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Prevention of venous thromboembolism in hospitalised patients: Analysis of 

reduced cost and improved clinical outcomes. 

 

ABSTRACT 

The impact of implementing a guideline on venous thromboembolism (VTE) 

prophylaxis was evaluated in a metropolitan private hospital with a before and after 

intervention study. This subsequent study aimed to identify if improved prophylaxis 

rates translated into cost savings and improved clinical outcomes. A conceptual 

decision tree analytical model incorporating local treatment algorithms and clinical trial 

data was used to compare prophylaxis costs and clinical outcomes before and after the 

guideline implementation. The study analysed data from 21,942 medical and surgical 

patients admitted to a 250 bed acute care private hospital in Sydney, Australia. The 

modelled simulation estimated the incidence of symptomatic deep vein thrombosis 

(DVT) and pulmonary embolism (PE) as well as adverse events such as heparin-

induced thrombocytopenia (HIT), post-thrombotic syndrome (PTS), major bleeding, 

and mortality. The costs of prophylaxis therapy and treating adverse events were also 

calculated. The improvement in prophylaxis rates following the implementation of the 

guideline was estimated to result in 13 fewer deaths, 84 fewer symptomatic DVTs, 19 

fewer symptomatic PEs, and 512 fewer hospital bed days. Improved adherence to 

evidence-based prophylaxis regimens was associated with overall cost savings of 

$245,439 over 12 months. We conclude that improved adherence to evidence-based 

guidelines for VTE prophylaxis is achievable and is likely to result in fewer deaths, less 

VTE events, and a significant overall cost saving. 
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BACKGROUND 

Venous thromboembolism (VTE) is the collective term used to describe deep vein 

thrombosis (DVT) and pulmonary embolism (PE). It is a complex vascular condition 

which poses a considerable challenge to the healthcare system, resulting in significant 

mortality, morbidity, and healthcare resource expenditure. Although the exact 

incidence of VTE is unknown, it is believed there are approximately 1 million cases of 

VTE in the United States each year resulting in 300,000 deaths annually.1 VTE is also 

linked to the development of a number of debilitating chronic cardiopulmonary and 

vascular health conditions such as pulmonary hypertension and post thrombotic 

syndrome (PTS).2 The economic burden of the disease is also considerable, costing the 

health care system in the United States an estimated $1.5 billion/year.3 

 

VTE is primarily a problem for hospitalised or recently hospitalised patients. The 

reported incidence of VTE in the hospital population is 100 times greater than the 

general community.4 In fact, studies reveal that without any form of VTE prophylaxis 

the rate of objectively confirmed, hospital-acquired VTE is approximately 10% to 40% 

in medical and general surgery patients and 40% to 60% in major orthopaedic surgery 

patients.5 This results in 10% of all in-hospital deaths which makes VTE the single most 

preventable cause of hospital-related mortality.6  VTE is now internationally recognised 

as the number one priority patient safety issue.7  

 

VTE in hospitalised patients is almost entirely preventable when the appropriate 

prophylaxis is provided to those at-risk.5, 7-9 There are a number of national and 

international guidelines 5, 7-9 which provide evidence-based recommendations for the 

use of chemoprophylaxis such as low molecular weight heparin (LMWH), or low-dose 
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unfractionated heparin (LDUH), however, these guidelines are often not adhered to in 

clinical practice. An international audit of 70,000 patients identified that only 50% of 

at-risk patients were receiving the appropriate prophylaxis.10  

 

A significant evidence practice gap was identified in our own private hospital in Sydney 

Australia. We found that only 62% of surgical patients and 19% of medical patients 

were receiving the recommended VTE prophylaxis. In an effort to improve prophylaxis 

rates our organisation undertook a hospital guideline implementation project.11 

Following that study, we used a conceptual decision tree analytical model to determine 

whether the changes brought about by the guideline implementation project translated 

into cost savings and improved clinical outcomes. Decision tree analytical models offer 

a systematic quantitative approach for assessing the relative value of one or more health 

care interventions and are commonly used to help determine health care policies that 

provide the best outcomes and the most value in certain clinical settings.12  

 

Overview of the evidence implementation project 

The implementation was conducted in a 250 bed acute care private hospital in Sydney 

Australia. The hospital has approximately 20,000 admissions annually with a case mix 

of 70% surgical and 30% medical patients. Forty five percent of the patient population 

is over 65 years of age. The hospital does not offer maternity, paediatric, or trauma 

services but all other major medical and surgical specialties are provided. 

 

The aim of the project was to implement an evidence-based VTE prevention guideline 

and improve VTE prophylaxis rates for all medical and surgical inpatients. An iterative 

practice improvement method based on the model described by Grol et al13 was 
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employed (see Figure 1). This method uses qualitative and quantitative approaches to 

identify, diagnose, and overcome local barriers to evidence-based care.  

 

 

Figure 1: The iterative practice improvement method based on the model described by 

Grol et al.  
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Structured brain storming sessions were conducted with a multidisciplinary group of 

clinicians (medical, nursing, pharmacy, allied health) and managers to identify local 

barriers to the implementation of the guideline and to identify possible change strategies 

to overcoming these barriers. Four barriers were identified during the session and 

included a lack of motivation to change; a lack of systems support; a knowledge and 

awareness deficit; and disputed evidence. Evidence-based change strategies were 

selected from the literature on effective guideline implementation 14, 15 and incorporated 

into a multifaceted intervention. The strategies were:  

• Audit and feedback: The results of the baseline audit and of a midpoint 

‘snapshot’ audit were fed back to the clinicians in short presentations.  

• Documentation and decision support aids: A tool for assessing VTE risk and 

choosing appropriate prophylaxis (based on the national VTE prevention 

guideline9) was developed  and printed in the medication chart. A reminder 

system incorporating VTE risk alert stickers was also implemented.      

• Provider education: A series of education sessions was delivered to all 

departments to raise VTE awareness and train staff in the use of the risk 

assessment and decision support tool. This was complemented by an in-house 

multidisciplinary VTE prevention conference with expert speakers invited from 

across the country.   

• Local policy and procedure: A hospital-wide policy on VTE prevention which 

clearly outlined roles and responsibilities was developed and promulgated.  

 

The proportion of orthopaedic, general surgical and medical patients receiving 

appropriate prophylaxis prior to the guideline implementation and 12 months following 

implementation was assessed in clinical audits by an experienced registered nurse. The 
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primary project measure was the percentage of patients receiving appropriate VTE 

prophylaxis. The audit results were entered into Statistical Package for the Social 

Sciences (IBM SPSS Statistic version 18) and compared using Chi square or Fisher’s 

exact test.  

 

The project resulted in significant changes from baseline to follow-up. The proportion 

of all patients who received appropriate VTE prophylaxis increased by 19%, from 49% 

at baseline to 68% at follow-up (p=0.02). The improvement was similar for both 

surgical and medical patients with a 21% increase for surgical patients and a 26% 

increase for medical patients (p=0.02 and p=0.05, respectively). The proportion of all 

patients receiving appropriate pharmacological prophylaxis increased by 20%, from 

61% at baseline to 81% at follow-up (p=0.01). Of this, surgical patients’ prophylaxis 

rates increased by 26%, while medical patients’ rates increased by only 13% (p=0.01 

and p=0.26, respectively).  

 

The results of this study were then evaluated using a decision tree analytic economic 

model which incorporated local audit data, national VTE associated Diagnostic Related 

Group costing data and freely available clinical trial data to determine how the 

improvement in prophylaxis rates translated into cost savings and improved clinical 

outcomes.  

 

METHOD 

Clinical and economic modelling 

A conceptual decision tree analytical model was used to evaluate the impact on cost 

and clinical outcomes of changes in VTE prophylaxis regimens (LMWH, LDUH, or no 
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prophylaxis) resulting from the implementation of a VTE prophylaxis guideline. The 

model was validated by thirty clinicians across Australia to ensure that the structure, 

inputs and outputs of the model were relevant to the Australian clinical setting.  

 

Data on the prophylaxis regime of medical, general surgical and orthopaedic patients 

admitted to our hospital between January 2010 and January 2011 was entered into the 

model (n=21,942). The efficacy and safety of the prophylaxis regimens included in the 

model were assessed via a mixed treatment comparison of publicly available clinical 

trial data.16-21 This method enabled the comparison of prophylaxis regimes that have 

not been directly compared in head-to-head studies.22  This data was also used to 

estimate the incidence of VTE (symptomatic DVT and PE) and costs of prophylaxis as 

well as adverse events such as HIT, PTS, prophylaxis and treatment related major 

bleeding, and mortality. Treatment costs in relation to DVT, PE, major bleeds, HIT, 

and PTS were based on the Australian register of Diagnosis Related Groups for Private 

Hospitals that are associated with treatment for VTE related events as well as hospital 

specific costs for the included prophylaxis regimens.23  

 

Structure of the decision tree 

Our decision tree consisted of three pathways, one for each prophylaxis option (LMWH, 

LDUH, and no prophylaxis). The decision tree begins at the far left with the initial 

decision node (represented by the circle). Decision nodes represent the points at which 

alternative actions can be selected, with each alternative action represented by a 

separate branch of the decision tree. Possible outcomes resulting from a particular 

intervention are defined at chance nodes (represented by a rectangle). Each event 

emanating from a given chance node is assigned a value which represents the 
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probability of that event occurring. The sum of the probabilities for all possible events 

from the same chance node must equal one, as the all events must be mutually exclusive 

and exhaustive. For example, in Figure 2, patients will either die (probability 0.3) or 

survive (probability 0.7) their asymptomatic PE. The end of a branch of the decision 

tree is represented by a terminal node (represented by a side-house).  Pay-offs (costs) 

were assigned to each branch of the decision tree based on data from the Australian 

register Diagnosis Related Groups for Private Hospitals.  

 

Figure 2: Structure of the decision tree analytic model for VTE prevention in surgical 

and high-risk medical patients when patients experience a PE (PE= pulmonary 

embolism). 
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Analysis of the decision tree 

The cost-effectiveness of VTE prophylaxis following the implementation of the 

guidelines was analysed via a ‘folding back and averaging’ process. The weighted 

average net value for each decision node of the three pathways was calculated starting 

from the terminal node of each branch working backwards to the initial node. The 

weighted average net value is the sum of the pay-offs (costs) weighted by the 

probability of their occurrence. This process was repeated working backwards to the 

initial node for each branch of the decision tree and then comparing the expected results 

from each of the three pathways (LMWH, LDUH, and no prophylaxis). This process 

of folding back and averaging is standard for decision-tree analysis.12 

 

RESULTS 

Actual project outcomes 

The proportion of orthopaedic, general surgical and medical patients receiving a 

particular prophylaxis regimen (either LMWH, LDUH, or no prophylaxis) prior to the 

guideline implementation and at 12 months following implementation are shown in 

Table 1. There was an increase in the percentage of orthopaedic patients who received 

no prophylaxis at follow-up (21% at baseline, 25% at follow-up). This was related to a 

decrease in patients receiving LDUH (5% at baseline, 0% at follow-up) which was not 

countered by an equivalent increase in patients receiving LMWH (74% at baseline, 

75% and follow-up). There was a decrease in the percentage of general surgical patients 

who received no prophylaxis (68% at baseline, 52% at follow-up) which was 

attributable to an increase in the use of both LDUH (20% at baseline, 31% at follow-

up) and LMWH (12% at baseline, 17% at follow-up). Medical patients provided no 

prophylaxis also decreased from 95% at baseline to 80% at follow-up. This was related 
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to an increase in both LDUH (0% at baseline, 5% at follow-up) and LMWH (5% at 

baseline, 15% at follow-up) prophylaxis regimes.  

 

Table 1: The proportion of orthopaedic, general surgical and medical patients 

receiving a particular prophylaxis regimen prior to the guideline implementation and 

12 months following implementation (PTS= post thrombotic syndrome, HIT= 

heparin-induced thrombocytopenia, PE= pulmonary embolism, DVT= deep vein 

thrombosis, LMWH= low molecular weight heparin, LDUH= low-dose 

unfractionated heparin). 

 

Specialty Prophylaxis regimen Baseline (%) Follow-up (%) 

Orthopaedics 
LMWH 74 75 
LDUH 5 0 
No prophylaxis 21 25 

General surgery 
LMWH 12 17 
LDUH 20 31 
No prophylaxis 68 52 

Medical 
LMWH 5 15 
LDUH 0 5 
No prophylaxis 95 80 

 

Projected clinical outcomes 

Table 2 shows the projected change in clinical outcomes following the introduction of 

the VTE prevention guideline. The economic modelling estimated that there were 13 

fewer deaths (183 at baseline, 170 at follow-up), 84 fewer symptomatic DVTs (865 at 

baseline, 781 at follow-up), 19 fewer symptomatic PEs (177 at baseline, 158 at follow-

up), 48 fewer PTS events (455 at baseline, 407 at the follow-up) and 512 fewer hospital 
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bed days (11,119 at baseline, 10,607 at follow-up) over baseline, across medical and 

surgical patients. The model also estimated 34 more major bleeding events (392 at 

baseline, 426 at follow-up) and 22 more episodes of HIT (44 at baseline, 66 at follow-

up).  

 

Table 2: Estimated health outcomes for surgical and high-risk medical patients prior 

to the guideline implementation and 12 months following implementation (PTS= post 

thrombotic syndrome, HIT= heparin-induced thrombocytopenia, PE= pulmonary 

embolism, DVT= deep vein thrombosis). 

 Clinical outcomes Baseline 
(A) 

Follow-up 
(B) 

Incremental  
(=A–B) 

Symptomatic DVT 865 781 -84 
Symptomatic PE 177 158 -19 
Deaths 183 170 -13 
Major bleeding events 392 426 34 
HIT 44 66 22 
PTS 455 407 -48 
Hospital days 11,119 10,607 -512 

 

Projected economic outcomes 

Table 3 shows the projected change in economic outcomes following the guideline’s 

introduction. According to the modelled analysis, improved adherence to evidence 

based prophylaxis regimens was associated with overall cost savings of $245,439 over 

12 months ($5,078,522 at baseline, $4,833,083 at follow-up).  In-patient prophylaxis 

costs were estimated to increase by $38,553 from $107,311 at baseline to $142,864 at 

follow-up. The costs for LMWH were estimated to increase by $20,982 (from $71,313 

to $92,295) whilst costs for heparin were estimated to rise by $17,571 (from $32,998 

to $50,569). The model estimated that costs associated with the treatment of DVT 
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would be reduced by $231,765 (from $2,375,532 at baseline to $2,143,767 at follow-

up), that costs associated with the treatment of PE reduced by $50,104 (from $470,284 

at baseline to $420,180 at follow-up), and that costs associated with the treatment of 

PTS reduced by $130,735 (from $1,247,732 at baseline to $1,116,997 at follow-up).  

The model also estimated that the cost of treating major bleeds increased by $66,920 

(from $762,057 at baseline to $828,977 at follow-up) and that the costs of treating HIT 

increased by $61,693 (from $118,605 at baseline to $180,298 at follow-up).  

 

Table 3: Estimated costs for surgical and high-risk medical patients prior to the 

guideline implementation and 12 months following implementation (PTS= post 

thrombotic syndrome, HIT= heparin-induced thrombocytopenia, PE= pulmonary 

embolism, DVT= deep vein thrombosis, LMWH= low molecular weight heparin, 

LDUH= low-dose unfractionated heparin). All values are in Australian dollars. 

Clinical costs Baseline 
(A) 

Follow-up 
(B) 

Incremental 
(=A–B) 

Total costs $5,078,522 $4,833,083 -$245,439 
Prophylaxis (inpatient) $104,311 $142,864 $38,553 
LMWH $71,313 $92,295 $20,982 
LDUH $32,998 $50,569 $17,571 
DVT treatment $2,375,532 $2,143,767 -$231,765 
PE treatment $470,284 $420,180 -$50,104 
Major bleeds $762,057 $828,977 $66,920 
HIT $118,605 $180,298 $61,693 
PTS $1,247,732 $1,116,997 -$130,735 
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DISCUSSION 

Our modelling demonstrated that the positive improvements in VTE prevention 

practices following the introduction of the evidence-based guideline was estimated to 

result in 13 fewer deaths, 84 fewer symptomatic DVTs,19 fewer symptomatic PEs, 512 

fewer hospital bed days, and a saving of $245,439 over 12 months. These findings are 

comparable to similar studies conducted in European24 and North America.25  

 

There are a number of important characteristics about this disease process which help 

explain why relatively small changes in clinical practice result in such dramatic 

improvements in clinical and economic outcomes. The combination of a high incidence 

rate, significant mortality and morbidity, and costly treatment are all characteristics of 

the disease that contribute to its significant burden. The most insidious characteristic, 

however, is the extended natural history of the VTE disease process.26 Heit et al found 

the incidence of recurrent VTE was 10% at six months, 13% after one year, and 30% 

after 10 years.27  

 

Decision tree analytic modelling is the perfect tool for demonstrating the compounding 

costs associated with each VTE event. As illustrated in Figure 2, all patients who 

survive VTE are at a significant ongoing risk of a recurrent event which in turn places 

them at risk of experiencing a serious adverse clinical outcome (death, major bleed, 

PTS, or HIT).28 The sequelae of serious adverse events following VTE helps to explain 

why relatively small changes in practice result in such dramatic improvements in 

clinical and economic outcomes.  
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Strengths and limitations 

Decision tree analytic economic modelling helps healthcare providers and funders to 

make informed decisions regarding the cost-effectiveness of alternative treatment 

options. Decision trees are the simplest form of analytical economic modelling, 

providing a relatively simple and transparent economic evaluation of the options 

available for a healthcare problem.22 A tailored economic model, such as the one used 

here, ensures that the treatment pathways and costs reflect the environment to which 

the model is applied which adds to the validity of the economic evaluation.  

 

The decision tree model used in this analysis was designed exclusively for the 

assessment of pharmacological VTE prophylaxis. As such it is limited to drawing 

conclusions surrounding the pharmacologic aspects of the guideline implementation. 

The underlying data in the model, while being sourced from a robust and extensive 

mixed treatment comparison of published VTE prophylaxis data, only reflects the 

outcomes likely to be achieved by adherence to best practice and are not necessarily 

representative of the local hospital context. The analysis of cost-effectiveness could be 

further tailored by including more local hospital data such as VTE, major bleeding and 

HIT event rates. 

 

CONCLUSION 

Improved adherence to evidence-based guidelines for VTE prophylaxis in the 

Australian clinical setting is achievable and can result in significant improvements in 

clinical and economic outcomes.  Practice improvement initiatives such as these are 

likely to result in fewer deaths, VTE events and significant overall healthcare cost 

savings. 
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