
1. Background
Non-communicable diseases have emerged as the 
foremost cause of mortality and disease burden 
worldwide. In 2000, 60% of global fatalities were 
attributed to non-communicable diseases, with an 
anticipated increase to 73% by 2024. Consequently, there is 
a pressing need to prioritize the prevention of the disease 
in developing countries, a key initiative spearheaded by 
the World Health Organization (1).

Venous thromboembolism (VTE) is a formidable 
vascular disease, superseded only by coronary artery 
disease and stroke, with a lifetime incidence rate of 
approximately 2-5% (2). Although this condition is widely 
recognized, it is still fraught with grave complications and 
substantial mortality rates (3). Furthermore, although 
largely preventable, VTE remains a leading cause of death 
in hospitals (4).

VTE includes deep vein thrombosis (DVT) and pulmonary 
embolism (PE) (5). DVT is a condition that occurs when a 
blood clot forms in a vein, usually in the lower leg, thigh, 
or pelvis. The clot can break loose and travel through the 
bloodstream to the lungs. Less than 10% of VTE cases occur 
in areas other than the internal limb (6).

This disease affects 1-3 in 1000 individuals every year in 
developed countries and is regarded as one of the reasons 

for cardiovascular death, alongside heart attacks and 
strokes (7).

The annual global incidence of VTE is approximately 
10 million cases. In Europe, an estimated 100 to 200 cases 
of VTE occur annually per 100000 people (8). However, 
research in the Netherlands indicates that VTE mortality 
may be even higher, with 16000 to 20000 cases of DVT 
and 15000 to 20000 cases of PE reported each year (9). 
Moreover, the aging population is believed to increase 
the incidence of VTE, posing a significant public health 
challenge. In England, VTE-related hospitalization 
reportedly involves over 32000 individuals each year, with 
similar figures observed in Australia (30000) (10). The 
United States experiences a high incidence of VTE, more 
than 540000 cases annually (11).

In 2006, the overall prevalence of VTE in the US was 422 
per 100000 people and it is estimated to reach 567 per 100
000 people in 2050 (10). In Iran, the prevalence of DVT has 
been reported to be 25% in patients with femur and knee 
fractures without pharmaceutical prophylaxis and 1.9% 
with pharmaceutical prophylaxis (11). Additionally, the 
annual average prevalence of DVT among adult patients 
exposed to the risk of this disease is reported to be about 
130 to 395 cases per 1000 patients in Iran (12).

In the last 30 years, numerous cost-of-illness studies 
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Abstract

Background: Venous thromboembolism (VTE) is a condition that occurs when a blood clot forms in a vein. It includes deep vein 
thrombosis (DVT) and pulmonary embolism (PE). VTE treatment incurs substantial costs, and it is predicted that the economic burden 
of this disease on society will continue to rise both domestically and globally. This study aimed to analyze the costs associated with 
the diagnosis and treatment of VTE in patients undergoing total knee replacement in order to identify major cost drivers and provide 
insights for more efficient healthcare management.
Methods: An incidence-based approach was used in this cross-sectional descriptive study to perform the cost analysis of diagnosis and 
treatment of VTE in total knee replacement patients in Iran in 2023. To this end, direct costs were calculated based on the bottom-up 
costing approach.
Results: The average direct medical cost per patient was $1742.65. The average direct non-medical cost per patient was estimated at 
$604.75. Notably, 44% of these costs are associated with patient companionship, while 33% are attributed to transportation costs.
Conclusion:  With the elderly population on the rise in our country, the need for knee joint replacement surgeries is on an upward 
trajectory as well. However, it is associated with the risk of developing VTE, which can be severe and life-threatening. Moreover, 
patients who develop VTE after major orthopedic surgeries tend to have considerably longer hospital stays, placing a strain on 
hospital resources and finances.
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have been carried out to analyze the economic burden of 
diseases on society. These studies are integral in shaping 
public health policies and treatment regulations as they 
highlight the profound impact of diseases on well-being 
of society. Cost-of-illness studies aim to determine the 
overall costs and challenges faced by healthcare systems 
when addressing particular diseases (13).

VTE treatment incurs substantial costs, and it is 
predicted that the economic burden of this disease 
on society will continue to rise both domestically and 
globally. It is imperative to have a comprehensive 
understanding of the costs involved in managing any 
medical condition to help policymakers make informed 
decisions about prioritizing healthcare policies for 
prevention and treatment, thus ensuring optimum 
utilization of resources. These cost analysis studies can 
also provide valuable insights into determining which 
treatment procedures will effectively reduce the burden 
of disease.

2. Materials and Methods
The analysis was based on a bottom-up costing 
approach from the perspective of the health system. 
The data were meticulously described using means and 
standard deviations and analyzed using SPSS version 
11.0. The inclusion criteria encompassed patients whose 
treatment information is comprehensively documented 
at all stages, as well as patients who have experienced 
VTE following knee replacement surgery. Patients who 
did not develop VTE and those who were either unable or 
unwilling to respond to the inquiries of the study were 
excluded from the study. Additionally, certain patients, 
such as children, as well as individuals whose treatment 
details were not recorded in the information system or 
whose treatment period was prematurely terminated 
due to death or referral, were excluded from the research 
due to their adherence to a distinct treatment protocol.

The analysis of costs was conducted using the bottom-
up approach, incorporating all costs incurred by the 
hospital for the treatment of VTE. In the bottom-up 
approach, the average cost per patient is first calculated 
and then multiplied by the total number of patients. To 
calculate the cost per patient, various components of the 
cost are identified and the cost generated is measured 
for each component. For example, to calculate the total 
cost of patients’ travel, the average number of trips per 
patient is multiplied by the average cost of each trip and 
then multiplied by the total number of patients. Given 
the insured status of patients, the majority of these costs 
are typically covered by medical insurance providers. The 
statistical population of this retrospective-descriptive 
analysis included 300 patients diagnosed with VTE who 
were admitted to the hospitals affiliated with Tehran 
University of Medical Sciences.

Data related to direct medical costs were collected 
from hospitalization and outpatient medical records. 
Direct medical costs include costs of physician visits, 
surgeries, hospitalization, diagnostic procedures, and 

paraclinical (laboratory) measures. The required data to 
calculate non-medical direct costs were collected using a 
questionnaire. In order to assess the scientific credibility 
of the questionnaire, content validity was utilized and 
it was validated by experts in medical universities. The 
questionnaire was pilot-tested among a group of patients 
to identify and address any concerns. Additionally, 
in-person or telephone interviews were conducted 
with patients and their caregivers to accurately assess 
incurred costs, including travel and home care costs. 
These measures were taken to ensure the accuracy and 
reliability of the data collected.

This study calculated and evaluated costs from the 
perspective of the health system. Hence, all costs incurred 
in disease management were taken into account, 
irrespective of the payer, whether it is the patient, 
insurance, or healthcare system. However, the study 
focused solely on evaluating direct healthcare costs and 
indirect healthcare costs.

Demographics and types of costs were described using 
mean and standard deviation (SD) and analyzed using 
SPSS version 11.

3. Results
A total of 300 subjects were analyzed. The subjects were 
categorized into 3 groups (n = 100): hemorrhage, DVT, and 
PE. Table 1 represents the demographics of the subjects in 
the study groups.

Among these individuals, 62% were married and 38% 
were single. Additionally, 26% had no education, 45% had 
a high school diploma or less, and 24% had a bachelor’s 
degree or higher. Additionally, most individuals had 
social security insurance. Among these individuals, 65% 

Table 1. Socio-economic and Demographic Characterizations of Patients

Variable Frequency (%)

Average age 61

Gender
59% Female

41% Male

Marital status
62% Married

38% Single

Literacy

26% Illiterate

45% Diploma or lower

24% Bachelor's degree and above

Employment status

65% Unemployed

29% Retired

3% Farmer

3% Other

Health insurance

61% Social security

23% Health care

16% Other insurance

Average length of stay

Bleeding: 9 days

DVT: 10 days

PE: 9 days
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were unemployed, 29% were retired, and 3% were farmers. 
The average income of these individuals was 17291000 
Rials. The average length of hospital stay was 9 days for 
patients with bleeding, 10 days for those with DVT, and 
9 days for individuals with PE. The average age of the 
patients was 66.

Direct Medical Costs

To accurately diagnose VTE, specific diagnostic measures 
are taken prior to any therapeutic intervention. These 
measures include specialist visits, radiology, Doppler 
ultrasonography, CT scans, MRI, laboratory tests, ECGs, 
and echocardiography. Tables 2 and 3 represent the costs 
of diagnosis and treatment of VTE based on the type of 
intervention and treatment service within the public 
sector. The cost of each service is based on the tariff rate 
set by the Ministry of Health, Treatment, and Medical 
Education.

As shown in Table 2, the highest cost incurred in the 
surgery section and operating room was attributed 
to medications and consumables (45%), followed by 
surgeons (35%). Table 3 indicates the diagnostic costs 
of VTE, which primarily include costs for medical 
consultations, radiological tests, Doppler ultrasounds, 
CT scans, MRI scans, laboratory tests, ECG, and 
echocardiography. Radiology, ECG, and MRI scans were 
the least costly services.

Direct Non-medical Cost

Table 4 details non-medical direct costs. As shown, 44% of 
these costs are associated with patient companionship, 
while 33% are attributed to transportation costs.

4. Discussion 
This study aimed to conduct a comprehensive cost analysis 

on the diagnosis and treatment of VTE in Iran. As the first 
and groundbreaking cost analysis study on the disease 
in the country in 2022, the required data were collected 
from diverse sources such as hospital records, surveys, 
and the HIS system, in addition to phone interviews with 
patients and/or companions. The interviews with families 
of patients were subject to bias. Besides, the failure of 
some patients to disclose the exact details of their costs 
made it quite challenging to accurately calculate the cost. 
Hence, the calculated costs may be lower than the actual 
costs.

This study revealed that approximately 46% of the 
overall costs of treatment are associated with surgical 
procedures. The treatment options for patients with 
this medical condition include anti-coagulation agents 
or thrombolysis therapy, which can be administered 
intravenously or through catheterization, while advanced 
surgical interventions, such as embolectomy, are usually 
considered the ultimate solution after the failure of other 
treatments (14). Consequently, surgeon and surgical 
charges could burden patients with the highest costs 
incurred, compromising the quality of care.

Moreover, the greatest cost following surgery cost 
was attributed to medication and consumables. The use 
of pain-free techniques that required more expensive 
consumables, such as intrathecal pumps (also known as 
pain relief pumps), epidural sets, and surgical threads 
of high-end brands, as well as lengthy hospitalization 
periods, accounted for the increased costs in consumables 
observed both in the ward and operating room (15).

The increase in medication costs can be attributed 
to the use of newly developed oral anticoagulants for 
treating VTE. These anticoagulants have fewer side effects, 
including bleeding, which encourages patients to use 
them more frequently. However, since these medications 
are new, they are more expensive (16).

Various studies have been carried out to examine the 
expenditures involved in treating VTE. One of these studies 
concentrated on the cost associated with the treatment of 
VTE after orthopedic surgery. The research revealed that 
the overall cost of medical care given during the first 6 
months of post-hospital discharge amounted to $3500 
(17). Dobesh (18) reported that the total cost of treatment 
for DVT patients was $10804. In contrast, among patients 
with PE, the cost of this treatment amounted to $16644.

A study led by Spyropoulos and Lin  found that 

Table 2. Treatment Costs of VTE per Patient

Service Cost ($) Percent SD

Consultation 52.13 3 18.7

Surgeon 532.82 35 45.2

Anesthesia 76.07 5 10.1

Operating room 174.13 12 12.3

Medication and consumables 674.38 45 26.3

Table 3. Diagnostic Costs of VTE per Patient

Service Cost ($) SD Percent

Physician visit 58.44 13.02 25

Radiology 6.13 2.5 3

Doppler ultrasound 22.82 5.1 10

CT scans 24.31 2.8 10

MRI 5.21 1.2 2

Laboratory 73.31 13.4 32

ECG 5.81 1.7 3

Echocardiography 37.08 14.2 16

Table 4. Direct Non-Medical Costs of Venous Thromboembolism in 2022

Cost type Cost per patient ($) Percent

Patient companionship 268.21 44%

Transportation 202.12 33%

Home care 89.10 15%

Time 45.32 7%

Total 604.75 100%
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diagnosing DVT and PE can lead to substantial healthcare 
costs. The average total annual payment for the healthcare 
system was $10804 for DVT and $16644 for PE, taking 
into account the cost of initial diagnosis. Furthermore, 
the additional annual cost for secondary diagnoses 
was $7594 for DVT and $13018 for PE. The average cost of 
hospital readmission due to DVT was approximately 
$11862, whereas for PE, it was $14722. Interestingly, our 
study revealed that the monetary burden on patients 
associated with hospitalization and treatment was lower 
in comparison to that of diagnostic procedures (19).

Vekeman et al demonstrated that the healthcare costs 
of patients with VTE-related conditions remain high 
even 3 months after knee joint replacement. Specifically, 
the study revealed an average expenditure of $2729 per 
patient per month (20).

It is important to recognize the limitations of this 
study. The data extracted from hospital systems may 
be incomplete or contain inaccuracies concerning 
procedures, diagnoses, or costs. A weakness of this study 
was the lack of access to data on the indirect costs of VTE, 
such as reduced work productivity and quality of life, 
as well as direct medical costs. Generating evidence for 
policymakers to prevent VTE among knee replacement 
patients was one of the strengths of this study.

5. Conclusion 

With the elderly population on the rise in our country, the 
need for knee joint replacement surgeries is on an upward 
trajectory as well. However, it is associated with the risk of 
developing VTE, which can be severe and life-threatening. 
Moreover, patients who develop clinical VTE after major 
orthopedic surgeries tend to have considerably longer 
hospital stays, leading to a strain on hospital resources 
and finances.
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