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ABSTRACT

Background: Heart transplantation is an established treatment for end-stage heart failure patients, but its
cost-effectiveness is under question.

Objective: This study aimed to assess the cost of heart transplantation in Iran as a developing country in
Asia to contribute to future planning in the region.

Methods: This study was conducted in two phases. First, in a retrospective multicenter study, hospital
data of heart transplant and hospitalization of three active heart transplant centers in Tehran, Iran, were
reviewed from April 2013 to May 2015. Then pre-transplantation, transplantation, and one-year post-
transplant costs were calculated according to the ABC (activity-based costing) method in 2016.

Results: Data were obtained for 120 patients, among which 95 (79.17%) were males with a mean (SD)
age of 35.31+13.41 years. Mean (SD) hospital and ICU length of stay were 17.85+14.91 and 9.74+8.94
days, respectively. A significant correlation existed between the mean of hospital and ICU length of stay
(P<0.001, r: 0.754). The mean heart transplant and hospitalization cost was 3445.47+1243.29 USD from
2013 to 2015. Using the activity-based costing method, the cost of pre-transplantation, transplantation,
and one-year -post-transplantation were extracted 6.5%, 73.5%, and 20%, respectively, with a total cost
of 26232 USD.

Conclusion: Compared to other countries, the cost of heart transplantation in Iran is very low. Numerous
reasons lead to this difference. Firstly, a heart transplantation surgery is performed in university-based
hospitals and is supported by the government. On the other hand, a significant difference exists between

personnel costs in Iran compared to other countries.
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INTRODUCTION than 5.8 million in the United States [1]. In
Iran, the incidence of HF will increase to 3500

eart failure (HF) is an issue with an cases per 100,000 individuals in the future,

increasing incidence that affects 23
million people in the world and more
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and cardiovascular disorders such as HF are
among the major causes of patient mortality
and morbidity [2]. HF is associated with con-
siderable morbidity and mortality, despite im-
provement in management. Over 2.4 million
hospitalized patients have HF as a primary or
secondary diagnosis, and practically 800,000
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deaths each year are instantly due to HF [8—
5]. In the United States, management of HF
has an immediate cost of over $34 billion an-
nually, most of which is due to hospitalization

[6]-

Heart transplantation is a recognized thera-
peutic modality for patients with end-stage
heart failure [77. Nevertheless, it is restricted
by serious lack of donor organs, complications
such as infection, rejection, allograft coronary
arteriosclerosis as well as the requirement for
long-term immunosuppressive therapy with
its attendant effects. Although cardiac trans-
plantation is regarded to be cost-effective in
the long term [87], some research in recent de-
cades focusing on in-hospital and procedure-
related costs show that it is a costly treatment
[9,107]; therefore, determining its costs has be-
come important [117]. In Iran, the rate of brain
death is high due to road accidents and trauma;
however, rate of brain death donation is 14.34
per million population (PMP) (IRODaT 2019)
[12]. The cost of medications plays a crucial
role in heart transplantation cost evaluation.
The most important categories of drugs heart
transplantation are immunosuppressants, an-
tibiotics, and antivirals regimens. Mainte-
nance Immunosuppressive drugs include cal-
cineurin inhibitors (such as the cyclosporine
and tacrolimus) and inhibitors of purine syn-
thesis (such as mycophenolate mofetil) and
corticosteroid drugs (such as prednisolone)
[137. Valganciclovir has been known to inhibit
cytomegalovirus (CMV) diseases in high-risk
solid organ transplant (SOT) recipients [14].
Other medications include ranitidine, atorvas-
tatin, calcium, alendronate sodium, and mul-
tivitamins.Without considering the exact cost
of a transplantation operation, it is impossible
to determine its cost effectiveness.

Although heart transplantation started in our
country in 1993 [157, only the cost of kidney
and lung transplant has been previously deter-
mined [16,17]. In this regard, no study exists
on the cost and expenses of heart transplanta-
tion in Iran.

Regarding the importance of clear informa-
tion about the cost of transplantation especial-

ly for government, insurance companies, and
hospitals, we here aimed to report the cost of
heart transplantation in Iran.

MATERIALS AND METHODS

This study was conducted in two phases. First
in a retrospective multicenter study, hospital
data of heart transplant and hospitalization of
three active heart transplant centers in Tehran,
Iran, were reviewed and analyzed from April
2013 to May 2015. Then, scientific transplant
protocol of that three active heart transplanta-
tion centers was assessed via expert sessions,
and pre-transplantation, transplantation, and
one-year post-transplantation cost were calcu-
lated according to the ABC costing (activity-
based costing) method in 2016.

Activity analysis within the ABC method
evaluates resource consumption through ac-
tivity identification [18]. Activity analysis
provides information on what and how work
is done, quality of the work, time to perform
the work, the output of the work, patient and/
or supplier relationships, and service relation-
ships [14,187. This method aims to calculate
the indirect cost and thus total cost.

Categories constituting the total charges are
defined as follows:

1) 30 days pre-transplant: These charges in-
clude all medical costs for the transplant pa-
tient incurred during the 30 days before the
transplant hospital admission, including medi-
cal costs related to the transplant (visits, con-
sults, paramedical and laboratory, and radio-
logic evaluations).

2) Transplant: This covers facility charges
for the transplant identified by the American
Medical Association's Current Procedural Ter-
minology (CPT) procedure codes (including
surgery procedures, paraclinical, expenditure
use and immunosuppressive, and other drugs
provided during the hospital stay as well as
room and board and ancillary services).

3) One-year post-transplant discharge: This
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covers post-discharge facility and professional
services, including any hospital readmissions.
The services also include regular lab tests,
regular outpatient visits, and evaluation and
treatment of complications. Furthermore,
all the outpatient drugs prescribed from dis-
charge to one-year post-transplant discharge,
including immunosuppressants and other

needed drugs.
Ethical consideration

This study protocol was approved by the Eth-
ics Committee of Shahid Beheshti University
of Medical Sciences.

RESULTS

Data were obtained for 120 patients, includ-
ing 95 (79.17%) males and 25 (20.83%) females
with a mean age of 35.31 £ 13.41 years. Mean
hospital and ICU length of stay were 17.85 +
14.91 and 9.74 £ 8.94 days, respectively. A sig-
nificant correlation existed between the mean
of hospital and ICU length of stay (P<0.001,
r: 0.754).

The mean total cost of heart transplantation
in Iran was 3445.47 + 1243.29 USD (range:
1059.48 to 8510.55). This cost included sur-
gery (66.02%), ICU (13.56%), paraclinical ex-
amination (9.16%), surgery unit (6.16%), ex-
penditure tools (3.51%), rehabilitation (0.84%)
and consultation (0.75%) (Tables 1 and 2).

All the medications consumed by the patients
were estimated yearly. Table 8 shows the re-
sults. The total cost of heart transplantation
in Iran was 26.232 USD, including pre-trans-
plantation (6.5%), transplantation (73.5%), and
one-year post-transplant charges (20%) (Ta-
bles 1 and 2). All the medications consumed by
the patients were estimated yearly, and then
the costs during the three years were evalu-
ated. Table 8 shows the heart transplant cost
in 2016.

DISCUSSION

Nowadays, cardiovascular diseases are among

the most important causes of mortality in the
world, and according to the WHO predic-
tion, they will change to the most important
cause of mortality by 2020 [19,20]. According
to previous studies, approximately 25-45% of
mortalities in Iran are caused by cardiovas-
cular diseases [21]. Among cardiovascular
diseases, advanced heart failure is one of the
most common cardiovascular problems in
Iran (more than 3500 cases per 100000 people
in Iran) [27. Heart transplantation is accepted
as the final therapeutic method for patients
with end-stage heart failure [227]. According
to exiting reports, approximately 500 heart
transplantation surgeries are annually per-
formed in Iran in seven active heart transplant
centers up to 2015, while 400 patients were on
the waiting list. Regarding the importance of
this subject in the mortality of patients, for
the first time, the cost of heart transplanta-
tion in Iran was evaluated in this study. Cost
determination includes a total cost (of hospi-
tal admission), direct cost, indirect cost, fixed
cost, and variable cost. Direct cost is defined
as expenses directly related to patient care,
whereas indirect cost represents expenses as-
sociated with hospital maintenance, adminis-
tration, and utilities. Variable cost 1s affected
by the patient volume, whereas fixed cost is
not affected. We also divided total costs into
subcategory components (e.g., surgery, ICU,
paraclinical examination, surgery unit, expen-
diture tools, rehabilitation, and consultation)
to determine the relative contribution of each
item to the total resource consumption. Pro-
tessional fees were included in the analysis. All
the cost data reported herein are uncensored,
implying that these data do not consider the
tinancial impact of in-hospital death.

In the present study, 120 patients, including
25 women (20.83%) and 95 men (79.17%) with
a mean age of 35.31 * 13.41 were evaluated.
These results were consistent with those ob-
tained by Mandegar et al. in 2009, reporting
the mean age of heart transplantation patients
to be 29.30 £13.17 years [18]. In our study,
the ratio of male to female was 3/8, which was
parallel with the results of Aaronson et al.
(1995) reporting this ratio as 3.24 and a cor-
relation between gender and heart transplan-
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Table 1: List of heart transplantation cost.

List

Surgery

ICU

Paraclinical examination
Surgery unit
Expenditure tools
Rehabilitation

Consultation

Total

tation [237]. On the other hand, in our study,
a direct and significant correlation existed
between ICU residency and hospitalization
time at the hospital; in this case, our results
were consistent with previous studies showing
the relationship between these two variables
[24—267.

In the present study, the cost of a heart trans-
plantation surgery is reported to be approxi-
mately 8845 USD in 2015 and 26232 USD in
2016. The major reason for this difference is
related to sanctions and subsequent inflation
and depreciation of currency, particularly at-
tecting medical devices necessary for this pro-
cedure during that time.

In the case of cost, when the service code was
defined in the relative value book, the service
code was used for cost, and when it was not
defined, the cost method was used. Due to the
implementation of transplant services in the
public hospitals as well as the location of the
research, all costs were calculated for govern-
mental centers.

The total cost of the pre-transplantation stage
was 1694 USD, including the cost of evaluat-
ing and preparing the patient for transplant
(visits, consultations, lab tests, paraclinical,
and medicines). The largest part of the costs is
related to the cost of paraclinical services. In
the transplanting phase, the total patient cost
was 19302 USD, for which the surgical cost
was the highest, and paraclinical services had
the lowest cost. The cost of linkage services
for the patients during a one year follow-up is

Mean + S.D (USD) Percent of the total cost

2274.81 + 837.55 66.02%
467.07 £ 549.03 13.56%
315.56 £ 260.58 9.16%
121.051 £ 125.00 6.16%
212.14 + 447.23 3.561%
25.81 £ 26.60 0.84%
29.00 *+ 15.85 0.75%
3445.47 + 1243.29 100%

5,267 USD with the highest cost being attrib-
uted to medications and the lowest cost being
related to paraclinical services after surgery.
The total cost of heart transplantation during
one year is $26,283 for which the highest cost
was attributable to the costs of hospitalization
for transplantation that was $19302 (73.5%).
It should be noted that the cost of postopera-
tive care was $5,267 (20%). (Table3). Thus, ex-
penditures for the consumed drugs are 4:3%,
healthcare services are 41%, equipment and
devices 8%, and the expenditure for paraclini-
cal services costs are 8%. Therefore, due to the
high cost of transplant drugs and the etfects of
currency fluctuations on the cost of drugs and
supplies, focusing on these can help to reduce
the cost of transplantation.

The cost of heart transplantation in the Unit-
ed States has increased from 120,000 to
169,000 USD from 2005 to 2009 (27). The
cost has been reported to be 76000 dollars in
Virginia in 2001 (9). In addition, the cost of
heart transplantation has been 44300 and
80000 dollars in the Netherlands and Spain,
respectively (28,29). According to the 2014
Milliman Research Report on U.S. organ and
tissue transplants, the cost for a heart trans-
plant was $1.2 million. The cost increased to
$1.66 million in the 2020 report [307]. Heart
transplants are covered by health insurance in
most cases in the United States, especially if
the insurance plan is comprehensive. However,
each insurance company may provide the cov-
erage differently. In addition, the amount may
be so considerable that the coverage provided
by the health insurance may not be enough to
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Table 2: Details of surgery and paraclinical examination cost.

List
Surgeon
Surgeon assistant

Surgery Anesthesia assistant

Drug
Expenditure tools
Echocardiography

L Laboratory tests
Paraclinical

Examination Radiology

CT scan
Sonography

cover all the expenses.

Hence, the cost of heart transplantation is
very lower in Iran in comparison to the men-
tioned countries. Various reasons can lead to
this difference. Firstly, in Iran, all hospitals
performing heart transplantation surgery are
university-based hospitals and are supported
by the government; On the other hand, a con-
siderable difference exists between personnel
costs in Iran compared to other countries at
different stages of organ transplantation sur-
gery (pre-operation, during operation and af-
ter operation). Furthermore, the studies have
indicated that the costs of lung and kidney
transplantation are significantly lower in Iran
compared to other countries, and the noted
reasons above might be the cause of this cost
difterence [14,157].

In the present study, the highest costs were
related to the surgery team, expenditure tools,
and medications, respectively. These results
were parallel with those in the study by Ab-
basi-Dezfouli et al. in (2009) evaluating the
costs of lung transplantation in Iran [157,
but they were not consistent with studies in
other countries, where the highest costs were
related to pre-transplant evaluation and test-
ing, hospital charges, organ procurement, and
tollow-up care, respectively [9]. However, oth-
er costs also exist, which are related to heart
transplants not covered by health insurance.

Mean + S.D (USD) Percent of the total cost

757.72 £ 483.87 33.31%
182.91 + 91.67 8.04%
183.06 + 97.15 8.05%
454.42 £ 790.73 19.98%
696.68 + 262.76 30.62%
41.95 £ 85.10 18.29%
211.11 £ 191.15 66.91%
22.17 £ 54.21 7.02%
25.839 + 18.77 8.03%
15.00 + 7.07 4.75%

These may include food, lodging, and travel
expenses of the patient and caregiver (to and
from the hospital or transplant center), outpa-
tient medications while the patient is recover-
ing, visits to the unrelated transplant doctor,
and home care.

The previous studies in other countries have
reported the monthly mortality rate after heart
transplantation surgery, to be 4% to 6.5%, and
the yearly survival to be 85% [9,27,297, whiles
according to the studies conducted in Iran, the
yearly survival rate of patients is approximate-
ly 80%, and no significant difference exists
in this aspect between Iran and other coun-
tries [81,32]. Furthermore, a 15-year study of
heart transplantation surgery patients in Iran
showed no significant difference in the sur-
vival rate of patients between Iran and other
countries [137.

Heart transplantation is the most effective
therapeutic approach for end stage cardiomy-
opathies and significantly decreases the mor-
tality. In this regard, limitation of access to
donor-organ and high costs of heart trans-
plantation in many countries are among the
limitations of this therapeutic method. Few
studies have evaluated the cost-eftectiveness of
heart transplantation. Studies have indicated
that in countries such as the United States, the
Netherlands, and Spain, the costs of this op-
eration are high and not economical compared
to lung and kidney transplantations [9,28,297.
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Table 3: Heart transplant cost during 2016 according to ABC method.

List Mean (USD) Percent of the total cost

Paraclinics 1145 4%

Drugs 139 0.5%
Pre-transplantation i ) o

Medical services (visits, consults,...) 410 1.5%

Total 1694 6.5%

Paraclinics 495 2%

. Drugs and Expenditure tools 8701 33%

Transplantation

Medical services (visits, consults, ...) 10106 38.5%

Total 19802 73.5%

Paraclinics 471 1.8%
Up to one-year Drugs 4203 16%
post-transplant Medical services (visits, consults, ...) 562 2.1%

Total 5286 20%
Total 26232 100%

Moreover, follow-up of the patients by phone
call or Telemedicine modalities significantly
decreased the expenses and mortality [33].
However, the results of our study showed that
the cost of heart transplantation in Iran was
acceptable; however, these results are not ex-
tendable to other countries due to differences
in the health systems of various countries. One
of the study limitations of the current study is
that it was conducted in Tehran, the capital
city of Iran.

In conclusion, the cost of heart transplantation
in Iran is lower than that in many countries,
while the one-year results are comparable
with other countries. Transporting the donors
from other cities to cities or hospitals where
heart transplantation is to be performed is one
of the major causes of the decreased cost, while
the overall expenses in Iran are low [34].
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