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. We estimated the incidence of ectopic pregnancy (EP) and the success rate of expectant management

. of EP in South Korea. We analyzed data from 2009 to 2015 using the Health Insurance Review and

: Assessment Service National Inpatient Sample (HIRA-NIS) database. EP was identified by diagnostic

: codes, and strict EP was identified by both diagnostic codes and treatment codes. From 2009 to 2015,
369,701 cases of EP, abortion, or delivery were extracted from a total of 4,476,495 women. Of the total
pregnancies, 8,556 cases were EPs. The incidence of EP was 34.1 £ 0.7 per 1,000 pregnancies and the
incidence of strict EP was 17.3 £ 0.3 per 1,000 pregnancies. Among women aged 25-44 years, age was
associated with a higher incidence of EP (odds ratio [OR]: 1.13; 95% confidence interval [CI]: 1.06, 1.19;
P < 0.01). The incidence rates of EP (OR: 0.99; 95% Cl: 0.97, 1.01; P=0.51) did not significantly differ
by year. The incidence of EP in Korea was 17.3 4 0.3 per 1,000 pregnancies, and almost did not change
over 7 years. About 50% of EPs were treated without surgery or methotrexate. This study provides an
important reference for the treatment of EP.

Ectopic pregnancy which occurs in 2% of all spontaneous conceptions, is the most common cause of mortal-
ity during the first trimester of pregnancy and is responsible for up to 7% of all pregnancy-related deaths'~*.
Treatment options include surgery through laparoscopy or laparotomy, medical therapy with methotrexate, or
expectant management. The cost of treating an EP is significant; direct costs are estimated at $1 billion in the US>.
EP is of medical importance because it is associated with reduced fertility and increased risk of subsequent EP®.
Thus, it is clinically important to monitor the incidence of EP.
: The overall incidence of EP was 19.7 per 1,000 pregnancies in 1992, the last time national data were reported
: by the U.S. Centers for Disease Control and Prevention®. Since then, its incidence has been reported by private
. insurers and local health care providers. Van Den Eeden et al. reported a rate of 20.7 per 1,000 pregnancies in
- the Kaiser Permanente Northern California region from 1997-20007. Trabert et al. reported that in patients in
. the Group Health Cooperative health care plan for Washington and Idaho, the incidence increased from 17.8
per 1,000 pregnancies in 1993-1995 to 21.1 per 1,000 pregnancies in 2005-2007%. Hoover et al. reported a treat-
' ment rate of EPs of 6.4 per 1,000 pregnancies from 2002-2007 among women in MarketScan, a database of US
commercial insurers®. The prevalence rate of EP in England and Wales in 1994-1996 was reported as 12.4 per
1,000 pregnancies, and the incidence in French women in 1992 was reported as 15.8 per 1,000 pregnancies. The
frequency of EP in the Republic of Korea was estimated as 15.8 per 1,000 pregnancies in 2009'°-12. However, the
data from these studies are not recent, and the study populations were relatively small. Therefore, new estimates
are needed.
Typical treatment options for EP include surgery, such as laparoscopy and drug therapy with methotrexate.
However, expectant management is considered for some visible EPs, in cases of pregnancy of unknown location
(PUL) when there are low or plateauing serum human chorionic gonadotropin (hCG) concentrations'*!*. Expectant
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management is based on the knowledge that the natural history of many early EPs is a self-limiting process that ulti-
mately results in tubal abortion or reabsorption'>¢. Improved diagnostic methods, such as more sensitive pregnancy
tests and high-grade vaginal ultrasonography, have made it possible to diagnosis EP early, including PUL, before
the patient’s condition has deteriorated. With timely diagnosis, clinicians can consider all treatment options; this
has increased the number of laparoscopic surgeries and the frequency of medical management with methotrexate®.
However, few population-based studies have assessed the success rates of expectant management in EP.

We estimated the incidence of EP in Korea from 2009 to 2015, and the success rate of expectant management
of EP using the Korean Health Insurance Review and Assessment Service National Inpatient Sample (HIRA-NIS)
database.

Materials and Methods

Study Settings and Participants. The National Health Insurance Corporation (NHIC) provides medical
services to more than 98% of the South Korean population, which is approximately 49 million'”. We performed
stratified random sampling (1 million) of all South Koreans by year in the HIRA-NIS database. The data were
extracted using a weighted sampling method, which extracted 13% from the inpatient population and 1% from
the outpatient population'”.

We analyzed HIRA-NIS data from 2009 to 2015 (serial numbers: HIRA-NIS-2009-0066, HIRA-NIS-2010-0084,
HIRA-NIS-2011-0063, HIRA-NIS-2012-0058, HIRA-NIS-2013-0085, HIRA-NIS-2014-0068, and
HIRA-NIS-2015-0057). We used the Korean Standard Classification of Diseases (KCD), fifth revision, HIRA
Drug Ingredient codes, and Health Insurance Medical Care Expenses, 2016 version, to calculate the number of
pregnancies.

EP was defined by the diagnostic code O00 (EP), and abortion was defined by the diagnostic codes O02 (other
abnormal products of conception), O03 (spontaneous abortion), 004 (medical abortion), O05 (other abortion),
and 006 (unspecified abortion). In this study, abortion was defined as early pregnancy loss, regardless of whether
it was a spontaneous or induced event. Delivery was defined by the diagnostic codes O80 (delivery in a completely
normal case), O81 (single delivery by forceps and vacuum extractor), O82 (single delivery by cesarean section),
083 (other assisted single delivery), and 084 (multiple delivery). Antenatal care of normal pregnancy was defined
by the diagnostic codes Z33 (pregnant state, incidental) and Z34 (supervision of normal pregnancy). Because
diagnoses of EP, abortion, and antenatal care of normal pregnancy may be exclusionary rather than confirmed
diagnoses, the final diagnostic code among all consecutive diagnostic codes applied within 60 days is defined as
the final diagnosis. For example, if there was a diagnostic code for an EP but also a diagnostic code for antenatal
care of normal pregnancy 30 days later, the case was defined as an antenatal care case rather than an EP case. If
there was a diagnostic code for an EP, abortion, or antenatal care of normal pregnancy at an interval of more
than 60 days, it was considered as a separate episode. The total number of pregnancies included delivery, EP, and
abortion.

Antenatal care cases were excluded from the total number of pregnancies to avoid duplicate calculations.
Strict EP was defined as having an EP diagnostic code while also having an EP operation code-R4531 (tubal or
ovarian pregnancy), R4532 (cornual pregnancy), R4533 (cervical pregnancy), or R4534 (abdominal pregnancy)
—or the methotrexate drug code (19210XXX). The incidence of EP was calculated by dividing the total number of
episodes of EP by the sum of the episodes of EP, abortion, and delivery. The incidence of strict EP was calculated
by dividing the total number of episodes of strict EP by the sum of the total number of episodes of EP, abortion,
and labor.

Statistical analysis. All statistical analyses were performed with R software (ver. 3.3.2; R Foundation for
Statistical Computing, Vienna, Austria). A P value < 0.05 was considered statistically significant. All statistical
tests were two-sided. Weighted analyses were used to compare means of continuous variables, and the weighted
Pearson’s chi-square test was used for statistical analyses of categorical variables.

Ethics. This study was not subject to review by the Institutional Review Board in accordance with the Korean
Bioethics and Safety Act, because it used existing data that did not contain any personally identifiable information.

Results

From 2009 to 2015, 369,701 cases of EP, abortion, or delivery were extracted from a total of 4,476,495 women. Of
the total pregnancies, 8,556 cases were EPs and 361,145 cases were non-EPs. The mean ages were 31.1 £ 0.0 years
and 31.940.1 years, respectively (P < 0.01). The composition of each pregnancy case by calendar year is shown
in Table 1. The incidence of EP was 34.1 4 0.7 per 1,000 pregnancies and the incidence of strict EP was 17.3+0.3
per 1,000 pregnancies (Table 2). EPs requiring surgery or methotrexate treatment made up 50.7 & 1.1% of total
EPs. Figures 1 and 2 show the incidence of EP by year and age, respectively. According to weighted logistic regres-
sion analyses adjusted for year and age (per 5 years), the incidence of EP (odds ratio [OR]: 1.13; 95% confidence
interval [CI]: 1.06, 1.19; P < 0.01) and the incidence of strict EP (OR: 1.12; 95% CI: 1.07, 1.17; P < 0.01) increased
with age but did not change by year (EP OR: 0.99; 95% CI: 0.97,1.01; P=0.51; strict EP OR: 1.01; 95% CI: 1.00,
1.03; P=0.13). The distribution of the sites of EP by surgical operation was as follows: 91.5% tubal or ovarian
pregnancy, 5.9% corneal pregnancy, 1.9% cervical pregnancy, and 0.9% abdominal pregnancy.

Discussion

The incidence of strict EP was 17.3 £ 0.3 per 1,000 pregnancies, and 50.7% of cases resolved without active
treatment.This study is a follow-up of South Korea’s EP rate published in 2013 from HIRA-NIS 2009 data'?. We
updated the EP rate using the newly available HIRA-NIS database from 2009 to 2015. The large national database
population used in this analysis provided a sufficient sample size for monitoring the infrequent outcome of EP.
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Age (y) 30.2+4.3 30.6+11.6 30.8+14.7 30.9+4.1 312441 312443 31.3+43 0
Ectopic pregnancy 0.007
0 51,851 (97.5%) 55,213 (97.6%) 55,411 (97.7%) 54,397 (97.9%) 48,304 (97.7%) 47,976 (97.7%) 47,993 (97.8%)
1 1342 (2.5%) 1353 (2.4%) 1309 (2.3%) 1189 (2.1%) 1147 (2.3%) 1129 (2.3%) 1081 (2.2%)
2 2(0.0%) 0 (0.0%) 1(0.0%) 2(0.0%) 0 (0.0%) 1(0.0%) 0(0.0%)
Abortion 0
0 50,176 (94.3%) 53,279 (94.2%) 53,600 (94.5%) 52,690 (94.8%) 46,556 (94.1%) 45,961 (93.6%) 46,125 (94.0%)
1 3018 (5.7%) 3285 (5.8%) 3121 (5.5%) 2897 (5.2%) 2894 (5.9%) 3145 (6.4%) 2949 (6.0%)
2 1(0.0%) 1(0.0%) 0(0.0%) 1(0.0%) 1(0.0%) 0(0.0%) 0(0.0%)
3 0(0.0%) 1(0.0%) 0(0.0%) 0(0.0%) 0 (0.0%) 0(0.0%) 0(0.0%)
Delivery 0
0 4269 (8.0%) 4519 (8.0%) 4335 (7.6%) 4014 (7.2%) 3967 (8.0%) 4212 (8.6%) 3957 (8.1%)
1 48,926 (92.0%) 52,047 (92.0%) 52,385 (92.4%) 51,574 (92.8%) 45,484 (92.0%) 44,894 (91.4%) 45,117 (91.9%)
2 0(0.0%) 0 (0.0%) 1(0.0%) 0(0.0%) 0 (0.0%) 0(0.0%) 0(0.0%)

Table 1. Each pregnancy cases according to the year from 2009 to 2015 according to HIRA-NIS.

Ectopic pregnancy rate? 34.1£0.7
Strict ectopic pregnancy rate*® 17.3+0.3
Abortion rate® 161.5+ 1.6
Delivery rated 804.4+1.7

Table 2. Estimated pregnancy rates in 2009~2015 in the Republic of Korea. *The rate of ectopic pregnancies
per 1,000 total pregnancies. "Strict ectopic pregnancies involved the use of surgery or methotrexate. “The rate of
abortions per 1,000 total pregnancies. ¢The rate of deliveries per 1,000 total pregnancies.
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@ The rate of ectopic pregnancies per 1,000 total pregnancies.
b The strict ectopic pregnancies are defined only when using surgery or methotrexate.

Figure 1. Trend of ectopic pregnancy (EP) incidence from 2009 to 2015. The rate of ectopic pregnancies
per1,000 total pregnancies. Strict ectopic pregnancies are defined only when using surgery or methotrexate.

It included a sufficient number of insurance claims for EP diagnosis and management to provide the necessary
statistical power to accurately measure the rate and trends.

The average annual strict EP rate in our study is similar to the 17.9-20.7 per 1,000 pregnancies reported in
other studies”® but higher than the 6.4 cases per 1,000 pregnancies reported by Hoover et al.’. However, Hoover
et al. included both prenatal visits and deliveries in the denominator for calculating EP incidence, whereas other
previous studies and our study excluded prenatal visits in the denominator to avoid duplicate calculations. This
different methodology appears to have resulted in the much lower incidence reported in that study. In addition
to prenatal visits, the addition of elective abortion in the denominator appears to have also affected the incidence
rate, although only by a small degree.

In this study, the incidence of strict EP, defined by both diagnostic and treatment codes, was about 50% of
the EP incidence calculated using only diagnostic codes. This indicates that about half of the diagnosed EPs were
conservatively treated without surgery or methotrexate treatment. This is much higher than reported (20.1%) in
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The strict ectopic pregnancies are defined only when using surgery or methotrexate.

Figure 2. Trend of EP incidence by age. Strict ectopic pregnancies are defined only when using surgery or
methotrexate.

a previous study®. Improved diagnostic methods such as more sensitive pregnancy tests and high-grade vaginal
ultrasonography have made early diagnosis of EP possible, and has likely contributed to the increased use of
expectant management in EP. Around 6-20% of women with EP exhibit a continuous decrease hCG levels, and
about half of women treated with expectant management are successfully cured'®"®. On the other hand, in Hoover
et al., approximately 60% of patients were cured without treatment and showed comparable results to this study®.
This suggests that the success rate of expectant management is higher in a realistic clinical environment than in a
rigorous research environment.

Although advances in diagnostic methods have allowed for earlier diagnosis, EP still remains a life-threatening
condition. Approximately 75% of deaths during the first trimester and 9% of all pregnancy-related deaths are due
to EP2. Thus, surgery is a mainstay of EP management, but the options of medical or expectant management are
only available for a subset of patients'”.

Mathematical models have been developed to predict the development of pregnancies in unknown locations',
often using logistic regression analyses. The most widely evaluated model is M4, which incorporates the average
hCG concentration measured at 0 and 48 h, the ratio of the two hCG measurements, and the quadratic effects
of the hCG ratio®. Using this model may help improve the success rate of expectant management of EP. Further
research is needed to improve this method.

In calculating the incidence of EP, the denominator includes cases of abortion, EP, and labor. A decrease in
artificial abortions should thus increase the total number of abortions, EPs, and deliveries, which should reduce
the overall incidence of EPs. However, the rate of strict EP did not change over the 6-year period of our study.
This may indicate that there have been no changes in the number of elective abortions in Korea, despite the
anti-abortion campaigns that began at the end of 2009%!. This suggests that civically organized anti-abortion
campaigns are ineffective without governmental or political force.

In our study, the rate of EPs among pregnant women tended to increase with age, which is consistent with
other studies”!?. Several possible explanations may account for this observation. Age-related changes in the
structure and function of the fallopian tubes tend to lead to an increased incidence of EP in older women. The
risk of gynecological disease such as pelvic inflammatory disease increases with age. Repetitive or asymptomatic
episodes of pelvic inflammatory disease may occur over time, which can lead to progressive damage of the fallo-
pian tubes®?. Assisted reproductive technologies (ARTs) increase the incidence of EP compared to spontaneous
conceptions. In addition, more than half of ART procedures are performed in women over 35 years of age®. A
unique feature of this study is that the rate of EP was higher among women aged 15-25 years than among women
aged 25-40 years. This is likely due to socio-cultural factors. Census data from 2014 indicate that the mean age at
first marriage was 29.8 years and the mean age at first birth was 30.5 years for women?*. Younger women were less
likely to marry, and more likely to choose elective abortion when pregnant. As a result, the rate of maintaining
pregnancy differed depending on age and marital status.

Our study had several limitations. First, elective abortion was not included in the calculation because the
Korean National Health Insurance did not cover elective abortion. It is difficult to find cases of elective abortion
in a situation where the legal permission for abortion is limited. The number of abortions missed would affect
the expected number of total pregnancies. Second, our study did not include pathological or ultrasound records
because it used insurance data. Therefore, the accuracy of diagnoses may be relatively low. However, we attempted
to limit inaccurate diagnoses by supplementing our classification of EP with the treatment codes for methotrexate
or operations.

Nevertheless, we used 7 years of national insurance data to reduce bias and to obtain large-scale cases.
Therefore, our analysis will likely provide important information for clinicians seeking to understand the epide-
miological characteristics of EP in Korea.

In conclusion, the incidence of EP in Korea was 17.3 £ 0.3 per 1,000 pregnancies, and this rate almost did not
change for 7 years. Increased age is a risk factor for EP. About 50% of EPs were treated without surgery or metho-
trexate. Increased use of treatment algorithms such as M4 will lead to increased use of expectant management in
EP cases. Further research is needed.
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