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ABSTRACT

Background: Burn patients are in a state of activated coagulation, putting them at risk for
thromboembolic events. Additionally, certain patient-related factors are associated with an
increased risk of thrombus formation. This study aimed to evaluate the incidence of
thromboembolic events and identify potential risk factors, including patient character-
istics, surgical treatment, anticoagulation strategies, and laboratory parameters.

Methods: A single-centre retrospective cohort study was conducted on all patients with burns
treated between 2002 and 2020. Medical reports of patients with and without thromboembolic
events were descriptively analysed. The association of time to thromboembolic events with
total body surface area (TBSA) was assessed by cause-specific Cox models adjusted for different
covariates. The association of time to thromboembolic events with type and dosage of antic-
oagulants was assessed using a cause-specific Cox proportional hazards model with time-de-
pendent covariates, applied to a matched subset of patients.

Results: The incidence of thromboembolic events was 8.1% in a cohort of 642 patients. We
found a statistically significant increase in the hazard for thromboembolic events by a
factor of 1.02 (95% CI 1.00 to 1.03; P < 0.05) per percent increase in TBSA. We identified
former alcohol abuse (HR=2.54, CI 1.33 to 4.84, P = 0.005) and higher body mass index
(HR=1.06, 95% CI 1.00 to 1.12, P = 0.046) as potential risk factors for the development of
thromboembolic events. We further noted inadequate median anti-Factor-X activity levels
and elevated C-reactive protein and procalcitonin levels at the time of the event.
Conclusion: Our results showed a moderate risk of thromboembolic events among burn
patients, underlining the importance of close monitoring with regard to thrombus
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formation. In particular, patients with higher TBSA, alcohol abuse and BMI may be eval-
uated more regularly for thromboembolic events. Anti-Factor-X activity levels should be
determined regularly and therapy should be adjusted if necessary.

© 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

The reported incidence of thromboembolic complications
among burn patients shows great variability ranging from
0.25% in retrospective studies to 23.3% in prospective studies
in which ultrasound screening was performed [1-9]. It is well
known that burn patients are in a state of increased in-
flammatory activity and activated coagulation [10]. All of
which are apparent in patients following thermal injury,
namely changes in blood flow rates due to prolonged im-
mobilisation and multiple surgical interventions, endothelial
injury, and hypercoagulability. The latter not only results
from the inflammatory response but also from the en-
dothelial damage caused by repeated surgical interventions
and microtrauma by central catheters [3,7,9,11].

During thermal injury, tissue damage leads to the exposure
of the subendothelial tissue factor, which acts as a trigger for
the coagulation cascade. Furthermore, the release of cytokines,
as part of the inflammatory response, causes additional acti-
vation of clotting factors [12]. Platelets are significantly acti-
vated, leading to a platelet count nadir around day 3 after burn
followed by thrombocytosis with a peak at day 15 to 21 due to
the consecutively high thrombopoietin levels [12-16]. Garcia-
Avello et al. showed that burn patients are hypercoagulable as
well as hyperfibrinolytic on day one after the injury, given ele-
vated levels of activated factor VII, thrombin-antithrombin-III-
complex, tissue-plasminogen activator and D-Dimer, with si-
multaneously low levels of Antithrombin III (ATIII), protein C,
plasminogen and alpha-2-antiplasmin [17,18]. All these changes
lead to coagulation system dysfunction and hence elevate the
risk for thromboembolic events, explaining why burn patients
are generally considered amongst the highest risk group for
developing thromboembolic complications. Although not all
patients develop an acute coagulopathy after thermal injury,
the complication has been shown to be independently asso-
ciated with %TBSA, hence posing the highest risk for patients
with extensive burns [19].

In addition to the aforementioned pathomechanisms,
patient-related risk factors have been shown to be associated
with a higher incidence of venous thromboembolic events
(VTE). These include older age, high percentage of burnt total
body surface area (TBSA) [3], higher body mass index (BMI),
wound infections [1,8,9,20,21], male sex, smoking and alco-
holism [2], with increased percentage of TBSA as the major
driver of VTE risk trumping other patient-related risk factors
[21]. Furthermore, multiple studies have described treat-
ment-related risk factors such as the use of central venous
catheters, long or multiple surgical operations and multiple
blood transfusions (> 4) [5,20].

While the benefit of thromboprophylaxis in burn patients is
undisputed, a number of studies have shown that burn patients
show increased heparin resistance, meaning that higher dosages

of heparin are necessary to achieve adequate prophylactic levels
[22,23]. Recently, it was demonstrated that in almost 50% of burn
patients, target anti-factor-X activity (aFXa) levels could not be
achieved on standard prophylactic doses [22]. Beside this, side
effects such as bleeding or even the development of heparin-
induced thrombocytopenia (HIT) have to be considered in that
patient cohort, prompting a meticulous risk-benefit analysis and
close monitoring of anticoagulant activity.

An understanding of possible risk factors that aggravate the
course of disease and possibly increase the risk for throm-
boembolic events among burn patients is vital for the identifi-
cation of atrisk patients, early diagnosis, and treatment of
patients with thromboembolic complications. Considering the
complex physiological processes and multimodal systemic
therapy in patients with burns, the validity of existing studies is
limited because of their restrictions on a few parameters.

The goal of this study was to evaluate the incidence of
thrombotic complications and HIT syndrome in our cohort of
642 severely burned patients with a TBSA > 10% and to
identify risk factors among over 130 variables, including pa-
tient characteristics, surgical treatment, anticoagulation, and
laboratory parameters. Although a number of studies with a
similar aim have been conducted in the past years, to our
knowledge, this is the first study to analyse such a broad
range of variables and interrelate them.

2. Methods

A single-centre retrospective cohort study was conducted at
the Department of Plastic Surgery and Hand Surgery of the
University Hospital Zurich, analysing the data of severely
burned patients with respect to the development of throm-
boembolic complications during hospital stay as well as pos-
sible risk constellations. All patients were admitted to and
treated at the University Hospital Zurich between 01.01.2002
and 31.12.2020. The study was approved by the Central Ethics
Committee of Zurich, Switzerland (Ethical approval
Nr:2020-02897). A general consent form was obtained from all
patients admitted to the University Hospital Zurich in 2016.
Surrogate consent was provided by the Cantonal Ethics
Committee of Zurich for patients admitted before 2016, as well
as for patients who died before consent could be obtained.
All patients who were 18 years or older at the time of ad-
mission and presented with a TBSA of 10% or more were in-
cluded in the study. This cut-off was chosen since the systemic
effect of burns < 10% TBSA are expected to be minor.
Traditionally, burns > 10% TBSA in children < 10 years and
elderly > 50 years or > 20% TBSA in adults respectively are
considered severe [24] and hence inflict relevant systemic re-
sponse. Considering that the average age of patients included
in the study was approximately 46 years, a cut-off at 10% TBSA
seemed most representative. Patients with and without
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coexisting inhalation injuries were included in the study. Pa-
tients who either died or were transferred within 24 h after
hospital admission were excluded from the study, as were pa-
tients who suffered a thromboembolic complication before
transfer to the University Hospital Zurich. If venous thrombosis
was suspected, the diagnosis was confirmed by ultra-
sonography. In patients in whom pulmonary embolism was
strongly suspected, CT imaging was the modality of choice to
establish the diagnosis.

Information on over 130 variables was collected, including
the following: age, sex, BMI, comorbidities, substance abuse,
mechanism of burn injury, TBSA, abbreviated burn severity
index (ABSI), number of operations, occurrence of thromboem-
bolic events defined either as venous thrombosis, thromboem-
bolism, or arterial thrombosis; occurrence of HIT syndrome, type
and dosage of anticoagulant (including unfractionated heparin
(UFH), low molecular weight heparin (LMWH) and phenopro-
coumons, novel oral anticoagulants (NOACs), heparinoids, hir-
udins or argatroban, defined as “other”) used as well as
laboratory parameters, namely aFXa, levels of C-reactive protein
(CRP) and procalcitonine (PCT), percentage of haematocrit (HC)
and amount of thrombocytes at defined time points during the
hospitalisation period (on admission and on days 1, 3, 7, 14, 21
after hospitalisation) as well as particular time points (48 and
24 h as well as at the time of diagnosis) prior to the occurrence of
thromboembolic events. In addition, the date of the accident,
hospital discharge, and/or death were obtained to account for
right censoring.

All data analyses were performed using the R software (ver-
sion 4.2.2) [25]. Baseline characteristics, characteristics of treat-
ment and laboratory parameters during the first 21 days of
hospital stay were descriptively analysed for patients with and
without thromboembolic events. For patients with thromboem-
bolic events, we also analysed laboratory parameters within 48 h
prior to thromboembolic events. Mean and standard deviation
were calculated for continuous variables with approximately
normal distribution, median and interquartile range for ordinal
variables or continuous variables with skewed distribution, and
frequency and percentage for categorical variables. Due to a
large proportion of missing values for BMI, we used multiple
imputation with m= 20 imputations per missing value, as im-
plemented in the R package mice [26]. To assess the association
of TBSA with time (after hospitalisation) to thromboembolic
events, we used cause-specific Cox proportional hazards models.
Patients without thromboembolic events were censored at hos-
pital discharge, and patients who died in the hospital were
censored on the date of death, as death is a competing event to
thromboembolic events. In addition to TBSA, we determined the
most important explanatory variables: sex, age, BMI, alcohol
abuse, nicotine consumption, hypertension, and diabetes mel-
litus. Because there were too many variables compared to the
number of thromboembolic events events to fit in one model or
to perform a variable selection, we decided to fit two alternative
models including different sets of explanatory variables (model
1: TBSA, sex, age, and BMI; model 2: TBSA, alcohol abuse, nico-
tine consumption, hypertension, and diabetes mellitus). A pos-
teriori, we fitted a third model including the three variables from
models 1 and 2, which had the clearest association with
thromboembolic events in these models (with P < 0.1). The
models containing BMI (models 1 and 3) were fitted to the

multiply imputed data, the results were pooled using Rubin’s
rules [27]. Model 2 was fitted to the original data. To assess the
association of different anticoagulant therapies and their dosage
with the time to thromboembolic events, a matched dataset was
created, and for the patients in the matched set, detailed, time-
varying data on anticoagulant therapies during hospitalisation
(up to seven different prescriptions per patient) were collected. A
1:2 case-control matching was performed using the genetic
matching algorithm as implemented in the R package Matchlt
[28]. We matched two controls without thromboembolic events
to each thromboembolic events patient based on the variables
age, sex, TBSA and year of accident. The year of the accident was
chosen to prevent bias due to improved case documentation.
During data retrieval, a previously undetected thromboembolic
events in a patient was detected, resulting in one matched triplet
with two thromboembolic events and one control thromboem-
bolic events. The matched data set was analysed using a cause-
specific Cox proportional hazards model with time-dependent
covariates for the type of anticoagulant (LMWH or others vs.
UFH) and dosage of anticoagulant (therapeutic, subtherapeutic,
highly prophylactic, or unknown vs. prophylactic). In addition,
alcohol abuse was used as a patient-related covariate, which had
not been accounted for in the matching process but was shown
to be important in models 2 and 3.

3. Results

We included 642 burn patients who were treated between
01.01.2002 and 31.12.2020. Detailed screening and inclusion
processes are shown in Fig. 1. The mechanisms of burns are as
follows: explosion, implosion, fire, flame or electric arc, flow of
electricity, chemical burn, or scald. Of the total of 642 patients, 52
patients (8.1%, 95% CI 6.2% to 10.5%) developed one or more
thromboembolic events during their hospital stay, with 11 pul-
monary embolisms, 38 venous thromboses, and 3 thromboem-
bolisms. Seven patients (1.1%; 95% CI 0.5% to 2.3%) developed
HIT. We identified 110 patients (17.1%) who died during the
hospital stay. Death was related to thromboembolic events (de-
fined as death within 48 h of TE) in 4 patients or 0.36% of the
cases. The number of days to thromboembolic events varied
between 2 and 68 days, with a median of 22 days.

On admission, patients with thromboembolic events were on
average 47.29 + 189 years old, and patients without throm-
boembolic events were 45.75 + 15.24 years old (Table 1). In both
groups, almost three-quarters of the patients were male (75% of
patients with TE and 72.7% of patients without TE).

Non-thromboembolic event patients showed an average
TBSA of 25.11 + 16.83, while TE patients showed a considerably
higher TBSA of 36.88 + 19.62 was observed (standard mean
difference, SMD=0.64). Patients with thromboembolic events on
average also showed a higher ABSI score (840 vs. 6.75,
SMD=0.7) and BMI (27.09 vs. 26.75, SMD=0.2) than non-throm-
boembolic event patients. Furthermore, patients with throm-
boembolic events suffered from diabetes more often (13.5% vs.
6.6%, SMD=0.23) and more frequently had a history of alcohol
abuse (26.9% vs. 12.5%, SMD=0.37) and cocaine consumption
(3.8% vs. 0%, SMD=0.28) than non-thromboembolic event pa-
tients. Patients with TE more often showed burns by flame, fire,
or light arch, as well as current flow; however, they were less
likely to exhibit burns by scalding or explosions. In total, 4
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’ 1937 patients assessed for eligibility in April, 2021 ‘

Excluded (n=1290) for the following reasons:

TBSA <10% (n=624)

Grade | burns > 10 % TBSA (n=2)

<18 years of age (n=602)

Exitus letalis <24h after hospitalization (n=48)
Date of accident before 2000 (n=2)

Transfer <24h or treatment at different hospital (n=12)

v

647 patients included in December, 2021

v

Excluded (n=5) for the following reasons:

Transfer to USZ after TE or initial treatment at different
hospital (n=4)

Missing values (n=1)

642 patients analyzed in January, 2022,
thereof 52 patients with TE

‘ Matched Set: 141 patients, thereof 52 with TE

Fig. 1 - Flow-chart Diagram of the screening and inclusion process. * Some patients were displayed twice f.e. due to several
case numbers per patient, multiple thromboembolic events, or thrombosis during a later hospitalisation, for example, in the
course of secondary reconstruction. In total, 4531 case files were screened, and duplicate files were excluded so that each
patient was represented once within the cohort. The remaining patient files were evaluated based on inclusion and
exclusion criteria. All the included patients were screened for thromboembolic events.

patients suffered from thrombophilia in our study. Moreover, 8
patients suffered from malignant neoplasms and 2 from tha-
lassaemia, both of which potentially influence coagulation
function. Unfortunately, the number of patients suffering from
haemophilic or hypercoagulable disorders was too small for
further statistical analysis. All baseline characteristics are
summarised in Table 1.

The treatment-related risk factors (accumulation after
admission) are summarised in Table 2. Non-TE patients un-
derwent a median of 2 operations [2 to 4] and thromboem-
bolic events patients underwent a median of 6 [3 to 11]
operations (SMD=0.85, Table 2). Furthermore, patients with
thromboembolic events were treated less often with LMWH
(SMD=0.54). The dosage of anticoagulation (prophylactic and
therapeutic) was similar between patients with and without
thromboembolic events (SMD < 0.2). Five patients did not re-
ceive a prophylaxis, mostly due to the presence of advanced
DIC and associated high risk of bleeding. The initial dosage
was determined by using a standardised formula depending
on body weight and adjusted according to the aFXa level.

Approximately 50% of thromboembolic events occurred
within 3 weeks of admission (median, 22 days), for which time
frame data on laboratory parameters were collected. We showed
that HC and TC levels were higher on admission in TE patients
than in non-TE patients; however, they were relatively higher in

non-thromboembolic event patients from day 3 onwards
(Supplemental Digital Content Table 1). HC and TC levels re-
mained more or less consistent within 48 h to a TE Supplemental
Digital Content Table 2). PCT and CRP levels were similar in both
groups on admission and showed a subsequent increase with a
higher median in patients with thromboembolic events (Fig. 2
and Supplemental Digital Content Table 1). Both CRP and PCT
levels were elevated at the time of the event compared to 48 and
24 h prior to the event (Fig. 3; CRP 185 mg/l from 165 mg/l, PCT
0.57 ug/l 0.45ug/l). Thromboembolic event patients showed a
slightly lower mean aFXa but a slightly higher median activity 14
days after hospitalisation, with hardly any difference in the
mean aFXa, but a slightly lower median aFXa at day 21. The
median aFXa level 48 h prior to TE was slightly below 0.1 IU/ml.

Three cause-specific Cox models adjusted for different sets
of covariates provided moderate evidence for an association
between TBSA and the hazard for TE (Table 3). The hazard
ratio (HR) for TBSA (in %) was consistently estimated as 1.02
(95% CI 1.00 to 1.03, P <0.05) by all three models, which cor-
responds to an increase in the hazard by a factor of 1.02 per
percent increase in TBSA. We observed a significant associa-
tion between the hazard for thromboembolic events and
former alcohol abuse (HR=2.54, CI 1.33 to 4.84, P = 0.005, model
3) and higher BMI values (HR=1.06, 95% CI 1.00 to 1.12,
P=0.046, model 3). Associations between the hazard for
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Table 1 - Baseline characteristics of burn patients in our study.

Patients without TE® Patients with TE? SMD”

n 590 52
Female sex, n. (%) 161 (27.3) 13 (25.0) 0.052
Age, mean + SD, years 47.29 + 18.90 4575 + 15.24 0.090
BMI, mean + SD, kg/mZC 26.05 + 4.58 27.09 + 5.54 0.204
TBSA, mean + SD, % 25.11 + 16.83) 36.88 + 19.62 0.644
ABSI score, mean + SD 6.75+ 2.37 8.40 + 2.34 0.703
Nicotine abuse, n (%) 193 (32.7) 19 (36.5) 0.080
Cannabis consumption, n (%) 13 (2.2) 1(1.9) 0.020
Cocaine consumption, n (%) 0 (0.0) 2(3.8) 0.283
Alcohol abuse, n (%) 74 (12.5) 14 (26.9) 0.367
Arterial hypertension n (%) 125 (21.2) 12 (23.1) 0.046
Coronary artery disease, n (%) 28 (4.7) 2(3.8) 0.044
Cerebrovascular disease, n (%) 5(0.8) 0(0.0) 0.131
Diabetes mellitus, n (%) 39 (6.6) 7 (13.5) 0.230
Polytoxicomania, n (%) 17 (2.9) 2(3.8) 0.054
Chronic hepatitis, n (%) 15 (2.5) 0(0.0) 0.228
Liver cirrhosis, n (%) 3(0.5) 0(0.0) 0.101
HIV, n (%) 6 (1.0) 0(0.0) 0.143
Immunosuppression, n (%) 3 (0.5) 0(0.0) 0.101
Malignant neoplasia, n (%) 7 (1.2) 1(1.9) 0.060
Thrombophilia, n (%) 4(0.7) 0(0.0) 0.117
Thalassaemia, n (%) 2(0.3) 0(0.0) 0.082
Cause of accident, n (%)

Chemical burn 6 (1.0) 0(0.0) 0.452

Current flow 23 (3.9) 4(7.7)

Explosion 77 (13.1) 3(5.8)

Flame / Fire / Electric arch 371 (62.9) 40(76.9)

Implosion 1(0.2) 0(0.0)

Scalding 112 (19.0) 5(9.6)

@ Means + SD are given for continuous variables and frequencies and percentages for categorical variables.

b SMD: standardised mean difference.

¢ BMI had 24.5% missing values. All other variables were available for all the patients.

Table 2 - Characteristics of treatment during hospital stay.

Patients without TE? Patients with TE? SMDP
n 590 52
Number of operations, median [IQR] 2 [2 to 4] 6 [3 to 11] 0.852
Anticoagulation with UFH after hospitalisation, n @)% 374 (72.3) 38 (77.6) 0.120
Anticoagulation with LMWH after hospitalisation, n (%)% 129 (25.0) 3(6.1) 0.538
Prophylactic anticoagulation after hospitalisation, n (%)* 487 (97.0) 39 (95.1) 0.097
Therapeutic anticoagulation after hospitalisation, n (%)* 15 (3.0) 2 (4.9) 0.097

#Median and interquartile range [IQR] are given for the number of surgeries, frequency, and percentage for categorical variables.

PSMD: standardised mean difference
“The variable number of surgeries had 0.8% missing values.

9The variables anticoagulation with UFH after hospitalisation and anticoagulation with LMWH after hospitalisation had 11.8% missing values.
°The variables of prophylactic anticoagulation after hospitalisation and therapeutic anticoagulation after hospitalisation had 15.4% of missing

values.

thromboembolic events and sex, age, hypertension, diabetes
mellitus, and nicotine were not significant.

The cause-specific Cox model fitted to the matched da-
taset showed no statistically significant associations between
type and dosage of anticoagulant therapy and the hazard for
thromboembolic events (Supplemental Digital Content
Table 3).

Regarding the type of anticoagulant therapy, the cause-
specific Cox model fitted to the matched dataset suggests a
reduced risk for thromboembolic events when patients re-
ceived LMWH (HR = 0.59, 95%CI 0.254 to 1.3617, p =0.22),

other (HR = 0.34, 95%CI 0.0398 to 2.8408, p=0.32), or un-
known (HR = 0.89, 95%CI 0.2651 to 2.9632, p=0.84) antic-
oagulant substances compared to UFH (reference category).

4, Discussion

The results of our study showed a thromboembolic events
incidence of 8.1% in burn patients with a TBSA >10% and a
statistically significant association between the hazard for
thromboembolic events and increased TBSA values. We fur-
ther identified former alcohol abuse and higher BMI as
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Table 3 - HR estimates with 95% confidence intervals (CI)
from three cause-specific Cox models on time to TE.

HR and 95% CI P
Model 1
TBSA (%) 1.02 (1.00 to 1.03) 0.05
Female vs. male sex 1.07 (0.55 to 2.08) 0.83
Age at hospital entry 1.00 (0.98 to 1.02) 0.86
BMI (kg/m?) 1.05 (1.00 to 1.11) 0.068
Model 2
TBSA (%) 1.02 (1.00 to 1.03) 0.013
Alcohol abuse 2.57 (1.32 to 5.02) 0.006
Nicotine abuse 0.85 (0.46 to 1.58) 0.61
Arterial hypertension 0.93 (0.45 to 1.90) 0.84
Diabetes mellitus 1.98 (0.82 to 4.79) 0.13
Model 3
TBSA (%) 1.02 (1 to 1.03) 0.017
Alcohol abuse 2.54 (1.33 to 4.84) 0.005
BMI (kg/m?) 1.06 (1 to 1.12) 0.046

Death was considered a competing event. Results of model 1 and 3
were pooled over 20 imputed data sets (imputing missing BMI
values) using Rubin’s rules. The total number of patients included
in all models was 641, with 52 TE events. One patient was excluded
because of a missing accident date.

patient-related risk factors for the development of throm-
boembolic events. No significant associations were found
between therapy-related risk factors (type and dosage of an-
ticoagulants) and the hazard for thromboembolic events, but
our data suggest a decreased hazard for thromboembolic
events when LMWH is administered compared to UFH.

The incidence of thromboembolic events in burn patients
shows high variability in the literature, depending on the
cohort size, TBSA range, definition of thromboembolic
events, and study design. The incidence of thromboembolic
events, including any arterial and venous thromboembolic
complications, among our cohort ranks in the middle com-
pared to the incidences reported thus far, with much higher
incidences found in prospective studies. Wahl et al. found an
incidence of 23.3% for deep vein thrombosis (DVT) and 3.3%
for pulmonary embolism among a cohort of 30 burn patients
who received either LMWH or mechanical compression de-
vices and were screened repeatedly using duplex ultrasound
[29]. In contrast, other authors reported an incidence of DVT
of only 6.08% despite the absence of prophylaxis [1]. Of note,
both studies described that more than half of the patients
with thrombosis were asymptomatic. The reported incidence
of thromboembolic events in retrospective studies is sig-
nificantly lower because screening is performed only when
symptoms are present. Fecher et al. found an incidence of
DVT of 0.25% in 4102 patients, when screening was only
performed after clinical suspicion [3]. More recently, a na-
tionwide study in the US reported an incidence of DVT of
0.8% [7], that is similar to another study that found an in-
cidence of thromboembolism of 0.6% among 33637 burn
patients [4]. None of the studies included arterial throm-
boembolic events. In line with our results, the above-men-
tioned studies observed a higher risk for TE in patients with
higher %TBSA. Pannucci et al. observed the highest incidence
in patients with 40-59% TBSA, with a lower incidence among
more severely burned patients [4]|. However, this most likely
does not represent an actual decrease in the incidence of

thromboembolic events, but is rather due to a higher mor-
tality rate within this cohort (with death not being con-
sidered a competing event).

Half of the thromboembolic events in our study were di-
agnosed within three weeks of hospital admission (median,
22 days). In contrast, Wahl et al. found an average time to
diagnosis of only 6.7 days when repeated screening was
performed [29], while Wibbenmeyer et al. and Fecher et al.
found that the average time to clinical diagnosis was 12.2 and
13.1 (median, 11) days, respectively, [1,3]. However, longer
times to event are also described in the literature. Gao et al.
found that most patients with thromboembolic events were
diagnosed after the 20th day post-burn [8]. because of the
large variance, which is also influenced by the study design,
it is difficult to define a time period in which the risk is
highest. Nevertheless, we conclude that if thromboembolic
events is suspected within the first three weeks, diagnostics
should be initiated promptly and thoroughly to rule out
thrombotic complications or adjust therapy if necessary.

Concerning patient-related risk factors, we were able to
show that alcohol abuse was particularly associated with an
increased risk of thromboembolic events. This is consistent
with the findings of Mullins et al. who identified alcoholism, in
addition to male sex and smoking, as possible predisposing
factors for developing DVT [2,17]. Studies found that although
platelet aggregation and thromboxane A2 release were in-
hibited in chronic alcoholics upon hospital admission, these
abnormalities tended to return to normal after 2 weeks of ab-
stinence. Overcorrection, as observed in some cases, results in
thrombocytosis and enhanced platelet aggregation and
thromboxane A2 release, which increases the risk of throm-
boembolic events in these patients [30].

Furthermore, our results showed that patients with
thromboembolic events had to undergo more surgeries
during hospitalisation. Pannucci et al. found a similar re-
lationship, with each additional operative procedure in-
creasing the odds of VTE by 1.041 [4]. However, patients with
higher TBSA typically need more operations and seem to
have a higher risk for associated thromboembolic events.
Consequently, the association between the number of op-
erations and the risk of thromboembolic events could be so-
lely due to TBSA as a common cause.

Our results suggest a higher incidence of thromboembolic
events in patients who received UFH for thromboprophylaxis
than in those who received LMWH alone. This finding is sup-
ported by Busche et al., who found a VTE incidence of 3.8%
among patients treated with UFH, compared to 0.9% in patients
who received prophylactic LMWH [31]. A possible explanation
for the lower incidence of TE among patients receiving LMWH is
that those patients tend to show less severe burns (on average
13.5% TBSA) and mobilisation can start earlier. The half-life of
UFH is significantly shorter than that of LMWH, making UFH
more controllable and favourable in the ICU setting or when
multiple operations are necessary. Due to the high percentage of
missing data points on thromboprophylaxis in our cohort, it was
difficult to draw final conclusions.

In patients with thromboembolic events, we found the
median aFXa at the time of the event to be below the level
required for adequate prophylaxis, suggesting a reduced
dose-response relationship among burn patients. Several
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studies have reported that target aFXa levels were not
achieved with standard prophylactic doses in 50-79% of cases
[22,23]. The reduced dose-response relationship of heparin in
burn patients is based on the following mechanisms:

Relative hypoperfusion due to reduced cardiac output re-
sulting from capillary leak after thermal injury, reduced bioa-
vailability of heparin due to oedema formation, increased
clearance of drugs approximately 48 h post-burn, when patients
enter a hyperdynamic state [23], and lower ATIII levels [10,12,32].
In fact, Cato et al. demonstrated that 76.7% of patients showed
an aFXa of < 0.2 within the first two weeks post-burn despite
adequate prophylactic LMWH administration. Moreover, low
ATIII levels were detected in 56.7% of patients [12]. Hence, close
monitoring of anticoagulant activity is of paramount importance
in patients with burns. In previous years, the debate has focused
on whether routine prophylaxis is justified, considering the risk
of adverse events, such as HIT or severe bleeding. However, re-
cent studies have shown that complications from thrombopro-
phylaxis are rare [3] with an incidence of HIT of 1.1%. Our study
is comparable to the incidence of complications in burn patients
receiving thromboprophylaxis, which is estimated to be
0.5-2.5% [20].

We further noted elevated CRP and PCT levels at the time
of the event, as well as an increase in both parameters within
the first 21 days post-burn (with a median time to throm-
boembolic events of 22 days) among thromboembolic events
patients compared to the non-thromboembolic event group.
Although a steady increase in CRP and PCT is to be expected, it
is striking that inflammatory markers peak at 21 days, around
which time we see an accumulation of thromboembolic
events. This observation suggests that inflammatory pro-
cesses play a pivotal role in thrombus formation and should be
closely monitored in the clinical setting. Previous studies have
shown that increasing CRP and PCT levels are associated with
an increased risk of mortality, especially in the context of
sepsis, and denote a poor prognosis [33]. Although not ana-
lysed in this study, it is important to keep in mind that the
pathophysiologic changes induced by sepsis closely resemble
those induced by thermal injuries, hence making it difficult to
distinguish between a sepsis-induced and a burn-induced
coagulopathy. Due to the loss of a skin barrier and hence high
level of exposure as well as therapy-related risk factors such as
the frequent use of indwelling catheters, a possible source of
infection is present in most patients. Furthermore, there is a
strong probability for burn patients to present with > 2 SIRS
criteria due to the mechanism of injury and following shock,
hence making the presence of a sepsis in this cohort highly
likely. A high degree of suspicion and early treatment with
antibiotics is indicated.

Our study has several limitations, most of which were the
result of its retrospective design, with incomplete data being
the most impending. Data, especially on anticoagulation
practice, are lacking for patients admitted between the early
2000 s and 2010. Furthermore, the incidence of thromboem-
bolic events in a retrospective study may be underestimated
because methods such as universal screening, which may
also have contributed to the statistical analysis of throm-
boembolic event-related risk factors, were not included.
Nevertheless, this study provides new insights into specific
risk factors for thromboembolic events formation.

5. Conclusions

Based on a cohort of 642 patients with burns who were treated
during the last 18 years, we assessed the associations between
risk factors and the risk of thromboembolic events. Thus, pa-
tients with a higher TBSA, previous alcohol abuse, and higher
BMI should be monitored more closely with regard to labora-
tory parameters and evaluated more regularly for throm-
boembolic events, for example using ultrasound screening. In
general, we propose strict aFXa level surveillance at least once
a day in all patients with thermal injuries, with appropriate
therapeutic adjustments to minimise the risk of thromboem-
bolic events and hence reduce morbidity and mortality in this
patient cohort due to thromboembolic complications.
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