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Background: Venous thromboembolism (VTE) is a serious health problem for which pharmacological 
prophylaxis has been proven to be effective. However, there are significant gaps between the guidelines and 
clinical practice. This study is to evaluate the effect of physician educational intervention (PEI) on VTE 
pharmacological prophylaxis in medical inpatients from the respiratory department.
Methods: Medical inpatients from the respiratory department between February 2014 and December 
2016 were recruited in this retrospective cohort study. They were assigned to the PEI group or the control 
group according to whether their physicians undertook a quality improvement (QI) project carried out in 
hospital to raise physician awareness of pharmacological thromboprophylaxis by educational intervention. 
Any and appropriate pharmacological VTE prophylaxis rates, the use of appropriate anticoagulants, and 
the occurrence of VTE events in the two groups were calculated and compared using a chi-square test and 
continuity correction. Poisson regression analysis was used to evaluate the relative risk (RR) of PEI on the 
occurrence of VTE events.
Results: The any pharmacological VTE prophylaxis rate (11.3% vs. 5.9%, P=0.048) and appropriate 
pharmacological VTE prophylaxis rate (9.3% vs. 5.5%, P=0.036) in high-risk patients without high major 
bleeding risk were both significantly higher than the control group. Compared with the control group, 
appropriate anticoagulants in the PEI group took up a larger proportion of all used anticoagulants (90.3% 
vs. 78.7%, P=0.007). In anticoagulants used for high-risk patients without high major bleeding, appropriate 
anticoagulants show no statistical difference between the two groups (93.8% vs. 77.8%, P=0.153). There was 
no difference in the occurrence of VTE events between the two study groups in overall patients (0.5% vs. 
0.6%, P=0.913), and among those with high VTE risk (1.7% vs. 1.0%, P=0.554). PEI had no association with 
the probability of VTE event occurrence (RR, 1.246; 95% CI, 0.478–2.188, P=0.954). 
Conclusions: Educational intervention effectively increased physician awareness of VTE prophylaxis in 
the respiratory department. Further interventions are still necessary since the guidelines were implemented 
to a relatively low degree.
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Introduction

Venous thromboembolism (VTE), including pulmonary 
embolism (PE) and deep vein thrombosis (DVT), has 
become a serious health problem worldwide, with 
significant morbidity and mortality (1-3). It is the third 
most frequent cardiovascular disease in Western countries, 
with an incidence of approximately 2 per 1,000 in the USA 
(4,5). It is reported that inpatients have a 100-fold increase 
in the risk of VTE (6). In respiratory department, risk 
factors like elderly age, lung cancer, respiratory failure and 
respiratory tract infections are usually common, therefore 
a large portion of inpatients are with high VTE risk and 
VTE prophylaxis are of great importance in respiratory 
department (7,8). Moreover, relevant studies of VTE 
prophylaxis in respiratory department are still limited. 

 Pharmacological VTE prophylaxis, such as treatment 
with low-molecular-weight heparin (LMWH) and low-
dose unfractionated heparin (UFH), has been confirmed 
to effectively decrease the incidence of VTE in high-risk 
patients (9). However, significant gaps remain between the 
guidelines for the use of pharmacological prophylaxis and 
their administration in clinical practice. This might be due 
to a lack of physician awareness of the clinical criteria for 
prophylaxis. A previous study demonstrated that in patients 
judged to be at risk for VTE according to the American 
College of Chest Physicians (ACCP) criteria, only 
58.5% of surgical patients and 39.5% of medical patients 
received ACCP-recommended VTE prophylaxis (10). 
Therefore, it is necessary to improve physician awareness 
of the importance and standard usage of pharmacological 
thromboprophylaxis. Educational intervention appears to 
be useful, as several studies have demonstrated an increased 
rate of VTE prophylaxis after intervention (11-14).  
In this retrospective study, we aimed to evaluate the 
effect of a quality improvement (QI) project to raise 
physician awareness of pharmacological VTE prophylaxis 
through educational intervention on medical inpatients 
from the respiratory department. Results showed that 
this project significantly increased the appropriate VTE 
prophylaxis rate in high-risk medical inpatients without 
high major bleeding risk, as well as the use of appropriate 
anticoagulants. The present study provide evidence on real-
world management of VTE in respiratory department and 

educational intervention for VTE prophylaxis in a Chinese 
population, with a lack of these data in previous study. We 
believe our results are significant for VTE management in 
hospital and government policy. We present the following 
article in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/apm-20-1833).

Methods

Study design and population

We conducted a single-center retrospective cohort study 
extracting collected data from the Hospital Information 
System (HIS). The QI project was started in April 2015 in 
Ruijin Hospital, Shanghai Jiao Tong University School of 
Medicine, China. During the project, physicians learned 
the ninth edition of the ACCP guidelines about VTE 
risk evaluation and VTE prophylaxis, and also the Padua 
scoring system through lectures, brochures and case-based 
learning. We did not use the latest tenth edition of the 
ACCP guidelines as it did not have updated information on 
prophylaxis for VTE. The effect of educational intervention 
was evaluated based on whether the project increased 
physician awareness of pharmacological thromboprophylaxis 
and the probability of VTE prevention. The study was 
approved by Shanghai Jiao Tong University School of 
Medicine, Ruijin Hospital ethics committee (approval No. 
2018-59). Informed consent from participants was exempted 
by the ethics committee. All procedures performed in this 
study involving human participants were in accordance with 
the Declaration of Helsinki (as revised in 2013).

Inpatients from the respiratory department between 
February 2014 to December 2016, who were aged 18 years 
or older were included in our study. Patients were excluded 
if they were pregnant, with incomplete electronic medical 
records (including diagnostic records, instructions and other 
relevant information), hospitalized less than 2 days or had a 
VTE event on admission. 

Since the QI project was started in April 2015, 
patients treated between April 2015 and December 2016 
were assigned to the exposure or physician educational 
intervention (PEI) group, as their physicians had received 
the VTE prophylaxis educational intervention described 
above. Those who were treated between February 2014 and 
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March 2015 were assigned to the control group, as the QI 
project had not yet commenced during this period. 

 

Outcome assessment

To determine the effect of educational intervention on 
physicians’ awareness of pharmacological VTE prophylaxis, 
we calculated and compared any pharmacological VTE 
prophylaxis rates in overall patients, high VTE risk patients, 
high VTE risk patients with or without high major bleeding 
risk and low VTE risk patients in the two groups, and also 
appropriate pharmacological VTE prophylaxis rates in high 
VTE risk patients without high major bleeding risk. Any 
pharmacological VTE prophylaxis was defined as using 
any kinds of anticoagulants for medically ill patients with 
or without high VTE risk. Appropriate pharmacological 
VTE prophylaxis was defined as using LMWH, UFH or 
fondaparinux as pharmacological VTE prophylaxis for 
medically ill patients with high VTE risk and without high 
major bleeding risk, according to the ACCP guidelines 
(15-17). VTE risk was assessed using the Padua scoring 
system (18). Furthermore, we calculated and compared 
the use of appropriate anticoagulants as a proportion of all 
anticoagulants used in overall patients and high VTE risk 
patients. The three types of drugs mentioned above were 
regarded as appropriate anticoagulants. The VTE event 
occurrences in the two groups were also compared, and 
the relative risk (RR) of PEI on VTE event occurrence was 
evaluated. 

Statistical analysis

For baseline differences, demographic characteristics and 
duration of hospitalization were analyzed descriptively. The 
Wilcoxon-Mann-Whitney test was used for comparisons of 
age, body mass index (BMI) and duration of hospitalization 
between the study groups, as these measurement data did 
not conform to a normal distribution. A chi-squared test was 
used to compare differences in sex, VTE risk level and the 
distribution of VTE risk factor and co-morbidities between 
patients from the two groups, and also high major bleeding 
risk in high-risk patients. A chi-squared test and continuity 
correction were also used to compare the differences in any 
and appropriate pharmacological VTE prophylaxis rates, 
the proportion of appropriate anticoagulants out of all 
anticoagulants used, and the occurrence of VTE between 
the two groups. Poisson regression analysis was used to 
evaluate the RR of PEI on the occurrence of VTE events. 
VTE risk level, sex, duration of hospitalization (whether 
over 7 days), and the presence or absence of cancer were 
chosen as confounding factors. P values of <0.05 were 
considered statistically significant. We used SPSS Version 
22.0 (IBM Corp., USA) to perform the statistical analyses.

Results

Patient characteristics

In total, our study involved 6,341 inpatients from the 
respiratory department (Figure 1). Of these patients, 4,761 

Figure 1 Flow chart of patient inclusion and exclusion criteria. PEI, physician educational intervention; VTE, venous thromboembolism.

PEI group
Inpatients from the respiratory department 

between April 2015 to December 2016, 
who were aged 18 years or older (n=6,357)

Pregnant (n=11) Pregnant (n=5)

Incomplete electronic medical records (n=115) Incomplete electronic 
medical records (n=7,277)

Hospitalized less than 2 days (n=1,424) Hospitalized less than 2 days (n=544)

VTE event on admission (n=46) VTE event on admission (n=23)

Eligible patients (n=4,761) Eligible patients (n=1,580)

Control group
Inpatients from the respiratory department 

between February 2014 to March 2015, 
who were aged 18 years or older (n=9,429)

Excluded (n=1,596) Excluded (n=7,849)
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Table 1 Characteristics of the patients

Variable PEI group (N=4,761) Control group (N=1,580) P value

Sex 0.040

Female 37.4% 34.6%

Male 62.6% 65.4%

Age (years): median [IQR] 61.25 [15] 60.48 [16] 0.015

BMI (kg/m2): median [IQR] 22.66 [4.31] 22.84 [4.27] 0.287

Duration of hospitalization (days): median [IQR] 6 [6] 6 [7] <0.001

VTE risk level 0.291

High-risk patients 20.8% 19.6%

Low-risk patients 79.2% 80.4%

BMI, body mass index; IQR, interquartile range; PEI, physician educational intervention; SD, standard deviation; VTE, venous  
thromboembolism.

Table 2 Co-morbidities of the patients

Co-morbidities PEI group (N=4,761) (%) Control group (N=1,580) (%) P value

Cancer 73.9 67.3 <0.001

Severe respiratory disease 13.1 14.7 0.107

Heart failure 2.5 3.2 0.128

Acute stroke 2.1 4.0 <0.001

Acute infection 4.3 5.6 0.024

Rheumatic diseases 1.8 1.4 0.318

PEI, physician educational intervention.

were assigned to the PEI group and 1,580 patients were 
assigned to the control group (Table 1). Patients in the 
PEI group [median 61.25 (IQR 15) years] were older than 
those in the control group [median 60.48 (IQR 16) years]  
(P=0.015). Compared with the control group, the proportion 
of female patients was higher (37.4% vs. 34.6%, P=0.040) 
and the duration of hospitalization was shorter [median 6 
(IQR 6) vs. median 6 (IQR 7) days, P<0.001] in the PEI 
group. There was no significant difference in BMI between 
the two groups [PEI group: median 22.66 (IQR 4.31),  
control group: median 22.84 (IQR 4.27), P=0.287]. Major 
co-morbidities observed in patients included active cancer, 
severe respiratory disease, heart failure, acute stroke, acute 
infection and rheumatic diseases (Table 2).

High-risk patients took up 20.8% of the PEI group 
and 19.6% of the control group, respectively (P=0.291). 
The major risk factors of the PEI group were active 
cancer (73.9%), elderly age (≥70 years) (24.2%), heart 

and/or respiratory failure (6.9%). Active cancer (67.3%), 
elderly age (≥70 years) (22.7%), acute infection and/or 
rheumatologic disorder (7.0%) were major risk factors for 
the control group (Table 3). Of the high-risk patients, 42.0% 
in the PEI group and 50.5% in the control group were with 
high major bleeding risk (P=0.009). 

Outcomes

Pharmacological VTE prophylaxis rates 
A total of 5.6% and 4.7% of overall patients in the PEI 
group and control group received any pharmacological 
VTE prophylaxis, respectively. In high VTE risk patients, 
10% of these patients in the PEI group received any 
pharmacological VTE prophylaxis, compared with 7.4% 
in the control group. The difference was not statistically 
significant (P=0.179). 11.3% and 5.9% of high VTE risk 
patients without high major bleeding risk in the PEI group 
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and control group received any pharmacological VTE 
prophylaxis, respectively (P=0.048). There were also 8.2% 
of high VTE risk patients with high major bleeding risk 
in the PEI group and 9.0% in the control group received 
any pharmacological VTE prophylaxis (P=0.758). And the 
appropriate pharmacological VTE prophylaxis rate was 
significantly higher in the PEI group (10.6%) than the 
control group (4.6%) in high VTE risk patients without 
high major bleeding risk (P=0.022), who should receive 
VTE prophylaxis according to the ACCP guidelines. As 
for low VTE risk patients, any pharmacological VTE 
prophylaxis rates were similar between the two groups (PEI 
group: 4.5%, control group: 4.1%, P=0.557). 

The use of anticoagulants
We recorded the exact anticoagulants patients were 
treated with, and found that LMWH was the most used 
anticoagulant in both the PEI group (85.8%) and the 
control group (76.0%) (P=0.042). Other anticoagulants 
used in the present study included UFH, aspirin and 
warfarin (Figure 2). Among them, LMWH and UFH 
were appropriate anticoagulants according to the ACCP 
guidelines. In the PEI group, appropriate anticoagulants 
comprised 90.3% of all used anticoagulants, which was 
higher than that of control group (78.7%) (P=0.007). 
Moreover, for anticoagulants used in high-risk patients 
without high major bleeding risk, appropriate anticoagulants 
were at a proportion of 93.8% in the PEI group and 77.8% 
in the control group (P=0.153). Among them, LMWH took 
up 95.1% and 100% in the PEI group and control group 
respectively (P=1.000).

The occurrence of VTE
There were 26 VTE events in the PEI group, including 
17 PE events, 8 DVT events and 1 DVT combined with 
a PE event. Of these, 61.5% were classified as high VTE 
risk patients. In the control group, 9 VTE events occurred, 
including 3 PE events and 6 DVT events. Of these, 33.3% 
were classified as high VTE risk patients (Table 4). The 
likelihood of VTE event occurrence was similar between 
the two groups (PEI group: 0.5%, control group: 0.6%, 

Table 3 Distribution of VTE risks

Risk factor PEI group (N=4,761) (%) Control group (N=1,580) (%) P value

Active cancer 73.9 67.3 <0.001

Previous VTE 0.8 0.8 0.948

Reduced mobility 1.9 0.8 0.003

Recent (≤1 month) trauma and/or surgery 0.4 1.1 0.002

Elderly age (≥70 years) 24.2 22.7 0.214

Heart and/or respiratory failure 6.9 5.8 0.140

Acute myocardial infarction or ischemic stroke 2.3 4.0 <0.001

Acute infection and/or rheumatologic disorder 6.5 7.0 0.496

Obesity (BMI ≥30 kg/m2) 2.6 2.5 0.767

Ongoing hormonal treatment 1.8 1.4 0.249

Already known thrombophilic condition – – –

VTE, venous thromboembolism; BMI, body mass index; PEI, physician educational intervention.

Figure 2 Anticoagulants used in the study. LMWH was the most 
used anticoagulant across the two groups. LMWH, low-molecular-
weight heparin; PEI, physician educational intervention; UFH, 
low-dose unfractionated heparin.

PEI group

1%

4% 9%

86%

3%

21%

76%

LMWH
UFH
Aspirin
Warfarin

Control group
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P=0.913), and between the subgroups of patients with high 
VTE risk (PEI group: 1.7%, control group: 1.0%, P=0.554). 
We also noted that 4 VTE events in the PEI group were 
asymptomatic, accounting for 15.4% of all VTE events 
in this group, while no asymptomatic VTE events were 
identified in the control group.

We performed Poisson regression analysis to evaluate 
the effect of PEI on the occurrence of VTE events after 
controlling for potential confounding factors (VTE risk 
level, sex, duration of hospitalization, presence/absence of 
cancer). Results indicated that PEI was not associated with 
the probability of VTE event occurrence (RR, 1.246; 95% 
CI, 0.478–2.188, P=0.954). In addition, Poisson regression 
analysis also showed that high VTE risk (RR, 0.229; 95% 
CI, 0.111–0.473; P<0.001), duration of hospitalization over 
7 days (RR, 0.271; 95% CI, 0.130–0.5634; P<0.001) and 
male gender (RR, 0.480; 95% CI, 0.246–0.937, P=0.031) 
were risk factors for VTE events.

Discussion

The present study demonstrated that PEI for VTE 
prophylaxis effectively increased any and appropriate 
pharmacological VTE prophylaxis rates in high-risk 
patients without high major bleeding risk, as well as the 
use of appropriate anticoagulants, though failed to decrease 
VTE event occurrence. This is the first real-world study 
focusing on the effectiveness of educational intervention on 
VTE prophylaxis in a Chinese population. The study also 
showed the effect of PEI on the occurrence of VTE events, 
as most previous studies are lacking in the relevant data. 

Our results provide significant evidence on how to improve 
VTE prophylaxis in medical inpatients at the physician, 
hospital administration and government level.

Several studies have reported the effect of educational 
intervention on promoting physician awareness of VTE 
prophylaxis. Ongen et al. found that physician training 
significantly increased VTE prophylaxis rates from 49.4% 
to 62.4% in patients, and led to a higher rate of VTE risk 
evaluation (11). Furthermore, a study by Al-Hameed et al.  
showed that educational intervention increased VTE 
prophylaxis utilization from 36.5% to 63.9% in VTE 
patients (13). In the present study, for high-risk patients 
without high major bleeding risk, any and appropriate 
pharmacological VTE prophylaxis rates were all higher after 
educational intervention. Also, appropriate anticoagulants 
made up a larger proportion of all used anticoagulants. 
Thus, our results indicate that QI projects can effectively 
increase physician awareness  of  pharmacological 
thromboprophylaxis through educational intervention.

A previous study established that PEI effectively 
decreased VTE incidence up to 51% (19). However, in 
our study, the occurrence of VTE events did not decrease 
after PEI, even with increased appropriate pharmacological 
VTE prophylaxis rates. Poisson regression analysis also 
showed that PEI had no association with the probability 
of VTE event occurrence. This may be due to an 
insufficient increase in patients receiving pharmacological 
VTE prophylaxis, a low incidence of VTE, and a small 
sample size. Furthermore, the absence of records for 
discharged patients in our study made analysis of VTE 
event occurrences between the two groups difficult, as 

Table 4 VTE event occurrences according to patient risk in the PEI group and the control group

VTE events PEI group (N=26) (%) Control group (N=9) (%)

PE only

High VTE risk patients 42.3 0.0

Low VTE risk patients 23.1 33.3

DVT only

High VTE risk patients 19.2 33.3

Low VTE risk patients 11.5 33.3

PE & DVT

High VTE risk patients 0.0 0.0

Low VTE risk patients 3.8 0.0

VTE, venous thromboembolism; DVT, deep vein thrombosis; PE, pulmonary embolism; PEI, physician educational intervention.
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most VTE events occur after discharge (1,20). However, 
we found that nearly one-sixth of patients who experienced 
VTE events were asymptomatic in the PEI group, while 
no asymptomatic VTE events were observed in the control 
group. This indicates that with improved awareness of VTE 
management, physicians diagnosed patients earlier and the 
VTE detection rate increased, which therefore resulted in 
no decreases in VTE event occurrence after the QI project 
was carried out. 

We also found that the guidelines were implemented 
to a relatively low degree in this study. In both the 
PEI group and the control group, any and appropriate 
pharmacological VTE prophylaxis rates were extremely 
low in high-risk patients, who should take pharmacological 
thromboprophylaxis according to the ACCP guidelines  
(15-17). A nationwide, multicenter, cross-sectional study 
of VTE prophylaxis in Chinese inpatients demonstrated 
any and appropriate VTE prophylaxis rates of 12.9% and 
6.0% in medical inpatients with high VTE risk, which were 
relatively consistent with our results (21). However, studies 
from Western countries, such as ENDORSE and VOICE, 
have demonstrated higher appropriate pharmacological VTE 
prophylaxis rates at approximately 16–50.2% for inpatients 
(10,22,23). This reflects a lack of awareness of VTE 
prophylaxis in Chinese physicians. Furthermore, we found 
pharmacological VTE prophylaxis in low-risk patients and 
high-risk patients with high major bleeding risk, indicating 
an overuse of pharmacological prophylaxis in these patients, 
for whom pharmacological prophylaxis are not recommended 
according to the ACCP guidelines. There were also 
inappropriate usages of anticoagulants. Aspirin and warfarin 
were wrongly used as anticoagulants in the present study, 
with fondaparinux not being used. Although not mentioned 
in our results, the dose and duration of pharmacological 
VTE prophylaxis  can also be inappropriate (24) .  
The causes of non-compliance with guidelines are often 
complicated, and can include insufficient education of 
VTE prophylaxis, and a lack of measures made by hospital 
management and the government (21). 

To fill the gaps between the guidelines and clinical 
practice, repeated physician education intervention by 
multiple media (e.g., lecture, brochure, video, slides and 
application in cell phone) and exams can be adapted to 
strengthen the education intervention. Further interventions 
such as uniform VTE and bleeding risk assessment, green 
channel, multidisciplinary teams, patient education of VTE 
and discharged patient follow-up system are also necessary.

In addition to high VTE risk, we also found duration 

of hospitalization over 7 days was a strong risk factor for 
VTE. Amin et al. found that with longer hospital stays, 
VTE occurrence increased from 0.5% to 5.4% (25). 
Holmqvist et al. also found that hospitalization was a risk 
factor for VTE the first year after discharge in patients 
with rheumatoid arthritis (26). This may be due to patients 
getting less exercise and having more time lying in bed 
during hospitalization, as reduced mobility is one of the risk 
factors for VTE according to the Padua scoring system (18). 
Thus, reducing hospitalization length may also be helpful 
for VTE prevention. 

Since most of the data on VTE comes from randomized 
clinical trials, for which almost one-quarter of VTE 
patients meet at least 1 exclusion criteria and are therefore 
ineligible, there is a lack of data on real-world management 
of VTE (3). The present retrospective cohort study 
involving 6,341 patients may provide effective supporting 
evidence. Furthermore, our study also provides insights in 
an area with a scarcity of information, namely, educational 
intervention for VTE prophylaxis in a Chinese population. 
We evaluated any and appropriate pharmacological VTE 
prophylaxis rates, the use of anticoagulants, and the 
occurrence of VTE events before and after carrying out 
PEI for VTE prophylaxis in the respiratory department. 
We believe our results are of great significance not just for 
physicians, but also hospital management and government 
policy.

This study has several limitations. First, it is a single-
center retrospective observational cohort study. Thus, 
some important confounding factors might not have 
been controlled when determine the causal inferences 
between physicians education intervention and appropriate 
pharmacological VTE prophylaxis. And the results might 
be limited in terms of generalizability across the population. 
We have used large sample size and strict inclusion 
and exclusion criteria to decrease the deviation of the 
study. Second, this study only focused on the respiratory 
department, therefore it is lacking data on medical 
inpatients from other departments and investigations on 
other physicians who received educational intervention. 
Furthermore, baseline data were unbalanced between the 
two groups, which might have introduced bias in our results. 
The unbalanced baseline may due to the limitation of the 
retrospective single-center real world study design. Besides, 
the shortening duration of hospitalization, increasing 
aging population and average life span in recent years can 
also cause unbalanced baseline. Finally, the present study 
involving inpatients did not focus on the long-term effects 
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of VTE prophylaxis, however, as noted above, most VTE 
events occur in discharged patients.

Conclusions

In conclusion, our results demonstrated that PEI effectively 
increased physician awareness of VTE prophylaxis, as it 
significantly raised the any and appropriate pharmacological 
VTE prophylaxis rates in high-risk patients without 
high major bleeding risk and the use of appropriate 
anticoagulants. Further interventions are still necessary as 
the guidelines were implemented to a relatively low degree. 
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