphasizing that most burn patients have normal co-
agulation parameters at admission, being hypercoagu-
lable during the recovery phase. But there are patients
presenting with a hypercoagulable state during the ini-
tial phase, and those are predisposed to VTE [34].

France Society of Anesthesia and Intensive Care
published in 2020 a guideline regarding severe thermal
burn management. As for thromboprophylaxis, experts
stated that it should be routinely used for patients pre-
senting with severe burn in the initial phase, as well as
mechanical methods (like intermittent pneumatic com-
pression devices) for the unburned areas if heparin is
contraindicated, and early ambulation [35-37]. Doppler
ultrasound appears to be the most suitable method for
screening and diagnosing venous thromboembolism

[8].
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The Caprini risk assessment model (Table 1) is used
for predicting VTE in medical and surgical patients and
it is widely used, with score values 210 points suggest-
ing the existence of a high risk for thromboembolic
complications [37,38]. It is also useful for burn patients
[39]. A study including 304 burn patients stated that,
for patients presenting with burns, this score should be
calculated by adding the presence of electrical burn in-
juries [40].

CONCLUSION

Burn patients are at risk of developing deep venous
thrombosis of pulmonary embolism, with an incidence
reaching 60% when prophylactic measures are not
used. The most incriminated risk factors are the hyper-
coagulable state and intimal vascular damage, heparin
resistance, prolonged immobilization, long and multi-
ple surgical interventions, central venous catheteriza-
tion, wound infection and sepsis, extensive burns, and
red blood cell transfusion. Other factors are older age,
male sex, obesity, inhalational injury, pneumonia, and
mechanical ventilation. We consider that to avoid un-
derdiagnosing VTE, in face of increased incidence of
asymptomatic episodes, high risk-patients should be
routinely screened using Doppler ultrasound.
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