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ABSTRACT
: Background and Aim: Currently, cardiovascular diseases, including coronary heart disease, are one
Article info: of the leading causes of death in humans worldwide. In the Eastern Mediterranean and the Middle
Received: 02 Jan 2022 . East, including our country, cardiovascular diseases are major health and social problems, the size
Accepted: 09 Sep 2022 : of which is rapidly increasing. Due to the growth of medical technologies, population growth, and
Publish: 01 January 2022 : lifestyle changes, studying the consequences and costs of healthcare is a critical issue in the health

system. This study aimed to evaluate the outcomes and costs of revascularization interventions
(angioplasty and surgery) and medical therapy in cardiovascular patients.

Materials and Methods: This is a descriptive applied study. Patients after angiography and diagnosis
according to the available guidelines were treated by one of the three methods of angioplasty (644
patients), surgery (366 patients), and medical therapy (805 patients) in a public hospital in Iran. The
data collection tool includes a questionnaire to collect demographic, clinical and cost information
of patients. Quantitative variables, such as age and costs, in the form of Mean+SD, and qualitative
variables, in the form of percentage and frequency, were presented and compared. The final result
of the costs was in the form of average direct costs in coronary artery surgery, angioplasty, and drug
therapy were extracted and reported using SPSS software. The considered complications are the
occurrence of death, heart attack, and stroke as safety outcome (SO) and performing revascularization
(angioplasty or coronary bypass operation) and disease progression confirmed by re-angiography as
effectiveness outcome (EO).

Results: Out of 1815 patients studied, 790 patients (43.5%) experienced at least one of the following
outcomes, 101 deaths (5.6%), 170 heart attacks (9.4%), 38 strokes (2.1%), 201 angioplasty (11%), 116
cases of coronary artery bypass grafting (6.4%), and 164 cases of new coronary artery involvement
(9%). The frequencies of complications in the treatment subgroups were as follows: in the medical
therapy group, 101 deaths (12.5%), 140 cases of SO (17.3%), and 223 cases of EO (27.7%); in

Keywords: the angioplasty group, 97 deaths (15%), 92 cases of SO (14.3%), and 167 cases of EO (25.9%),
Cardiovascular disease, :  and in the surgical group, 38 cases of death (10.4%), 77 cases of SO (21%), and 91 cases of EO
Cost, Revascularization, : (24.9%). The probability of medical therapy for angioplasty and surgery during 8 years was 10.2%
Medical therapy and 9.8%, respectively. Also, the probability of angioplasty for re-angioplasty and surgery was 12.3%
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and 4.3%, respectively, and the probability of surgery for re-angioplasty and surgery was 10.9% and
2.5%, respectively. The average cost of direct treatment (hospitalization) in the group of percutaneous
coronary intervention was 148 million rials; in the group of the coronary artery bypass graft, it was 215
million rials, and in the group of medical therapy, it was 42 million rials.

Conclusion: Patients with coronary artery disease have a more than 43% chance of developing
cardiovascular complications within 8 years after diagnosis. Patients treated with angioplasty
had fewer complications. Also, surgical treatment costs are higher than the other two treatments.
Cardiovascular diseases are a group of diseases with high costs and heavy economic burdens on
society and the family. Health policymakers can limit the costs and outcomes of the disease by using
resources efficiently and effectively by expanding screening and self-care programs.

1. Introduction

ardiovascular diseases are the main cause

of death and expensive healthcare costs [1,

2]. The prevalence and mortality rate of

cardiovascular diseases varies from region

to region, caused by several factors, such as

lifestyle, eating habits, and access to medi-
cal care [3]. Furthermore, considering the high prevalence
of this disease among adults aged 35 to 64 years who are
in productive age, it is natural that in such a situation, the
costs of this disease for countries will multiply [4].

Cardiovascular disease was the critical cause of death
in Asia in 2019, with 10.8 million deaths, which account-
ed for almost 35% of all deaths in Asia. Nearly 40% of
cardiac deaths occurred early (age less than 70 years).
The early death in Asia was higher than in America
(23%) and Europe (22%). From 1990 to 2019, the num-
ber of cardiovascular deaths in Asia increased from 5.6
million to 10.8 million, and the share of cardiac deaths in
all deaths increased from 23% to 35%. The prevalence
of cardiovascular diseases has almost doubled from 271
million in 1990 to 523 million in 2019, as well as deaths
due to cardiovascular diseases have reached from 12.1
million in 1990 to 18.6 million in 2019 [5].

According to the global burden of disease report in
2010 and 2015, cardiovascular diseases were the 1
cause of death and DALY's (The disability-adjusted life
year) in the world, which was the cause of 46% of all
deaths and 20%-23% of disease burden in Iran [6, 7].
According to the global burden of disease report in 2015,
Iran is one of the countries with the highest rate of this
disease, with more than 9000 cases of cardiovascular
disease per 100000 people [7].

Cardiovascular diseases cause huge costs for society,
patients, and their families. To examine the costs of car-
diovascular diseases, the time, and different geographi-
cal areas of the occurrence of the disease in terms of

incidence and prevalence and the effectiveness of in-
terventions should be considered. We should also note
that the costs imposed on patients, families, and society
are not limited to the bills paid (direct costs), and indi-
rect costs, especially chronic and debilitating diseases,
should be considered [8, 9]. In the United States, the
costs of cardiovascular diseases were around 329.9 bil-
lion dollars, and it is estimated to reach 1.1 trillion dol-
lars by 2035 [10]. Also, in Iran, cardiovascular diseases
imposed a significant economic burden of about 17000
billion rials on the Iranian economic system in 2018 [11].

The population suffering from cardiovascular diseases
continues to increase, and the improvement of treatment
methods and related services leads to increased current
treatment costs and follow-up of treatment complica-
tions and outcomes. Therefore, this study aims to inves-
tigate the outcomes and determine the direct costs of re-
vascularization interventions (angioplasty and surgery)
and drug therapy in cardiovascular patients.

2. Material and Methods

The current research is a descriptive applied type, and
the information on the outcomes of this disease in a peri-
od of 8 years in 1815 hospitalized patients who received
3 coronary artery bypass surgery interventions, angio-
plasty intervention, and drug therapy, and the cost infor-
mation related to 2019 was collected via invoices and
were investigated. An information collection form was
used to collect the cost and clinical information of the in-
terventions in this research using the opinion of clinical
experts. The cost, demographic, and clinical information
of the disease were obtained via the study of patients’
files and interviews with the patient and his companions.
The form of information collection included two parts,
the 1% part was related to the demographic and clinical
information of the patient, and the 2™ part was related
to the information concerning direct medical expenses,
such as the cost of doctor’s visits, the cost of cardiac
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Table 1. Demographic and clinical characteristics of patients (1815 people)

No/MeanzSD/No. (%)

Characteristics

Angioplasty Surgery Drug Therapy
Number of patients 644 366 805
Age (y) 63+5.8 6518.4 66+8.6
Male 457(71) 286(78) 507(63)
Smoking 181(28) 93(25.5) 213(26.5)
Normal weight 129(20) 92(25) 250(31)
Overweight 265(41.2) 183(50.5) 317(39.4)
Obese 250(38.8) 91(24.5) 238(29.6)
High blood pressure 271(42) 165(45) 387(48)
Fat 355(55) 209(57) 427(53)
Diabetes 200(31) 125(34) 258(32)

drugs, hospitalization and re-hospitalization costs, diag-
nostic measures and paraclinical.

Quantitative variables (age and costs) were presented
and compared in MeantSD, and qualitative variables
were presented and compared in percentage and frequen-
cy. Also, the final result of the costs was extracted and
reported in the form of average direct costs in coronary
artery surgery, angioplasty, and drug therapy using SPSS
software. The intended complications are the occur-
rence of death, heart attack, and stroke as safety outcome
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(SO) and performing revascularization (angioplasty or
coronary bypass operation) and disease progression con-
firmed by re-angiography as effectiveness outcome (EO).

3. Results

Of 1815 patients studied, 644 were in the angioplasty
intervention group, 366 in the coronary bypass surgery
group, and 805 in the drug therapy group. The average
age of patients in the percutaneous vascular intervention
group was 63 years, in the coronary artery bypass graft-

Table 2. Average services used by patients in therapeutic interventions during one year

Service Type Angioplasty Surgery Drug Therapy

Number of visits 5 5.9 4

Number of emergency clinics 1 1 0.7
Number of radiology 1 1 0
Number of dressings 0.2 1 0
Number of ECG 1 1 1

Number of arrhythmia clinics 0.04 0.5 0.05

Number of echoes 0.4 0.5 0.05
Number of tests 25 2.5 2
Number of rehabilitation 0.6 6 0

Abbreviation: ECG: electrocardiogram.
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Table 3. Average consumption of drugs in three interventions (number)

Medication Drug Therapy Surgery Angioplasty
Aspirin 88 89 99
Statin 97 89 96
Pantoprazole 78 82 88
Nitroglycerin 58 56 54
Beta-blockers 62 56 48
Furosemide 43 59 28
Clopidogrel 54 44 98
ACE inhibitors/ARB 58 64 92

Abbreviations: ACE: Angiotensin-converting enzyme; ARB: Angiotensin receptor blockers.

ing was 65 years, and in the drug therapy was 66 years.
Also, regarding the gender of the patients, in the percu-
taneous vascular intervention group, 78% were men; in
the coronary artery bypass graft group, 78% were men,
and in the drug therapy group, 63% were men (Table 1).

According to Table 1, nearly 26.7% of all patients were
smokers, and the highest percentage of smokers was

Qom Universiy of Medical Siences
observed in the angioplasty intervention. A higher per-
centage of patients in the drug intervention had a normal
weight, while in the surgical intervention, a higher per-
centage were overweight. Also, the highest percentage
of obese people was observed in the angioplasty inter-
vention. Moreover, on average, 45% of all patients had
high blood pressure. While on average, 55% and 32% of
patients had obesity and diabetes.

Table 4. Average direct cost of treatment (hospitalization) of therapeutic interventions

MeanzSD
Interventions
Angioplasty Surgery Drug Therapy
Angioplasty-surgeon’s right 24942400+£3150121 38080000+1987100 -
Anesthesia - 11237610+1490124 ---
Operating room-cath lab 8101373+935876 7982612+682743 2139400+140212
Medicine ward-operating room—cath lab 7175000+947145 14332933+1992527 3551684+1212101
Ward supplies-operating room—cath lab 51201161+7607849 45342459+4838982 9142660+821773
Nursing services 1068281+813090 3322578+467120 1060888+830338
Angiography 10362108+1663796 10222617+1530400 9833807+629256
Sonography - 1991511+194125 -
Radiology -- 828142192145 -
Laboratory 2278610+956122 9801732+950571 2178610+189249
Hoteling 17703335+2100124 51321522+4129872 11794000+1647489
Other costs 25101209+3201459 20135405+2874125 2235959+396492
Total amount 147933477+21375582 214599121+21229834 41937008+5866910
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Table 5. The average share of patient and insurance payments by different strategies (figures in rials)

Payments Angioplasty Surgery Drug Therapy
Supplementary insurance No Yes No Yes No Yes
The average share of basic insurance 125800000 125800000 154000000 154000000 37800000 37800000
Average supplemental insurance 0 21 500000 0 80000 000 0 3800000
contribution
Average patient share 22200000 700000 36000000 4000000 4200000 400000
Average total amount 148000000 148000000 190000 000 238000000 42000000 42000000

Services used by patients according to the examination
of patients’ files and follow-up of patients were deter-
mined on average in one year, including the number of
visits (including internal and surgical visits, risk factors,
and intervention), number of emergency clinics, number
of radiology, number of dressings, number of bandages
heart, the number of arrhythmia clinics, the number of
echoes, the number of tests, the number of rehabilitation.
As it is clear from Table 2, the average number of vis-
its for patients in the angioplasty intervention group is
5 times, coronary artery bypass grafting (surgery) is 5.9
times, and drug therapy intervention is 4 times, and the
patients in all three groups have visited an average of 5
times in one year. Furthermore, the number of dressings
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and the number of rehabilitations in surgical intervention
is more than the other two interventions. Moreover, each
patient had 2 tests in all three therapeutic interventions.

As seen in Table 3, aspirin and statins were mostly
used in all treatment interventions, and these drugs were
mostly used in the angioplasty intervention. Clopidogrel
(Plavix) and angiotensin-converting enzyme (ACE) in-
hibitors were the most used in the angioplasty group,
which could be due to the better efficiency and effective-
ness of these drugs. Furosemide drug was used in coro-
nary artery bypass graft (CABG) intervention more than
the other two interventions, which may be the reason for
reducing the volume of fluids and the blood returned to

Table 6. The frequency of cardiovascular events in 1815 patients in the study by treatment methods

No. (%)
Events
Total Patients (n=1815) Surgery (n=366) Angioplasty (n=644) Drug Therapy (n=805)
No event 1025(56.5) 198(54.1) 385(59.8) 442(55)
All-cause mortality 236(13) 38(10.4) 97(15) 101(12.5)
1% event 790(43.5) 168(45.9) 259(40.2) 363(45)
Cardiac death 101(56) 21(5.7) 22(3.4) 58(7.2)
Nonfatal Ml 170(9.4) 48(13.1) 58(9) 64(7.9)
PCl 201(11) 40(10.9) 79(12.3) 82(10.2)
CABG 116(6.4) 9(2.5) 28(4.3) 79(9.8)
Stroke 38(2.1) 8(2.2) 12(1.9) 18(2.2)
New coronary involve- 164(9) 42(11.5) 60(9.3) 62(7.7)
ment
Safety outcome 309(17.1) 77(21) 92(14.3) 140(17.3)
Effectiveness outcome 481(26.4) 91(24.9) 167(25.9) 223(27.7)

Journal of Vessels and Circulation
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Abbreviations: PCI: percutaneous coronary intervention; CABG: coronary artery bypass graft; MT: myocardial infarction.
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the heart. Also, due to the high price and importation of
the medicine, the highest drug cost was observed in an-
gioplasty intervention.

According to the results, the average direct cost of treat-
ment (hospitalization), which was extracted from the
hospital bill, was about 148 million rials in angioplasty
intervention. The highest cost was related to the cost of
the ward and operating room supplies, which is due to
the type of operation and the use of stents. Also, the av-
erage direct treatment cost of the surgical intervention
was about 215 million rials; the highest cost was related
to the hotel cost, one of the reasons for the longer length
of stay of this intervention in the patients (the average
length of stay was 13.5 days in the CABG group, 5 days
in percutaneous coronary intervention [PCI] group, and
3.5 days in medical therapy [MT] group). The average
direct treatment cost in the drug treatment intervention
was about 42 million Rials, and the highest cost in this
intervention was the cost of hoteling. One of the reasons
is the condition of the patients who are only under obser-
vation in the hospital (Table 4).

As shown in Table 5, in angioplasty intervention, the
average share of the basic insurance is the same for all
people (with or without supplemental insurance), and
the basic insurance pays about 85% of the costs. Fur-
thermore, if the patient does not have supplemental in-
surance, he will pay about 15% of the expenses, and if
the patient has supplementary insurance, about 0.5% of
the expenses and the rest of the expenses will be paid
by the supplemental insurance. In surgical intervention,
the average share of basic insurance is about 154 mil-
lion rials, about 81% of the total costs in patients without
supplemental insurance. Moreover, the remaining 19%
is paid by the patient. If the patient has supplemental in-
surance, the average share of the basic insurance is 65%,
the supplemental insurance pays 33.5%, and the patient
pays about 1.5%. In drug treatment intervention, the av-
erage share of basic insurance is about 37 million rials.
In this intervention, if the patient does not have supple-
mental insurance, the basic insurance pays about 90%,
and the patient pays about 10% of the costs. Moreover, if
he has supplemental insurance, the basic insurance pay
about 90%, the supplemental insurance about 9%, and
the patient pays 1% of the costs.

Out of 1815 patients who were included in the study, 805
patients received drug treatment (44.4%), 644(35.5%)
were treated by the angioplasty method, and 366(20.1%)
were treated by coronary artery bypass surgery. By the
end of the study, 790 patients had experienced at least
one major cardiovascular complication. Table 6 lists the
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cumulative incidence of the 1% event of the outcome by
separating the treatment groups. A total of 236 patients
(13%) died, and death occurred as the 1* cardiac event in
101 patients (5.6%). The overall frequency of complica-
tions in patients who were treated with the angioplasty
method was less compared to the other two groups. Al-
though repeated angioplasty as the 1% event was seen
more in the angioplasty group than surgery, this group
had the least frequency of cardiac death and stroke. The
groups treated with surgery and drug therapy at the time
of diagnosis had the highest incidence of complica-
tions. Out of 1815 patients who received all three treat-
ments, 201 patients (11%) underwent angioplasty, and
116(6.4%) received surgical treatment again during the 8
years. Out of 805 patients who received drug treatment,
82 patients (10.2%) underwent angioplasty during this
period, and 79 patients (9.8%) underwent surgery. Out
of 644 patients who were treated with angioplasty, 79 pa-
tients (12.3%) underwent re-angioplasty, and 28(4.3%)
received surgical treatment. Out of 366 patients who un-
derwent surgery, 40(10.9%) received angioplasty treat-
ment, and 9(2.5%) received re-surgical treatment.

Three complications of death, heart attack, and stroke
as SO were observed in 309 patients (17%), and three
surgical incidents, angioplasty, and new coronary artery
stenosis as EO were observed in 481 patients (26.4%).
The lowest SO occurred in the angioplasty group
(14.3%), and the EO was not significantly different be-
tween all three treatment groups

4. Discussion

The increase in the number of heart patients and, as a
result, pressure on the health budget has led to a shift in
focus from clinical evaluation alone to evaluating both
aspects of clinical effectiveness and cost. Currently, this
study is the 1* analysis of the costs and outcomes of car-
diac patients (complications, revascularization, etc.) in
three angioplasty interventions, surgery, and drug ther-
apy in Iran. The study findings seem necessary for the
understanding and awareness of the cost and clinical dif-
ferences of interventions in cardiovascular patients. The
main findings are as follows.

First, the rate of complications of angioplasty interven-
tion was less than the other two interventions. Also, most
complications during the follow-up period were related
to surgical intervention. In terms of reducing complica-
tions, the effectiveness of the angioplasty intervention
is more than the other two interventions. Also, death
caused by any reason in the angioplasty intervention
was more frequent than in the other two interventions.

Tatarpoor P, et al. A Cost-Effectiveness Study. JVC. 2022: 3(1):7-16
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In comparison, cardiac death in the angioplasty interven-
tion was less than in the other two interventions, which
means that the angioplasty intervention is more effective
in reducing cardiac death than the other two interven-
tions. Second, revascularization was significantly more
in drug therapy intervention than surgical intervention
and angioplasty during the follow-up period, and about
20% of people who received drug therapy intervention
received angioplasty intervention (10.2%) and surgical
intervention (9.8%). Third, SO in the angioplasty in-
tervention showed the least amount and EO in all three
interventions showed the same results. Fourth, the cost
of hospitalization in the surgical intervention was higher
than the other two interventions, and the patient paid the
average surgical intervention.

The outcomes of treatment strategies in cardiovas-
cular diseases have been widely discussed in various
studies, including randomized controlled trials [12-14],
registries [15], and pooled or meta-analyses [16-18]. In
most studies, CABG was preferred over PCI in terms
of revascularization in the long term, but no significant
difference was observed between these interventions re-
garding death, stroke, or MI. Our study showed that in
the long-term period, CABG has priority over PCI and
drug therapy in terms of revascularization, and no dif-
ference was observed between all three interventions in
terms of stroke. However, in terms of cardiac death, PCI
has priority, and in terms of MI, drug therapy has less
priority; considering that the samples of this research
were from the group of occlusion of one vessel, two,
and three vessels, it can be a factor for this difference.
Also, death due to any cause was more in angioplasty
intervention, which considering the high risk of surgery
for patients who had several serious diseases at the same
time, they may have to perform angioplasty despite the
need for surgery; therefore, it is not far from expected
that patients undergoing angioplasty are more likely to
suffer from multiple chronic diseases.

Although revascularization is recommended for most
cardiovascular patients to reduce cardiac death com-
pared to drug therapy [19-21], about 44% of the patients
in the present study received only drug therapy. In the
8-year follow-up period, less MI and more cardiac death,
and revascularization were observed in the patients in
the drug therapy intervention compared to the angio-
plasty and surgery interventions. In a study on 39131
patients with persistent cardiac ischemia over 2.5 years,
Wijsandra et al. compared three interventions of drug
therapy, surgery, and angioplasty and concluded that re-
vascularization interventions (surgery and angioplasty)
have less death and revascularization than drug therapy

Winter 2022. Volume 3. Number 1

[22]. Brandau et al. conducted a study titled compar-
ing the cost-effectiveness of surgery, angioplasty, and
drug therapy in cardiovascular disease during a 5-year
follow-up period and concluded that the rate of cardiac
death in PCI is lower than in CABG, and this rate in PCI
and CABG is lower than that in MT [23]. Ladwink et
al. concluded that people treated with PCI intervention
had a lower death rate than those treated with MT [24].
The results of these two studies in the field of compar-
ing revascularization interventions with drug therapy are
consistent with the findings of the present study. A meta-
analysis of 28 clinical trials by Jeremias et al. showed
that CABG and PCI interventions significantly reduce
mortality in patients with coronary artery disease [25].

Several randomized controlled trial studies and meta-
analyses in patients with stable coronary artery disease
with multivessel occlusion showed that surgery was bet-
ter than angioplasty and drug therapy in revasculariza-
tion [26-28]. Katalin et al., during 5 years in advanced
vascular disease, showed that revascularization was
significantly higher in angioplasty than in surgery [29].
This research showed that revascularization in surgery
was less than the other two interventions.

A meta-analysis study by Elm et al. showed that sur-
gery compared to angioplasty, had a higher rate of stroke
in patients over 70 years old [30]. However, in the pres-
ent study, the number of strokes in three interventions
did not significantly differ. These findings may be due to
the characteristics of the patients, which include people
of different ages with fewer problems, such as diabetes
and coronary artery disease.

The medicine, angioplasty, or surgery study (MASS)
II trial is a randomized study that showed the advantage
of PCI and CABG over MT in 10 years [26]. Our study
showed that cardiovascular patients who received only MT
had more revascularization and cardiac death than surgery
and angioplasty, and revascularization (surgery and angio-
plasty) is an optimal strategy compared to medication.

Several meta-analysis and cost-effectiveness studies
conducted in one-year and multi-year periods showed
that the cost of revascularization interventions (angio-
plasty and surgery) is higher than drug therapy. Also,
the cost of surgery is more than angioplasty [21, 31, 33],
which can be due to the length of hospitalization, and
the number and type of items received in the surgery,
which is consistent with the results of the present study.
Therefore, it is suggested that cardiologists adopt the ap-
propriate strategy by considering the clinical conditions
and the outcomes and cost of these interventions.

Tatarpoor P, et al. A Cost-Effectiveness Study. JVC. 2022; 3(1):7-16
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5. Conclusion

The increase in the number of cardiac patients and, as
a result, pressure on the health budget has led to a shift
in focus from clinical evaluation alone to evaluating
both aspects of clinical effectiveness and cost analysis.
Economic analysis provides a framework for the use of
clinical evidence and documentation that, in an orga-
nized way, all options affecting health and healthcare
costs are included in this framework. The present study
is the 1% study in Iran regarding the analysis of clinical
outcomes and costs of revascularization interventions
compared to drug therapy in patients with coronary ar-
tery disease. The present study showed that in the index
of death and revascularization, revascularization inter-
ventions are more effective than drug therapy interven-
tions in patients with cardiovascular disease. Therefore,
it is suggested that the managers and policymakers of
the health system and cardiologists consider the clinical
conditions and age of the patients, as well as the human
capital approach and increasing the productivity of the
health system, reducing costs and optimal allocation of
resources, choose appropriate interventions to treat this
group of patients.

Ethical Considerations
Compliance with ethical guidelines

This article is part of the project with the ethical code
IR.JUMS.REC.1398.115.

Funding

This study was supported by the Iran University of
Medical Sciences

Authors' contributions

All authors equally contributed to preparing this article.
Conflict of interest

The authors of the article declared no conflict in this study.
Acknowledgments

All authors thank the Nursing and Midwifery Research
Center of the Iran University of Medical Sciences, who
helped us implement this project.

Journal of Vessels and Circulation
Qom University of iViedicai Sciences

References

[1] GBD 2019 diseases and injuries collaborators. Global bur-
den of 369 diseases and injuries in 204 countries and ter-
ritories, 1990-2019: A systematic analysis for the global bur-
den of disease study 2019. Lancet. 2020; 396(10258):1204-22.
[DOI:10.1016/S0140-6736(20)30925-9] [PMID] [PMCID]

[2] Sheikhgholami S, Ebadifardazar F, Rezapoor A, Tajdini M,
Salarifar M. Social and economic costs and health-related
quality of life in patients with acute coronary syndrome.
Value Health Reg Issues. 2021; 24:123-9. [DOI:10.1016/j.
vhri.2020.11.002] [PMID]

[3] Rosengren A, Smyth A, Rangarajan S, Ramasundarahettige
C, Bangdiwala SI, AlHabib KEF, et al., Socioeconomic status
and risk of cardiovascular disease in 20 low-income, middle-
income, and high-income countries: The prospective urban
rural epidemiologic (PURE) study. Lancet Global Health.
2019;  7(6):e748-60. [DOI:10.1016/52214-109X(19)30045-2]
[PMID]

[4] Engelgau M, Rosenhouse S, El-Saharty S, Mahal A. The eco-
nomic effect of noncommunicable diseases on households
and nations: A review of existing evidence. ] Health Com-
mun. 2011; 16 Suppl 2:75-81. [DOI:10.1080/10810730.2011.60
1394] [PMID]

[5] Roth GA, Mensah GA, Johnson CO, Addolorato G, Am-
mirati E, Baddour LM, et al., Global burden of cardiovas-
cular diseases and risk factors, 1990-2019: Update from the
GBD 2019 study. ] Am Coll Cardiol. 2020; 76(25):2982-3021.
[DOI:10.1016/jjacc.2020.11.010] [PMID] [PMCID]

[6] Naghavi M, Shahraz S, Sepanlou SG, Dicker D, Naghavi P,
Pourmalek F, et al. Health transition in Iran toward chronic
diseases based on results of global burden of disease 2010.
Arch Iran Med. 2014; 17(5):321-35. [PMID]

[7] Shams-Beyranvand M, Farzadfar F, Naderimagham S, Ti-
rani M, Maracy MR. Estimation of burden of ischemic heart
diseases in Isfahan, Iran, 2014: Using incompleteness and
misclassification adjustment models. ] Diabetes Metab Dis-
ord. 2017; 16:12. [DOI:10.1186/s40200-017-0294-6] [PMID]
[PMCID]

[8] SeoH, Yoon 9], Yoon ], Kim D, Gong Y, Kim AR, et al. Recent
trends in economic burden of acute myocardial infarction in
South Korea. Plos One. 2015; 10(2):e0117446. [DOI:10.1371/
journal.pone.0117446] [PMID] [PMCID]

[9] Zheng H, Ehrlich F, Amin J. Economic evaluation of the di-
rect healthcare cost savings resulting from the use of walk-
ing interventions to prevent coronary heart disease in Aus-
tralia. Int ] Health Care Finance Econ. 2010; 10(2):187-201.
[DOI:10.1007 /510754-009-9074-2] [PMID]

[10] Heidenreich PA, Trogdon JG, Khavjou OA, Butler ], Dra-
cup K, Ezekowitz MD, et al., Forecasting the future of cardio-
vascular disease in the United States: A policy statement from
the American heart association. Circulation. 2011; 123(8):933-
44. [DOI:10.1161/ CIR.0b013e31820a55f5] [PMID]

[11] Pakdaman M, Gravandi S, Askari R, Shafii M, Khaleghi
Muri M, Bahariniya S, et al. Estimation of the economic bur-
den of cardiovascular diseases in selected hospitals of Yazd in
2018. Qom Univ Med Sci J. 2020; 14(7):58-68. [DOI:10.29252/
qums.14.7.58]

[12] Head SJ, Davierwala PM, Serruys PW, Redwood SR, Co-
lombo A, Mack M], et al. Coronary artery bypass grafting vs.

Tatarpoor P, et al. A Cost-Effectiveness Study. JVC. 2022: 3(1):7-16



http://jvessels.muq.ac.ir/index.php?slc_lang=en&slc_sid=1
https://en.iums.ac.ir/
https://en.iums.ac.ir/
https://en.iums.ac.ir/
https://doi.org/10.1016/S0140-6736(20)30925-9
https://www.ncbi.nlm.nih.gov/pubmed/33069326
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7567026/
https://doi.org/10.1016/j.vhri.2020.11.002
https://doi.org/10.1016/j.vhri.2020.11.002
https://www.ncbi.nlm.nih.gov/pubmed/33571726
https://doi.org/10.1016/S2214-109X(19)30045-2
https://www.ncbi.nlm.nih.gov/pubmed/31028013
https://doi.org/10.1080/10810730.2011.601394
https://doi.org/10.1080/10810730.2011.601394
https://www.ncbi.nlm.nih.gov/pubmed/21916715
https://doi.org/10.1016/j.jacc.2020.11.010
https://www.ncbi.nlm.nih.gov/pubmed/33309175
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7755038
https://pubmed.ncbi.nlm.nih.gov/24784861/
https://doi.org/10.1186/s40200-017-0294-6
https://www.ncbi.nlm.nih.gov/pubmed/28331842
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5353952
https://doi.org/10.1371/journal.pone.0117446
https://doi.org/10.1371/journal.pone.0117446
https://www.ncbi.nlm.nih.gov/pubmed/25658119
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4319857
https://doi.org/10.1007/s10754-009-9074-2
https://www.ncbi.nlm.nih.gov/pubmed/19882347
https://doi.org/10.1161/CIR.0b013e31820a55f5
https://www.ncbi.nlm.nih.gov/pubmed/21262990
https://doi.org/10.29252/qums.14.7.58
https://doi.org/10.29252/qums.14.7.58

Journal of Vessels and Circulation
Qom University of Medical Sciences

percutaneous coronary intervention for patients with three-
vessel disease: Final five-year follow-up of the SYNTAX trial.
Eur Heart J. 2014; 35(40):2821-30. [DOI:10.1093/ eurheartj/
ehu213] [PMID]

[13] Serruys PW, Morice MC, Kappetein AP, Colombo A,
Holmes DR, Mack M], et al. Percutaneous coronary inter-
vention versus coronary-artery bypass grafting for severe
coronary artery disease. N Engl ] Med. 2009; 360(10):961-72.
[DOI:10.1056,/ NEJM0a0804626] [PMID]

[14] Abdallah MS, Wang K, Magnuson EA, Spertus JA, Farkouh
ME, Fuster V, et al. Quality of life after PCI vs CABG among
patients with diabetes and multivessel coronary artery dis-
ease: A randomized clinical trial. JAMA, 2013; 310(15):1581-
90. [DOI:10.1001 /jama.2013.279208] [PMID] [PMCID]

[15] Caggegi A, Capodanno D, Capranzano P, Chisari A, Min-
isteri M, Mangiameli A, et al. Comparison of one-year out-
comes of percutaneous coronary intervention versus coro-
nary artery bypass grafting in patients with unprotected left
main coronary artery disease and acute coronary syndromes
(from the customize registry). Am ] Cardiol. 2011; 108(3):355-
9. [DOI:10.1016/j.amjcard.2011.03.050] [PMID]

[16] Chang M, Lee CW, Ahn JM, Cavalcante R, Sotomi Y, On-
uma Y, et al. Comparison of outcome of coronary artery by-
Ppass grafting versus drug-eluting stent implantation for non-
ST-elevation acute coronary syndrome. Am ] Cardiol. 2017;
120(3):380-6. [DOI:10.1016/j.amjcard.2017.04.038] [PMID]

[17] Garg A, Rao SV, Agrawal S, Theodoropoulos K, Mennuni
M, Sharma A, et al. Meta-analysis of randomized controlled
trials of percutaneous coronary intervention with drug-elut-
ing stents versus coronary artery bypass grafting in left main
coronary artery disease. Am J Cardiol. 2017; 119(12):1942-8.
[DOI:10.1016/j.amjcard.2017.03.019] [PMID]

[18] Rahouma M, Abouarab A, Di Franco A, Leonard JR, Lau
C, Kamel M, et al. Percutaneous coronary intervention versus
coronary bypass surgery for unprotected left main disease: A
meta-analysis of randomized controlled trials. Ann Cardio-
thorac Surg. 2018; 7(4):454-62. [DOI:10.21037/acs.2018.06.05]
[PMID] [PMCID]

[19] Van de Werf F, Bax J, Betriu A, Blomstrom-Lundqvist C,
Crea F, Falk V, et al. Management of acute myocardial infarc-
tion in patients presenting with persistent ST-segment eleva-
tion: The task force on the management of st-segment eleva-
tion acute myocardial infarction of the European society of
cardiology. Eur Heart J. 2008; 29(23):2909-45. [DOI:10.1093/
eurheartj/ ehn416] [PMID]

[20] Task force for diagnosis and treatment of non-st-segment
elevation acute coronary syndromes of European society of
cardiology, Bassand JP, Hamm CW, Ardissino D, Boersma
E, Budaj A, et al. Guidelines for the diagnosis and treatment
of non-ST-segment elevation acute coronary syndromes.
Eur Heart J. 2007; 28(13):1598-660. [DOI:10.1093/ eurheartj/
ehm161] [PMID]

[21] Gholami SS, Azar FEF, Rezapour A, Tajdini M. Cost-ef-
fectiveness of coronary artery bypass graft and percutane-
ous coronary intervention compared to medical therapy in
patients with coronary artery disease: A systematic review.
Heart Fail Rev. 2019; 24(6):967-5. [DOI:10.1007/s10741-019-
09811-3] [PMID]

[22] Wijeysundera HC, Bennell MC, Qiu F, Ko DT, Tu ]V,
Wijeysundera DN, et al. Comparative-effectiveness of revas-

Winter 2022. Volume 3. Number 1

cularization versus routine medical therapy for stable ischem-
ic heart disease: A population-based study. ] Gen Intern Med.
2014; 29(7):1031-9. [DOI:10.1007/511606-014-2813-1] [PMID]
[PMCID]

[23] Brandao SMG, Rezende PC, Rocca HB, Ju YT, de Lima ACP,
Takiuti ME, et al. Comparative cost-effectiveness of surgery,
angioplasty, or medical therapy in patients with multivessel
coronary artery disease: MASS II trial. Cost Eff Resour Alloc.
2018;16:55. [DOI:10.1186/512962-018-0158-z] [PMID] [PMCID]

[24] Ladwiniec A, Allgar V, Thackray S, Alamgir F, Hoye A.
Medical therapy, percutaneous coronary intervention and
prognosis in patients with chronic total occlusions. Heart. 2015;
101(23):1907-14. [DOI:10.1136/ heartjnl-2015-308181] [PMID]

[25] Jeremias A, Kaul S, Rosengart TK, Gruberg L, Brown DL.
The impact of revascularization on mortality in patients with
nonacute coronary artery disease. Am J Med. 2009; 122(2):152-
61. [DOI:10.1016/j.amjmed.2008.07.027] [PMID]

[26] Rueda P, Richart A, Récalde A, Gasse P, Vilar J, Guérin C,
et al. Homeostatic and tissue reparation defaults in mice car-
rying selective genetic invalidation of CXCL12/proteoglycan
interactions. Circulation. 2012; 126(15):1882-95. [DOI:10.1161/
CIRCULATIONAHA.112.113290] [PMID] [PMCID]

[27] Fanari Z, Weiss SA, Zhang W, Sonnad SS, Weintraub WS.
Comparison of percutaneous coronary intervention with drug
eluting stents versus coronary artery bypass grafting in patients
with multivessel coronary artery disease: Meta-analysis of six
randomized controlled trials. Cardiovasc Revasc Med. 2015;
16(2):70-7. [DOI:10.1016/j.carrev.2015.01.002] [PMID] [PMCID]

[28] Park SJ, Ahn JM, Kim YH, Park DW, Yun SC, Lee JY, et
al. Trial of everolimus-eluting stents or bypass surgery
for coronary disease. N Engl ] Med. 2015; 372(13):1204-12.
[DOI:10.1056/ NEJMoa1415447] [PMID]

[29] Parasca CA, Head SJ, Milojevic M, Mack M], Serruys PW,
Morice MC, et al. Incidence, characteristics, predictors, and
outcomes of repeat revascularization after percutaneous
coronary intervention and coronary artery bypass grafting:
The syntax trial at 5 years. JACC Cardiovasc Interv. 2016;
9(24):2493-507. [DOI:10.1016/.jcin.2016.09.044] [PMID]

[30] Alam M, Virani SS, Shahzad SA, Siddiqui S, Siddiqui KH,
Mumtaz SA, et al. Comparison by meta-analysis of percutane-
ous coronary intervention versus coronary artery bypass graft-
ing in patients with a mean age of 270 years. Am ] Cardiol. 2013;
112(5):615-22. [DOI:10.1016/j.amjcard.2013.04.034] [PMID]

[31] Weintraub WS, Boden WE, Zhang Z, Kolm P, Zhang Z,
Spertus JA, et al. Cost-effectiveness of percutaneous coro-
nary intervention in optimally treated stable coronary pa-
tients. Circ Cardiovasc Qual Outcomes. 2008; 1(1):12-20.
[DOI:10.1161/ CIRCOUTCOMES.108.798462] [PMID]

[32] Caruba T, Katsahian S, Schramm C, Charles Nelson A,
Durieux P, Bégué D, et al. Treatment for stable coronary ar-
tery disease: A network meta-analysis of cost-effectiveness
studies. Plos One. 2014; 9(6):e98371. [DOI:10.1371/journal.
pone.0098371] [PMID] [PMCID]

[33] Claude J, Schindler C, Kuster GM, Schwenkglenks M,
Szucs T, Buser P, et al. Cost-effectiveness of invasive versus
medical management of elderly patients with chronic symp-
tomatic coronary artery disease: Findings of the randomized
trial of invasive versus medical therapy in elderly patients
with chronic angina (TIME). Eur Heart J. 2004; 25(24):2195-
203. [DOI:10.1016/j.€hj.2004.09.013] [PMID]

Tatarpoor P. et al. A Cost-Effectiveness Study. JVC. 2022; 3(1):7-16



http://jvessels.muq.ac.ir/index.php?slc_lang=en&slc_sid=1
https://doi.org/10.1093/eurheartj/ehu213
https://doi.org/10.1093/eurheartj/ehu213
https://www.ncbi.nlm.nih.gov/pubmed/24849105
https://doi.org/10.1056/NEJMoa0804626
https://www.ncbi.nlm.nih.gov/pubmed/19228612
https://doi.org/10.1001/jama.2013.279208
https://www.ncbi.nlm.nih.gov/pubmed/24129463
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4370776
https://doi.org/10.1016/j.amjcard.2011.03.050
https://www.ncbi.nlm.nih.gov/pubmed/21545992
https://doi.org/10.1016/j.amjcard.2017.04.038
https://www.ncbi.nlm.nih.gov/pubmed/28595861
https://doi.org/10.1016/j.amjcard.2017.03.019
https://www.ncbi.nlm.nih.gov/pubmed/28433215
https://doi.org/10.21037/acs.2018.06.05
https://www.ncbi.nlm.nih.gov/pubmed/30094209
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6082778
https://doi.org/10.1093/eurheartj/ehn416
https://doi.org/10.1093/eurheartj/ehn416
https://www.ncbi.nlm.nih.gov/pubmed/19004841
https://doi.org/10.1093/eurheartj/ehm161
https://doi.org/10.1093/eurheartj/ehm161
https://www.ncbi.nlm.nih.gov/pubmed/17569677
https://doi.org/10.1007/s10741-019-09811-3
https://doi.org/10.1007/s10741-019-09811-3
https://www.ncbi.nlm.nih.gov/pubmed/31179517
https://doi.org/10.1007/s11606-014-2813-1
https://www.ncbi.nlm.nih.gov/pubmed/24610309
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4061359
https://doi.org/10.1186/s12962-018-0158-z
https://www.ncbi.nlm.nih.gov/pubmed/30410425
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6215652
https://doi.org/10.1136/heartjnl-2015-308181
https://www.ncbi.nlm.nih.gov/pubmed/26552758
https://doi.org/10.1016/j.amjmed.2008.07.027
https://www.ncbi.nlm.nih.gov/pubmed/19185092
https://doi.org/10.1161%2FCIRCULATIONAHA.112.113290
https://pubmed.ncbi.nlm.nih.gov/23035208
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3928557/
https://doi.org/10.1016/j.carrev.2015.01.002
https://www.ncbi.nlm.nih.gov/pubmed/25662779
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4398629
https://doi.org/10.1056/NEJMoa1415447
https://www.ncbi.nlm.nih.gov/pubmed/25774645
https://doi.org/10.1016/j.jcin.2016.09.044
https://www.ncbi.nlm.nih.gov/pubmed/28007201
https://doi.org/10.1016/j.amjcard.2013.04.034
https://www.ncbi.nlm.nih.gov/pubmed/23726179
https://doi.org/10.1161/CIRCOUTCOMES.108.798462
https://www.ncbi.nlm.nih.gov/pubmed/20031783
https://doi.org/10.1371/journal.pone.0098371
https://doi.org/10.1371/journal.pone.0098371
https://www.ncbi.nlm.nih.gov/pubmed/24896266
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4045726
https://doi.org/10.1016/j.ehj.2004.09.013
https://www.ncbi.nlm.nih.gov/pubmed/15589636

This Page Intentionally Left Blank



