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Abstract
Background

Systemic infections are one of several risk factors leading to the development of in�ammation and
venous thromboembolism (VTE) formation.

Aim of the study

To assess the risk factors associated with the development of VTE during the stay of critically ill patients
in the intensive care unit (ICU).

Materials and methods

This is a matched case-control study of patients with VTE admitted to the ICU, at a single centre, from
January 1 2018 to December 31 2019. We included all adult patients who stayed more than two days
before the development of VTE. Conditional logistic regression was used to estimate the odds ratio (OR)
for the risk factors for VTE.

Results

Univariate and multivariate analyses uncovered three of six factors to have signi�cant in�uence in the
development of VTE in ICU patients: Carbapenem-resistant Enterobactereaceae (CRE) infections (OR 2.95,
95% con�dence interval (CI) 1.21–7.33, p = .010), length of ICU stay (OR 1.02, 95% CI 1.01–1.04, p = .011)
and the sequential organ failure assessment (SOFA) score (OR 1.10, 95% CI 1.01–1.20, p = .031); all were
found to be independent risk factors in the development of VTE.

Conclusion

Our �ndings suggest that in patients admitted to the ICU, CRE infection is a strong trigger to the
development of VTE, and draw the attention of the treating clinicians to prioritise these infections in the
management protocols to control infection-driven VTE in ICU patients.

Introduction
Venous thromboembolism (VTE), also known as deep vein thrombosis, (DVT) is a condition in which a
blood clot forms most often in the deep veins of the leg, groin or arm and travels in the venous
circulation, lodging in the lungs (known as pulmonary embolism, PE). It is a serious condition that is
usually associated with high rates of morbidity, mortality and cost [1]. Three prothrombotic factors are
recognized to contribute to underlie the development of VTE, the Virchow’s triad: venous stasis,
endothelial damage, and a hypercoagulable state [2]. VTE, in general, has long been considered a disease
that affects predominantly European populations, a misconception resulting from the paucity of
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epidemiological data from non-European countries [3]. It is now evident that VTE is prevalent across a
number of different racial groups [4].

This issue has become of interest in view of the observation that ethnicity and or race need to be
considered not only when resorting to thromboprophylaxis but also when assessing the known risk
factors for VTE [5]. In special patient groups, such as critically-ill patients, the risk of VTE is increased
substantially particularly in those patients who are admitted to the intensive care units (ICUs) [6, 7].
Although ICU patients share similar general risk factors for VTE with other hospital patients:
immobilization, age, obesity, sepsis, pregnancy, past personal or familial history of VTE, they have
additional risk factors associated with ICU admission including among others, infection, mechanical
ventilation, (by decreasing venous return) and prolonged stay in the ICU [8, 9]. Acute systemic or localized
infections increase the risk of thrombosis up-to 20 times and are independent risk factors for VTE [10,
11]. Furthermore, the risk of infection associated with thrombosis is highest when the infection is active,
or in the weeks shortly afterwards. In addition, immobilisation brings with it venous stasis, one of the
three basic prothrombotic mechanisms of the Virchow’s triad [12, 13]. In this respect prophylactic doses
of anticoagulants, whether unfractionated heparin (UFH) or low-molecular-weight-heparin (LMWH) were
repeatedly shown to lower the risk of hospital-related life threatening VTEs [14–16]. Again, the available
data on the effectiveness of thromboprophylaxis in critically-ill patients has emerged largely from
European populations [17, 18]. In view of the scarcity of information on both VTE as well as
thrombophylaxis in Middle Eastern populations, further research is certainly needed to characterize all
aspects of VTE particularly the risk factors associated with it. The current study was undertaken to
identify the risk factors of VTE among ICU patients receiving prophylactic anticoagulants.

Materials And Methods
This retrospective single-centre observational study was performed between January 1st 2018 and
December 31st 2019. All the patients who were included in the study were admitted to the ICUs of the
King Abdulaziz Medical City (KAMC), Riyadh, Saudi Arabia and the patients’ data were obtained from the
BestCare® database, KAMC system. The collected data included the following demographic and clinical
parameters: Age, sex, body mass index (BMI), comorbid diseases (history of cancer, hypertension,
diabetes mellites, pulmonary diseases, cardiovascular diseases, liver diseases and chronic kidney
diseases, as well as the severity of the disease classi�cation which was calculated using the Acute
Physiology and Chronic Health Evaluation II (APACHE II) score, ranging from 0 to 71[19]. The sequential
Organ Failure Assessment (SOFA) score, which represents the severity of the disorder in any of the 6 vital
organs of the body systems: respiratory, coagulation, cardiovascular and circulatory, liver, central nervous
system and renal, and was scored on a 0–4 scale [20]. Additionally, the Nutrition Risk In The Critically ill
(NUTRIC) score was used to identify patients who will bene�t from aggressive nutrition [21]. The
following baseline laboratory data were obtained: platelet count, serum creatinine and haemoglobin.
Additionally, the following outcome data were also recorded: ICU length of stay (LOS), number of patients
using mechanical ventilation, bleeding events, infection acquisition during the ICU stay and death. The
patient inclusion criteria were: age equal to or greater than 18 years; the ICU stay for more than 2 days,
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patient on VTE prophylaxis (guideline-recommended thrombophylaxis) using either subcutaneous low
molecular weight heparin or unfractionated heparin. The exclusion criteria were: patients admitted to ICU
due to VTE or VTE diagnosed within 24 hours of ICU admission; patients receiving therapeutic doses of
heparin or on oral anticoagulants during ICU stay; patients who died or discharged within 48 hours after
ICU admission. All patients who ful�lled our inclusion criteria during the study period were considered
VTE study cases. The controls were patients without VTE events who were randomly selected in a ratio of
1:1 patient to controls and were matched for age (± 2 years), sex, and the same ICU and period of
admission. The Institutional Review Board (IRB) approval was obtained from the King Abdullah
International Medical Research Centre (KAIMRC) and informed consent was waived.

Statistical analysis
The analysis of data was performed using the Statistical Package for the Social Sciences (SPSS)
software (USA, version 26). All p-values were two sided and a value < .05 was considered statistically
signi�cant. The Pearson’s chi square test was used to compare the categorical variables. Normally
distributed continuous variables were analysed using the independent t-test and the Mann-Whitney U test
was used to compare median of non-normal distribution continuous variables and the diseases severity
scores (APACHE II, SOFA and NUTRIC). Binary logistic regression was also used in the analysis. The
univariate and multivariate analyses were employed to identify the risk factors for the development of
VTE.

Results
234 patients were identi�ed with VTE admitted to the ICUs at KAMC in the period between January 1st
2018 and December 31st 2019. 77 patients were excluded as they met one or more exclusion criteria and
157 patients were included in the �nal analysis (Fig. 1). The Baseline characteristics of these patients are
presented in Table 1. Overall, 51% of the patients are women and their mean for all patients was 60.8 ± 
17 years (range from 24 to 88 years) and the average BMI was 33.9 ± 5.2 kg/m2. There was no statistical
difference between VTE cases and control group in age, sex, BMI, comorbidities, use of antiplatelets or
the anticoagulant prophylaxis received.
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Table 1
Demographic characteristics of patients

Variables VTE

n = 157

Control

n = 157

P value

Age, year (± SD) 61.9 (± 16) 60.1 (± 19) .355

Sex, (%)

Female

Male

84 (53.5)

73 (46.5)

77 (49.0)

80 (51.0)

.249

Obesity, BMI > 30 (%) 66 (42.0) 58 (36.9) .210

Comorbidities      

Diabetes mellitus (%) 98 (62.4) 89 (56.7) .301

Hypertension (%) 92 (58.6) 80 (51.0) .174

Hyperlipidaemia (%) 40 (25.5) 30 (19.1) .175

Cardiovascular diseases (%) 22 (14.0) 17 (10.8) .392

Pulmonary diseases (%) 18 (11.5) 21 (13.4) .608

Chronic kidney diseases (%) 26 (16.6) 21 (13.4) .429

Liver diseases (%) 14 (8.9) 17 (10.8) .570

Oncology diseases (%) 28 (17.8) 19 (12.1) .155

Prophylactic anticoagulants (%)     .734

Unfractionated heparin 70 (44.6) 73 (46.5)  

Low-molecular-weight-heparin 87 (55.4) 84 (53.5)  

Antiplatelets (%) 41(26.1) 47 (29.9) .450

Laboratory      

Albumin, mean (± SD) 26.4 ± 8.3 27.9 ± 8.1 .095

Serum creatinine, mean (± SD) 79.7 ± 58 73.1 ± 46 .254

WBC, mean (± SD) 14.1 ± 6.8 12.9 ± 7.3 .050

Platelet count, mean (± SD) 222 ± 133 211 ± 138 .456

Hemoglobin, mean (± SD) 110 ± 24 112 ± 27 .355

BMI, body mass index; SD, Standard deviation; VTE, venous thromboembolism.
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There were signi�cant differences between VTE patients and the control group in the APACHE II, SOFA
and NUTRIC scores; the medians and interquartile ranges were 22 (16–26) vs 18 (12–24, p = .001), 9 (6–
11) vs 7 (4–9, p < .0001) and 5 (4–7) vs 4 (3–6, p = .004), respectively (Table 2). Signi�cantly larger
number of VTE patients were on mechanical ventilation compared to controls (79.9% vs 64.3%, p = .003).
Patients with VTE stayed longer days in ICU than patients in the control group (25.1 ± 23.8 vs 17.1 ± 11.7
days, p < .0001). Signi�cantly higher proportion of VTE patients acquired CRE infections during their stay
in the ICU and before the development of VTE (21.7% vs 9.6%, p = .003). A total of 16 patients (5.7% vs
4.4%, p = .608) had minor bleeding, but no major bleeding episodes were recorded. The mortality rate was
higher in VTE patients compared to control group, 25.5% vs 8.3%, p < .0001 (Table 2).

Table 2
Assessment of disease severity, VTE risk factors and mortality

Variables VTE

n = 157

Control

n = 157

P value

Assessment of disease severity      

APACHE II score, median (IQR) 22 (16–26) 18 (12–24) .001

SOFA score, median(IQR) 9 (6–11) 7 (4–9) < .0001

NUTRIC score, median (IQR) 5 (4–7) 4 (3–6) .004

Risk factors      

Mechanical ventilation (%) 125 (79.6) 101 (64.3) .003

CRE infection (%) 34 (21.7) 15 (9.6) .003

ICU length of stay, days (± SD) 25.1 (± 23.8) 17.1 (± 11.7) < .0001

Mortality (%) 40 (25.5) 13 (8.3) < .0001

APACHE II, acute physiology and chronic health evaluation II; CRE, carbapenem resistant
Enterobacteriaceae; IQR, interquartile range; ICU, intensive care; NUTRIC, nutrition risk in the critically
ill; SOFA, sequential Organ Failure Assessment; SD, standard deviation; VTE, venous
thromboembolism.

The results of the univariate and multivariate analyses are presented in Table 3. Three of six risk factors
were found to have a signi�cant in�uence in the development of VTE in ICU patients. CRE infections
[odds ratio (OR) 2.95, 95% con�dence interval (CI) 1.21–7.33, p = .010], ICU length of stay (OR 1.02, 95%
CI 1.01–1.04, p = .011) and SOFA score (OR 1.10, 95% CI 1.01–1.20, p = .031) were independent risk
factors in the development of VTE.
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Table 3
Univariate and multivariate logistic regression analysis of the risk factors for VTE

  Univariate Multivariate

Variables Odd ratio 95% CI P value Odd ratio 95% CI P value

CRE infection 3.16 1.94–6.83 .003 2.95 1.21–7.33 .010

ICU length of stay 1.03 1.01–1.04 .001 1.02 1.01–1.04 .011

Mechanical Ventilation 2.17 1.30–3.60 .003 1.58 0.91–2.77 .106

APACHE II score 1.04 1.01–1.07 .006 1.01 0.98–1.10 .506

SOFA score 1.14 1.07–1.22 < .0001 1.10 1.01–1.20 .031

NUTRIC score 1.17 1.05–1.31 .004 1.02 0.87–1.19 .834

APACHE II, acute physiology and chronic health evaluation II; CRE, carbapenem resistant
Enterobacteriaceae; IQR, interquartile range; ICU, intensive care; NUTRIC, nutrition risk in the critically
ill; SOFA, sequential organ failure assessment; VTE, venous thromboembolism.

Discussion
Over the last few decades, evidence has been mounting that VTE is as prevalent in non-Europeans as in
Europeans; however, little is known about VTE in former populations [22]; this includes the risk factors
associated with the development of VTE.

The present study is a retrospective study carried out in ICU patients with VTE, receiving guideline-
anticoagulant thromboprophylaxis; VTE is known to be a very frequent complication in critically ill
patients and quite often with negative impact on patients’ outcome [10, 18, 23–25]. These earlier studies
agree that the use of anticoagulant thromboprophylaxis is associated with a signi�cant reduction in the
risk of VTE in these critically-ill patients. In the current study we aimed to identify the risk factors for VTE
among ICU Saudi patients receiving prophylactic anticoagulants. It is already well established that ICU
patients, other than the general risk factors associated with the development of VTE, such as age, obesity,
sepsis, immobilization, malignancy, history of thrombotic disease, have their own risk factors, some of
which may compound the general risk factors for VTE and these include, sepsis, immobilization (resulting
from sedation), mechanical ventilation, cardio-respiratory failure and end stage renal failure [8, 9, 26–28].

There are wide disagreements among previous reports on the independent risk factors for VTE. The
univariate and multivariate analysis of our data have shown that infection, longer stay in the ICU and
mechanical ventilation were the most signi�cant independent risk factors for VTE. Zhang et al [6] found
that the use central venous catheter (P = .002, OR = 4.50), Caprini score (P = .012, OR = 1.20), and ICU
length of stay (P = .006, OR = 1.08) were independent risk factors related to the development of VTE in
patients admitted to the ICU. On the other hand, Kaplan et al [29] in their study of ICU patients with severe
sepsis and septic shock identi�ed the increased length of ICU stay as the only risk factor signi�cantly
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associated with development of VTE. Shorr and Williams [30] in their earlier larger randomized controlled
trial in critically ill patients with sepsis found that history of VTE was the only risk factor independently
associated with the development of VTE (odds ratio, 3.66, 95% con�dence interval 1.77–7.56, p = 0.005).
Hong et al [31] in their survey among critically ill patients with DVT of the lower extremity identi�ed age,
gender and BMI as signi�cant risk factors for deep vein thrombosis development (p < .05); ten of their
patients (11%) developed deep vein thrombosis during their stay in the intensive care units.

These wide disagreements on the independent risk factors signi�cantly associated with the development
of VTE is not un-expected as different studies vary widely in the inclusion criteria of their critically ill
patients, their co-morbidities, the clinical setting and last not least the ethnicity of their patients.
Considerations should also take into account the disparity in the study design particularly sample size,
whether the study is prospective or retrospective. It is no wonder; therefore, there are wide disagreements
in the independent risk factors signi�cantly associated with the development of VTE. These
disagreements make it di�cult to make meaningful comparisons between the �ndings of different
published reports.

Nonetheless infection and/or sepsis seem to be the most frequent independent risk factor associated
with, the development of VTE in these published reports. In the current study, CRE infection was found to
be the most frequent trigger for the development of VTE and after unconditional multivariate adjustment,
it has also resulted in an increased the risk of VTE by almost 3-fold after unconditional multivariate
adjustment. Similarly, in the American Health and Retirement nationwide Study, aiming to identify the
most common trigger to the development of VTE in hospitalized elderly patients (n = 399) infection was
also shown to be the most common reason for hospitalization for venous thromboembolism and has
also increased the risk for the development of VTE by 2.9-fold [32].

The important question that needs to be addressed in this respect is about the link between infection and
the development of thrombosis. Recently emerging information on the pathophysiological mechanisms
of infection-driven thrombosis and VTE has come from in the recent account of Iba et al, [9] who have
proposed that microbial products trigger the production and release of in�ammatory mediators called
pathogen-associated molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs)
during sepsis. Both products activate the coagulation system and trigger the formation of a thrombus. It
was also suggested that the increased risk of PE, in particular, might be related to local in�ammation in
the infected area of the lung. This is compounded by the hypoxic lung environment leading to local
vasoconstriction and activation of coagulation [33]. There is also the possibility that severe infection and
the associated in�ammatory process including the release of pro-in�ammatory cytokines would result in
activation of the coagulation system and localized thrombotic complications [34].

The other independent risk factor that was signi�cantly associated with the development of VTE was the
SOFA score, which was originally developed to give objective quantisation of the degree of the severity of
the disease and organ failure of vital body systems including coagulation in patients with sepsis [20]. In
patients with sepsis-induced disseminated intravascular coagulation (DIC), Iba et al [35] found that SOFA
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is a useful score in predicting outcomes including mortality. Additionally, The SOFA score has the added
advantage of being relatively easy and is a routine component of patients admitted to ICU. In a recent
study on the sepsis-induced hemostatic changes, positive correlation was demonstrated between D-dimer
and SOFA score [36]. D-dimer is a �brin degradation product (FDP) and is a small protein fragment
resulting from the breakdown of a �brin clot (or thrombus). The D-dimer test is now routinely used in the
�rst-line assessment of patients suspected of suffering VTE [37].

One of the primary limitations of our study is its retrospective nature and limited sample size. A larger
sample size could have validated better the various risk factors for the development of VTE. In addition,
our study was conducted in a single centre and therefore the collected data are subject confounding that
may in�uence our outcomes. A multicentre study with a larger sample size may be necessary to eliminate
deviations in the results and to con�rm the current �ndings.

Conclusion
Our �ndings suggest that in patients admitted to the ICU, CRE infection is a strong trigger to the
development of VTE, and draw the attention of the treating clinicians to prioritise these infections in the
management protocols to control infection-driven VTE in ICU patients.
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Figure 1

Flow chart of the study population.


