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Abstract

Background: A cost-effectiveness analysis is used to evaluate and compare the cost versus the benefits of different treatment modal-
ities. The clinical effectiveness of laparoscopic cholecystectomy has been well documented. To our knowledge, there was no pub-
lished data on the cost-utility of laparoscopic cholecystectomy in Iran.
Objectives: This study aimed to compare the cost-utility of the two surgical methods for removing gallstones: open cholecystec-
tomy and laparoscopic cholecystectomy.
Patients and Methods: In this comparative cross-sectional analysis, we investigated the data of patients who had undergone la-
paroscopic and open cholecystectomy operations in Kashani hospital, Iran, between 2012 and 2014. Using the available samples,
two groups of 30 patients were randomly selected. SF-36 was used to assess the quality of life (QoL) of patients 30 to 35 days af-
ter operation, and quality-adjusted life years (QALYs) were calculated by multiplying the SF-36 score by healthy years of life. An
activity-based costing method was used to determine the costs of the operations. The cost-effectiveness ratio (CER) was calculated
by dividing the costs of each method by the gained QALY. To determine the difference between the two surgical methods, we used
independent-samples t test.
Results: The data of 60 patients, 40 men and 20 women, with the mean age of 54.30 ± 16.44 in the laparoscopic group and 51.77
± 18.41 in the open cholecystectomy group were analyzed. The mean cost of surgery was lower in the laparoscopy group (2259 ±
895 USD) than in the laparotomy group (2972 ± 907.9 USD) (P = 0.003). The mean SF-36 score was higher in the laparoscopic group
(65.98 ± 9.22) than in the open cholecystectomy group (58.03 ± 11.30) (P < 0.004). The cost of gaining QALY was also significantly
lower in the laparoscopic group. The mean of the gained QALY index was 1.79 ± 0.29 and 1.14 ± 0.41 for the laparoscopic and open
surgeries, respectively (P < 0.001). The incremental CER was 1067 USD for each QALY for the laparoscopic group in comparison to
the value of open cholecystectomy.
Conclusions: Laparoscopic cholecystectomy was more cost-effective than open cholecystectomy and is therefore preferred and
recommended in patients with gallstones.
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1. Background

The health sector plays a vital role in society due to
the protection it provides for human life. However, the
services it provides can be expensive. Consequently, gov-
ernments try to increase effectiveness while decreasing
the costs of health care (1). While most countries do not
use formal economic analysis for decision-making in the
formulation of healthcare strategies, some do use cost-
effectiveness analysis (CEA) quite frequently. For instance,
Canada (2), the United Kingdom, Brazil (3), and Sweden (4)
use CEA to determine the relative cost-benefits of preven-

tive measures or alternative treatments (5).

Although appropriate programs and treatment strate-
gies benefit both the patients and the system, their imple-
mentation can be costly; therefore, limited financial re-
sources are available for choosing programs to promote
the quality of life (QoL) and increase the life expectancy
of patients (6). Generally speaking, CEA quantifies bene-
fits in terms of a natural unit. In the healthcare system,
CEA is the main method of economic evaluation. In recent
years, cost-utility analysis (CUA) has been introduced and
recommended as a method of CEA. The natural unit used
in CUA is the quality-adjusted life year (QALY) (7, 8). The
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CUA results are presented as a cost-effectiveness ratio (CER)
of two treatment modalities, which is calculated by divid-
ing the difference in cost by the difference in QALY. In other
words, CER estimates the cost of gaining one additional
QALY through comparing two modalities and helps to de-
termine the value of one treatment method over another
according to their cost-benefit ratio (9, 10).

Gallstones are a common medical condition that man-
date surgical removal of the stone(s) through open or la-
paroscopic cholecystectomy. One decade after first intro-
ducing the method of laparoscopic cholecystectomy, this
approach is now the gold standard procedure for gallstone
removal (11, 12). According to a meta-analyses of random-
ized clinical trials by Siddiqui et al., laparoscopic cholecys-
tectomy has an acceptable safety profile and shortens the
hospital stay of patients more than open cholecystectomy
procedures (13). Other studies on CEA indicated fewer sur-
gical complications, less severe postoperative pain, shorter
hospital stay, and more rapid recovery in early rather than
in delayed laparoscopic cholecystectomy (14, 15).

2. Objectives

The purpose of CUA is to estimate the ratio of the cost
of intervention to the subsequent health benefit. To our
knowledge, there was no published data on the cost-utility
of laparoscopic cholecystectomy in Iran at the time of this
study. Hence, this study was designed to compare the cost-
utility of open cholecystectomy with laparoscopic chole-
cystectomy.

3. Methods

This comparative cross-sectional study compared the
cost-effectiveness of open cholecystectomy with that of la-
paroscopic cholecystectomy in Kashani Hospital, Shahr-e-
Kord, Iran, between 2012 and 2014. When patients enter
public hospitals, they sign an informed consent so that
their data can be used for research purposes. Although this
was not an interventional study and only data regarding
days in the hospital and their costs according to account-
ing records in the hospital were used, the study was con-
ducted after achieving approval of the hospital ethics com-
mittee (SHMIS-803). Informed consent was also obtained
from all participants after informing them of the study
protocol and ensuring them that their information would
be kept confidential.

As this was an accounting study on the costs of two
treatment modalities, there were not any eligibility cri-
teria for the included patients. Samples were chosen ac-
cording to availability and completed data on the patients’

files (about 200) and then computer-produced random se-
quence numbers were used to select files to include in the
study. Two groups of 30 patients were randomly selected
among those who had undergone open or laparoscopic
cholecystectomy. Those who did not fulfill the above men-
tioned criteria were excluded from the study.

A short-form health survey (SF-36) was used to measure
the participants’ QoL. SF-36 is a globally used method of as-
sessing QoL which evaluates eight relevant criteria: 1. role
limitations due to physical health; 2. social functioning;
3. general health; 4. energy/fatigue; 5. physical function-
ing; 6. pain; 7. role limitations due to emotional problems;
and 8. emotional well-being, each for two different aspects
of health, i.e., mental and physical, in a preference-based
questionnaire. The validity and reliability of the Farsi lan-
guage version of the SF-36 was reported in previous stud-
ies (16), and thus this version was used in this study. After
the patients completed the questionnaires, the resulting
scores in the assessed dimensions were calculated; the fi-
nal score was determined by calculating the average score
of all criteria. QALYs, derived from the SF-36, were calcu-
lated between 30 to 35 days after cholecystectomy for both
groups. The QALY index was calculated by multiplying the
total QoL score by the healthy years of life.

Open and laparoscopic cholecystectomies were the
main cost objects of this study, and their costs were de-
termined by the activity-based costing (ABC) method. In
this system, the general surgery department of the hospi-
tal was divided into two patient groups. The first patient
group had not undergone surgery and only needed medi-
cal therapy. The other patient group had undergone open,
laparoscopic, and other surgical operations to resolve gall-
stone complications. The costs to the general surgery de-
partment were divided into direct and indirect costs. To-
tal direct costs such as drugs, materials, and nurse and
doctor salaries were directly assigned to open and laparo-
scopic cholecystectomies. The indirect costs included all
costs that could not be assigned directly to open and la-
paroscopic cholecystectomies and were calculated using
cost drivers. The total direct costs for the general surgery
department were calculated by summing the materials,
capital, and human resource costs. To determine the indi-
rect costs, a resource cost driver was used. Details of the
activity-based costing method are reported in other hos-
pital accounting studies (17-23). Finally, the CER was calcu-
lated according the method mentioned previously. No dis-
count rate was applied to the costs, and all costs were in the
United States dollar (USD) at the 2012 mean exchange rate.

3.1. Statistical Analysis

Statistical analysis was performed using SPSS 12.0 (SPSS
Inc., Chicago, Illinois, U.S.A.). The Kolmogorov-Smirnov test
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was performed to determine the normal distribution of
the variables. Because all of the variables had a normal dis-
tribution, an independent-samples t-test was used to deter-
mine the difference between the two surgeries. A P < 0.05
was considered statistically significant.

4. Results

Forty women and 20 men were included in this study.
The mean age of the participants was 54.30 ± 16.44 in
the laparoscopic cholecystectomy group and 51.77 ± 18.41
in the open cholecystectomy group. After the open and
laparoscopic cholecystectomies were performed, the pa-
tients needed to stay in the hospital for 3.7 days and one
day, respectively. The mean cost was 2259± 895 and 2972±
907.9 USD for the laparoscopic and open cholecystectomy
operations, respectively (P = 0.003). The mean score of QoL
was 65.98 ± 9.22 and 58.03 ± 11.30 in the laparoscopic and
open cholecystectomy groups, respectively (P = 0.004). Ta-
ble 1 demonstrates the mean of the scores for the eight cri-
teria of QoL for each group. The cost per each gained QALY
was 1234 and 2607 USD in laparoscopic and open cholecys-
tectomy groups, respectively. The mean of the gained QALY
index was 1.79±0.29 and 1.14±0.41 in the laparoscopic and
open cholecystectomy groups, respectively (P < 0.001). In
comparison to the open cholecystectomy group, the incre-
mental CER for laparoscopic cholecystectomy group was
1096 USD for each QALY. Figure 1 illustrates the gained QALY
in each group for the different age groups.
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Figure 1. The Mean Quality-Adjusted Life Year Gained for Open and Laparoscopic
Cholecystectomy in Different Age Groups

5. Discussion

In this study, the respective cost-utilities of the two gall-
stone removal surgeries were compared. The laparoscopic

cholecystectomy group’s gained QALY was 0.66 more than
that of the open cholecystectomy group. Moreover, the
cost per QALY in the laparoscopic cholecystectomy group
was 1096 USD less than the corresponding cost for the
open cholecystectomy group. The mean score of QoL was
higher for the laparoscopic cholecystectomy group than
for the open cholecystectomy group. In comparison to
the open cholecystectomy group, the means of all QoL
dimensions were higher in the laparoscopic cholecystec-
tomy group, except for emotional well-being. The higher
score for emotional well-being in the open cholecystec-
tomy group might be due to some personal differences.
The gained QALY in all ages was higher in the laparoscopic
cholecystectomy group than in the open cholecystectomy
group. In both groups, the QALY of patients older than 60
years of age was the lowest among all age groups, which
might be due to coexisting diseases or conditions.

Although there was no previous research on the CUA of
laparoscopic cholecystectomy in Iran, the QALY index has
been used to determine the CEA of different methods of
treating gallstone diseases. Previous studies have used EQ-
5D (EuroQoL-Five Dimensions Questionnaire) as a standard
tool to evaluate the QoL in patients with gallstone diseases
(13, 14, 24). A CUA study of cholecystectomy mentioned that
traditional questionnaire usage was a weak point of the
study and recommended SF-36 as a more effective tool (25).
Although the QALY index is frequently used in CEA, some
experts disagree with using it for health management de-
cisions and consider it to be insufficient. Despite some
opposition, most CUA studies have used the QALY index
because of limitations on the available analysis methods
in the healthcare domain (26). The QALY index is a sim-
ple tool for resolving complex choices, and the results of
QoL surveys are affected by cultural differences. Therefore,
QoL should be evaluated through tools with proven valid-
ity and reliability for each individual language and region
(27, 28).

This preliminary study was the first CUA of laparo-
scopic cholecystectomy by SF-36 in Iran, but there were
some limitations. The most important limitations to our
study were the small sample size and the short follow-up
period. Furthermore, this study for cholecystectomy was
based on hospital data available from 2012 when the mean
length of hospital stay for open cholecystectomy was 3.7
days, which was longer than the mean length of hospital
stay in most reports. The hospital costs for laparoscopic
cholecystectomy might decrease if the mean length of hos-
pital stay in routine clinical practice decreases with an in-
crease in the experience of the practitioners. Addition-
ally, further studies that involve a larger population and a
longer follow-up period are needed to provide more infor-
mation on this issue.
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Table 1. The Mean SF-36 Scores of Patients after Open and Laparoscopic Cholecystectomy Surgeries

Variables Open Cholecystectomy Laparoscopic Cholecystectomy P Value

Age, mean ± SD, y 54.30 ± 16.44 51.77 ± 18.41 0.54

Sex, No. (%) 0.77

Male 9 (30%) 8 (26.66%)

Female 21 (70%) 22 (73.34%)

SF-36 Domains, mean ± SD

Energy/fatigue 60.83 ± 12.02 62.5 ± 7.07 0.51

Emotional role 47.83 ± 8.71 63 ± 8.05 < 0.001

Physical function 61.33 ± 10.88 83.66 ± 11.92 < 0.001

General health 51.16 ± 8.14 56.4 ± 5.02 0.004

Pain 67.5 ± 16.64 69.25 ± 5.51 0.59

Social functioning 51.25 ± 6.37 70.5 ± 7.69 < 0.001

Well-being 82.22 ± 11.35 71.7 ± 13.13 0.002

Physical role 42.16 ± 6.42 50.8 ± 9.10 < 0.001

Mean total score 58.03 ± 11.30 65.98 ± 9.22 0.004

The costs of probable adverse effects and discount rates
were not included here; if these costs had been included,
the difference of the CER would have been higher. In
most reports, the less expensive cost of hospitalization for
laparoscopic cholecystectomy than for open cholecystec-
tomy has been attributed to shorter hospital stay. On the
other hand, a few studies reported no significant cost sav-
ings or even an increase in total hospital costs for laparo-
scopic cholecystectomy (29, 30). Although the total di-
rect cost for the surgery department and recovery unit are
higher for laparoscopic cholecystectomy, the shortened
length of hospital stay and more rapid return to normal ac-
tivity lead to both direct and indirect cost savings.

Despite the mentioned limitations, the findings of this
study demonstrated that laparoscopic cholecystectomy
was more cost-effective than open cholecystectomy. As
mentioned previously, this was an accounting study on
costs of treatment. In Iran, all hospitals have the same
cost for admission, staying in hospital, specific procedures,
and treatments, which are determined by the ministry of
health and regulated to be the same throughout the coun-
try. Therefore, the applied costs can be generalized to all
public hospitals in Iran. Finally, given the successful re-
sults of this study, routine use of formal economic analysis
for decision making in the Iranian health system is recom-
mended.
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