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Abstract

Background: The highest risk of developing venous thromboembolism (VTE) is seen in patients who have undergone orthopedic
surgery. One of the most common methods to reduce the risk of thromboembolism in these patients is anticoagulant prophylaxis.
Rivaroxaban is one of the anticoagulants that has a lower cost than other anticoagulants and has a significant effect on people’s quality
of life as it is edible. The study aimed to determine the cost-effectiveness of rivaroxaban as compared with enoxaparin for venous
thromboembolism prophylaxis in knee replacement patients in Iran.

Methods: It was a quantitative and economic evaluation study with a cost-effectiveness approach and an applied study because its
results could be used directly for policy-making and decision-making in the health system. The study was conducted in 2019 and 2020.
This study considered the health system perspective. The study population included all knee replacement patients. The sample included
203 patients referred to Shafa Yahyaeian Hospital and 300 patients referred to Rasoul Hospital in Tehran. The study was conducted in
two steps. A systematic review of studies was conducted in the first step. The CHEERS checklist was used to evaluate the quality of
the studies in the systematic review. The EQ-5D questionnaire was used in the second step to calculate the QALY, and the cost
collection form was used to calculate the direct medical cost. The data were analyzed through a decision tree, and Stata and Tree age
pro softwares were the analysis tools. Also, according to the per capita GDP index for Iran in 2018, the incremental cost-effectiveness
threshold was considered to be $10,000.

Results: The results of this study showed that during the prophylaxis period, rivaroxaban was one and a half times less costly than
enoxaparin. Quality of life in uncomplicated conditions were 0.85 QALY for rivaroxaban and 0.69 QALY for enoxaparin. Based on
the results of this study, the cost of rivaroxaban during the prophylaxis was $ 160.97 and the quality of life was 0.85 QALY and the
cost of enoxaparin was $ 276.07 and the quality of life was 0.69 QALY. The cost difference between the two interventions was $
115.09 and the outcome difference was 0.16 QALY. The incremental cost-effectiveness ratio was $ 189.40 for rivaroxaban and $
416.28 for enoxaparin. According to the results of this study, rivaroxaban reduced the duration of hospitalization by an average of 2
days in asymptomatic patients (prophylaxis period) compared to enoxaparin.

Conclusion: Rivaroxaban, an oral medication, reduced costs and increased the quality of life in people undergoing knee replacement
surgery compared with an enoxaparin injection vial. This drug was less costly for the patient and health systems and its use was cost-
effective as a thromboprophylaxis drug following knee replacement surgery.
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Venous thromboembolism (VTE), also known as blood clots, is a

1 Health Management and Economics Research Center, School of Health disorder that includes deep vein thrombosis and pulmonary
Management and Information Sciences, Iran University of Medical Sciences, Tehran, embolism. Venous thromboembolism (VTE) not only has a major
Iran impact on the health and quality of life but also imposes a high

2 Department of Health Services Management, School of Health, Ahvaz Jundishapur cost on the health system of countries.
University of Medical Sciences, Ahvaz, Iran
3. Department of Pharmaceutical Control, School of Pharmacy, Mashhad University of —>What this article adds:

Medical Sciences, Mashhad, Iran The results of the present study showed that rivaroxaban reduced

the cost and increased the quality of life in people undergoing knee
replacement surgery. Due to the fact that rivaroxaban was taken
orally and did not require constant monitoring, it would cost less
for the patient and the health system, and its use as a
thromboprophylactic drug after surgery was preferred.
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Introduction

Non-communicable diseases are currently the leading
cause of death and burden of disease in the world. 60% of
deaths in 2000 worldwide were due to non-communicable
diseases and are estimated to reach 73% by 2020, so the
World Health Organization has made the prophylaxis of
these diseases a health priority in developing countries (1).

Venous thromboembolism (VTE) is the third most
common vascular disease after coronary artery disease and
stroke, which is experienced by two to five percent of
people during their lifetime. Thromboembolism is a well-
known problem that is associated with significant compli-
cations and deaths (3). This disease is an important cause
of mortality in a hospital that is largely preventable (4).

Deep vein thrombosis (DVT) and pulmonary embolism
(PE), commonly referred to as venous thromboembolism
(VTE), impose a heavy burden on countries’ healthcare
systems (5).

DVT is caused by clot formation in the veins. It mainly
occurs in the deep veins of the leg, and the thrombus can
be embolized from this site toward the lungs. Less than
10% of venous thrombosis is formed somewhere other
than the lower extremities. The annual incidence of this
disease is about one to three cases per thousand people in
developed countries and it is one of the three causes of
cardiovascular mortality along with heart attack and stroke
(6).

Pulmonary embolism is the third leading cause of death
from cardiovascular disease after coronary artery disease
and stroke. It is also the most common cause of preventa-
ble death among hospitalized patients. Thousands are ad-
mitted to hospitals annually for benign and treatable dis-
eases but die from pulmonary embolism, while death can
be avoided if prevented (7).

The most important known risk factors for VTE include
aging, previous history of VTE, malignancies, trauma,
obesity, pregnancy, varicose veins, superficial thrombo-
phlebitis, hormones, venous catheterizations, and condi-
tions that increase coagulation (8).

Complications of VTE include delay in hospital dis-
charge, readmission, complications of taking anticoagula-
tion, recurrent thromboembolism, death and post-phlebitic
syndrome as chronic foot swelling, dermatitis, and leg
ulcers (9). The risk of VTE increases dramatically during
surgery, especially orthopedic surgeries, great vessel sur-
gery, neurosurgery, as well as cancer. Half of the patients
with VTE may experience long-term complications such
as swelling, pain, and organ discoloration, and 33% of
patients experience a recurrence within the next ten years
(10).

About 70% of VTE cases can be asymptomatic. Be-
sides, about 6% of cases of DVT and 12% of cases of PE
result in death within one month of diagnosis (11).

In the United States and Europe, the number of people
who die from VTE is higher than the total number of peo-
ple dying from AIDS, breast cancer, prostate cancer, and
traffic collision (12). Up to 60% of VTE cases occur dur-
ing or after hospitalization, which is the most important
preventable factor in-hospital deaths (13).
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About one million cases of VTE occur annually around
the world (13). It is estimated at between 100 and 200 per
hundred persons annually in Europe (14). Dutch sources
report higher estimates from 16,000 to 20,000 VTE cases
and 15,000 to 20,000 PE cases. Its incidence is expected
to increase due to changes in the elderly population (15).
More than 32,000 cases of hospitalization-related VTE
occur annually in the UK, 30,000 cases in Australia (16),
and more than 540,000 cases in the United States (17).

In Iran, the outbreak of DVT in patients with pelvic and
knee fractures with and without drug prophylaxis is re-
ported to be 9.1% and 25%, respectively. The average
annual outbreak of DVT among adult patients in Iran who
are at risk of this disease was about 130 to 395 cases per
thousand patients in 2012. 526 people in 2010, 1068 peo-
ple in 2011, and 940 people in 2012 suffered from embo-
lism due to knee replacement surgery (18).

Patients who have undergone orthopedic surgery are
more at risk of DVT. Orthopedic injuries from pelvic,
femoral, and leg bone fractures have also been identified
as high-risk factors for DVT. Studies have shown that
thromboembolic problems occur in more than half of ma-
jor orthopedic surgeries, and 30% of this population may
develop pulmonary thromboembolism (PTE). Without
prophylactic treatment, DVT may increase up to 70% after
elective pelvic surgery and 84% after knee replacement
(19).

VTE is the most important factor in reducing the quality
of life after knee surgery, which occurs in about two-
thirds of patients, especially in the first three weeks after
surgery. Also, one-third of those with thromboembolism
are exposed to problems such as post-thromboembolic
syndrome during the first two years thereafter. Reducing
the incidence of thromboembolism after knee replacement
surgery is one of the main concerns of orthopedic special-
ists and health systems (20).

Anticoagulant prophylaxis is used as one of the most
common methods of reducing the risk of thromboembo-
lism in these patients. However, the drugs used in this
prophylaxis are very diverse (21).

Selecting drug factors is affected by efficacy, safety,
side effects (such as renal failure), patient’s preference
and cost. In patients with further risk factors (such as a
history of VTE in the elderly, especially over 75, active
cancer or a history of cancer, extensive surgery), greater
prophylaxis, in the form of increasing dose or duration of
drug action, should be considered. Some of the pharmaco-
logical agents currently used to prevent VTE in patients
who underwent surgery are standard heparin, antiplatelet
agents, low molecular weight heparin, vitamin K antago-
nists, fondaparinux, and newer oral anticoagulants, Riva-
roxaban, Dabigatran, and Apixaban.

It was previously more common to use injectable anti-
coagulants such as heparin and enoxaparin. However, the
use of these anticoagulants has been minimized due to the
unpleasant method of use (injection) and the need for con-
stant monitoring. The use of oral anticoagulants such as
rivaroxaban has currently become more common. The use
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Table 1. Probabilities of events

Expected values of probabilities

Expected value

Reference

Prophylaxis with Rivaroxaban

Major bleeding 0.0057
VTE 0.0959
DVT 0.9988
PE 0.006
Prophylaxis with Enoxaparin

Major bleeding 0.0057
VTE 0.188
DVT 0.976
PE 0.024

Lassen et al (25),turipe et al (25)
Lassen et al (25),errikson et al (26)
Lassen et al (25),turipe et al (25)
Lassen et al (25),turipe et al (25)

Lassen et al (25),turipe et al (25)
Lassen et al (25),errikson et al (26)
Lassen et al (25),turipe et al (25)
Lassen et al (25),turipe et al (25)

of oral anticoagulants, in addition to the need for constant
monitoring, will have a less financial burden for patients
and health systems because the patient can use this drug
himself and does not need to go to health centers and be
hospitalized for injection (21).

Rivaroxaban is a specific active factor X inhibitor with
excellent bioavailability and a half-life of approximately
three hours, which not only releases factor Xa inhibitors
but also inhibits prothrombinase and factor Xa activities
with clots. Better clinical results are obtained when riva-
roxaban is used three days after surgery. When its use is
delayed until the third day after surgery, wound complica-
tions might be avoided. The most important advantage of
this drug is its oral intake once a day. Also, other ad-
vantages of this drug are no need for constant monitoring
of coagulation tests, fewer drug, and even food interac-
tions, and fewer hemorrhagic complications compared to
enoxaparin (2).

Various studies worldwide have compared the cost and
effectiveness of these drugs. The results of studies in Can-
ada indicate that rivaroxaban is more effective than
enoxaparin (5). Clinical trial studies in the Netherlands
and Denmark also show the same results (15, 22). On the
other hand, there is no significant difference between the
effectiveness of rivaroxaban compared to enoxaparin in
some clinical trials (23, 24). Given the contradictory re-
sults of studies and considering different thresholds in
studies, it seems necessary to conduct this study in Iran.
The present study chooses rivaroxaban as an alternative to
enoxaparin because the prescription of enoxaparin by Ira-
nian clinical specialists is very common, and other alterna-
tives are rarely prescribed. In this study, the generic type
of rivaroxaban is used which is produced in Iran and pre-
scribed in the hospitals of Iran University of Medical Sci-
ences. It is noteworthy that the original medicine is 5
times more expensive than the generic medicine in Iran.

Messaging is increasing in Iran, and with increased de-
mand for knee replacement, it is expected that approxi-
mately 1000 people will go to hospitals every year due to
VTE after knee replacement surgery, which will impose a
great economic burden on the health system (18).

Given the high outbreak of thrombolysis in Iran and the
fact that new treatments can effectively prevent this dis-
ease, it seems necessary to economically evaluate the ben-
efits and costs of drugs.

This study evaluates the economic evaluation of riva-
roxaban and enoxaparin in the VTE prophylaxis in pa-
tients undergoing knee replacement surgery and seeks to

assist health system policymakers in prioritizing and op-
timally allocating limited health resources.

Methods

This is a descriptive-analytical study performed using a
decision tree and TreeAge software. The study population
consists of patients who are hospitalized after knee re-
placement surgery.

The research settings are ShafaYahyaeian and Rasoul
Akram Hospitals in Tehran. Shafa Hospital in Tehran is
selected for its exclusive specialization in orthopedics and
Rasoul Akram Hospital for its specialization in embolism
treatment centers.

In this study, the probabilities of events are obtained by
using a systematic review of economic evaluation studies
of these two drugs (Table 1).

Model

The decision tree of this study is shown in Figure 1. Pa-
tients were receiving one of the two drugs, rivaroxaban or
enoxaparin after knee replacement surgery. In both strate-
gies, after taking the drug, they either do not have any
events or bleed. If they bleed, the patient will either de-
velop venous thromboembolism, die, or be in full recov-
ery. If they have venous thromboembolism or develop
pulmonary embolism or deep vein thrombosis, that in ei-
ther case is either fatal or full recovery.

Calculation of prophylaxis and treatment costs of two
interventions

In this regard, 203 hospitalized cases with knee joint re-
placement diagnostic codes are selected to estimate the

full recovery

DVT )
Death 3

full recovery

PE )
Death B

VTE

Bleeding

No event

Figure 1. Decision tree
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prophylaxis costs. These include all patients who were
admitted to Shafa Yahyaeian Hospital in Tehran in 2019.
To calculate the cost of treatment in six different treatment
situations, a separate sample of 300 cases is selected from
Rasoul Akram Hospital. Among the 300 samples admitted
to Rasoul Akram Hospital in 2020, 100 cases are related
to patients who suffered from bleeding after knee re-
placement surgery, and 100 cases are related to patients
who suffered from VTE after this surgery and 100 cases
are related to patients who developed PE after the surgery.

In this study, the criterion for calculation from the per-
spective of the health system costs includes direct medical
costs. Information on direct medical costs in this study is
the cost of doctor visits, the cost of orthopedic drugs, hos-
pital costs, diagnostic tests, and paraclinical (laboratory)
procedures (Table 2).

At this stage, hospital costs are extracted through medi-
cal records, and outpatient costs are extracted through
interviews with patients and consultation with clinical
specialists. It should be noted that direct medical expenses
are collected through the patient’s medical records and
medical bills. Cost calculations in this study are performed
in two main steps: 1. Calculation of drug costs related to
embolism prophylaxis includes all patients who have un-
dergone knee replacement surgery (Table 3). 2. Calcula-
tion of treatment costs for all patients who have undergone
knee replacement surgery and have a complication (Table
4).

Determining the clinical consequences of two inter-
ventions

In this study, effectiveness is measured through the
quality-adjusted life years index (QALY). To determine
the QALY, when utility is determined, then QALY is ob-
tained by multiplying the time spent in a particular situa-
tion and the utility associated with that situation.

Finally, the cost-effectiveness of rivaroxaban compared
to enoxaparin for VTE prophylaxis in knee replacement
patients is evaluated using a decision tree. The time hori-
zon is 1 year in the decision tree. Because the time hori-
zon is 1 year, the discounting rate is not considered.

Table 2. Direct medical cost rivaroxaban versus enoxaparin

Direct medical cost Rivaroxaban Enoxaparin
Visit 61% 79%
Radiology 1138 2308
Doppler ultrasound 60$ 87$

CT scan 458 388
MRI 37% 468
Laboratory 89% 90%
Electrocardiography 43 48
Echocardiography 508 548
Nursing services 528 689

Table 3. Prevention cost rivaroxaban versus enoxaparin

Name Rivaroxaban Enoxaparin
Drug outpatient cost 258 448
Drug inpatient cost 953 142$
Table 4. Treatment cost in different health status
Name DVT PE Bleed event
Treatment outpatient cost 234% 172% 221%
Treatment inpatient cost 26358  2715% 5943$
http://mjiri.ilums.ac.ir
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Sensitivity analysis

To increase the accuracy of the decision tree results,
sensitivity analysis is performed as a one-way determinis-
tic sensitivity analysis and probabilistic sensitivity analy-
sis. In one-way sensitivity analysis, the effect of the value
of a parameter change (e.g., cost or effectiveness) on the
value of the incremental cost-effectiveness ratio is meas-
ured. To identify this parameter, a tornado diagram is
drawn. This process is performed for all uncertainty pa-
rameters (such as cost and effectiveness).

It is necessary to investigate the simultaneous effect of
all parameters in the model by assigning the probability
distribution to the parameters (e.g., normal distribution,
beta, gamma, etc.)To increase the accuracy and generalize
ability of the results. Probabilistic sensitivity analysis
(PSA) is used in this regard. In the PSA, the probability
distribution is determined for each of the model parame-
ters, and a scatter plot is drawn for the points of incremen-
tal cost-effectiveness ratio using the Monte Carlo simula-
tion method and according to the place of the maximum
point density, the cost-effectiveness of the compared in-
terventions was judged using the concept of a confidence
interval. After performing PSA, the cost-effectiveness
acceptability curve (CEAC) is used to determine the cost-
effectiveness of rivaroxaban compared to enoxaparin. This
curve shows how likely the intervention would be cost-
effective in exchange for a willingness to make different
payments.

Results

Costs

According to international drug protocols and in consul-
tation with Iranian clinical specialists, the patient should
take one oral rivaroxaban daily for 14 days or inject one
vial of enoxaparin daily for 14 days for VTE prophylaxis
after knee replacement surgery. According to cost results,
rivaroxaban is less expensive than enoxaparin, both in
inpatient and outpatient anticoagulants. It is noteworthy
that outpatient costs have been calculated according to
international drug protocols and in consultation with clini-
cal specialists, and hospitalization costs have been ob-
tained from patients’ bills.

The price of the drugs is asked from the hospital phar-
macy, and according to the dosage of patients with knee
replacement, their price is taken into account. The price of
10 sheets of rivaroxaban without including insurance is
$15.6 and the price of one enoxaparin without insurance is
$6.32.

Rivaroxaban and enoxaparin are also used to treat VTE.
Due to the cost results, rivaroxaban is less expensive than
enoxaparin in treating VTE and cost-saving.

Cost-effectiveness analysis is performed using TreeAge
pro-2012. At this stage, the cost-effectiveness of rivaroxa-
ban compared to enoxaparin for VTE prophylaxis in knee
replacement patients is evaluated using the decision tree.
The results of the analysis showed that the cost of rivarox-
aban is $160.97 and the quality of life is 0.85 QALY and
the cost of enoxaparin is $276.07, and the quality of life is
0.69 QALY. The difference in cost is $115.09 and the
difference in effectiveness is 0.16 QALY. The incremental
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Table 5. Incremental cost-effectiveness rate rivaroxaban versus

enoxaparin

Strategies Enoxaparin Rivaroxaban
Cost (US $) 276.07 160.97
QALY 0.69 0.85
ICER ($/0OALY) -720.17

cost-effectiveness rate is $-720.17 per QALY (Table 5).

As the results of the decision tree show, rivaroxaban is
more cost-effective than enoxaparin for VTE prophylaxis
and is the dominant option table.

Table 5 shows the cost-effectiveness of rivaroxaban
compared to enoxaparin for VTE prophylaxis after knee
replacement surgery. With a cost of $160.97 and an effec-
tiveness of 0.85, rivaroxaban is more cost-effective than
enoxaparin. The cost per QALY is $189.40 for rivaroxa-
ban and $400 for enoxaparin. The results of the table
above indicate that enoxaparin will reduce effectiveness
by $ 0.159 and will increase costs by $115.09, and is
therefore considered a losing option (Figure 2).

Sensitivity analysis

To increase the accuracy of the decision tree results,
sensitivity analysis is performed as a one-way sensitivity
analysis and probabilistic sensitivity analysis.

For one-way sensitivity analysis, first, the input parame-
ters of the model, including costs and consequences in the
upper and lower ranges, are changed and this process is
performed for all uncertainty parameters (cost and conse-
quence). The effect of changes in input parameters on the
incremental cost-effectiveness ratio is examined by the
tornado diagram and its graphical representation is pre-
sented in Figure 1. This diagram shows the sensitivity of
the incremental cost-effectiveness ratio to a certain per-

centage of change in the initial data (cost and utility). In
other words, it shows how much the incremental effec-
tiveness cost ratio changes with a certain percentage
change in the initial data. Figure 1 is obtained with a
change of 20% in costs and 10% in QALY and based on
its results, the most effective has resulted from the quality
of life variable in the uncomplicated condition of rivarox-
aban. The rate of change in costs and QALY is considered
according to the inflation rate in Iran and consultation
with the clinical specialists.

The final result of the analysis is shown in Figure 3.

Due to the greater weight of this variable, one-way sen-
sitivity analysis is performed on the variable quality of life
in the uncomplicated condition of rivaroxaban. The results
of sensitivity analysis on the desired variable show that
rivaroxaban is still considered the dominant option in dif-
ferent domains.

Probabilistic sensitivity analysis

Probabilistic sensitivity analysis is used to increase the
accuracy of the results and generalize the ability of the
findings and investigate the simultaneous effect of all pa-
rameters by assigning the probability distribution to the
parameters.

In the probabilistic sensitivity diagram, the horizontal
axis shows the incremental cost-effectiveness (difference
in utility of two drugs), and the vertical axis shows the
incremental cost (difference between the cost of two
drugs). This diagram shows the simulation results of a
10,000-set. This means that by giving the beta distribution
to the utility and giving the gamma distribution to the cost
in TreeAge, a simulated number of 10,000 incremental
cost-effectiveness ratios are obtained that are shown as
small dots in the diagram. Most of the simulated incre-

Cost-Effectiveness Analysis
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Figure 2. Cost-effectiveness map for rivaroxaban compared to enoxaparin
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Tornado Analysis (Net Benefits)
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Figure 3. Tornado diagram

mental cost-effectiveness ratios indicate the validation of
rivaroxaban compared to enoxaparin (Figure 4).

Results of the acceptability curve also show that the cost
is effective at the level of willingness to pay $ 10,000 for
rivaroxaban compared to enoxaparin for VTE prophylaxis
with a 90% probability. According to this curve, in case of
an increase in willingness to pay, rivaroxaban is still more
likely to be cost-effective than enoxaparin (Figure 5).

Discussion

The present study is the first cost-effectiveness study of
rivaroxaban compared to enoxaparin for VTE prophylaxis
in Iran. After searching the databases, no systematic re-

700000000

1 c_fr_dwvt riva
E_fr_dvt_riva
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B f dvt enoxa

00 ¢ fr b_enoxa
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B E fr dvt_enoxa
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view study was found on the economic evaluation of riva-
roxaban and enoxaparin for VTEprophylaxis after knee
replacement surgery. After searching and evaluating the
quality of the studies, 9 papers are included in the final
analysis phase and their results are presented. Due to the
lack of local data, data related to the probability of occur-
rence are obtained from systematic review studies.

In the second stage, considering that the study view is
provided by the public sector, only direct medical costs
are calculated, which is one of the limitations of our study.
Different results could be obtained if other perspectives
were considered and indirect costs were considered. Di-
rect medical costs for both interventions in this study

Incremental Cost-Effectiveness, rivaroxaban
V. enoxaparin
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0
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Figure 4. Results of the probabilistic sensitivity analysis of rivaroxaban compared with enoxaparin
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Figure 5. Acceptance curve of cost-effectiveness of rivaroxaban compared to enoxaparin

include medical visits and consultations, medications and
supplies, radiology, laboratory, CT scan, ultrasonography,
radiography, MRI, nursing services, and hospital hoteling
cost.

For cost results in the prophylaxis phase, drug costs in
hospitalized patients and outpatient drug costs are calcu-
lated. Inpatient costs in knee replacement postoperative
prophylaxis for rivaroxaban $95.35 and for enoxaparin $
138.63, and outpatient drug costs related to the VTE
prophylaxis after knee replacement surgery in the present
study is $117.191 for rivaroxaban and $182.86 for
enoxaparin, which is due to the higher price of enoxaparin
than rivaroxaban.

Outpatient costs are calculated according to internation-
al drug protocols and in consultation with clinical special-
ists, and hospitalization costs are obtained from patients’
bills.

The cost findings of treatment show that the cost of
VTE treatment with rivaroxaban in all health conditions is
lower than the cost of treatment with enoxaparin. In the
case of bleeding, 70% of the costs are related to surgery,
but in other cases, most of the direct costs are related to
diagnosis and drugs.

In this study, the hospitalization costs for the VTE
treatment of different health conditions for patients with
rivaroxaban and enoxaparin are assumed to be the same as
in other foreign studies (27-33). The mean hospital stay
among patients receiving rivaroxaban is 12 days and
among patients receiving enoxaparin is 14 days.

In the study of the utility for other conditions due to the
patient being affected by his condition, such as hospitali-
zation in the ICU, which itself reduces the quality of life,
systematic review studies are used, which is one of the
limitations of our study. If questionnaires and interviews
with patients could have been used for complicated situa-
tions, different results could have been obtained. The time
horizon in the present study was one year and since the

disease was not reversible in different health conditions,
the decision tree was used for this model. Due to the fact
that the time horizon of the study was one year, the dis-
count rate was not applied. In this study, one-way and
probabilistic sensitivity analysis was performed and in all
analyzes, rivaroxaban was dominant with fewer costs and
more efficiency.

In this study, a generic drug produced domestically for
rivaroxaban was used in comparison with enoxaparin, and
foreign studies have used the original drug in their studies.

Rittenberg conducted his study in two phases: medium-
term (90 days) and long-term (5 years). In this study, re-
ducing the cost of VTE prophylaxis was one of the most
important results of using rivaroxaban and although it had
little effect on the VTE treatment costs, the use of rivarox-
aban was reported to be more cost-effective than enoxapa-
rin because of its cost savings and increased QALY. In
patients with knee replacement surgery, rivaroxaban was
dominant with a cost of § 21 and the resulting QALY3.81
compared to enoxaparin with a cost of $34 and 3.80
QALY. The results of the present study also showed that
the cost of VTE prophylaxis with rivaroxaban was much
lower than that of enoxaparin, which was not much differ-
ent in the cost of treatment (30).

In a study conducted by Montreal et al., in three coun-
tries, France, Italy, and Spain, despite the different
healthcare systems that existed in these countries, the re-
sults were the same and rivaroxaban was more cost-
effective and increased quality of life than enoxaparin.
The study showed that the results could be generalized to
other European countries. The study showed that the use
of rivaroxaban reduced costs by $ 82, $ 98 and $ 219 and
increased QALY by 0.0014, 0.0013 and 0.0013 in France,
Italy and Spain, respectively. This analysis considered all
relevant costs and clinical outcomes for postoperative and
long-term periods over a five-year horizon. Also, based on
probabilistic sensitivity analysis, they found that rivaroxa-
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ban was the most cost-effective strategy with a threshold
of § 725 per QALY, resulting in cost savings (34). The
results of this study were consistent with the results of the
present study.

In the study by Donald et al., the results showed that
rivaroxaban was superior in preventing VTE at a lower
cost compared to enoxaparin during the treatment period.
Rivaroxaban had a cost of $ 254 and QALY 4.1870, while
enoxaparin had a cost of $ 391 and QALY 4.1851. In this
study, rivaroxaban was the predominant option. At the $
45,523 threshold, it outperformed enoxaparin. Rivaroxa-
ban was the dominant option after doing probabilistic sen-
sitivity analysis (35) and in the present study, rivaroxaban
was the dominant option after sensitivity analysis.

In a study by Mac et al., rivaroxaban and dabigatran
were less expensive and more effective than enoxaparin.
In this study, rivaroxaban cost § 210 and had a QALY of
0.924 and enoxaparin cost $ 214 and had a QALY of
0.923 was the dominant option. Rivaroxaban was also less
expensive and more effective than dabigatran. After per-
forming a probabilistic sensitivity analysis, rivaroxaban
was the dominant option compared to enoxaparin at the
threshold of $ 724 (36) which was consistent with the re-
sults of our study.

In the study of Diamantopoulos et al., who analyzed the
cost-effectiveness of rivaroxaban and enoxaparin, rivarox-
aban was more cost-effective with an increase in QALY
of $ 0.0018 and a decrease in the cost of $ 123 per patient
compared to enoxaparin. In this study, rivaroxaban, with
$254 cost and 4.1870 QALY, was the dominant option
compared to enoxaparin at $ 377 and QALY at 4.1852. In
this study, hospitalization and outpatient costs in different
disease conditions were assumed to be the same. In this
study, there was no significant difference in the effective-
ness of these two drugs. Also, the results of probabilistic
and one-way sensitivity analysis showed that rivaroxaban
was still predominant over enoxaparin (5), which was also
the predominant option in our study.

Results of the study by Gurzolides et al., regardless of
the length of time required for treatment, have shown that
rivaroxaban is a cost-effective alternative to routine care
for controlling DVD and PE. In this study, patients who
received rivaroxaban received 13.14 QALY in DVT and
11.99 QALY in PE, and patients who received enoxaparin
received 13.12 in DVT and 11.98 QALY in PE. The re-
sults of the cost-effectiveness analysis in this study
showed that with an incremental cost-effectiveness ratio
of $ 306 per QALY, rivaroxaban was more effective and
less expensive than enoxaparin. After probabilistic sensi-
tivity analysis, rivaroxaban was the dominant option with
a 99% probability compared to routine care at the $58,790
threshold (37).

In a study by Noz et al., rivaroxaban was the dominant
option compared to enoxaparin. According to the findings
of that study, rivaroxaban was dominant with a cost of $
156, with efficacy of 3.4126 QALY, over enoxaparin with
a cost of $ 364 and an efficacy of 3.4592 QALY. After
sensitivity analysis, rivaroxaban was cost-effective in both
knee and hip replacement compared to enoxaparin (38),
which was consistent with the results of the present study.

3 http://mjiri.ilums.ac.ir
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In the study by Zindel et al., the hospital and insurance
were examined. Given the type of reimbursement in the
hospital, which was DRG, the hospital was reluctant to
use rivaroxaban, which was less expensive and more ef-
fective, which in turn reduced hospital profits. Therefore,
from the perspective of the hospital, this intervention was
not cost-effective. But from the point of view of the health
insurance system, rivaroxaban was cost-effective, with a
cost of $ 29 per patient, compared to enoxaparin with $ 69
per patient (39).

A study by Jan et al., comparing the cost-effectiveness
of apixaban, rivaroxaban, and enoxaparin, found that riva-
roxaban had a higher cost and lower QALY than the other
two drugs. The study cited the higher cost of new oral
anticoagulants and the lower cost of enoxaparin in China
as other reasons why enoxaparin was more cost-effective
than rivaroxaban. This study reported a cost of $ 117 and
an efficiency of 4.4890 QALY for enoxaparin and a cost
of § 152 and an efficiency of 4.4826 QALY for rivaroxa-
ban. Finally, the study concluded that enoxaparin was
cost-effective compared to other drugs (40).

In another study, Lassen et al. examined the efficacy
and safety of rivaroxaban and enoxaparin in preventing
knee replacement in a double-blind, randomized clinical
trial. Patients received either oral rivaroxaban 10 mg daily
(starting 6-8 hours after surgery) or injectable enoxaparin
40 mg daily (starting 12 hours after surgery). DVT oc-
curred in 9 out of 908 patients receiving rivaroxaban and
24 out of 928 patients receiving enoxaparin. Accordingly,
the use of rivaroxaban was associated with a 1.6% reduc-
tion in the risk of DVT following knee replacement sur-
gery. Bleeding occurred in 0.5% of patients in both
groups. They concluded that rivaroxaban was more effec-
tive than enoxaparin in VTEprophylaxis after knee re-
placement surgery (41).

Trip et al. also compared the efficacy and safety of riva-
roxaban and enoxaparin in VTE prophylaxis after knee
replacement surgery in a clinical trial. Patients received
either 10 mg oral rivaroxaban or 30 mg injectable enoxap-
arin daily. Efficacy-related complications including VTE,
PE, and death, occurred in 67 out of 965 patients receiving
rivaroxaban and 97 out of 959 patients receiving enoxapa-
rin. Accordingly, the use of rivaroxaban was associated
with a 3.2% reduction in the risk of efficiency-related
complications. Bleeding occurred in 0.7% of patients re-
ceiving rivaroxaban and in 0.3% of patients receiving
enoxaparin. Based on these results, they concluded that
rivaroxaban was significantly more effective than enoxap-
arin and, therefore, it was preferred over enoxaparin (42).

In a double-blind, randomized clinical trial, Erickson et
al. evaluated the efficacy and safety of enoxaparin and
rivaroxaban in patients following hip replacement surgery.
Patients in the rivaroxaban group received 10 mg of riva-
roxaban daily orally, the first dose received after surgery.
Patients in the enoxaparin group received 40 mg of
enoxaparin daily subcutaneously, with the first dose re-
ceived the evening before surgery. The rivaroxaban group
was given a placebo injection and the enoxaparin group
was given a placebo pill. VTE was used to evaluate the
efficacy and bleeding was evaluated for safety. It occurred
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in 4 out of 1686 patients receiving rivaroxaban and 33 out
of 1678 patients receiving enoxaparin. Accordingly, the
use of rivaroxaban reduced the risk of VTE by 1.7%.
Bleeding occurred in 6 out of 2209 patients receiving riva-
roxaban and 2 out of 2224 patients receiving enoxaparin.
But this difference was not significant. They concluded
that the safety of rivaroxaban and enoxaparin was similar
but rivaroxaban was more effective (43).

Conclusion

Due to the health resource crisis in the world, evidence-
based decision-making is felt more. An economic evalua-
tion of health interventions, especially cost-effectiveness
analysis, is needed as a tool to generate this evidence.
With the cost-effectiveness study, it is possible to deter-
mine which drug costs less for a certain efficacy. Thus, by
expanding this treatment method and emphasizing its use
in the relevant treatment centers, health system resources
can be saved. The results of this study can help physicians
in applying and selecting the desired and appropriate
treatment intervention in addition to producing new evi-
dence on the cost-effectiveness of new technologies in the
clinical field. Evidence from the present study can also
provide the necessary information for health policy in the
field of rivaroxaban. An economic evaluation of drugs can
help planners, including the health system and insurance
organizations in allocating scarce resources, deciding on
reimbursements, providing clinical guidance on the use of
these drugs, and strategically purchasing these interven-
tions.

The results of the present study showed that rivaroxaban
reduced the cost and increased the quality of life in people
undergoing knee replacement surgery. Due to the fact that
rivaroxaban was taken orally and did not require constant
monitoring, it would cost less for the patient and the
health system, and its use as a thromboprophylactic drug
after surgery was preferred.
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