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The risk factors for deep venous thrombosis

in critically ill older adult patients: a subgroup
analysis of a prospective, multicenter,
observational study
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Abstract

Background: Older adult patients mainly suffer from multiple comorbidities and are at a higher risk of deep venous
thrombosis (DVT) during their stay in the intensive care unit (ICU) than younger adult patients. This study aimed to
analyze the risk factors for DVT in critically ill older adult patients.

Methods: This was a subgroup analysis of a prospective, multicenter, observational study of patients who were
admitted to the ICU of 54 hospitals in Zhejiang Province from September 2019 to January 2020 (ChiCTR1900024956).
Patients aged > 60years old on ICU admission were included. The primary outcome was DVT during the ICU stay. The
secondary outcomes were the 28- and 60-day survival rates, duration of stay in ICU, length of hospitalization, pulmo-
nary embolism, incidence of bleeding events, and 60-day coagulopathy.

Results: A total of 650 patients were finally included. DVT occurred in 44 (2.3%) patients. The multivariable logistic
regression analysis showed that age (>75 vs 60-74 years old, odds ratio (OR) =2.091, 95% confidence interval (Cl):
1.308-2.846, P=0.001), the use of analgesic/sedative/muscarinic drugs (OR=2.451, 95%Cl: 1.814-7.385, P=0.011),
D-dimer level (OR=1.937,95%Cl: 1.511-3.063, P=0.006), high Caprini risk score (OR=2.862, 95%Cl: 1.321-2.318,
P=0.039), basic prophylaxis (OR=0.111, 95%Cl: 0.029-0.430, P=0.001), and physical prophylaxis (OR=0.322, 95%Cl:
0.109-0.954, P=0.041) were independently associated with DVT. There were no significant differences in 28- and
60-day survival rates, duration of stay in ICU, total length of hospitalization, 60-day pulmonary embolism, and coagu-
lation dysfunction between the two groups, while the DVT group had a higher incidence of bleeding events (2.6% vs.
8.9%, P<0.001).

Conclusion: In critically ill older adult patients, basic prophylaxis and physical prophylaxis were found as independ-
ent protective factors for DVT. Age (>75years old), the use of analgesic/sedative/muscarinic drugs, D-dimer level, and
high Caprini risk score were noted as independent risk factors for DVT.
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Trial registration: Chinese Clinical Trial Registry (ChiCTR1900024956).URL: http://www.chictr.org.cn/listbycreater.
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Background

Deep venous thrombosis (DVT) is a type of venous
thrombosis involving the formation of a blood clot in a
deep vein, most commonly in the legs or pelvis [1-3].
Patients who develop DVT commonly have risk factors,
such as active cancer, trauma, major surgery, hospitali-
zation, immobilization, pregnancy, or oral contracep-
tive use. An unprovoked DVT can be idiopathic or result
from inherited or acquired hypercoagulable states, such
as cancer and pregnancy [1-3]. The number of adults
with venous thromboembolic events (such as DVT) in
the United States is projected to more than double by
2050, and it was reported that the annual prevalence of
venous thromboembolic events increased with age [1].
Patients hospitalized at intensive care units (ICUs) are at
an even higher risk of DVT, mainly due to their clinical
presentation and factors associated with an ICU admis-
sion, such as prolonged immobility, sedation, and neuro-
muscular blockade to facilitate ventilation. To date, few
studies focused on DVT in older adult patients, espe-
cially in critically ill older adult patients. Engbers et al.
found the annual incidence of venous thromboembolic
events (such as DVT) in older adult patients to be about
eight times higher than that in patients under 50years
old. Huang et al. reported the incidence of DVT sharply
increased among those older than 75years old. Some
studies demonstrated that the prevalence of DVT during
ICU stay was about 7.3% [4—6].

Reduced blood flow caused by prolonged periods of
inactivity, especially in older adult subjects, long hospi-
talizations due to illness, pregnancy, and long-distance
travel with limited movements, such as air travel, are
associated with increased risk of DVT. Similarly, individ-
uals with increased levels of clotting factors in the circu-
lation resulting from diseases, medications, or inherited
traits, have an increased risk of DVT. The risk of DVT
is associated with an elevation in the blood fibrinogen
level (hyperfibrinogenemia), as well as abnormal fibrin
clot structure and function. Compared with individu-
als with normal circulating fibrinogen levels, individuals
with higher fibrinogen levels (>4g/L) were 2-fold more
disposed to experience DVT, and this was significant
in older patients [1-3]. According to the above-men-
tioned risk factors, it can be inferred that the majority of
patients in the ICU are particularly vulnerable to DVT
because of immobility, critical conditions (e.g., trauma or

surgery), multiple invasive procedures, and inflammation
[7, 8]. It is noteworthy that a DVT event in vulnerable
patients with a history of trauma or surgery can lead to
poor outcomes [7-9].

Furthermore, older adult patients mainly suffer from
multiple comorbidities [10] that can directly or indirectly
increase the risk of DVT [1-3]. To date, although numer-
ous studies have explored the risk factors for DVT, few
studies have specifically concentrated on the risk fac-
tors for DVT in older adult patients. There is a need for
a better understanding of the risk factors for DVT in
older adult patients [11]. Length of stay in the ICU and
older age are two important risk factors for DVT [7, 8],
while further research needs to be conducted to clarify
the exact risk factors for DVT in critically ill older adult
patients. A recent study showed that the risk factors for
venous thromboembolism in critically ill older adult
patients were sex (male), bedridden for >72h, pneumo-
nia, history of DVT, diabetes, coronary heart disease,
glucocorticoids, PaO, level, mechanical ventilation, con-
tinuous renal replacement therapy (CRRT), prothrom-
bin time (PT), international normalized ratio (INR), and
D-dimer level [12], while it was a retrospective study with
a risk of bias. Therefore, prospective cohort studies are
necessary to identify the risk factors of DVT in critically
ill older adult patients.

Hence, the present study, based on prospectively
acquired data, aimed to analyze the risk factors for DVT
in critically ill older adult patients. The results could
assist clinicians in the better management of critically
ill older adult patients and provide a more personalized
therapeutic management.

Methods

Study design and patients

In the present post hoc subgroup analysis of a prospec-
tive, multicenter, observational study, patients who were
hospitalized in the ICU of 54 hospitals in Zhejiang Prov-
ince (China) from September 16, 2019, to January 16,
2020, were enrolled [13]. The approval of the study was
carried out by the Medical Ethics Committee of Zheji-
ang Hospital (2019-24K), and all patients or their fam-
ily members signed the written informed consent form
prior to enrollment. Registration of the study in the Chi-
nese Clinical Trial Registry (ChiCTR1900024956) was
performed, and it was followed in accordance with the
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tenets of the Declaration of Helsinki and the Good Clini-
cal Practice.

The inclusion criterion was set to include ICU patients
aged >60years old. The exclusion criteria were as follows:
1) Diagnosis of DVT or pulmonary embolism prior to
ICU admission, 2) Length of stay in ICU <48h, 3) Occur-
rence of death within 48 h after admission, or 4) Patients
with advanced cancer. The diagnosis of DVT was per-
formed according to the criteria presented by the Chi-
nese guidelines for the diagnosis and treatment of deep
vein thrombosis (3rd edition) [14].

Assessment of the risk of DVT

The risk of DVT was evaluated through the Wells DVT
risk assessment scale, Caprini risk score scale, and Padua
risk score scale. The first assessment was performed
within 24 or at 24-48h after admission, followed by reas-
sessment after changing patients’ conditions on a regu-
lar basis. A change in the condition was attributed to the
reduction of blood pressure to < 90/60 mmHg or a higher
than 30% reduction, PO, <60 mmHg, or the necessity of
undergoing invasive or emergency surgery. To routinely
perform reassessment, the frequencies of once a month,
once a week, twice a week, or daily were considered.

Prophylaxis of DVT

According to the outcomes of the risk assessment, the
patients were given basic, physical, or drug prophylaxis
for DVT. Using the 2018 edition of the “Guidelines for
the Diagnosis, Treatment, and Prevention of Pulmonary
Thromboembolism” [15] and the 2020 edition of the
“Chinese Expert Consensus on Mechanical Prevention of
Venous Thromboembolism’; an effort was made to carry
out prophylaxis [16]. Basic prophylaxis included blood
lipid and glucose control, raising the affected limb, and
early functional training. For patients who are at a high
risk of DVT and a low risk of hemorrhage, drug prophy-
laxis included unfractionated heparin (UFH), low-molec-
ular-weight heparin (LMWH), fondaparinux, new oral
anticoagulants, and vitamin K antagonists. For patients
who were at a high risk of DVT, while with dominancy
of active hemorrhage or risk of hemorrhage was obvious,
we attempted to use physical prophylaxis, such as inter-
mittent pneumatic compression (IPC, >18h/day), gradu-
ated compression stockings (GCS, worn in the whole
day), and venous foot pumps (VEPs, > 18 h/day).

Diagnosis and treatment of DVT

We, in the present study, diagnosed and treated DVT on
the basis of the 2017 “Guidelines for the Diagnosis and
Treatment of Deep Vein Thrombosis (Third Edition)” pre-
sented by the Chinese Society of Vascular Surgery of the
Chinese Medical Association [14] and the 2018 Chinese
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Thoracic Society “Guidelines for the Diagnosis, Treat-
ment, and Prevention of Pulmonary Thromboembolism”
[15]. One of the UFH, LMWH, and vitamin K antagonists
(e.g., warfarin) was used to treat patients. According to
a patient’s clinical conditions, the therapy was changed.
The initial dose of UFH was 80-100U/kg intravenously,
followed by 10-20U/kg/h intravenously. On the basis of
the activated partial thromboplastin time (APTT), the
mentioned dose was adjusted every 4-6h, leading to the
extension of APTT to 1.5-2.5 times the normal control
value. The dose of LMWH was subcutaneously set to
100U/kg once every 12h. For patients aged >75years old
and were at a high hemorrhage risk, the initial dose of
warfarin was 3.0-5.0mg/d or 2.5-3.0mg. Besides, strep-
tokinase, urokinase, and recombinant human tissue plas-
minogen activator (rt-PA) were utilized as thrombolysis
therapy, and each one was separately used. For strepto-
kinase, the loading dose was 250,000 U intravenously for
30min, followed by a maintenance intravenous infusion
of 100,000U/h for 12-24h. For urokinase, the loading
dose was 4400 U/kg intravenously for 10 min, followed by
2200 U/kg/h with a continuous intravenous drip for 12h.
For rt-PA, the dose was 50 mg, and infusion was continu-
ously performed for 2h.

Data collection and follow-up

The patient’s baseline characteristics were collected,
including age, sex, height, weight, vital signs, vasoactive
drug use, deep vein catheterization, Acute Physiology
and Chronic Health Evaluation II (APACHE II) scores,
laboratory tests, and vascular Doppler examinations.
All laboratory examinations were performed within 24h
after admission. The follow-up of patients was performed
only during their hospitalization. The bleeding events
recorded were after DVT was diagnosed. For all risk
scores (e.g., APACHE II, Caprini, and Padua), the worst
value was used for analysis.

Outcomes

In the current study, DVT occurrence was considered the
primary outcome during patients’ stay in ICU. Addition-
ally, 28- and 60-day survival rates, length of stay in ICU,
the total length of hospitalization, pulmonary embo-
lism, incidence of hemorrhage events, and coagulopathy
within 60days were defined as secondary outcomes. The
hemorrhage events included intracerebral hemorrhage
(ICH) and gastrointestinal hemorrhage. ICH was proven
by CT in the hospital regardless of whether the condi-
tion of the patient changed. Gastrointestinal hemorrhage
included hematemesis and hematochezia. The diagnosis
of coagulopathy was based on activated partial thrombo-
plastin time (APTT), prothrombin time (PT), thrombin
time (TT), international normalized ratio (INR), platelet
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Excluded for the research center exit

Patients admitted to ICU
Enroliment (n=731)
N
Eligible ICU patients
Follow-Up (n=715)

the project (n=16)

Excluded (n=65)
Diagnosed with DVT or PE before

Recruited (n=650)

Analysis

admitted to the ICU (n=21)
Anticipated ICU LOS<48h (n=44)

DVT group Non-DVT
(n=47) (n=603)

Fig. 1 Study flowchart. ICU: intensive care unit; DVT: deep venous thrombosis; LOS: length of stay

count, fibrinogen levels, disseminated intravascular coag-
ulation (DIC) score of 1-4 (non-overt DIC) or>5 (overt
DIC), or abnormalities in clotting amplitude and clot
lysis in whole blood visco-elastic tests. The clinical mani-
festations often include different degrees of bleeding or
coagulation.

Statistical analysis

This study had a case-control design. The Shapiro-Wilk
test was used to determine whether the continuous vari-
ables followed the normal distribution. The normally
distributed continuous variables were presented as
mean +standard deviation, and their comparison was
made using Student’s t-test; the abnormally distributed
continuous variables were presented as median (range),
and their comparison was made by the Mann-Whitney
U-test. The expression of categorical variables was in the
form of n (%), and the chi-square test or Fisher’s exact test
was used for comparisons. The influences of confounders
were minimized using propensity score matching (PSM).
The matching of the DVT and non-DVT groups was con-
ducted at a ratio of 1:4 (random sampling method; clamp
value of 0.1) according to the patient source (i.e., specific
department before ICU admission) and reason for ICU
admission. Factors influencing the DVT were analyzed
by the logistic regression analysis. The variables with
P-values <0.05 in the univariable analyses were included
in the multivariable logistic regression analysis. Odds
ratio (ORs) >1 indicated that the factor was associated
with the presence of DVT, while ORs <1 indicated that
the factor was associated with the absence of DVT. The
level of statistical significance was set to P<0.05. Using

SPSS 26.0 software (IBM, Armonk, NY, USA), the statis-
tical analysis was carried out.

Results

Characteristics of the patients

Figure 1 shows the study flowchart. A total of 731
patients aged >60years were admitted to ICU dur-
ing the study period, of whom 21 cases were diagnosed
with DVT or pulmonary embolism prior to ICU admis-
sion, 44 were expected to be admitted to ICU for <48h,
and 16 cases withdrew their consent, resulting in the
inclusion of 650 patients in the present analysis. DVT
occurred in 47 (7.2%) patients during their stay in ICU.
After PSM, there were statistically significant differences
in age, APTT, D-dimer levels, the incidence of chronic
obstructive pulmonary disease (COPD), the incidence of
cerebrovascular disease (CVD), history of surgical pro-
cedures, use of analgesic/sedative/muscarinic drugs (all
P<0.05, Table 1).

After PSM, compared with the non-DVT group, the
DVT group showed a lower frequency of assessment
within 24 h (44.7% vs. 65.1%, P=0.011), higher frequency
of assessment at 24-48 h after admission (46.8% vs. 31.3%,
P=0.049), a higher frequency of DVT assessment when
condition changed (38.3% vs. 3.0%, P<0.001), lower
use of basic prophylaxis (55.3% vs. 93.5%, P<0.001),
and lower use of physical prophylaxis (40.4% vs. 85.2%,
P<0.001) (Table 2).

Factors influencing DVT

The multivariable regression analysis showed that age
(=75 vs. 60-74years old, odds ratio (OR)=2.091, 95%
confidence interval (CI): 1.308-2.846, P=0.001), the use of
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Table 2 DVT risk assessment and prevention of the two groups before and after PSM
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Variables Total (n=650) Before PSM After PSM
DVT (n=47) Non-DVT(n=603) P DVT (n=47) Non-DVT(n=169) P
DVT risk assessment
Padua low risk 33 (5.1%) 1(2.2%) 32 (5.3%) 0.502 1(2.2%) 4(2.3%) >0.999
Padua high risk 169 (26%) 10 (21.3%) 159 (26.4%) 0443 10 (21.3%) 32 (18.9%) 0.720
Caprini very low and low risk 3 0 3 >0.999 -
Caprini moderate risk 49 (7.5%) 3(6.4%) 46 (7.6%) >0.999 3 (6.4%) 8(1.3%) 0.708
Caprini high risk 337 (51.8%) 32 (68.0%) 305 (50.6%) 0.021 32 (68.0%) 115 (68.0%) 0.096
Wells low-to-moderate risk 58 (8.9%) 1(2.1%) 57 (9.5%) 0.110 1(2.1%) 10 (5.9%) 0.463
Wells high risk 1(0.2%) 0 1(0.2%) >0.999 -
Frequency of DVT risk assessment
Within 24 h of admission 411 (63.2%) 21 (44.7%) 390 (64.7%) 0.006 21 (44.7%) 110 (65.1%) 0.011
24-48h of admission 201 (30.9%) 22 (46.8%) 179 (29.7%) 0064 22 (46.8%) 53 (31.3%) 0.049
When disease conditions change 33 (5.1%) 18 (38.3%) 15 (2.5%) <0.001 18(38.3%) 5 (3.0%) <0.001
Routinely 98 (15.1%) 8(17.0%) 90 (14.9%) 0699  8(17.0%) 31 (18.3%) 0.835
DVT prevention
Basic prophylaxis 562 (86.5%) 26 (55.3%) 536 (88.9%) <0.001 26(55.3%) 158 (93.5%) <0.001
Physical prophylaxis 469 (72.2%) 19 (40.4%) 450 (74.6%) <0.001 19 (40.4%) 144 (85.2%) <0.001
Pharmaceutical prophylaxis 169 (26.0%) 8 (17.0%) 161(26.7%) 0.145 8 (17.0%) 38 (22.5%) 0418
Low molecular weight heparin 126 (74.6%) 5(62.5%) 121 (75.2%) 0.631 5(62.5%) 30 (78.9%) 0.793
Unfractionated heparin 3(1.8%) 0 3(1.9%) 0.737 0 2 (5.3%) 0432
Warfarin 5 (3.0%) 1(12.5%) 4 (24.8%) 0.562 1(12.5%) 0 0.135
Factor Xa inhibitor 1 (0.6%) 1(12.5%) 0 0.012 1(12.5%) 0 0.012
Factor IIA inhibitor 1(0.6%) 0 1(0.6%) 0.847 0 1 (2.6%) 0.847
Antiplatelet 33 (19.5%) 1(12.5%) 32 (19.9%) 0.209 1(12.5%) 5(13.2%) 0.536

PSM Propensity score matching, DVT Deep venous thrombosis

analgesic/sedative/muscarinic drugs (OR=2.451, 95%Cl:
1.814-7.385, P=0.011), D-dimer level (OR=1.937,
95%CI: 1.511-3.063, P=0.006), high Caprini risk score
(OR=2.862, 95%ClI: 1.321-2.318, P=0.039), basic proph-
ylaxis (OR=0.111, 95%CI: 0.029-0.430, P=0.001), and
physical prophylaxis (OR=0.322, 95%CI: 0.109-0.954,

P=0.041) were independently associated with DVT

(Table 3).

Treatment of DVT and patients’ outcomes
In total, 30 patients were treated with anticoagulants (28
with LMWH and two with warfarin); the thrombus was

Table 3 Multivariable logistic regression analysis of factors influencing the occurrence of DVT

Variables Before PSM After PSM
OR 95% ClI P OR 95% ClI P

Age (>75 vs 60-74 years old) 1.705 1.034-2.618 <0.001 2.091 1.308-2.846 0.001
COPD 1.156 1.034-1.719 0017 1.209 0.938-1.615 0.209
Cerebrovascular diseases (including ischemic stroke) 1.534 0.964-1.735 0.296 1.390 0.810-1.631 0.076
Patients from the operating room 2.193 0.881-2.959 0.704 2.256 0.744-6.844 0.151
Admission due to surgical diseases 2.801 1.218-6.443 0.015 2518 0.882-5.774 0.219
Analgesic/sedative/muscle relaxant drugs 3.881 1.650-9.131 0.002 2451 1.814-7.385 0011
D-dimer 1.957 1.523-3.093 0.001 1.937 1.511-3.063 0.006
Caprini high risk 2930 1.416-2.081 0.060 2.862 1321-2.318 0.039
VTE assessment within 24 h of admission 0.593 0.284-1.235 0.163 0.765 0.325-1.800 0.540
Basic prophylaxis 0.264 0.117-0.597 0.001 0111 0.029-0.430 0.001
Physical prophylaxis 0.258 0.117-0.568 0.001 0.322 0.109-0.954 0.041

PSM Propensity score matching, COPD Chronic obstructive pulmonary disease, APTT Activated partial thromboplastin time, DVT Deep venous thrombosis
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resolved in six patients. One patient received antiplate-
let therapy and was followed up on the day of transfer
from the ICU. Two patients received anticoagulation +
antiplatelet therapy, of whom one was followed up on
the day of transfer from the ICU, and the thrombus was
resolved. Besides, two patients underwent interventional
procedures, while the thrombus was not still resolved. In
addition, 12 patients were followed up because they were
at a high risk of bleeding, and the follow-up at the time of
transfer from the ICU showed that the thrombus was still
present.

There were no significant differences in the 28-day sur-
vival rate, 60-day survival rate, length of stay in ICU, total
hospital stays, pulmonary embolism within 60days, and
coagulopathy between the two groups, while the DVT
group had a higher incidence of bleeding compared with
that in the non-DVT group (42.6% vs. 8.9%, P<0.001)
(Table 4).

Discussion
Older adult patients mainly suffer from multiple comor-
bidities that increase VTE risk during ICU stay, while a
limited number of studies have assessed the risk factors
of VTE for older adult ICU patients. Therefore, the pre-
sent study aimed to analyze the risk factors for DVT in
older adult ICU patients. This post hoc subgroup analysis
of a prospective, multicenter, observational study sug-
gested that in ICU patients, age (>75years old), basic
prophylaxis, and physical prophylaxis are independent
protective factors for DVT, while age, the use of analge-
sic/sedative/muscarinic drugs, D-dimer level, and high
Caprini risk score are independent risk factors for DVT.
Several previous studies and clinical trials of DVT
excluded older adult patients because these patients
mainly suffer from multiple comorbidities that are set as
exclusion criteria. At present, the number of older adult
patients in ICUs is noticeable. Besides the fact that age
itself is a risk factor for DVT, multiple comorbidities
mainly found in older adult patients make them a special

Table 4 Patients' outcomes
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population in which the classical factors for DVT might
not be applied. The prevalence of asymptomatic DVT
in patients aged >80years old might be as high as 33%
[8, 17, 18], highlighting the need for proper screening of
older adult patients to prevent DVT complications (e.g.,
pulmonary embolism or stroke). VTE is diagnosed in
about 4.5-7.3% of older adult ICU patients [19, 20], sug-
gesting a great number of older adult ICU patients who
were not diagnosed with VTE. In the present study, the
frequency of such patients was 2.3%.

Hypercoagulability, a member of Virchow’s triad, is
a condition in which the hemostatic balance is tilted
towards thrombus formation [1-3], and it is an impor-
tant factor for DVT [21]. In older adults, increased coag-
ulation factors are a major cause of hypercoagulability
[1-3]. In the present study, D-dimer level and age were
found to be associated with DVT risk. D-dimer is a well-
known marker of DVT [22]. It is detectable in patients
with DVT because of ongoing endogenous fibrinolysis
[23]. Age is an important factor associated with increased
coagulability [11].

Another member of Virchow’s triad is blood stasis
[1-3]. The use of analgesic, sedative, and muscarinic
drugs can increase the DVT risk because neuromuscu-
lar blockade may inevitably induce immobility, which
is a risk factor for DVT [24]. Although the use of such
drugs is often necessary to allow mechanical ventilation
and to prevent pain, their use may increase the risk of
VTE [1-3]. Thus, older adult patients who must receive
analgesic, sedative, or muscarinic drugs need to be
closely monitored for DVT. Additionally, since immo-
bility is a risk factor for DVT, such drugs also increase
the DVT risk in younger patients [24]. Whether the
influence of the use of such drugs on the older adult is
similar to or greater than on younger adults remains to
be elucidated.

The Caprini risk assessment is a validated and reli-
able tool for VTE [25], but it is not specific to older adult
patients. In addition, the use of prophylaxis decreases

Outcomes Before PSM After PSM

DVT group (n=47) Non-DVT (n=603) P DVT group (n=47) Non-DVT (n=169) P
28-day survival rate 41 (87.2%) 491 (81.4%) 0.320 42 (87.2%) 141 (83.4%) 0.318
60-day survival rate 38 (80.9%) 476 (78.9%) 0.756 38 (80.9%) 137 (81.2%) 0.765
ICU stay (days) 12.0 (5.0-26.0) 9.0 (5.0-17.0) 0400 12.0 (5.0-26.0) 10.0 (6.0-25.0) 0.360
Hospital stay (days) 27.0(12.0-43.0) 18.0 (10.0-30.0) 0.104 27.0(12.0-43.0) 20.0 (10.0-43.0) 0.886
Pulmonary embolism 0 (0%) 0 (0%) - 0 -
within 60 days
Bleeding events 20 (42.6%) 40 (6.6%) <0.001 20 (42.6%) 15 (8.9%) <0.001
Coagulation disorders 3 (6.4%) 29 (4.8%) 0.498 3 (6.4%) 9 (5.3%) 0.726

PSM Propensity score matching, DVT Deep venous thrombosis, ICU Intensive care unit
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the risk of VTE [26, 27]. Therefore, the association of
these factors with VTE risk is obvious. Moreover, drug
prophylaxis is well recognized to decrease VTE risk
[25, 27-29]; however, in the present study, drug preven-
tion was not associated with the decreased risk of VTE
in older adult patients. This difference between the gen-
eral ICU population and the older adult ICU population
could be because of the use of different drugs, various
conditions leading to ICU admission, comorbidities, and
different drugs used for older adult patients. The optimal
VTE prophylaxis in older adult patients might be dif-
ferent from the general population. Studies specifically
examining the efficacy of VTE drug prophylaxis in older
adults versus younger patients are necessary to refine the
prophylactic strategies against DVT in older adult ICU
patients.

Wang et al. showed that hypertension, cancer or sys-
temic cancer treatments, diabetes, coronary heart dis-
ease, heart failure, respiratory failure, acute myocardial
infarction, and ischemic stroke were associated with
the risk of VTE in older adult ICU patients [28]. Chen
et al. [12] indicated that gender (male), bedridden for
>72h, pneumonia, history of DVT, diabetes, coronary
heart disease, glucocorticoids, PaO,, mechanical venti-
lation, CRRT, hemoglobin level, PT, INR, and D-dimer
level were risk factors for VTE in critically ill older adult
patients. The discrepancies in risk factors among studies
might be due to the exact ICU population, local clinical
practice, variables being examined, and different defini-
tions used. A strength of the present study was the rel-
atively large sample size from 54 hospitals, covering a
large proportion of Zhejiang Province. The inclusion of
multiple hospitals might decrease the impact of the dif-
ferences on local practice. In addition, in China, the
application of the official guidelines for VTE manage-
ment is strongly emphasized, decreasing the likelihood of
significant differences in local practice among the hospi-
tals. Compared with patients without DVT, patients with
DVT have an increased risk of bleeding. The reason is
that patients with DVT may be high-risk patients or have
already developed DVT and are receiving anticoagulation
prophylaxis or treatment, resulting in an increased risk of
bleeding.

The results of a previous study by the authors [13]
showed that D-dimer levels, basic prophylaxis, and
physical prophylaxis were independently associated with
DVT in ICU patients. The subgroup analysis of middle-
aged and older adult patients in the present study showed
that age, the use of analgesic/sedative/muscarinic drugs,
D-dimer levels, and high Caprini risk score were inde-
pendently associated with DVT. Therefore, the results
suggest that 1) the older the patients, the more likely
DVT can occur, and DVT prevention and early screening
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should be strengthened. 2) If the D-dimer levels of older
adult patients with severe diseases were increased after
using analgesic/sedative/muscarinic drugs, early DVT
screening should be conducted to strengthen preven-
tion. 3) In the original study, it was found in all criti-
cally ill patients that basic prophylaxis (OR=0.092,
95%CI: 0.016-0.536, P=0.008) and physical prophylaxis
(OR=0.159, 95%CI: 0.038-0.674, P=0.013) were pro-
tective factors. In the present study, basic prophylaxis
(OR=0.111, 95%CI: 0.029-0.430, P=0.001) and physical
prophylaxis (OR=0.322, 95%CI: 0.109-0.954, p=0.041)
were also protective factors in older adults, but their
effect appeared smaller than in the general population
of ICU patients. These results might suggest that basic
prophylaxis and physical prophylaxis have smaller pre-
ventive effects on DVT in older adult patients, and they
might need to be strengthened or combined early with
anticoagulant therapy. Still, future studies should directly
compare the effect of DVT prophylaxis between adults
and older adults.

This study has some limitations. First, the follow-
up period was short (i.e., limited to the hospital stay),
and DVT events were examined only during hospitali-
zation. Second, as an observational study, the definite
effects of DVT prophylaxis could not be obtained, and
future randomized controlled trials are needed to ana-
lyze the efficacy and safety of prophylaxis. Third, only
analgesic/sedative/muscarinic drugs were analyzed.
Although several other drugs can influence the risk of
DVT, their diversity was too large and their individual
frequency too small to be included in the analyses. On
the other hand, analgesic/sedative/muscarinic drugs
are commonly used in the ICU. Fourth, this study was
conducted in Zhejiang Province, and the generalizabil-
ity of the results is unknown. Finally, as it was an obser-
vational study based on the routine practice of each
participating hospital, no unified method of risk assess-
ment was used. Different centers used different scales
and performed reassessments at different frequencies.

In conclusion, in critically ill older adult patients, age
(>75years old), basic prophylaxis, and physical prophy-
laxis were found as independent protective factors for
DVT. In contrast, age, use of analgesic, sedative, and
muscarinic drugs, D-dimer level, and high Caprini risk
score were noted as independent risk factors for DVT.
Additional studies are necessary to examine and com-
pare the specific risk factors for DVT between older
adults and younger patients in the ICU.
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