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Running title: explore the effect of Knowledge Translation, a novel term which can translate the 
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hospitalized patients on admission.  

 

Abstract 

Background    

Venous thromboembolism (VTE) is a preventable disease, but the implementing effect of 

preventive measures is not optimistic, and few patients receive optimal prophylaxis, which result in 

significant mortality, long-term complications and financial burden. The purpose of the article was 
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to explore the effect of knowledge translation on suspected venous thromboembolism in 

hospitalized patients on admission.    

Methods 

The data of suspected VTE patients on admission was retrospectively collected from the Second 

Xiangya Hospital from October 2016 to September 2020. The Mann-Whitney test and Fisher’s 

exact test (or χ2 test) were used to analyze the continuous and categorical variables. A decision tree 

model was developed to assess the cost-effectiveness of post-prophylaxis education compared with 

pre-prophylaxis education. The ranges of each parameter were set to perform sensitivity analysis. 

Results 

The awareness of preventable VTE has raised which expressed in the increasing use of Caprini 

score, incidence of VTE, and department distribution of suspected VTE patients on admission. The 

incremental cost effectiveness ratio was a negative value which was significantly smaller than 

willing to pay (WTP). When the WTP value was ¥212676, the probability of patients' acceptance 

was 84.3% in the post-prophylaxis group and 15.7% in the pre-prophylaxis group. No matter how 

WTP changed, the cost-effectiveness acceptability of post-prophylaxis education in preventing VTE 

after hospitalization was better than pre-prophylaxis education did. 

Conclusion 

Knowledge translation on VTE could have cost effectiveness on suspected VTE in hospitalized 

patients on admission. 

Keywords: venous thromboembolism; deep vein thrombosis; pulmonary embolism; knowledge 

translation; cost effectiveness  

 

 

Introduction  

Venous thromboembolism (VTE) is a term encompassing deep vein thrombosis (DVT) and 

pulmonary embolism (PE),which was reported to affect an estimated 900,000 Americans per year1. 

VTE is accompanied by significant mortality and long-term complications1 such as pulmonary 

hypertension and post-thrombotic syndrome. In addition, VTE is extremely cost-consuming2, with 

an estimated cost of € 2000–4000 on average in Europe and $3000–9500 in the United States, 

respectively3. With further understanding of the disease, multiple guidelines and expert consensus 

endorsed and supported the implementation of VTE prophylaxis4-7. It has been reported that 

appropriate prophylaxis could reduce the incidence of VTE by 40%-80%8. Besides, VTE was 

thought to be the leading preventable cause of death in patients during hospitalization. Hence, 
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prophylaxis plays a critical role in the development of VTE, among which mechanical and 

pharmacologic prophylaxis are the primary choices available at present9. Nevertheless, the 

implementing effect of preventive measures was not optimistic, only 40%-60% placed the patients 

with risk on prophylaxis10 and less than 20% of these patients received optimal prophylaxis11. In 

brief, the primary causes for less optimistic situation might include the resistance of changes to 

long-established practices, perception of low events incidence, no awareness of risk stratification, 

unfamiliar with available treatment modalities, no decision of time to stop prophylaxis, and 

concerns for complication of bleeding.  

As we know, it is generally quite time-consuming to turn a new evidence from theory into 

practice12. Education plays a significant role in speeding up the process13, which has been proved in 

high-risk diseases14. Continuing education (CE) with quality improvement has been developed in 

Accreditation Council for Continuing Medical Education in 2006, which required not only 

knowledge transfer but also performance improvement15. Moreover, it has been updated in 2009 

with an emphasis on educational content and partnerships16. However, there is a great challenge for 

CE which requires huge resources and takes a large amount of time to complete17. Knowledge 

translation (KT) deals with the translation of the awareness and research evidence into practice, 

which is a relatively novel term in recent years18. It has been conceptualized into five-step by 

Lavis19 and colleges. In a related study carried out by Melissa et al., it suggested that the KT 

framework of low-molecular-weight heparin use which was simple and low-cost could produce 

sustainable improvement on thromboprophylaxis among hospitalized patients20. The Second 

Xiangya Hospital is an academic hospital and has performed a series of education projects. 

 

Methods 

Subjects of study 

This research was designed as a case-control study to compare education implementation on the 

prophylaxis of VTE in inpatients with suspected VTE on admission. Eligible inpatients were 

retrospectively collected from Second Xiangya Hospital from October 2016 to September 2020 and 

enrolled using following inclusion criteria: 1) patients aged ≥18 years old; and 2). patients with 

suspected VTE rather than confirmed VTE on admission. This study was approved by the 

Institutional Ethics Committee of the Second Xiangya Hospital of Central South University 

(No.2019173).  

Data Collection  

Two members of our team carefully collected and reviewed medical records of enrolled 

patients individually. Data recording covered demographic data, underlying diseases, inspection 

expenses (lower extremities by bedside venous Duplex examination, echocardiography, computed 
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tomography pulmonary angiography scan, full set of tests for blood clotting), costs of therapy 

including anticoagulant medications and intermittent pneumatic compression. Among them, all 

costs were considered from the perspective of the patients, thus only inspection expenses, therapy 

costs for anticoagulant medications and intermittent pneumatic compression were calculated to 

avoid the individual and subjective differences. The price was calculated based on the retail price of 

our hospital.  

 

Content of education  

The education was designed according to the five steps proposed by Lavis et al19, with the 

specific content described as follows:  

1. What should be transferred? (i.e., what is the desired message or behavior) 

① the importance of VTE prophylaxis; ②the content of guidelines and expert consensus of VTE 

prophylaxis; and ③the understanding of prophylaxis system; 

2. To whom should research knowledge be transferred? (i.e., who is the target audience) 

Residents, attending physicians, nurses, and patients. 

3. By whom should research knowledge be transferred? (i.e., who is the messenger) 

The multidisciplinary team (MDT) consisting of Respiratory, Cardiology, Cardiac Surgery, 

Thoracic Surgery, Vascular Surgery, Pharmacy, Radiology, and Nursing. 

4. How should research knowledge be transferred? (i.e., what is the intervention or KT process) 

Several measures were employed to improve the adherence to the VTE prophylaxis, including: ①

conducting lectures for major VTE-related departments (i.e., Department of Respiratory, Oncology, 

Cardiology, Critical Care Medicine, Neurology, Vascular Surgery, General Surgery, and 

Emergency etc.); ②organizing annual free clinical activities on “World Thrombosis Day”; ③

displaying banners in Inpatient Department where patients and their families could notice; ④

handing out informational pocket cards (e.g., appropriate risk stratification and prophylaxis) to 

clinical staff and patients; ⑤creating electronic medical record involving Caprini score to facilitate 

the use of the system by trained doctors and nurses to assess the risk of every patient; ⑥podcasting 

small-scale audio files containing the risk, consequence and prophylaxis on VTE; ⑦sending 

electronic questionnaire on the knowledge of prophylaxis VTE to clinical staff and analyzing the 

statistical results; ⑧establishing MDT to involve professionals from several specialties with 

expertise in the field of VTE, so as to provide high-risk patients with accurate evaluation and 

management; and ⑨teaching four-step exercises to prevent VTE; 

5. With what effect should research knowledge be transferred? (i.e., what is the desired outcome) 
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The use of Caprini score and cost-effectiveness of prophylaxis education of VTE. 

 

Analysis 

The Mann-Whitney test and Fisher’s exact test (or χ2 test) were used to analyze the continuous 

and categorical variables. The Statistical analysis in this study was realized by using SPSS version 

26 software (IBM®SPSS, Chicago, IL, USA).  

In addition, a decision tree model was developed using TreeAge Pro21 to assess the 

cost-effectiveness of post-prophylaxis education compared with pre-prophylaxis education for VTE 

in suspected patients on admission. The utilities of acute PE and DVT patients before and after 

prophylaxis education were 0.750(0.55-0.94) and 0.810(0.45-0.91), while the utility of non-VTE 

patients before and after prophylaxis education was 0.941 (0.75-1.00)22-23, and the upper and lower 

ranges were assumed as 20%. The probability of suspected VTE patients receiving/not receiving 

prophylaxis education was 0.096 and 0.150, respectively24. The costs were expressed as mean and 

the ranges were 95% confidence interval (CI).  

The study performed cost-effectiveness of two approaches in interventions using decision tree 

model, with incremental cost effectiveness ratio (ICER) adopted as the rule of decision making, and 

ranges of each parameter were set to conduct sensitivity analysis. In general, the values of ICER 

and willing to pay (WTP) were compared to assess the cost-effectiveness of interventions. 

According to World Health Organization (WHO), intervention could be considered to be 

cost-effective when ICER is <3 times of gross domestic product(GDP) per capita 25 , and triple 

GDP in 2019 was 212676 yuan which was set as WTP thresholds. 

 

Results 

1. Baseline characteristics of enrolled patients 

Table 1 showed the baseline characteristics and comorbidities of enrolled suspected VTE 

patients. The subjects of study were 36 patients before and 56 patients after prophylaxis education, 

respectively. There was no significantly statistical difference in sex, age, comorbidities, and length 

of stay in hospital between patients before and after education on prophylaxis (all P>0.05).  

 

2. Use of Caprini Score 

The use of Caprini Score in different departments is showed in Table 2. Only the Departments 

of Respiratory, Cardiology and Vascular Surgery used Caprini Score before prophylaxis education. 

While the Departments of Respiratory, Oncology, Cardiology, Critical Care Medicine, Emergency, 

Geriatrics, Neurology, Burn Unit, Obstetrics, Integrated Traditional Chinese and Western Medicine 

all used Caprini Score after prophylaxis. 
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3. Department distribution of suspected VTE patients on admission between pre-prophylaxis and 

post-prophylaxis education 

Figure 1 displayed the department distribution of suspected VTE patients on admission before 

and after prophylaxis education. The suspected VTE patients before prophylaxis education were 

concentrated on the Departments of Respiratory, Cardiology, Emergency, and Integrated 

Traditional Chinese and Western Medicine, with the number of 18, 11, 6, and 1, respectively. While 

after prophylaxis education, patients were distributed in the Departments of Respiratory, Oncology, 

Cardiology, Critical Care Medicine, Emergency, Geriatrics, Integrated Traditional Chinese and 

Western Medicine, Neurology, Burn Unit, Obstetrics, and Vascular Surgery, with the number of 18, 

1, 15, 2, 5, 3, 2, 1, 1, 7, and 1, respectively. 

 

4. Therapy and examination costs 

Table 3 described specific therapy and examination costs between pre-prophylaxis and 

post-prophylaxis education on VTE. Ultimately, a total of 14 patients were diagnosed with VTE in 

post-prophylaxis education group and 7 patients were diagnosed with VTE in pre-prophylaxis 

education group, accounting for 25.0% and 19.4% of all patients included, respectively. The 

average therapy costs were 650.96 yuan and 119.57 yuan after education, while 1102.76 yuan and 

87.94 yuan before education in VTE and non-VTE patients, respectively. At the same time, the 

average examination costs after education in VTE and non-VTE patients were 2517.43 yuan and 

1799.27 yuan, respectively, and those before education were 2731.50 yuan and 1946.75 yuan in 

these patients, respectively. While there was no statistical significance between the cost of 

pre-prophylaxis and post-prophylaxis education. 

 

5. Cost-effectiveness analysis 

Table 4 revealed the cost-effectiveness analysis before and after education on prophylaxis. The 

cost of post-prophylaxis education was lower than that of pre-prophylaxis education while the 

effectiveness was higher than that of pre-prophylaxis education. The ICER was a negative value 

which was significantly smaller than WTP. 

The Figure 2 showed the impact of varying model inputs on the cost-effectiveness of 

prophylaxis for VTE. All factors included are stable and were not reversed within the range of each 

parameter, and had little influence on the results.  

Monte Carlo simulation method was used to simulate 1000 Markov queues in Figure 3, and the 

results varied with the different ranges of parameters. When the WTP value was ¥212676, the 
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probability of patients' acceptance was 84.3% in the post-prophylaxis group and 15.7% in the 

pre-prophylaxis group.  

The plots represented the results of a probabilistic sensitivity analysis comparing the 

cost-effectiveness of pre-prophylaxis with post-prophylaxis education in VTE. No matter how WTP 

changed, the cost-effectiveness acceptability of post-prophylaxis education in preventing VTE after 

hospitalization was better than pre-prophylaxis education did. 

 

Table 1 Demographic and clinical characteristics of suspected VTE patients from pre-prophylaxis 

and post- prophylaxis. 

 pre-prophylaxis 

(n=36) 

post-prophylaxis 

(n=56) 

P value 

Sex   0.853 

Male(%) 20 (55.6%) 30(53.6%)  

Female(%) 16 (44.4%) 26(46.4%)  

Age, years   0.758 

<40 4(11.1%) 8(14.3%)  

≥40and<60 12(33.3%) 14(25.0%)  

≥60and<75 13(36.1%) 22(39.3%)  

≥75 7(19.4%) 12(21.4%)  

Comorbidities    

Hypertension(%) 14(38.9%) 24(42.9%) 0.708 

Cardiovascular disease(%) 11(30.6%) 14(25.0%) 0.561 

Diabetes(%) 3(8.3%) 12(21.4%) 0.099 

COPD(%) 5(13.9%) 5(8.9%) 0.458 

Cerebrovascular 

disease(%) 

1(2.8%) 0(0.0%) 0.212 

Cancer(%) 4(11.1%) 8(14.3%) 0.661 

Connective tissue 

disease(%) 

0(0.0%) 2(3.6%) 0.254 

Hyperlipidemia(%) 2(5.6%) 7(12.5%) 0.276 

Hepatic insufficiency(%) 1(2.8%) 4(7.1%) 0.370 

Renal insufficiency(%) 1(2.8%) 5(8.9%) 0.246 

Immune disease(%) 0(0.0%) 3(5.4%) 0.160 

Infectious disease(%) 12(33.3%) 20(35.7%) 0.816 

Pregnancy(%) 1(2.8%) 6(10.7%) 0.163 

Length of hospital stay, 

days 

10.00(8.00,13.00) 9.00 (6.25,14.00) 0.297 

Abbreviations: VTE, venous thromboembolism; COPD, chronic obstructive pulmonary disease 
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Table 2 The department use of Caprini Score between pre-prophylaxis and post-prophylaxis 

education. 

 pre-prophylaxis(Y/N) post-prophylaxis(Y/N) 

Department of Respiratory Y Y 

Department of Oncology  N Y 

Department of Cardiology Y Y 

Department of Critical 

Care Medicine 

N Y 

 Emergency Department N Y 

Department of Geriatrics  N Y 

Department of Integrated 

Traditional and Western 

Medicine 

N Y 

Department of Neurology N Y 

Department of Burn Unit  N Y 

Department of Obstetrics  N Y 

Department of Vascular 

Surgery 

Y Y 

 Abbreviation: VTE, venous thromboembolism; Y, Yes; N, No 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3 The costs of drug and examination between pre-prophylaxis and post-prophylaxis 

education. 

 Diagnosed VTE or not 

(Y/N), number 

Cost of 

therapy(yuan) 

Cost of 

examination(yuan) 
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*means no significant difference between pre-prophylaxis and post-prophylaxis education(P>0.05). 

Abbreviation: VTE, venous thromboembolism 

 

Table 4 The cost- effectiveness analysis between pre-prophylaxis and post-prophylaxis education. 

 cost Effectiveness ICER

（yuan/QALY） 

post-prophylaxis 2038.82 0.07594 - 

pre-prophylaxis 2304.63 0.07499 -280083.55 
Abbreviation: ICER, incremental cost effectiveness ratio; QALY, quality adjusted life year 

 

 

 

Discussion  

The present study demonstrated several important points: (1) increased awareness of disease 

prophylaxis among different departments; (2) increased VTE incidence after the education on 

prophylaxis; (3) improved accuracy of risk assessment by the use of Caprini Score, for example; 

and (4) improved cost-effectiveness for education on VTE prophylaxis on the basis of KT. 

Through KT, valuable information can be shared to bridge the gap between implementers and 

audiences. However, in the course of implementing KT, there are still inefficient activities such as 

misguided decision-making and unreasonable dissemination of research knowledge, which 

eventually deprive the chance of patients obtaining beneficial treatment 26. For instance, despite an 

existed therapeutic effect of statin on reducing the risk of coronary heart disease, there was still a 

limited range of the clinical applicability of statin therapy for treating targeted patients frequently 27. 

Therefore, it is obviously that knowledge should be extracted briefly and individually to reduce the 

burden of audiences, in combination with different implementations to improve the efficiency and 

the construction of an MDT comprising different department specialists to provide specific issues 

and solve the barriers encountered 28. In our study, the benefits of VTE prophylaxis might be 

explained as follows. Firstly, the aim of the study was knowledgeable about the latest guidelines 

and expert consensus to improve the efficiency of clinical practice. Secondly, Departments with 

high risk of encountering patients with thromboembolism were the key candidates. Therefore, these 

Departments could have a better knowledge of and put the emphasis on VTE, so as to benefit a 

better translation of related information into a more standardized approach to improve management 

of suspected VTE patients. Thirdly, there was a difference in the focus of work in each Department, 

which was generally associated with different diseases. Hence, it was clearly that specialist doctors 

and nurses were easier to get the points, which might exhibit advantages in medical service 

time-saving and medical burden-alleviating. Fourthly, through education, patients might sufficiently 

understand the disease (VTE, for instance) they suffered from and made a conscious effort to avoid. 

Fifthly, the diversity of education resulted in a greater acceptance to the approach. Lastly, we set up 

an MDT covering the Departments of Respiratory, Cardiology, Cardiac Surgery, Thoracic Surgery, 

post-prophylaxis Y (n=14) 650.96 2517.43 

 N (n=42) 119.57 1799.27 

pre-prophylaxis Y (n=7) 1102.76* 2731.50* 

 N (n=29) 87.94* 1946.75* 
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Vascular Surgery, Pharmacy, Radiology, and Nursing, which would provide the solutions on VTE 

professionally. 

In the present study, the time before education on VTE prophylaxis, except the Departments of 

Respiratory, Cardiology, and Vascular Surgery, members in other Departments were unfamiliar 

with the guidelines and expert consensus of VTE prophylaxis, accompanied by a limited awareness 

of VTE prevention and treatment. Meanwhile, there were a few application rates of the Caprini 

Score, which would result in a higher risk of VTE in certain patients, particularly the development 

of PE to result in death of some patients, leading to a higher possibility of medical disputes between 

hospitals and patients. The observed increased incidence of VTE after education on prophylaxis 

highlighted the significance of findings in our study. In comparison with pre-prophylaxis education, 

the clinic staff in Department of Oncology, Critical Care Medicine, Geriatrics, Burn Unit, 

Obstetrics, Vascular Surgery also had the awareness and ability of preventing or recognizing VTE 

clinically. In this regard, patients would experience a reduced risk of suffering from unknown life 

threatening or receive effective treatment to reverse disease progression. 

Risk stratification is crucial for adopting appropriate therapies for suspected VTE. The 

development of VTE is associated with several risk factors, and corresponding risk will be 

increased along with the increased number of risk factors29. Generally, common risk factors of 

developing VTE are age ≥40 years old, past history of VTE, obesity, bed rest ≥5 days, history of 
major surgery, cancer, childbirth, myocardial infarction, heart failure, varicose veins, stroke and hip 

or leg fracture30. Caprini Risk Scoring System endorsed by ACCP guidelines in 2001 has been 

developed and verified over the years, which weighs each risk factor and calculates a thrombosis 

score. Patients are assigned to low risk, moderate risk, high risk and highest risk group with the 

scores of 1, 2, 3-4, >4, respectively31. Zakai et al. compared Caprini score with Lutz and THRIFT, 

and found that only Caprini score could be used for risk stratification of medical patients32. In 

another study, 8216 surgical patients were enrolled to identify the incidence of symptomatic VTE 

by using Caprini score, corresponding incidence rates were 0.0%, 0.70%, 0.97% and 1.94% 

according to four levels risk assessment from low to highest, respectively33. More importantly, on 

the basis of the obtained results, physician could formulate the appropriate preventive measures to 

treat patients individually33. In our system, Caprini score has been extensively used after 

implementation in various Departments, which might contribute to the evaluation of the risk of 

thrombosis and then the utilization of effective interventions such as mechanical, anticoagulant, or 

combined therapy. 

Furthermore, cost-effectiveness analysis is an economic evaluation method, which integrates 

safety, effectiveness and economical elements together. The proposed method focuses usually on 

pharmacologic prophylaxis of VTE, such as rivaroxaban versus warfarin in the treatment of 

morbidly obese patients with VTE34, enoxaparin versus heparin for medical inpatients in Iran on 

VTE prophylaxis35, and rivaroxaban versus apixaban for the initial and extended treatment of VTE 

and its recurrence in the UK36. However, at present, there is few research concerning the education 

on prophylaxis. In our study, there was a decline in the combined cost of drug and examination, 

despite no statistical significance between pre-prophylaxis and post-prophylaxis education. 

Furthermore, the cost of post-prophylaxis education was lower than that of pre-prophylaxis 

education, while the effectiveness was higher than that of pre-prophylaxis education. Besides, ICER 

was a negative value that was significantly smaller than WTP, the probability of patients' 

acceptance was 84.3% which was higher than 15.7% in the pre-prophylaxis group, and the 
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cost-effectiveness acceptability of post-prophylaxis education in preventing VTE after 

hospitalization was always better than pre-prophylaxis education did no matter how WTP changed, 

implying that post-prophylaxis education was more cost-effective than pre-prophylaxis education in 

preventing VTE . 

However, the following limitations shall be considered in view of our research findings. Firstly, 

education was carried out in the Departments with high risk of VTE, but multiple factors might be 

responsible for the occurrence of thromboembolism. Besides, if possible, it’s better to refine to the 

types of patients or assess specific thromboembolism risk of every patient on admission to achieve 

individualization. In addition, the small sample size, short period of observation and single-center 

analysis might all affect the credibility of our study. Accordingly, further follow-up studies are 

required to validate the results of our research. 

 

Conclusions 

In summary, education on prophylaxis in patients with suspected VTE on admission might 

contribute to increased awareness of VTE prophylaxis among clinical staff, improve the accuracy of 

risk stratification of VTE, and enhance cost-effectiveness related to medicines and examinations. 

Anyway, further studies are needed to determine whether the education on prophylaxis may lead to 

an improvement of hard endpoints such as VTE-related mortality. 
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Figure legend 

Fig.1 The department distribution of suspected VTE patients on admission between pre-prophylaxis 

and post-prophylaxis education. 

The suspected VTE patients after prophylaxis education were distributed more widely among 

Departments than before prophylaxis education. 

Fig.2 Tornado diagrams of single factor sensitivity analysis between pre-prophylaxis and 

post-prophylaxis education. 

All factors included are stable and were not reversed within the range of each parameter, and had 

little influence on the results.  

Fig.3 Incremental cost effectiveness scatter plots of pre-prophylaxis versus post-prophylaxis 

education. 

When the WTP value was ¥212676, the probability of patients' acceptance was 84.3% in the 

post-prophylaxis group and 15.7% in the pre-prophylaxis group. 

Fig.4 Cost-effectiveness acceptability curve of pre-prophylaxis and post-prophylaxis education. 

No matter how WTP changed, the cost-effectiveness acceptability of post-prophylaxis education in 

preventing VTE after hospitalization was better than pre-prophylaxis education did. 

 

 



Figures

Figure 1

The department distribution of suspected VTE patients on admission between pre-prophylaxis and post-
prophylaxis education. The suspected VTE patients after prophylaxis education were distributed more
widely among Departments than before prophylaxis education.



Figure 2

Tornado diagrams of single factor sensitivity analysis between pre-prophylaxis and post-prophylaxis
education. All factors included are stable and were not reversed within the range of each parameter, and
had little in�uence on the results.



Figure 3

Incremental cost effectiveness scatter plots of pre-prophylaxis versus post-prophylaxis education. When
the WTP value was ¥212676, the probability of patients' acceptance was 84.3% in the post-prophylaxis
group and 15.7% in the pre-prophylaxis group.



Figure 4

Cost-effectiveness acceptability curve of pre-prophylaxis and post-prophylaxis education. No matter how
WTP changed, the cost-effectiveness acceptability of post-prophylaxis education in preventing VTE after
hospitalization was better than pre-prophylaxis education did.


