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Purpose: Laparoscopic antireflux surgery is not widely used in Korea, but published data suggest that its results are
comparable to those of Western countries. The purpose of this study was to compare the clinical characteristics, medical
utilization, and medical costs of antireflux surgery and proton pump inhibitor (PPI) treatments.

Methods: We used Korean patients who underwent fundoplication (n = 342, surgery group) and a 25% random sample of
all patients diagnosed with gastroesophageal reflux disease (GERD) who were prescribed PPls for more than 12 weeks (n =
130,987, medication group) between 2007 to 2016. We compared medical costs and utilization between the 2 groups.
Results: The average cost of fundoplication was $4,631. The costs of GERD treatment in the first year after surgery and
during the follow-up period were $78.1 and $50.1 per month, respectively. In the surgery group, the average monthly
medical expenses decreased as the year progressed, but the average monthly medical expenses ($137.5 per month] did
not decrease in the medication group. After stratifying by age group, the medical costs of the surgery group were lower
than those of the medication group for all ages except for patients between the ages of 70 and 79. The cost difference
between the 2 groups was prominent between the ages of 20 and 49.

Conclusion: This study showed that a significant decrease in cost was observed 1 year after surgery, and it was more
apparent in younger patients. Further research is needed to determine the appropriateness of antireflux surgery for each

group of patients.
[Ann Surg Treat Res 2020;98(5):254-261]
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INTRODUCTION

Open fundoplication for gastroesophageal reflux disease
(GERD), or antireflux surgery (ARS), was first developed by
Nissen in 1956 [1]. Laparoscopic Nissen fundoplication was
first performed by Dallemagne et al. in 1991 [2]. In Western

society, this treatment was deemed the best way to treat GERD
until proton pump inhibitors (PPIs) were developed. Although
the use of medication to treat GERD has increased after the
development of PPIs, the merits of ARS are remarkable in terms
of economic efficiency because of the high cost of long-term PPI
use [3-5].
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In Korea, ARS is a recognized treatment option and covered
under national health insurance, but it is rarely practiced due to
concerns over invasive intervention. Meanwhile, the number of
patients taking PPl medication and the cost of that medication
increased 10.6 and 16.8 times from 2002 to 2013, respectively [6].
The efficacy and costs of the various GERD treatment options
should be carefully considered due to the recent increase in the
prevalence of GERD in Korea [7,8].

The efficacy of laparoscopic ARS is similar to drug treatment
according to multicenter randomized trials conducted in
Europe [9-11]. Despite their small number, ARS results in Korea
are comparable to those of Western countries [12-14]. A recent
Korean study compared the medical costs between ARS and PPI
medication groups using nationally-representative sample data;
however, the number of ARS patients was too small to perform
a detailed comparison [15]. Furthermore, few data are available
for even the basic features of ARS in Korea such as the number
of people who underwent ARS and their general characteristics.

This study aimed to investigate the surgical volume of
ARS using all national insurance claims, and compared the
general characteristics, medical utilization, and costs for GERD
treatment in Korean patients who underwent ARS and patients
taking PPI medication.

METHODS

Data

We used customized cohort data extracted from the National
Health Insurance Database (NHID). The NHID is generated
using participants' medical bill expense claims filed with the
National Health Insurance Service (NHIS) by medical service
providers. Korea has universal health care which covers 98% of
the entire Korean population. Thus, the NHID contains medical

The National Health Information Database (NHID)
All Korean adult patients over
the age of 19 from 2007 to 2016

!

information for nearly all of the Korean population.

Fig. 1 is a flow chart of patients in the surgery and
medication groups. The customized cohort was comprised of 2
treatment groups for GERD, surgery, and PPI medication. The
surgical group was composed of all Korean patients who were
diagnosed with GERD and underwent ARS between 2007 and
2016 (n = 342). Among the 342 patients, 12 died during the
average 35-month follow-up period (n = 12). There were also
7 reoperation cases during the observation period, and the
average interval between the first and second operations was 2.5
years. A GERD diagnosis was defined using the International
Classification of Disease, 10th Edition, Clinical Modification
(ICD-10-CM) as follows: K20.0, K20.9, K21.0, and K21.9.
Fundoplication was confirmed using the corresponding surgical
codes (QA424 and QA426). The medication group was selected
with a 2-step procedure. First, we randomly selected 25% of
all Korean patients who were diagnosed with GERD and who
were prescribed PPIs between 2007 and 2016 (n = 775,839).
The sample size was determined based on the distribution of
mean daily dose of PPIs prescriptions in GERD patients [15] to
include approximately 10 times more subjects with high dose
PPIs compared to ARS cases. Second, a total of 130,987 patients
were down-selected (n = 130987) after excluding patients who
had died (n = 19,822) and patients prescribed medication for
less than 12 weeks (n = 625,080). The drug codes of PPIs were
described in Supplementary Table 1.

The NHID released the data after anonymization and de-
identification; therefore, informed consent could not be
obtained from each patient. This study was approved by the
Institutional Review Board (IRB) of Kosin University Gospel
Hospital (IRB number: KUGH 2018-02-013).

n=775,889

PPI medication group
25% random sample among patients
diagnosed with GERD and administered PPls
(stratified by age and gender)

A4 A4

Consecutive preacription
of PPIs < 12 weeks
n = 625,080

Death n=19,822

Surgery group
Patients diagnosed with GERD and
treated with fundoplication
n =342

n = 130,987

Medication group
Patients diagnosed with GERD and
treated with consecutive prescriptions
of PPIs 2 12 weeks

Fig. 1. Patient flow diagram.
GERD, gastroesophageal reflux
disease; PPI, proton pump
inhibitor.
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Measures
The data included the sex, age, insurance type, household

income, disease diagnosis, treatment, and prescriptions for each
patient. Patients were categorized into 7 groups according to age
(from 20 to 80 years or older). The insurance type was defined
as self-employed, employed, and medical aid beneficiary.
Household income was separated into 5 groups based on the 20
levels of insurance fees (a low level represents a low household
income). Health status at baseline was measured using the
Charlson Comorbidity Index (CCI), which is scored according to
the presence of 17 types of chronic diseases and their severity
[16].

The prescription of PPIs was defined using the active
ingredient codes of lansoprazole, dexlansoprazole, omeprazole,
pantoprazole, s-pantoprazole, rabeprazole, ilaprazole, and
esomeprazole. Consecutive PPI prescriptions included those
administered 7 days after the last date of the previous
prescription period. The duration of consecutive prescriptions
was calculated based on the number of prescription days after
excluding overlapping days of multiple prescriptions and the
number of days between prescriptions. We calculated the
average prescribed daily dose (PDD) of PPIs for 12 weeks, the
consecutive prescription period of PPIs, and then categorized
patients into 4 groups: <standard dose, standard-double doses,
double-triple doses, and = triple doses.

Medical expenditures were defined as the total costs
(inpatients cost, outpatients cost, PPI cost, and other drugs
cost) for GERD treatment in medical care institutes covered
by an insurer or a beneficiary. The average monthly costs for
each group were calculated as the sum of the total medical
costs divided by the follow-up months; thus, differences in the
observation times for GERD treatment could be considered.
Medical costs were adjusted for inflation using the consumer
price index (CPI) for medical care [17]. The CPI for medical care
is a measure that examines the weighted average of prices of
a basket of consumer goods and services such as medication
costs, medical costs, dental costs, etc. [18]. In our analysis, we
calculated the inflation multiplier that was the relative value of
each year based on 2016 and applied it to medical costs by year.
Costs were presented in US dollars and calculated based on the
exchange rate of Korean won 1,000.

Medical utilization included the number of hospitalizations,
the number of clinic visits, and the number of Emergency
Department visits for GERD treatments. The average monthly
utilization was calculated by dividing the frequency of medical
utilization by the follow-up months. For the surgery group, the
number of follow-up months was calculated from the last day
of fundoplication operative care to December 31, 2016. Since
the patient selection year varied from 2007 to 2016, the follow-
up period varied from a few days to a maximum of 9 years. In
the medication group, the follow-up time was calculated from

the end date of consecutive PPI prescription for 12 weeks to
December 31, 2016.

Statistical analysis
The means and standard deviations of the medical costs and

utilization for GERD were estimated according to inpatient,

Table 1. The general characteristics of gastroesophageal
reflux patients in the surgery and medication groups

. Surgery grou Medication group”
Variable (rg‘ T e 130,587)IO
Selection year
2007 4(1.2) 4,989 (3.81)
2008 7 (2.1) 6,380 (4.87)
2009 8 (2.3) 8,473 (6.47)
2010 16 (4.7) 10,132 (7.74)
2011 22 (6.4) 11,335 (8.65)
2012 29 (8.5) 14,442 (11.03)
2013 64 (18.7) 17,002 (12.98)
2014 61 (17.8) 19,826 (15.14)
2015 46 (13.5) 21,208 (16.19)
2016 85 (24.9) 17,200 (13.13)
Sex
Men 164 (48) 60,565 (46.2)
Women 178 (52.1) 70,422 (53.8)
Age
20-29 3(18.4) 1,636 (1.2)
30-39 4 (18.7) 4,744 (3.6)
40-49 7 (10.8) 13,601 (10.4)
50-59 4 (18.7) 30,193 (23.1)
60-69 5(16.1) 35,910 (27.4)
70-79 2(12.3) 33,377 (25.5)
>80 7 (5) 11,526 (8.8)
Insurance type
Self-employed insured 101 (29.5) 39,945 (30.5)
Employed insured 220 (64.3) 75,069 (57.3)
Medical aid beneficiary 21 (6.1) 15,973 (12.2)
Household income”
1-5 level (low) 0 (14.6) 21,232 (16.2)
6-10 level 8(17) 20,971 (16)
11-15 level 3(24.3) 27,973 (21.4)
16-20 level (high) 123 (36) 42,545 (32.5)
Missing 8(8.2) 18,266 (13.9)
CCl score
0 9(14.3) 7,647 (5.
1 109 (31.9) 20,464 (1 5 6)
2 9(23.1) 25,724 (19.6)
3 0(14.6) 23,355 (17.8)
>4 5(16.1) 53,797 (41.1)

Values are presented as number (%).

CCl, Carlson Comorbidity Index; GERD, gastroesophageal reflux

disease; PPI, proton pump inhibitor.

“Patients who had a GERD diagnosis and took PPl medication
"Household income levels
were based on insurance fees. A low level represents a low

consistently for more than 12 weeks.

household income.
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outpatient, and prescribed drug costs (PPI costs and other drug
costs). To distinguish between the costs of the surgery and
follow-up care for GERD recurrence, the medical costs in the
surgery group were divided into 3 parts: operation costs, costs
within the first year after surgery, and costs from the second
year after surgery. For the medication group, we calculated the
mean costs according to the 3 PDD levels of PPIs. A 2-sample
t-test was used to test the difference in mean costs between
surgery and medication groups.

This study focused on the medical costs and utilizations for
GERD treatment. Thus, we excluded cases of death in both
surgery and medication groups to prevent the confounding due
to the increase in medical cost for end-of-life care. However,
only the estimation for fundoplication costs included all surgery
cases because the number of operations was small and there
were no deaths within 3 months after surgery. To compare the
exclusions due to death between the 2 groups, the mortality
rates were presented by age category as supplementary
information (Supplementary Table 2).

All statistical analyses were performed using SAS ver. 9.4 (SAS
Institute Inc., Cary, NC, USA).

RESULTS

Table 1 shows the demographic distributions and
comorbidities of the medication and surgery groups. A total of
342 patients underwent fundoplication for the treatment of
GERD in Korea. Even though the number of patients undergoing
surgery to treat GERD has increased recently, it is still rare (n =
4in 2007, n = 7 in 2008, n = 8 in 2009, n = 16 in 2010, n = 22
in 2011, n = 29in 2012, n = 64 in 2013, n = 61 in 2014, n = 46

in 2015, and n = 85 in 2016). The number of males and females
were similar in both groups, but older subjects or subjects with
a high CCI score were more common in the medication group
than in the surgery group.

Table 2 presents the average medical expenditures for
inpatients, outpatients, PPIs, and other drugs for the treatment
of GERD in the surgery and medication groups. In the surgery
group, the average cost associated with fundoplication was
$4,631. The average cost within the first year after surgery was
$78.10 per month. The follow-up costs were estimated to be
$50.10 per month, which is approximately $28 less than the cost
associated with the first year after surgery. In the medication
group, the mean cost associated with GERD treatment was
$13750 per month. Considering the PDD of the PPIs, patients
who were prescribed PPIs below triple doses spent an average
of approximately $130 ($126.70-$136.60) per month. However,

Table 3. The medical costs for gastroesophageal reflux
disease in medication and surgery groups

Age (yr)  Surgery group”  Medication group  P-value”
20-29 17.6 +4.3 162.0+ 16.4 <0.001
30-39 178 £5.6 150.7 +11.6 <0.001
40-49 214 +£5.4 145.7 £ 10.2 <0.001
50-59 67.7 £32.7 138.0+3.8 0.037
60-69 51.3£19.7 131.9 + 4.1 <0.001
70-79 139.7 £ 78.0 136.4 + 6.2 0.967
>80 543 £28.4 138.0+7.6 0.011

Values are presented as mean =+ standard error.
“The costs of the surgery group were estimated after the first year
of surgery. "Two-sample t-test.

Table 2. The medical costs associated with gastroesophageal reflux disease in both medication and surgery groups

Variable No.
Inpatient Outpatient
Surgery group
Cost of the surgery 342 4,631.1 £187.2 -
Cost within the first 330 377.1+115.1 230.8+39.3
year after surgery
Cost after the first 244 358.2 +84.9 382.6 £ 85.7
year
Medication group
All doses 130,987 1,161.3 +9.9 1,007.7 +11.4
<Standard dose 47,006 1,075.0 +15.8 860.5 = 17.1
Standard-double 42,705 1,113.7 £16.2 955.3 £ 18.1
dose
Double-triple dose 17,848 1,189.7 +27.3 1,073.6 +30.0
>Triple dose 23,428 1,399.4 +27.4 1,348.4+36.0

Values are presented as mean =+ standard error.
USD, United States dollars; PPI, proton pump inhibitor.

Costs in USD
Monthly
PPIs Other drugs  Follow-up (mo) medical
0.2+0.2 - - -

55.6 6.6 158.2 £53.3 10.2 £0.2 78.1+12.6
142.5 +21.6 286.2 + 60.7 33.1+1.5 50.1+12.0
3389+1.3 1,061.6 6.2 41.0£0.1 137.5+2.5
3042+2.0 1,017.3+10.7 39.0+0.1 136.6 +4.3
332.7+23 1,009.2+10.0 42.0+0.2 126.7 £ 5.1
347.0+3.7 1,068.7 +15.2 41.0+0.2 129.6 £ 3.4
413.7+3.8 1,240.8+16.4 41.0+0.2 165.0 £5.2
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Table 4. The medical utilization for gastroesophageal reflux disease in medication and surgery groups

No. of No. of monthly
No. of No. of Emergency Follow-up ~ No. of monthly No. of monthly ~ Emergency
Group No. hospitalizati LT et T
ospitalizations  clinic visits ~ Department (mo) hospitalizations  clinic visits ~ Department
visits visits
Surgery 330 0.38 +£0.06 1298 +1.09 0.05+0.01 34.70+1.48 0.01 +£0.00 0.45 + 0.04 0.00 = 0.00
Medication 130,987  0.71 + 0.01 2142 +0.09 0.11 £0.00 40.69 +0.09 0.03 +0.00 0.72 £0.01 0.00 = 0.00

Values are presented as mean =+ standard error.

Two-sample t-test was separately conducted for each value of medical utilization. Surgery and medication groups were significantly

different for all values (P < 0.0001).

those who were prescribed PPIs over triple doses spent a
monthly average of $165.00.

Table 3 shows the medical costs for GERD treatment by age
group since the age distribution was different between the
medication and surgery groups. Monthly medical expenses were
lower in the surgery group than those in the medication group.
Particularly, surgery patients in their 20s and 30s had 1/10 of
the medical costs of their counterparts in the medication group.

Table 4 shows the medical utilization for GERD treatment
including hospitalization, clinic visits, and Emergency
Department visits for both the surgery and medication groups.
The frequencies of hospitalization, clinic visits, and Emergency
Department visits were lower in the surgery group than in the
medication group. The monthly frequency of hospitalization
for the surgery and medication groups was 0.01 and 0.03,
respectively. The average number of clinic visits per month was
0.45 for the surgery group and 0.72 for the medication group.

The follow-up costs and medical utilization for GERD
treatment are presented in Table 5. During the first follow-up
year, the monthly medical costs were approximately 10 times
higher in the surgery group than in the medication group
($1,347.70 for the surgery group and $138.60 for the medication
group). During the second follow-up year, the medical care costs
for the surgery group dramatically decreased to an average of
$51.80, and then they continued to decline (2-3 years: $39.90,
3-4 years: $27.20, 4-5 years: $19.70, and =5 years: $16.70).
However, the medication group costs remained consistent at
approximately $100 per month from the second follow-up year
to the end of the follow-up period (1-2 years: $111.00, 2-3 years:
$103.60, 3-4 years: $104.10, 4-5 years: $100.60, and =5 years:
$108.70).

We calculated the mortality rate by age group to explore the
distribution of excluding patients due to death. The results
showed that age-specific mortality was higher in the medication
group than in the surgery group among elderly patients aged
over 70 years (Supplementary Table 2).

DISCUSSION

This study investigated the characteristics, medical

utilization, and medical costs between GERD patients treated
with ARS or PPI medication over the same period of time. ARS
was performed mainly in younger patients and patients with
fewer comorbidities. The ARS group showed better outcomes
with respect to the length of hospitalization, number of
outpatient visits, and number of Emergency Department visits.
In terms of medical costs, the surgical patients paid 10 times
more than the medication group in the first year after surgery,
but their costs gradually declined over the years while costs for
patients in the PP medication group did not.

The lower, long-term medical utilization and costs in the
surgery group might be evidence of the indirect benefits of
ARS. A previous study conducted in the West also showed a
cost decrease after ARS, rendering it more cost-effective than
treatment with medication [19,20]. Additionally, randomized
control trials (RCTs) demonstrated that clinical outcomes
measured by 24-hour esophageal pH monitoring, lower
esophageal sphincter pressure, symptom improvement,
quality of life, or patient satisfaction were better in patients
who underwent ARS than in patients treated with medication
[10,21,22].

ARS is not a new treatment, and it is already covered under
the national health insurance in Korea, but it is rarely performed.
In our study, 342 ARS procedures were performed during
the 10-year study period. However, no instances of mortality
occurred within 90 days after ARS, and the reoperation rate
was very low. Despite the small number of laparoscopic ARSs
in Korea, the results were comparable to those from Western
countries [12-14].

We selected severe GERD patients treated with PPIs to
compare the health utilization and the costs of the surgical
group. The severe GERD was defined based on the definition of
refractory GERD requiring more than 12 weeks of PPI treatment
to treat GERD [23,24], because refractory GERD is one of most
important indication of ARS [25,26]. When comparing the
distributions of general characteristics between the 2 groups,
sex distribution among patients was very similar. However,
the age distribution was significantly different, which led to a
discrepancy in the CCI scores between them. Thus, a subgroup
analysis by age was conducted to compare the results between
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54

19.7£3.9

80

199 399+85 143 272 +4.7

244 51.8+12.3

330 1,347.7 £295.2

330
330

Monthly medical cost

54 0.00 + 0.00
54 0.22 £0.05

244 0.01 £ 0.00 199 0.01 +0.00 143 0.01 +0.00 80 0.00 +0.00
80 0.24 +0.05

0.02 £ 0.00
0.56 + 0.04

No. of monthly hospitalizations

No. of monthly clinic visits

Medication group

199 0.33 £0.04 143 0.30 £ 0.06

244 0.36 +0.06

81,671 103.6 £2.6 63,189 104.1 £4.8 47,246 100.6 +2.9 34,386 108.7 +4.2

101,794 111.0+2.3

138.6 +2.5

130,987

No. of monthly hospitalizations 130,987

Monthly medical cost

63,189 0.02 +£0.00 47,246 0.02 +0.00 34,386 0.02 +0.00

63,189 0.60 + 0.01

0.03 +0.01
0.60 + 0.01

101,794 0.03 +£0.00 81,671
101,794 0.61 +0.01

0.03 £ 0.00
0.74 + 0.01

34,386 0.67 £0.02

47,246 0.63 + 0.01

81,671

130,987

No. of monthly clinic visits

SE, standard error.

Two-sample t-test was separately conducted for each value according to the follow-up years. Surgery and medication groups were significantly different for all values (P < 0.0001).

the 2 groups, and the monthly average medical costs by age
group were presented.

Younger patients (20-40 years of age) who underwent ARS
had one-tenth of the monthly medical costs after 1 year of their
counterparts in the medication group. On the other hand, the
medical costs among elderly patients in both groups were not
significantly different. A study by Fei et al. [27] showed that the
number of atypical symptoms was higher in the elderly, and the
number of typical symptoms was higher in younger patients.
In addition, elderly patients are more likely to have poor
motility of the esophagus (dysmotility), which is predicted to be
insignificant after antireflux surgery. These results collectively
suggest that ARS may be more effective in younger patients
than PPI treatments. Also, GERD in young people may require
continuing PPI administration over a lifetime, and there are
many potential side effects associated with the longterm use
of PPIs, such as dementia, infection, etc. [28]. Well-controlled
studies are necessary to clarify which patients are suitable for
GERD surgery in terms of effectiveness as well as cost.

Considering the follow-up period in this study, the costs for
patients in the surgery and medication groups within 1 year
and after 1 year are almost the same ($55.60 per 10.2 months,
$142.50 per 33.1 months, respectively; Table 2). The PPI cost
within one year after ARS seems to reflect the PPI treatment on-
demand after surgery, and this tendency may not have changed
after one year. It may be interpreted that the use of PPI did not
increase after ARS, and most of the patients did not relapse
after surgery. In fact, the use of PPI after GERD surgery in
foreign countries was less than 10% per year in RCT [9,10,29,30].
A recent multicenter prospective study on laparoscopic Nissen
fundoplication for GERD also reported that less than 30% of
Korean patients required any medication 3 months after the
surgery [14].

This study investigated the treatment pattern (ARS and PPI
treatment) of GERD using the national representative database.
The strength of this study lies in its use of data from all ARS
cases in Korea between 2007 and 2016. However, this study
has several limitations. The claim database we used was not
established for research purposes. Therefore, some information
regarding clinical aspects such as disease severity, symptom
change (relief or relapse), and laboratory assessment was
missing. A GERD diagnosis was obtained using ICD-10 codes,
and severe GERD patients were identified according to the
refractory GERD definition (12 weeks of continuous PPI use)
without clinical assessment. Even though we adjusted the
inflation of medical costs using CPI, the cost changes during
10 years could not be fully accounted for in our analysis.
Comparability between the medication and surgery groups was
not guaranteed due to the different characteristics between the
2 groups (e.g. age and CCI score). Propensity score matching is
one statistical technique that can remedy the imbalance of a
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covariate’s distribution. However, an analysis using matching
samples based on the characteristics of surgery cases may not be
indicative of patients with GERD since ARS is rarely performed
in Korea. Thus, we used an unmatched, random sample of
GERD patients and alternatively conducted a stratification
analysis by age group to overcome such drawbacks.

This study revealed the surgical outcome in terms of cost.
Moreover, in the same way, this study indirectly suggests that
GERD surgery may be more cost-effective in young adults.
Further research on the clinical effectiveness (e.g., symptom
recurrence) of ARS is needed to target the appropriate group for
GERD surgery.

SUPPLEMENTARY MATERIALS

Supplementary Tables 1 and 2 can be found via https:/doi.
org/10.4174/astr.2020.98.5.254.
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