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ABSTRACT

Introduction: For ICU patients at high risk of bleeding or those already bleeding, it is recommended to use mechanical proph-
ylaxis methods such as intermittent pneumatic compression (IPC), graduated compression stockings (GCS), or a venous foot
pump (VEP).

Objective: This work aims to examine the implementation of mechanical prophylaxis measures for DVT in ICUs in Southwest
China and provide a foundation for improving their adoption and effectiveness.

Method: In this study, a questionnaire developed by the researchers, based on existing literature, was used as the data collection
tool. Following ethical approval, data were collected through self-administered questionnaires from 780 ICU nurses across 124
ICUs in Southwest China, between August and December 2022. Of these, 67.7% (84/124) were from Grade III hospitals, and
32.3% (40/124) were from Grade II hospitals. Additionally, 66.5% (519/780) of nurses had received training on DVT prophylaxis
knowledge, whereas 33.5% (261/780) had not. The data were analyzed using the Statistical Package for the Social Sciences (SPSS)
software, version 21.0, with descriptive statistics and Pearson chi-square tests applied for analysis.

Results: Statistically significant differences were observed among hospitals of different grades in several aspects, including
the professional management team, dynamic assessments, risk assessment records, bedside warning signs, and implement
sign-in communication for high-risk patients (p <0.05). Statistically significant differences were also found between nurses
who had received training on DVT prevention and those who had not, in terms of excluding related contraindications, con-
ducting monthly inspections and preventive maintenance, having a specially assigned person for management, and providing
clear precautions (p<0.05). All ICUs were equipped with at least one type of mechanical prophylaxis equipment, but the
proportion and duration of equipment use varied between hospitals. The top three factors hindering the implementation of
mechanical prophylaxis were insufficient equipment, inadequate human resources, and failure to reset equipment in a timely
manner after disuse.

Conclusion: Hospital grade, DVT prevention training, resource allocation for mechanical prophylaxis, and the implementa-
tion of prophylactic measures all influence the management of DVT mechanical prophylaxis in ICU patients. Moving forward,
personalized DVT mechanical prophylaxis strategies should be tailored to the specific characteristics and needs of hospitals at
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different levels, with a focus on strengthening the establishment of systems, enhancing nurse training, improving equipment
availability, and increasing equipment usage duration to improve the overall effectiveness of DVT prevention management.

1 | Introduction

Deep vein thrombosis (DVT), along with pulmonary embo-
lism (PE), are leading causes of venous thromboembolism
(VTE) [1]. ICU patients face a significantly higher risk of
DVT because of factors such as sedative use, prolonged im-
mobility, and trauma [1]. While the incidence of DVT in gen-
eral inpatients is around 0.51% [2], ICU patients experience
much higher rates, ranging from 5% to 31% [3, 4]. DVT not
only leads to prolonged hospitalization and increased med-
ical costs but can also be life threatening [5, 6]. Preventing
DVT is therefore crucial for ICU patient recovery. Currently,
DVT prevention methods include basic prophylaxis, drug pro-
phylaxis, and mechanical prophylaxis. Although drug pro-
phylaxis is effective, its anticoagulant properties increase the
risk of bleeding, limiting its use [7]. In contrast, mechanical
prophylaxis, including devices such as IPC, GCS, and VFP, is
recommended for high-risk bleeding patients and has proven
effective in reducing DVT incidence, bleeding risks, and med-
ical costs [8-11].

ICU nurses play a pivotal role in implementing DVT prevention
measures, particularly mechanical prophylaxis. Their knowl-
edge and skills are key to the effectiveness of mechanical pro-
phylaxis of DVT [12-14]. Nurses' current efforts in preventing
DVT mainly focus on risk assessment and monitoring, but there
is a need to enhance their knowledge about mechanical prophy-
laxis of DVT [15, 16]. A study revealed that a startling 25% of
ICU medical staff have never used or even heard of mechanical
thromboprophylaxis for DVT [17]. Furthermore, adequate hard-
ware facilities and effective management systems are essential
for successful implementation. Despite the importance of these
factors, limited research exists on the current status of mechan-
ical prophylaxis among ICU nurses. This cross-sectional study
in Southwest China aims to assess the management systems,
practices, and existing facilities for DVT prevention in ICUs,
providing insights to improve the implementation of mechanical
prophylaxis among ICU nurses.

2 | Materials and Methods
2.1 | Research Object

In this study, ICU nurses from 124 ICUs in the southwest region
of China (Sichuan Province, Chongging, Guizhou Province,
Yunnan Province, and Tibet Autonomous Region) were selected
as the subjects by the convenient sampling method from August
to December 2022. Inclusion criteria for hospitals was that the
hospitals must be of grade IT and above. Inclusion criteria for
nurses was that they must be registered in-service nurses of ICU
with at least 1year of experience in the ICU. Exclusion crite-
ria: nurses who were unwilling to participate in the study, or
sick leave, personal leave and study abroad nurses. The present
study was approved by the Ethics Committee of the Biomedical
Research of our hospital (Approval No.2022-1057).

2.2 | Research Methods
2.2.1 | Questionnaire Design

The questionnaire was prepared by the researcher, with refer-
ence to relevant literature [18, 19]. It was then repeatedly re-
viewed and modified by four ICU clinical nursing experts and
two graduate nursing students. The questionnaire encompasses
the hospital grade (specifically, Grade II and Grade III hospi-
tals), nurse information (including gender, age, title, years of
working experience, number of working beds, bed-to-nursing
ratio, DVT prevention knowledge training, and training modes),
the management status of the DVT hospital/department, the sta-
tus of mechanical prophylaxis equipment usage for DVT (such
as the use of intermittent inflation compression devices, plantar
vein pumps, and thrombus elastic socks), and obstacles in the
implementation of mechanical prophylaxis for DVT. Prior to the
commencement of the formal survey, 20 nurses were selected to
conduct a preliminary survey, which resulted in a Cronbach's «
coefficient of 0.850, and the retest reliability was 0.823.

2.3 | Method
2.3.1 | Research Design

A cross-sectional study was conducted.

2.3.2 | Sample Size

The sample size was calculated using the following formula:
N=2z?p[(1 —p)/e?], using a confidence interval (CI) of 95%, an
acceptable margin of error of 5% (e=5%). Based on studies es-
timating that 95% of ICUs in China are likely to implement me-
chanical prophylaxis procedures for DVT, a proportion (p) of
0.95 was used, resulting in a minimum sample size of 73.

2.3.3 | Data Collection

This research was conducted via the WeChat platform using an
electronic questionnaire (accessible at https://www.wjx.cn/vm/
hOrHjah.aspx). In the survey, the researcher sent the question-
naire link or QR code to the head nurse of each ICU, who then
forwarded it to a randomly selected sample of nurses within
their department. Each department investigated six to seven
ICU nurses. After obtaining their informed consent, the re-
searcher explained the filling method, confidentiality measures,
and precautions for completing the questionnaire, emphasizing
the importance of truthful answers. Nurses could access the
questionnaire link or scan the QR code to answer questions on-
line via mobile phones, computers, and other electronic devices
and submit their responses directly upon completion. Invalid
questionnaires (those with identical answers, missing items,
obvious contradictions, or identical IP addresses for multiple
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TABLE1 | Regions of 124 ICUs in Southwest China.

ICU ICU
Region n (%) Region n (%)
Sichuan 45 (36.3) Yunnan 19 (15.3)
Province Province
Chongqging 27 (21.8) Tibet 10 (8.1)

Autonomous
Region
Guizhou 23(18.5)
Province
TABLE 2 | Type of 124 ICUs.
Number of
ICU nurses

ICU type n (%) n (%)
Comprehensive ICU 50 (40.3) 305 (39.1)
Surgical ICU 31 (25.0) 192 (24.6)
Respiratory ICU 18 (14.5) 113 (14.5)
Neurological ICU 9(7.3) 59 (7.6)
Emergency ICU 7(5.7) 48 (6.1)
Medicine ICU 5(4.0) 35(4.5)
Other ICU 4(3.2) 28 (3.6)

submissions) were excluded, ensuring that only one valid ques-
tionnaire was retained per participant. A total of 795 question-
naires were received, of which 780 were determined to be valid,
yielding an effective rate of 98.11%.

2.3.4 | Statistical Methods

SPSS 21.0 statistical software was used to analyze the data.
The counting data were expressed in frequency and constit-
uent ratios. The measurement data are expressed by mean
value + standard deviation, and the comparison between groups
was performed by Pearson's chi-squared test, inspection level
a=0.05.

3 | Results
3.1 | Baseline Data

The regions investigated in this study were Sichuan Province,
Chongging, Guizhou Province, Yunnan Province and the Tibet
Autonomous Region. The ICUs included in the study were
mainly comprehensive ICU (50, 40.3%) and Surgical ICU (31,
25.0%). The region and ICU type of the 124 ICUs are listed in
Tables 1 and 2. The investigated ICU units of the hospitals (Grade
11T hospitals, Grade II hospitals) participating in the survey were
124; 84 (67.7%) ICU units belong to Grade III hospitals, and 40
(32.3%) ICU units belong to Grade II hospitals. The number of

respondents was 780. The average number of beds in ICU of
all hospitals was 26.43 +16.73; 30.7% of the ICUs had a bed-to-
nursing ratio >2.5:1, with 66.5%(519/780) of nurses having re-
ceived training on DVT prophylaxis knowledge; the incidence
of DVT in Grade III hospitals was 20.6 + 3.3%; the incidence of
DVT in Grade II hospitals was 24.5 + 3.9%; other basic informa-
tion of respondents is listed in Supporting Information S1.

3.2 | Management Status of DVT in ICU

There were significant differences in the professional manage-
ment teams, dynamic assessments, risk assessment records,
bedside warning signs, and the implementation of sign-in com-
munication forms for high-risk patients among different levels
of hospitals (p<0.05). The details indicating the management
status of DVT in ICUs are listed in Table 3.

3.3 | Use Status of Mechanical Prophylaxis
Equipment for DVT in ICU

There were significant differences between the trained group
and the untrained group in terms of excluding related contra-
indications, conducting monthly inspections and preventive
maintenance, having a specially assigned person for manage-
ment, and providing clear precautions (p <0.05). The details of
the use of mechanical prophylaxis equipment for DVT in ICUs
are listed in Table 4.

3.4 | Allocation of ICU DVT Mechanical
Prophylaxis Equipment

The most commonly used mechanical prophylaxis device was
IPC. IPC was used in 71.0% (88/124) of the ICUs. GCS was used
in 32.2% (40/124) of the ICUs. VFP was used in 25.8% (32/124)
of the ICUs; 73.3% of ICUs used only one kind of mechanical
prophylaxis equipment; 26.7% of ICUs used two or more types
of mechanical prophylaxis equipment. The mechanical prophy-
laxis of DVT in ICU is listed in Table 5.

3.5 | Implementation of DVT Mechanical
Prophylaxis Measures by Patients

The most commonly used frequency and duration of IPC and
VFP were twice a day, once for 30min. The most commonly
used frequency and duration of GCS was once a day for 480 min.
The mechanical prophylaxis of DVT in ICUy is listed in Table 6.
The top three obstacles among factors were respectively, insuf-
ficient equipment (42.1%), inadequate human resources (25.7%)
and failure to reset equipment in a timely manner after disuse
(14.9%). The factors with obstacles causing mechanical prophy-
laxis are listed in Supporting Information S2.

4 | Discussion

DVT can lead to potentially life-threatening complications,
earning it the nickname “silent killer” [20]. Evidence suggests
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TABLE 3 | Management status of DVT in ICU.
ICUs in Grade
III hospitals ICUs in Grade II hospitals

Projects (n=84) (n=40) X p

Standardized prevention management

system and procedures
Yes 72 32 0.654 0.419
No 12 8

Professional management team
Yes 62 15 15.178 <0.001
No 22 25

Risk assessment for all patients
Yes 59 21 3.724 0.054
No 25 19

Thrombosis risk assessment scale
Caprini 59 19 2.058 0.561
Autar 9 10
Wells 9 6
Other scales 6 5

Dynamic assessment
Yes 68 18 16.479 <0.001
No 16 22

Risk assessment records
Yes 59 12 17.927 <0.001
No 25 28

Wrist band warning sign
Yes 50 17 3.162 0.075
No 34 23

Bedside warning sign
Yes 68 12 30.729 <0.001
No 16 28

Implement sign-in communication for

high-risk patients
Yes 65 15 18.826 <0.001
No 19 25

that early identification of high-risk patients and appropriate
prophylaxis can reduce the incidence of DVT by 50%-60% [21].
Mechanical prophylaxis, which promotes blood flow by com-
pressing certain areas, can slow venous stasis and significantly
reduce the risk of DVT [22]. Despite its proven effectiveness,
clinical practice has traditionally emphasized pharmacological
prevention, often overlooking mechanical prophylaxis. While
healthcare professionals in China generally demonstrate a pos-
itive attitude toward mechanical prophylaxis, Xu et al. found

that there is a significant gap in knowledge and standardization
of practices in this area [23]. Furthermore, existing guidelines
and consensus documents lack sufficient practical detail, fail-
ing to establish universally enforceable standards. In Southwest
China, where healthcare systems and resources may vary sig-
nificantly, it is crucial to assess the current state of mechanical
prophylaxis implementation, especially in ICUs. Understanding
the management systems, nurses’ knowledge of mechanical pro-
phylaxis, and the availability of necessary equipment is vital for
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TABLE 4 | The use of mechanical prophylaxis equipment for DVT in ICU (n=780).

The trained group The untrained group

Projects (n=519) (n=261) X p

Evaluate patient compliance prior
Yes 397 194 0.443 0.506
No 122 67

Exclude related contraindications
Yes 413 160 29.745 <0.001
No 106 101

Monthly inspections and preventive

maintenance
Yes 384 147 24.941 <0.001
No 135 114

Specially assigned person for management
Yes 116 26 17.900 <0.001
No 403 235

Clear precautions
Yes 423 183 12.995 <0.001
No 96 78

Specify the method used
Yes 260 145 2.073 0.150
No 259 116

Specify the mechanism of action
Yes 289 147 0.029 0.866
No 230 114

TABLE 5 | Mechanical prophylaxis of DVT in ICUg (n=124).

Mechanical

prophylaxis ICUg Percentage
equipment n) (%)

IPC 62 50
VFP 15 12.1
GCS 14 11.2
IPC+GCS 16 12.9
IPC+VFP 7 5.7
VFP+ GCS 7 5.7
IPC+GCS+VFP 3 2.4

Abbreviations: GCS: graduated compression stockings; IPC: intermittent
pneumatic compression device; VFP: venous foot pump.

improving DVT prevention in this region. Therefore, this study
aims to explore these factors from the perspective of ICU nurses
in Southwest China, providing valuable insights into the gaps
and challenges in the implementation of mechanical prophy-
laxis procedures for DVT.

The results of this study showed statistically significant differ-
ences between Grade II and Grade III hospitals in several key
areas, including the professional management team, dynamic
assessments, risk assessment records, bedside warning signs,
and implement sign-in communication for high-risk patients
(p<0.05). In addition, the incidence of DVT in Grade III hospi-
tals (20.6 + 3.3%) was significantly lower than in Grade II hospi-
tals (24.5+3.9%). This difference is likely related to the stronger
organizational management capabilities in Grade III hospitals,
which are reflected in more rational organizational structures,
well-established systems, and comprehensive standardized
training programs. Grade III hospitals' effective thrombosis
prevention leads to lower DVT incidence, whereas Grade II
hospitals' higher DVT rates are partly because of lack of DVT
risk awareness among management, hindering prevention pro-
tocols. Wu et al. pointed out that Grade III hospitals generally
have more sufficient resources and more complete clinical path-
ways, allowing for more effective implementation of thrombosis
prevention measures [24]. Li et al. found that Grade II hospitals,
because of limited resources, often struggle to establish stan-
dardized thrombosis prevention processes, leading to a higher
incidence of DVT [25]. Furthermore, some study found signifi-
cant organizational management barriers in Grade II hospitals
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TABLE 6 | Mechanical prophylaxis of DVT in ICUs (n=160).

Duration
Mechanical Daily of each Number
prophylaxis frequency time of ICUs
equipment (times) (min) n (%)
IPC (n=88) 1 15 3(3.4)
30 6 (6.8)
60 11 (12.4)
90 5(5.7)
480 3(3.4)
2 15 6 (6.8)
30 23(26.1)
60 4(4.6)
90 5(5.7)
3 15 5(5.7)
30 4(4.6)
60 3(3.4)
90 3(3.4)
2~3 60 3(3.4)
90 4(4.6)
VFP (n=32) 1 10 2(6.2)
15 2(6.2)
20 4(12.5)
60 5(15.6)
2 15 6 (18.8)
30 10 (31.3)
60 3(9.4)
GCS (n=40) 1 30 3(7.5)
60 3(7.5)
120 7(17.5)
300 6 (15)
480 9 (22.5)
2 120 4(10)
240 3(7.5)
240~480 5(12.5)

Abbreviations: GCS: graduated compression stockings; IPC: intermittent
pneumatic compression device; VFP: venous foot pump.

in thrombosis prevention, such as the lack of risk warning sys-
tems and dynamic risk assessments, resulting in suboptimal
prevention outcomes [26, 27]. Liu et al. noted that Grade III hos-
pitals typically have dedicated thrombosis management teams,
whereas Grade II hospitals lack specialized thrombosis preven-
tion teams, which is also one of the reasons for the higher inci-
dence of DVT [28]. In conclusion, based on the findings of this
study and other related literature, hospital managers, especially

those in Grade II hospitals, should recognize their deficiencies
in DVT prevention and management, prioritize the standard-
ization of DVT prevention measures, strengthen management
practices, and implement effective thrombosis prevention strat-
egies to reduce medical risks and improve overall healthcare
quality.

There were significant differences between the trained group
and the untrained group in terms of excluding related contrain-
dications, conducting monthly inspections and preventive main-
tenance, having a specially assigned person for management,
and providing clear precautions (p <0.05). These findings align
with the research by Ma et al. [29], which emphasizes the crucial
role of nurses in the implementation of mechanical thrombopro-
phylaxis and the importance of strengthening their education
and training in this area. Despite the recognition of the impor-
tance of proper training, clinical application of DVT mechanical
prophylaxis by nurses remains inadequate, especially regarding
the correct application techniques and adherence to evidence-
based guidelines [29, 30]. A growing body of literature high-
lights the gaps in knowledge and practice among nursing staff.
For instance, a survey of 1861 healthcare professionals from 52
ICUs in northern China found that only 37.6% of respondents
correctly selected prevention methods based on established
guidelines [31]. This low adherence to guidelines suggests a need
for more targeted and systematic training programs. Similarly,
Guan et al. pointed out that the integration of guideline princi-
ples into daily practice is often inadequate in ICUs [32]. They
stress the necessity for ICU nurses to receive structured, ongo-
ing training, coupled with enhanced supervision and feedback
mechanisms, to improve the effectiveness and quality of DVT
mechanical prophylaxis. Moreover, these studies indicate that
without proper guidance and continuous professional develop-
ment, the clinical implementation of mechanical prophylaxis
will remain suboptimal, potentially leading to higher rates of
DVT and associated complications.

This study found that all ICUs surveyed were equipped with
at least one type of mechanical thromboprophylaxis device, al-
though the proportion and usage time varied significantly across
hospitals. Among the devices evaluated, IPC, GCS, and VFP
have all been shown to effectively prevent DVT when used indi-
vidually [33]. Notably, 71% (88/124) of ICUs primarily used IPC,
which is widely regarded as the most cost-effective and efficient
mechanical prophylaxis method. IPC not only prevents DVT
but also has the potential to improve survival rates in high-risk
patients [34]. On the other hand, 32.2% of ICUs were equipped
with GCS, but proper use of GCS requires careful selection of
the correct size based on the patient's leg circumference and
length, which may not always be feasible because of equipment
limitations or inadequate measurement tools. In addition, regu-
lar monitoring of leg circumference and GCS surface integrity is
essential to ensure optimal effectiveness [35]. These additional
tasks can increase the nursing workload, which may contrib-
ute to lower clinical utilization of GCS. Moreover, research by
Gao et al. demonstrated that combining IPC with GCS yields
superior outcomes in DVT prevention compared with using
GCS alone, without increasing the risk of complications. This
approach reflects the growing trend of integrating multiple me-
chanical prophylaxis methods to enhance DVT prevention [36].
However, the current study revealed that only 26.61% (33/124)
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of ICUs were equipped with two or more types of mechanical
prophylaxis devices, underscoring that combined use is still not
universally adopted across hospitals. Furthermore, Vignon et al.
found no statistically significant difference in DVT prevention
between combined mechanical prophylaxis strategies and the
use of GCS alone, suggesting that the clinical benefits of combin-
ing devices remain contentious [37]. Given the mixed findings in
existing studies, further large-scale, multi-center clinical trials
are needed to definitively establish the efficacy of combining
different mechanical prophylaxis devices for DVT prevention.

This study revealed significant variability in the clinical use of
mechanical thromboprophylaxis devices across different ICUs.
Specifically, IPC and VFP were used twice a day for a maxi-
mum of 30 min, whereas GCS were used once a day for 480 min.
These practices showed substantial differences in both the
frequency and duration of mechanical prophylaxis, with most
ICUs failing to meet the recommendations set by the American
College of Chest Physicians (ACCP), which advocate for a min-
imum of 18h of use per day for optimal DVT prevention [38].
In fact, the majority of ICUs in this study provided mechanical
prophylaxis for less than 6h a day, far below the expert con-
sensus standard. Notably, no ICU reported using mechanical
prophylaxis for the recommended 18h or more, highlighting a
significant gap between clinical practice and guidelines. This
short-duration use is insufficient to effectively promote blood
flow and address blood supply insufficiencies, particularly in
the extremities, which is crucial for preventing DVT. Several
studies have shown that the limited duration of mechanical
prophylaxis compromises its ability to prevent venous stasis, a
key factor in DVT development [33, 34]. Moreover, inadequate
usage may not achieve the sustained pressure needed to prevent
venous pooling and thrombus formation. Therefore, it is essen-
tial for hospitals to prioritize DVT prophylaxis and ensure that
mechanical devices are used for the full duration recommended
by clinical guidelines. Only through consistent, guideline-
compliant usage can the effectiveness of mechanical thrombo-
prophylaxis be optimized, thereby reducing the risk of DVT in
critically ill patients.

This study identified the top three factors affecting the use of
mechanical prophylaxis equipment in clinical practice: insuf-
ficient equipment, inadequate human resources, and failure to
reset equipment in a timely manner after disuse. In line with
these findings, Kinnier et al. reported that mechanical prophy-
laxis has the lowest compliance rate compared with drug pro-
phylaxis [39]. A systematic review indicated that compliance
with mechanical prophylaxis after surgery was approximately
75% [40]. Additionally, a prospective observational study in
the United States found that 37.8% of patients were considered
noncompliant because of the lack of mechanical prophylaxis
equipment in the ward [41]. Ritsema et al. reported that 71.4% of
patients lacked available devices on the postoperative day, and
22% still lacked devices during their subsequent hospitalization
[42]. In clinical practice, it is essential to increase the availability
of devices such as GCS, IPC, and VFP in proportion to the num-
ber of hospital beds to ensure efficient resource allocation. Some
studies have also indicated that patient noncompliance is often
because of delayed reapplication of devices after treatments,
examinations, or activities [43]. According to the guidelines is-
sued by the Critical Medicine Branch of the Chinese Medical

Association (2006), the nurse-to-bed ratio should not be less
than 1:2.543 [44]. However, this study found that only 38 ICUs
(30.65%) met this standard, indicating a severe shortage of ICU
nurses. This staffing shortage contributes to the insufficient me-
chanical prophylaxis treatment for some patients. Therefore, it
is crucial to increase the allocation of nursing staff to ensure ad-
equate care for critically ill patients. Additionally, proper main-
tenance and regular inspections of the equipment are essential
to ensure that devices are functioning properly and to improve
DVT prevention.

5 | Limitations

This study was limited to ICUs in Southwest China, with the
majority located in Grade III hospitals. As a result, the findings
may not fully represent the situation in ICUs across hospitals
of different grades or regions. Future research should expand
to include ICUs nationwide to provide a more comprehensive
understanding of the current status of DVT mechanical prophy-
laxis and management in hospitals of all levels.

6 | Conclusions

In conclusion, we conducted a questionnaire survey to assess
the current status of DVT mechanical prophylaxis in ICUs in
Southwest China, focusing on the perspectives of ICU nurses
and their implementation of mechanical prophylaxis proce-
dures. The results revealed that improvements are needed in
the management systems and nurses' knowledge of mechanical
prophylaxis in Grade II hospitals, while Grade II and Grade III
hospitals need to enhance the availability of necessary equip-
ment. These findings provide valuable insights that can inform
future improvement plans, ultimately enhancing the quality of
DVT mechanical prophylaxis in ICUs.
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