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ABSTRACT
Purpose: The aim of this study is to investigate the prevention and treatment patterns of deep
vein thrombosis (DVT) in critically ill patients and to explore the risk factors for DVT in people
from Zhejiang Province, China.
Materials and methods: This study prospectively enrolled patients admitted in intensive care
units (ICUs) of 54 hospitals from 09/16/2019 to 01/16/2020. The risk of developing DVT and
subsequent prophylaxis was evaluated. The primary outcome was DVT occurrence during ICU
hospitalisation. Univariate and multivariate logistic regression were performed to determine the
risk factors for DVT.
Results: A total of 940 patients were included in the study. Among 847 patients who received
prophylaxis, 635 (75.0%) patients received physical prophylaxis and 199 (23.5%) patients
received drug prophylaxis. Fifty-eight (6.2%) patients were diagnosed with DVT after admission
to the ICU, and 36 patients were treated with anticoagulants (all patients received low molecular
weight heparin [LMWH]). D-dimer levels (OR ¼ 1.256, 95% CI: 1.132–1.990), basic prophylaxis
(OR ¼ 0.092, 95% CI: 0.016–0.536), and physical prophylaxis (OR ¼ 0.159, 95% CI: 0.038–0.674)
were independently associated with DVT in ICU patients. The short-term survival was similar
between DVT and non-DVT patients.
Conclusions: DVT prophylaxis is widely performed in ICU patients. Prophylaxis is an independ-
ent protective factor for DVT occurrence. The most common treatment of DVT patients is
LMWH, although it might increase the rate of bleeding.

KEY MESSAGES

� This is the only multicenter and prospective study of DVT in ICUs in China.
� D-dimer levels were independently associated with DVT in ICU patients.
� Prophylaxis was an independent protective factor for DVT occurrence in ICU.
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Introduction

Deep vein thrombosis (DVT) is caused by a blood clot
obstructing blood flow in the deep venous system,
most commonly occurring in the lower limbs [1]. It
can be provoked by factors, such as recent surgery or

trauma, hospitalisation with prolonged bed rest, or
the use of oral contraceptives [1]. An unprovoked DVT
may be idiopathic or inherited or from acquired
hypercoagulable states, such as cancer and pregnancy
[1]. The estimated annual worldwide incidence of
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venous thromboembolism (VTE) is 10 million [1–3].
DVT is observed in about 0.51% of hospitalised
patients [4], 0.8%–8% of patients with cancer [5–7],
0.8%–9.6% of patients with surgery [8–10], and
5%–31% of intensive care unit (ICU) patients [11,12],
and the incidence increases with age [1–3]. A study
based on a large healthcare database in China
revealed an annual incidence of DVT of 30.0 per
100,000 populations [13]. Pulmonary embolism, post-
thrombotic syndrome, phlegmasia cerulea dolens,
phlegmasia alba dolens, and paradoxical embolism
leading to cryptogenic embolic stroke are possible
complications of DVT [14–17]. In addition, DVT is asso-
ciated with an increased risk of mortality [18–20].

The risk factors for DVT include transient or persist-
ent factors that may additively or synergistically
increase thrombotic risk by causing vascular wall dam-
age or dysfunction, stasis, or blood hypercoagulability
(Virchow’s triad) [2,3]. Patients in the ICU carry mul-
tiple risk factors for DVT, including long-term immobil-
isation, sedative and analgesic use, deep vein
catheterisation, tracheotomy, surgery or invasive pro-
cedures, and possibly cancer, among others. All these
factors will increase the risk of DVT in a population of
patients already at high risk of morbidity and mortality
[21–23]. Therefore, the prevention of DVT is crucial for
ICU patients. Nevertheless, most studies about the epi-
demiology, prevention, and treatment of DVT in ICUs
are from Western countries, and data on developing
countries, such as China, are lacking. Among 80 ICU
patients over 9months at a hospital in Hong Kong,
the incidence of DVT in the ICU was 15 patients with
an incidence rate of 18.8% [24].

The prevention of VTE in hospitalised patients is a
clinical challenge because it requires balancing the
risk of developing DVT and DVT-related complications
and the risk of prophylaxis-related complications,
mainly bleeding. Presently, the recommendations for
critically ill patients indicate that pharmacological
prophylaxis (using unfractionated heparin [UFH] or
low molecular weight heparin [LMWH]) should be pre-
ferred over mechanical prophylaxis. However, if the
patient is bleeding or at high risk of bleeding, mech-
anical prophylaxis should be considered until bleeding
stops or bleeding risk decreases, then switching to
pharmacological prophylaxis should be consid-
ered [25,26].

Therefore, the objective of this multicenter study
was to investigate the prevention and treatment pat-
terns of DVT in critically ill patients and to explore the
risk factors for DVT. This study could provide evidence

for improving the management of DVT in critically
ill patients.

Patients and methods

Study design and patients

This study prospectively enrolled patients admitted in
the ICUs of 54 hospitals in Zhejiang Province, China
from September 16, 2019 to January 16, 2020. The
characteristics of the hospitals are presented in
Supplementary Table S1. All ICU patients >18 years of
age were included in this study. The exclusion criteria
were (1) patients diagnosed with DVT or pulmonary
embolism before admission to the ICU or (2) with an
expected ICU stay of <48 h.

This study involving human participants was in
accordance with the ethical standards of the institu-
tional and national research committee and the 1964
Helsinki Declaration and its later amendments or com-
parable ethical standards. The study was approved by
the ethics committee of all participating ICUs (2019-
24 K) and registered (ChiCTR1900024956). The written
informed consent was obtained from the legal repre-
sentative of patients.

DVT risk assessment

The DVT risk assessment scales used in this study
were the Caprini risk score scale [27], Padua risk score
scale [28], and Wells DVT risk assessment scale [29].
The first assessment was performed within 48 h of
admission and reassessment was performed when the
patients’ condition changed, or regularly. A change in
the condition was defined as (1) blood pressure < 90/
60mmHg or dropped by >30%, (2) PO2 <60mmHg,
or (3) requirement of an invasive operation or emer-
gency surgery. The frequency of routine reassessment
included once a month, once a week, twice a week,
and daily.

DVT prophylaxis

The specific preventive measures for VTE were con-
ducted by following the 2018 Chinese Thoracic
Society “Guidelines for the Diagnosis, Treatment, and
Prevention of Pulmonary Thromboembolism” and the
2020 “Chinese Expert Consensus on Mechanical
Prevention of Venous Thromboembolism.”

The basic prevention measures included rehabilita-
tion exercises for lower limbs and avoidance of dehy-
dration. The specific measures included controlling the
blood lipids and blood glucose, raising the affected
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limb, and early functional training. Drug prophylaxis
for patients at a high risk of VTE and a low risk of
haemorrhage included UFH, LMWH, fondaparinux, new
oral anticoagulants, and vitamin K antagonists. In
patients who received long-term drug prophylaxis, the
effectiveness of prevention of VTE and the potential
risk of bleeding were dynamically evaluated. Patients
at a high risk of VTE but with active haemorrhage or
at risk of haemorrhage were given physical preven-
tion, including intermittent pneumatic compression
(IPC), graduated compression stockings (GCS), and
venous foot pumps (VFPs). IPC was of two types:
knee-length and leg-length and was used by the
orders of the ICU doctors and the conditions of the
hospitals. It was used every day for more than 18 h,
during which the patient’s condition and the equip-
ment were evaluated. GCS included three types: knee-
length, leg-length, and continuous waist. The size of
the GCS was selected according to the smallest cir-
cumference of the patient’s ankle, the largest circum-
ference of the calf, and the circumference of the
central part of the groyne 5 cm down. GCS was gener-
ally worn by the patients for the whole day, and the
conditions of these patients and the GCS were eval-
uated daily during hospitalisation. The timing and fre-
quency of VFPs were the same as for IPC.

DVT diagnosis and treatment

The diagnostic methods and criteria of DVT were
according to the 2017 “Guidelines for the Diagnosis
and Treatment of Deep Vein Thrombosis (Third
Edition)” by the Chinese Society of Vascular Surgery of
the Chinese Medical Association.

The treatment of DVT was conducted according to
the 2017 “Guidelines for the Diagnosis and Treatment
of Deep Vein Thrombosis (Third Edition)” by the
Chinese Society of Vascular Surgery of the Chinese
Medical Association and the 2018 Chinese Thoracic
Society “Guidelines for the Diagnosis, Treatment, and
Prevention of Pulmonary Thromboembolism.” The
patients were treated with one drug among UFH,
LMWH, and vitamin K antagonists. Moreover, the ther-
apy was changed according to the condition of the
patient. The initial dose of UFH was 80–100U/kg/h
intravenously, and then 10–20U/kg/h intravenously.
Afterward, it was adjusted according to the activated
partial thromboplastin activity every 4–6 h to extend it
to 1.5–2.5 times the normal control value. LMWH was
administered according to the bodyweight at a dose
of 100U/kg once every 12 h, subcutaneously. The ini-
tial dose of vitamin K antagonists, such as warfarin,

was 3.0–5.0mg/d, starting with 2.5–3.0mg for patients
>75 years old and at high haemorrhage risk.
Thrombolysis therapy included streptokinase, urokin-
ase, and recombinant human tissue plasminogen acti-
vator (rt-PA), each used alone. The loading dose of
streptokinase was 250,000U intravenously for 30min,
followed by a maintenance intravenous infusion of
100,000U/h for 12–24 h. The loading dose of urokinase
was 4400U/kg intravenously for 10min, followed by
2200U/kg/h continuous intravenous drip for 12 h. The
dose of rt-PA was 50mg, infused continuously for 2 h.

Data collection and follow-up

The baseline characteristics of the patients were col-
lected, including age, sex, height, weight, vital signs,
vasoactive drug use, deep vein indwelling, APACHE II
score, laboratory tests, and vascular ultrasound
Doppler examination results. The laboratory tests were
performed within 24 h of admission. Patients were fol-
lowed up during the hospital stay. The primary out-
come was DVT occurrence during ICU hospitalisation.
The secondary outcomes were the 28- and 60-day sur-
vival rates, time of ICU stay, total hospital stay, pul-
monary embolism, haemorrhage events, and
coagulopathy within 60 days.

Sample size

The incidence of DVT in ICU in China is 11.9% [30].
Using a power of 80% and a significance level of .05,
and a 15% dropout rate, 792 patients would need to
be enrolled in the current study.

Statistical analysis

SPSS 26.0 (IBM, Armonk, NY, USA) was used for the
statistical analysis. The continuous data with a normal
distribution (according to the Kolmogorov–Smirnov
test) were presented as mean± standard deviation and
tested using Student’s t-test; otherwise, they were pre-
sented as median (range) and were analysed using the
Mann–Whitney U-test. The categorical variables were
presented as n (%) and analysed using the chi-square
test. Based on propensity score matching (PSM), a
logistic regression model was used to match the
enrolled patients from the DVT and the non-DVT
groups. Reasons for the admission of patients to ICU
and the admission department before ICU were used
as a matching variable to estimate the PS value of
each patient. Every patient in the DVT group was
matched to a patient in the non-DVT group with a PS
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difference not exceeding 0.03 (matching tolerance). If
there were multiple individuals within the matching
tolerance of 0.05, a random sampling method was
adopted to select one for matching. After balancing
the two basic characteristics, univariable logistic
regression was used to analyse the risk factors for
DVT. A multivariable logistic regression model was
used to determine the independent risk factors for
DVT events. The Cronbach’s alpha was used to assess
the scale for validity and Kaiser-Meyer-Olkin was used
to assess the scale for reliability. For all analyses, two-
sided P-values <.05 were considered statistic-
ally different.

Results

Characteristics of patients

A total of 1021 patients who met the inclusion criteria
and were admitted in 54 ICUs from September 16,
2019 to January 16, 2020, were first enrolled in the
study. Then, 65 patients were excluded based on the
exclusion criteria. During follow-up, 16 more patients
from five centres were excluded because these centres
withdrew from the study. Finally, 940 patients were
included in the analyses (Figure 1). The characteristics
of the patients are shown in Table 1.

DVT prophylaxis

Among the included patients, DVT prophylaxis was
not conducted in 93 patients. The remaining 847
patients were given different prophylactic measures
for thrombosis. Among them, 765 (90.3%) patients
received basic prophylactic methods for thrombosis
prevention. The physical methods for the prevention
of DVT were used in 635 (75.0%) patients, of which,
523 (82.4%) patients used IPC devices, 15 (2.4%) used
GCS devices, 60 (9.4%) used VFR, and the remaining
37 (5.8%) used multiple devices. Among the 847
patients, 199 (23.5%) patients were treated with drug
prophylaxis. Among them, 149 (74.9%) patients
received LMWH, 6 (3.0%) received UFH, 5 (2.5%)
received warfarin, 35 (17.6%) received antiplatelet
prophylaxis, and the remaining 4 (2.0%) took other
drugs for the prevention of DVT. The prevention pat-
terns of DVT are shown in Figure 2.

DVT treatment

In total, 58 patients were diagnosed with DVT after
entering the ICU. The thrombus was located in the
popliteal vein (n¼ 5), femoral vein (n¼ 8), internal
jugular vein (n¼ 2), posterior tibial vein (n¼ 2), lower
extremity intermuscular vein (n¼ 37), and mixed

Figure 1. Patient flowchart.
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location (n¼ 4). Once diagnosed with DVT, all patients
were treated immediately using general treatment,
including bed rest, and raising the affected limb.
Thirty-six patients received anticoagulant therapy, of
which 36 patients received LMWH, and 2 received
warfarin. The ultrasound examination of six patients
on the day of transfer indicated that the thrombus
was completely recanalized. In one patient, who
received only antiplatelet therapy and was transferred
out of the ICU, an ultrasound scanning indicated that
the thrombus had disappeared. Two patients were
treated with anticoagulants combined with antiplate-
let therapy, and their re-examination on the day of
transfer from the ICU revealed that the thrombus had
disappeared in one patient. Two patients underwent
interventional surgery. One patient was transferred to
a superior hospital to continue treatment.

Outcomes

Among 940 patients, 182 (19.4%) patients died: 78
cases of respiratory failure (78/182, 42.9%), 34 of septic
shock (34/182, 18.7%), 16 of heart failure (16/182,
8.8%), 18 of cerebrovascular disease (18/182, 9.9%), 10
of haemorrhagic shock (10/182, 5.5%), 6 of multiple
organ failure (6/182, 3.3%), 5 of cardiopulmonary
arrest (5/182, 2.7%), and 2 of hematological disease (2/
182, 1.1%).

The prognosis patterns are shown in Table 2. The
28- (87.9% vs. 82.8%, p¼ .307) and 60-day (82.8% vs.
80.5%, p¼ .673) survival rates, ICU stay (12 vs. 9 days,
p¼ .221), total hospital stay (24 vs. 17 days, p¼ .081),
pulmonary embolism (none), and coagulopathy (5.2%
vs. 4.4%, p> .999) were similar between the two
groups; however, haemorrhage events were higher in
the DVT group (37.9% vs. 6.7%, p< .001).

Univariable and multivariable analysis of the risk
factors for DVT

Before matching, the univariable analyses showed that
chronic lung disease (p¼ .016), admission to a general
ward before ICU (p¼ .005), admission to ICU due to
internal medicine disease (p< .001), admission to ICU
due to surgical medicine disease (p< .001), use of
sedative and analgesic drugs (p¼ .006), use of muscle
relaxants (p¼ .049), Caprini-high risk (p¼ .021), DVT
assessment when the condition changed (p< .001),
and physical prophylaxis (p< .001) were associated
with DVT (Table 3).

After matching, cerebrovascular disease (p¼ .039),
history of surgery (p¼ .013), admission to theTa
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operating room before ICU (p¼ .022), use of sedatives
and analgesics (p¼ .007), DVT assessment when the
condition changed (p¼ .001), and physical prophylaxis
(p< .001) were associated with DVT (Table 3).

Before matching, the multivariable analysis showed
that the D-dimer levels (OR ¼ 1.011, 95% CI:
1.004–1.019, p¼ .003), DVT assessment when the con-
dition changed (OR ¼ 0.88, 95% CI: 0.42–0.63,

Table 2. Comparison of outcomes between DVT and non-DVT patients.
Prognosis DVT group (n¼ 58) Non-DVT group (n¼ 882) P

28-day survival rate, n (%) 51 (87.9) 730 (82.8) .307
60-day survival rate, n (%) 48 (82.8) 710 (80.5) .673
ICU stay time, days, median (range) 12 (2–60) 9 (1–180) .221
Total length of stay, days, median (range) 24 (3–120) 17 (2–180) .081
Pulmonary embolism within 60 days 0 0 –
Haemorrhage event, n (%) 22 (37.9) 59 (6.7) <.001
Coagulation dysfunction, n (%) 3 (5.2) 39 (4.4) >.999

DVT: deep vein thrombosis; ICU: intensive care unit.

Figure 2. Prophylaxis of different deep vein thrombosis (DVT) risk levels.

Table 3. Univariable analysis of DVT.

Variables

Before matching After matching

OR 95% CI P OR 95% CI P

Chronic lung disease 1.176 1.042–1.173 .016 1.310 0.060–1.602 .162
Cerebrovascular disease 1.364 1.130–1.422 .055 1.284 1.086–1.941 .039
History of surgery 0.758 0.365–1.573 .457 1.324 1.133–1.788 .013
Admission to general ward before ICU 1.290 1.123–2.684 .005 0.841 0.264–2.673 .769
Admission to operating room before ICU 1.787 0.979–3.260 .059 3.302 1.187–9.180 .022
Admission to ICU due to internal medicine disease 1.374 1.216–1.647 <.001 1.752 0.358–1.578 .752
Admission to ICU due to surgical medicine disease 3.026 1.768–5.180 <.001 >0.999 0.481–2.079 >.999
Admission to ICU due to other reasons 1.360 1.360–1.366 .560 1.752 0.358–1.578 .752
Mechanical Ventilation 1.636 0.883–3.034 .118 2.065 0.929–4.596 .075
Sedative and analgesic drugs 2.444 1.300–4.598 .006 3.015 1.349–6.739 .007
Muscle relaxants 3.037 1.007–9.161 .049 1.735 0.041–5.641 >.999
APTT 1.002 0.991–1.014 .706 0.988 0.960–1.017 .422
INR 0.962 0.678–1.365 .827 0.901 0.503–1.612 .725
D–dimer 1.007 0.999–1.014 .081 1.998 1.132–1.990 .088
Caprini–high risk 1.966 1.110–3.482 .021 1.569 0.731–3.365 .248
DVT assessment within 24 h after admission 0.595 0.349–1.013 .056 0.611 0.292–1.280 .192
DVT assessment within 48 h after admission 0.871 0.337–2.254 .776 0.810 0.144–1.672 >.999
DVT assessment when condition changes 0.323 0.235–0.353 <.001 0.457 0.216–0.667 .001
Physiotherapy prophylaxis 0.822 0.370–0.819 .720 0.992 0.255–2.167 .558
Compression therapy 0.202 0.116–0.352 <.001 0.072 0.020–0.257 <.001

OR: odds ratio; CI: confidence interval; DVT: deep vein thrombosis; ICU: intensive care unit; APTT: activated partial thromboplastin time; INR: international
normalised ratio.
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p< .001), basic prophylaxis (OR ¼ 0.126, 95% CI:
0.058–0.277, p< .001), and physical prophylaxis (OR ¼
0.156, 95% CI: 0.069–0.354, p< .001) were independ-
ently associated with DVT in ICU patients (Table 4).

After matching, the multivariable analysis showed
that the D-dimer levels (OR ¼ 1.256, 95% CI:
1.132–1.990, p¼ .014), basic prophylaxis (OR ¼ 0.092,
95% CI: 0.016–0.536, p¼ .008), and physical prophy-
laxis (OR ¼ 0.159, 95% CI: 0.038–0.674, p¼ .013) were
independently associated with DVT in ICU patients
(Table 4).

Discussion

DVT can lead to pulmonary embolism, and ICU
patients are at high risk of DVT. The DVT prevention
rate is one of the indicators of ICU care quality.
However, currently, no specific assessment tool is
available for evaluating the risk of DVT in general ICU
patients. Moreover, domestic prevention of DVT lacks
attention. Therefore, the lack of evaluation of DVT risk
results in a low prevention rate. Furthermore, the epi-
demiology and the prevention and treatment patterns
of DVT are poorly known in China. Therefore, this
study aimed to investigate the prevention and treat-
ment patterns of DVT in ICU patients in multiple hos-
pitals of Zhejiang Province, China and to explore the
risk factors for DVT in the Chinese population. The
results revealed that the prevalence of DVT in ICU
patients was 6.2%. The 28- and 60-day survival rates,
ICU stay, total hospital stay, pulmonary embolism, and
coagulopathy were similar between the two groups,
but haemorrhage events were higher in the DVT
group. The D-dimer levels, basic prophylaxis, and phys-
ical prophylaxis were independently associated with
DVT in ICU patients.

Currently, Padua and Caprini risk scores are used as
risk assessment tools for DVT in surgical patients.
Therefore, it is necessary to understand the risk factors
for DVT in general ICU patients and evaluate the exist-
ing scoring criteria of Padua and Caprini risk scores in

such patients. the Caprini scale lacks some of the
high-risk factors seen in ICU patients, such as infection,
coma, and multiple organ dysfunction syndromes. In
addition, some laboratory indicators that need gene
testing that was included in the model are not routine
inspection items in the ICU, resulting in the phenom-
enon of “no evaluation” or “default negative” results in
their evaluation, which will affect the accuracy of the
evaluation and may consequently underestimate the
risk of ICU patients complicated with DVT. The Padua
index is a simple indicator that is more suitable for
medical patients and not for ICU patients. Currently,
no study has shown the effectiveness of the Padua
scale in evaluating DVT risk in ICU patients, and the
Padua score is also insufficient. This score has only
two tiers of risk stratification, which is not conducive
for the management of DVT in ICU patients. The Wells
DVT risk assessment form includes 10 items, including
tumour, braking, surgery, DVT-related symptoms, and
differential diagnosis. According to the total score,
patients are divided into low risk (�0 points), medium
risk (1–2 points), and high risk (�3 points). The Wells
Score is used primarily to diagnose DVT in outpatients,
and it is recommended to be combined with D-dimer.
However, the items contained in the scale mostly
reflect the existing symptoms and signs of DVT, and
most ICU patients lack specific clinical manifestations.
Whether the missed diagnosis rate of the Wells scale
will affect the early prevention of ICU patients is also
worth considering. In conclusion, due to the unique-
ness of the ICU patients’ conditions and their clinical
treatment, domestic and foreign guidelines only put
forward that all critically ill patients at a high risk of
DVT should receive prevention, but did not state any
DVT evaluation criteria; therefore, no applicable spe-
cific screening scale exist for evaluating DVT in
ICU patients.

In this study, the DVT prophylaxis rate was 90.1%.
The most common prophylaxis was physical (75.0%),
and 22.6% of patients received drug prophylaxis.
According to the guidelines of the American College

Table 4. Multivariable analysis of DVT.

Variables

Before matching After matching

OR 95% CI P OR 95% CI P

Cerebrovascular disease 1.304 1.074–1.247 .098 1.069 1.004–1.086 .057
History of surgery 1.966 0.387–2.408 .940 1.973 0.231–4.106 .973
Admission to operating room before ICU 1.048 0.492–2.234 .904 1.588 0.291–8.661 .593
Mechanical Ventilation 1.383 0.427–4.479 .588 1.828 0.337–9.914 .484
Sedative and analgesic drugs 3.202 0.991–10.343 .052 0.979 0.170–5.632 .981
D–dimer 1.011 1.004–1.019 .003 1.256 1.132–1.990 .014
DVT assessment when condition changes 0.878 0.424–0.632 <.001 0.636 0.159–2.544 .532
Physiotherapy prophylaxis 0.126 0.058–0.277 <.001 0.092 0.016–0.536 .008
Compression therapy 0.156 0.069–0.354 <.001 0.159 0.038–0.674 .013

OR: odds ratio; CI: confidence interval; DVT: deep vein thrombosis; ICU: intensive care unit.
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of Chest Physicians and the American Society of
Haematology, thromboprophylaxis should be per-
formed for patients in the ICU; physical prophylaxis is
preferred for patients at higher risk of bleeding, while
when the bleeding risk decreases, pharmacologic
prophylaxis should be undertaken [25,26,31]. UFH,
LMWH, and vitamin K antagonists are the most com-
mon drugs for prophylaxis. LMWH and UFH generally
have a similar efficacy [12,32–35]. When pharmaco-
logical prophylaxis could be inadequate, mechanical
prophylaxis, including the use of GCS and IPC devices,
can be given [12,31]. Recent meta-analyses showed
that mechanical prophylaxis is effective but there is a
risk of pressure injury [33,36,37]. Nevertheless, a study
in China showed that 25% of ICU medical staff never
heard of mechanical DVT prophylaxis [38]. In addition,
another review indicated that DVT prophylaxis is often
overlooked [39]. The results of these studies highlight
the need for training and education. In addition, the
selection of the optimal prophylactic measure remains
uncertain, especially in ICU patients with complex
health conditions [12,40]. Nevertheless, the present
study shows that both pharmacological and mechan-
ical DVT prophylaxis was independently associated
with lower ORs for DVT, indicating that they effectively
reduce the DVT risk. This result is consistent with the
findings of the study by Ejaz et al. [23] and guidelines
of the American College of Chest Physicians and the
American Society of Haematology [25,26,31].
Therefore, there is a need for proper training of the
medical staff on the appropriate use of prophylactic
measures to decrease the DVT risk. Nevertheless, in
this study, the exact timing and the applied time of
drugs or mechanical prophylaxis (i.e. mechanical
prophylaxis first and then drugs) were not
clearly stated.

Before matching, the variable of DVT assessment
when the patient’s condition changed was associated
with a lower DVT risk. Usually, a patient’s condition in
the ICU is a dynamic process. All changes in the
patient’s condition will change the various parameters
that contribute to DVT risk, and intervening according
to those changes should be conducive to effectively
managing the risk of DVT, as supported by recommen-
dations of the American Society of Haematology and
the study by Adriance and Murphy [25,41].
Nevertheless, such an assessment was no longer asso-
ciated with DVT after matching, which might be a
statistical aberration. Therefore, this finding will have
to be examined more closely in future research.

In the present study, only D-dimer levels were a risk
factor for DVT. Indeed, research suggests that the

measurement of D-dimer levels can be used to exclude
the risk of VTE [42]. D-Dimer is the first-line test for
screening patients at risk of DVT in emergency depart-
ments and ICUs. It is a fibrinolysis marker and has a
high negative predictive value, making it a cost-effect-
ive triage method for DVT risk assessment [43,44].
Nevertheless, the cut-off value of D-dimer levels for
the screening of DVT varies among patient popula-
tions (e.g. cancer patients, those in the second and
third trimesters of pregnancy, and the elderly) [43,45],
which might complicate its application in ICUs that
receive a wide variety of patients. Therefore, future
studies should examine D-dimer cut-off levels that
could be effectively used in ICU patients.

Other work factors for DVT have been identified in
the literature, but not in this study. In a neurologic
ICU, paralysis and pulmonary infection were the main
risk factors for DVT [46]. In a few studies, the Caprini
risk score was shown to be a good predictor of VTE
[27,47], but it was validated in general surgery
patients and might not be appropriate for ICU
patients, possibly explaining why it was not identified
as a risk factor in this study. Generally accepted risk
factors for DVT include cancer, surgery, age, immobil-
isation, obesity, history of VTE, sepsis, stroke, lung fail-
ure, heart failure, pregnancy, and trauma
[5–10,31,48–51]. However, these factors were not
observed to be associated with DVT in the present
study probably because this study included a general
ICU population with various conditions, diluting the
impact of risk factors specific to a given condition.
Considering the differences in patient care required in
ICUs, the physical prevention of DVT needs the joint
efforts of respiratory, nursing, and rehabilitation staff.

This study has several strengths. First, this study
analyzes data from China, providing valuable informa-
tion about the prevention, treatment, and risk factors
of DVT in China. Second, this is a multi-center study,
including a varied population from Zhejiang Province.
Finally, the study includes a large sample size, provid-
ing significant statistical power. This study also has
some limitations. As an observational study, the defin-
ite preventive effects of DVT prophylaxis could not be
determined, and randomised clinical trials are needed
to provide high-level evidence for further analysis.
Second, this study was conducted in the ICUs in
Zhejiang Province only; therefore, the geographical
scope of this study is not wide enough to allow gen-
eralisability to the entire country. Therefore, replicating
this study across a larger patient population would
ensure the broader applicability of the results. Third,
the VTE outcomes included the length of
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hospitalisation, leading to underestimating the VTE
risk in this patient population. This study observed
only patients with VTE admitted to the ICU and did
not evaluate them during follow-up visits after leaving
the ICU. In future studies, the development of ICU-spe-
cific DVT assessment tools or models using big data
analytics or artificial intelligence and the addition of
risk stratification management to refine prevention
and treatment methodologies should be considered.

Conclusions

In conclusion, DVT prophylaxis is widely performed in
ICU patients, except for those at high risk of bleeding.
Prophylaxis is an independent protective factor for
DVT occurrence. The most common treatment of DVT
patients is LMWH, although it might increase the rate
of bleeding. The short-term survival is similar between
DVT and non-DVT patients. Further multicenter, pro-
spective, non-randomised controlled studies are
needed to develop a standardised training of prophy-
laxis measures for DVT.
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