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Objectives: The use of administrative data is an affordable alternative to conducting a difficult large-scale medical-record review to
estimate the scale of adverse events. We identified adverse events from 2002 to 2013 on the national level in Korea, using Internation-
al Classification of Diseases, tenth revision (ICD-10) Y codes.

Methods: We used data from the National Health Insurance Service-National Sample Cohort (NHIS-NSC). We relied on medical treat-
ment databases to extract information on ICD-10Y codes from each participant in the NHIS-NSC. We classified adverse events in the
ICD-10Y codes into 6 types: those related to drugs, transfusions, and fluids; those related to vaccines and immunoglobulin; those re-
lated to surgery and procedures; those related to infections; those related to devices; and others.

Results: Over 12 years, a total of 20 817 adverse events were identified using ICD-10 Y codes, and the estimated total adverse event
rate was 0.20%. Between 2002 and 2013, the total number of such events increased by 131.3%, from 1366 in 2002 to 3159 in 2013.
The total rate increased by 103.9%, from 0.17% in 2002 to 0.35% in 2013. Events related to drugs, transfusions, and fluids were the
most common (19 446, 93.4%), followed by those related to surgery and procedures (1209, 5.8%) and those related to vaccines and
immunoglobulin (72, 0.3%).

Conclusions: Based on a comparison with the results of other studies, the total adverse event rate in this study was significantly un-
derestimated. Improving coding practices for ICD-10 Y codes is necessary to precisely monitor the scale of adverse events in Korea.
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INTRODUCTION

Patient safety is an essential element of the quality of care
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pose a challenge, due to difficulties in defining harm and de-
veloping a standardized methodology to measure harm [3].

Various methodologies, such as medical-record reviews, re-
porting systems, and patient interviews, have been used to
measure adverse events as an indicator of patient safety [4,5].
Among these, medical-record reviews are widely used to iden-
tify adverse events, because they are a primary source of infor-
mation on adverse events. In many countries, the incidence
and nature of adverse events in hospitals have been analyzed
using medical-record reviews [6-10]. Furthermore, changes in
the incidence of adverse events and their preventability by
year have been determined based on medical-record reviews
at a national level [11].

Although medical-record reviews have been considered the
gold standard for identifying adverse events, they are expen-
sive and time-consuming [4,5]. The incompleteness of docu-
mentation in medical records has also been identified as a lim-
itation of such reviews [12]. Furthermore, there have been crit-
icisms of their reliability [13], and measures to increase reli-
ability, such as well-organized training for reviewers, should
be required prior to conducting them [14]. Because of these
limitations, attempts have been made to use alternative meth-
ods of identifying adverse events and to combine 2 or more
methods [4]. Administrative data, also called claims data, and
the analysis thereof have emerged as an alternative for mea-
suring adverse events [15,16]. Concerns over the validity of
administrative data have been raised, but administrative data
analyses are relatively inexpensive and readily available com-
pared to other methods [15,16]. Accordingly, this strategy has

Types

Related to drugs, transfusions, and fluids Two-digit: Y40-Y57, Y63
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been used to identify various types of adverse events, such as
adverse drug events [17] and healthcare-associated infections
[18]. In the case of the Republic of Korea (hereafter Korea), no
study to date has investigated the scale of adverse events us-
ing representative samples from the whole nation. The Korean
patient safety reporting and learning system, which was intro-
duced by the Patient Safety Act, could be used to estimate the
scale of patient safety incidents, but it has limitations for as-
sessing the overall patient safety level due to under-reporting
[19]. Although a few studies have estimated the incidence of
adverse events in hospitals using medical-record reviews
[14,20,21], the generalizability of these studies is limited. Con-
sidering the difficulty of conducting medical-record reviews
on a large scale, using administrative data is an affordable al-
ternative for estimating the scale of adverse events on the na-
tional level. Therefore, we identified adverse events using ad-
ministrative data on the national level in Korea from 2002 to
2013, employing International Classification of Diseases, tenth
revision (ICD-10) Y codes.

METHODS

Data
We used data from the National Health Insurance Service-

National Sample Cohort (NHIS-NSC). The NHIS-NSC is a popu-
lation-based cohort developed by the NHIS in Korea, and it
provides information regarding the utilization of health insur-
ance and health examinations for those covered by health in-
surance [22]. Because universal healthcare coverage was es-

ICD-10 codes

Three-digit: Y40.0-Y57.9, Y63.0, Y63.1, Y63.6, Y63.8, Y63.9, Y65.0, Y65.1, Y84.4, Y88.0

Related to vaccines and immunoglobulin Two-digit: Y58, Y59

Three-digit: Y58.0-Y58.6, Y58.8-Y59.3, Y59.8, Y59.9

Related to surgery and procedures

Two-digit: Y60, Y61, Y83, Y84

Three-digit: Y60.0-Y61.9, Y63.2-Y63.5, Y65.2-Y65.5, Y83.0-Y83.6, Y83.8-Y84.3, Y84.5-Y84.9, Y88.1

Related to infections Two-digit: Y62, Y64

Three-digit: Y62.0-Y62.6, Y62.8-Y62.9, Y64.0, Y64.1, Y64.8, Y64.9

Related to devices Two-digit: Y70-Y82

Three-digit: Y70.0-Y70.3, Y70.8, Y71.0-Y71.3,Y71.8, Y72.0-Y72.3, Y72.8, Y73.0-Y73.3, Y73.8, Y74.0-Y74.3,
Y74.8,Y75.0-Y75.3, Y75.8, Y76.0-Y76.3, Y76.8, Y77.0-Y77.3, Y77.8, Y78.0-Y78.3, Y78.8, Y79.0-Y79.3, Y79.8,
Y80.0-Y80.3, Y80.8, Y81.0-Y81.3, Y81.8, Y82.0-Y82.3, Y82.8, Y88.2

Others Two-digit: Y65, Y66, Y69, Y88

Three-digit: Y65.8, Y88.3

ICD-10, International Classification of Diseases, tenth revision.
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tablished in Korea in 1989, we expected to find a substantial
volume of representative information about the utilization of
health insurance from the NHIS-NSC. From a target population
of 46 605 433 individuals in 2002, 1 025 340 participants
(about 2.2%) were randomly selected and followed until 2013.
The NHIS-NSC contains 4 databases: participants’ insurance el-
igibility, medical treatments, medical-care institutions, and
general health examinations. We generally used the medical-
treatment databases to extract information on ICD-10Y codes
from each participant in the NHIS-NSC. We considered an ad-
verse event to have taken place if an ICD-10 Y code was pres-
ent among the main diagnosis code or the secondary diagno-
sis codes.

Classification of International Classification of Diseases,
tenth revision Y codes

ICD-10'Y codes were used to identify adverse events, refer-
encing and adapting the Global Burden of Diseases study, in
which they were utilized to detect the adverse effects of medi-
cal treatment [23]. Table 1 shows the types of adverse events

(n)
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Adverse Events Based on ICD-10Y Codes

assessed and their ICD-10 Y codes. We classified them into 6
types, adapting the classification used in a previous study [24]:
those related to drugs, transfusions, and fluids; those related
to vaccines and immunoglobulin; those related to surgery and
procedures; those related to infections; those related to devic-
es; and others. In the previous study [24], adverse events were
divided into 6 types: those related to the diagnosis; those re-
lated to drugs, fluids, and blood; those related to patient care;
those related to surgery and procedures; those related to in-
fections; and others. However, adverse events related to the
diagnosis or patient care were not included in this study, be-
cause no ICD-10'Y codes correspond to such events. Instead,
adverse events related to vaccines and immunoglobulin and
those related to devices were included in the classification,
because these adverse events have specific ICD-10 Y codes.
Furthermore, medication errors, such as failures in dosage dur-
ing surgical or medical care (Y63), were included in the events
related to drugs, transfusions, and fluids. The category of other
adverse events included those that were ambiguous in their
categorization, such as unspecified misadventures during sur-

.4+.4/f:;‘/;—

1
2002 2003 2004

2005 2006 2007 2008 2009 2010 2011 2012 2013

Year
—o— Related to drugs, transfusions, and fluids 1283 | 1637 | 1246 787 882 | 1053 | 1259 | 1308 | 1293 | 2340 | 3595 | 2763
—— Related to vaccines and immunoglobulin 1 10 1 6 0 0 0 0 5 6 17 16
—i— Related to surgery and procedures 75 112 90 54 15 12 29 17 11 190 229 375
—— Related to infections 7 10 27 7 1 2 0 0 0 0 0 2
== Related to devices 0 5 1 0 0 1 8 1 14 0 1 0
=& Others 0 0 0 0 0 0 0 0 0 0 0 3




Minsu Ock, et al.

gical and medical care (Y69).

Ethics Approval
This study was approved by the institutional review board
of Asan Medical Center (2016-093).

Statistical Analysis

We conducted descriptive analyses of the frequency of ad-
verse events and their characteristics in terms of participants
and medical-care institutions. Specifically, we examined
trends in the number of adverse events by type from 2002 to
2013. We also examined the number of adverse events by type
and according to age group, gender, type of care (inpatient vs.
outpatient care), type of medical care institution (general hos-
pital, hospital, clinic, and others), and type of medical specialty
(general medical, surgical, obstetrics and gynecology, pediat-
rics, psychiatry, and others) in our 12-year study period. We
used SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) for all
analyses.

Related to drugs,

Related to

Journal of
Preventive Medicine
Public Health

RESULTS

Figure 1 and Supplemental Table 1 describe the trends in
adverse events over our 12-year study period. A total of 20 817
adverse events were identified using ICD-10'Y codes, and the
estimated total rate was 0.20%. The total number of adverse
events increased by 131.3%, from 1366 in 2002 to 3159 in
2013, and the total rate increased by 103.9%, from 0.17% in
2002 to 0.35% in 2013. Among 20 817 adverse events, those
related to drugs, transfusions, and fluids were most common
(19 446, 93.4%), followed by those related to surgery and pro-
cedures (1209, 5.8%) and those related to vaccines and immu-
noglobulin (72, 0.3%). The number related to drugs, transfu-
sions, and fluids increased by 115.4%, from 1283 in 2002 to
2763 in 2013, and the number related to surgery and proce-
dures increased by 400.0%, from 75 in 2002 to 375 in 2013.

Table 2 shows the number of adverse events by type accord-
ing to gender and age group. Among all adverse events, 8762
(42.1%) and 12 055 (57.9%) were identified in men and wom-

Related to

Classification transfusi_ons, ) vaccines and_ surgery and ?;La:z:r:: R:‘Ia?,ti‘:::;o Others Total
and fluids immunoglobulin  procedures
Gender Men n 8166 26 522 40 7 1 8762
% (column) 42.0 36.1 432 na 22.6 333 421
Women n 11280 46 687 16 24 2 12 055
% (column) 58.0 63.9 56.8 28.6 774 66.7 57.9
Age group (y)  0-9 n 4191 28 61 2 0 0 4282
% (column) 21.6 38.9 5.1 36 0.0 0.0 20.6
10-19 n 829 2 12 2 1 0 846
% (column) 43 28 1.0 36 32 0.0 4.1
20-29 n 1097 7 19 12 2 1 1138
% (column) 5.6 9.7 1.6 21.4 6.5 33.3 5.5
30-39 n 1721 10 41 15 1 0 1788
% (column) 8.9 13.9 3.4 26.8 3.2 0.0 8.6
40-49 n 2373 15 553 4 0 1 2946
% (column) 12.2 20.8 457 7.1 0.0 33.3 14.2
50-59 n 3072 6 126 10 2 0 3216
% (column) 15.8 8.3 10.4 17.9 6.5 0.0 15.4
60-69 n 3164 0 154 10 16 1 3345
% (column) 16.3 0.0 12.7 17.9 51.6 BE 16.1
70-79 n 2386 4 231 0 9 0 2630
% (column) 12.3 5.6 19.1 0.0 29.0 0.0 12.6
=80 n 613 0 12 1 0 0 626
% (column) 32 0.0 1.0 1.8 0.0 0.0 3.0
Total (n) 19 446 72 1209 56 31 3 20817
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en, respectively. The 0-9 age group had the largest number of
adverse events (4282, 20.6%), followed by the 60-69 age
group (3345, 16.1%) and the 50-59 age group (3216, 15.4%).
Adverse events related to vaccines and immunoglobulin tend-
ed to be detected more often among those in younger age
groups than in older age groups. However, those related to
surgery and procedures occurred more often in older age
groups than in younger age groups.

Table 3 gives the number of adverse events by type accord-
ing to the type of care, medical institution, and medical spe-
cialty. Of all adverse events, 20 078 (96.5%) occurred in the
context of outpatient care, whereas 739 (3.5%) took place as
part of inpatient care; 16 628 (79.9%) were detected in clinics,
whereas 3979 (19.1%) were identified in hospitals and general
hospitals. About half (10 110, 48.6%) were found in the re-
cords of general medicine. A total of 6865 adverse events
(33.0%) took place under the care of surgeons. Among the

Adverse Events Based on ICD-10Y Codes

1209 adverse events related to surgery and procedures, 982
(81.2%) were found in the records of general medical practi-
tioners, whereas 133 (11.0%) were found in the records of sur-
geons.

DISCUSSION

We identified adverse events based on ICD-10Y codes in
Korea from 2002 to 2013 using data from the NHIS-NSC. Dur-
ing our 12-year study period, a total of 20 817 adverse events
were identified using ICD-10 Y codes. The average estimated
total rate was 0.2%, and the estimated total rate by year
showed a tendency to increase gradually. Since the sample
size of the NHIS-NSC was about 2.2% of the target population,
the total reported number of adverse events in Korea over 12
years is estimated to be about 9 462 273. The majority of iden-
tified adverse events were related to drugs, transfusions, and

- Related to_drugs, Rel_med to Related to Related to Related to
Types Classification transfusions, vaccines and surgery and infections  devices Others  Total
and fluids immunoglobulin  procedures
Type of Inpatient n 568 0 160 4 4 3 739
care % (column) 29 0.0 13.2 7.1 129 1000 35
Outpatient n 18 878 72 1049 52 27 0 20078
% (column) 97.1 100.0 86.8 929 87.1 0.0 96.5
Type of General hospital n 704 11 163 1 3 2 884
medical % (column) 36 15.3 135 18 97 66.7 42
?r?srgtution Hospital n 2988 1 95 2 9 0 3095
% (column) 15.4 14 79 3.6 29.0 0.0 14.9
Clinic n 15 557 60 938 53 19 1 16 628
% (column) 80.0 83.3 77.6 94.6 61.3 333 79.9
Others n 197 0 13 0 0 0 210
% (column) 1.0 0.0 1.1 0.0 0.0 0.0 1.0
Type of Medical part n 9053 22 982 47 6 0 10110
;”peedcii‘;?t'y % (column) 166 306 81.2 83.9 19.4 0.0 1856
Surgical part n 6681 20 133 7 22 2 6865
% (column) 344 27.8 11.0 12.5 71.0 66.7 33.0
Obstetrics and n 1M 3 19 0 0 1 134
gynecology % (column) 06 42 16 0.0 0.0 333 0.6
Pediatrics n 3076 27 27 2 0 0 3132
% (column) 15.8 375 22 36 0.0 0.0 15.0
Psychiatry n 24 0 0 0 0 0 24
% (column) 0.1 0.0 0.0 0.0 0.0 0.0 0.1
Others n 501 0 48 0 3 0 552
% (column) 26 0.0 40 0.0 9.7 0.0 27
Total (n) 19 446 72 1209 56 31 3 20817
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fluids, and occurred in the context of outpatient care. Approxi-
mately 80% were detected in clinics.

A strength of our current study was its comprehensiveness
and ability to examine trends over time. This study included a
considerable number of individuals covered by health insur-
ance in Korea over 12 years, using data from the NHIS-NSC,
which provides a substantial volume of representative admin-
istrative data reflecting the utilization of health insurance [22].
Following a previous study [23], we attempted to systemati-
cally identify all types of adverse events using ICD-10Y codes.
In this manner, the scale of events can be monitored on the
national level relatively easily, compared to other methods of
detecting adverse events, such as medical-record reviews.

However, it seems that the estimated total adverse event
rate in the present analysis was significantly underestimated
(0.2%), compared to the previous results of a systematic re-
view of the incidence of adverse events based on medical-re-
cord reviews [6]. In that systematic review, the median overall
incidence of adverse events in hospitals was 9.2% [6]. We as-
sume that the difference in results can be attributed to the
limitations of administrative data. Administrative data are in-
expensive and readily accessible, but their completeness and
validity may be limited, because their primary purpose is not
for surveillance or research [25]. Furthermore, because of dif-
ferences in coding practices between hospitals or clinics and
the lack of robust risk adjustment, the comparability of the
scale of adverse events between medical institutions may be
limited [15,26]. Considering these limitations of administrative
data, the adverse-event rate derived from other methodolo-
gies, including medical-record reviews, should be determined
and compared to the results of this study. In particular, the va-
lidity of the ICD-10 Y codes for detecting adverse events
should be confirmed based on an analysis using medical-re-
cord reviews. That is, it is necessary to check whether the ap-
propriate ICD-10Y codes are present in the records of patients
whose adverse events are confirmed in medical-record re-
views.

Furthermore, efforts should be made to improve the validity
of the ICD-10Y codes. In the present study, the majority of ad-
verse events in inpatient care were seldom detected. Further-
more, those related to surgery and procedures were more of-
ten found in the records of general medical practitioners than
by surgeons. Therefore, coding standards should be imple-
mented for physicians in hospitals and surgeons, requiring
them to assigning ICD-10 Y codes [27]. Inducements, such as
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financial incentives, to accurately assign ICD-10Y codes would
also be helpful to enhance the usability of ICD-10'Y codes for
patient-safety surveillance. One option would be to include
indicators of the coding validity of the ICD-10Y codes in pay-
for-performance programs.

The most-identified adverse events in our current study
were related to drugs, transfusions, and fluids. A total of 19
446 adverse events in this group were identified from 2002 to
2013, and about 0.2% of hospital admissions or outpatient
visits were associated with these factors. We suggest that ICD-
10'Y codes are relatively more useful for identifying adverse
events related to drugs, transfusions, and fluids than other
types of events, such as those related to surgery and proce-
dures or infections. In other studies, ICD-10Y codes have been
used to identify adverse drug events [26,28.29]. Wu et al. [26]
reported that 0.9% of total hospital admissions were associat-
ed with adverse drug reactions and Waller et al. [28] deter-
mined that about 0.3% of hospital admissions were related to
ICD-10Y codes. Patel et al. [29] reported that 0.5% of total
hospital episodes were associated with adverse drug reac-
tions. Although the comparability of results between these
studies is limited, due to the different study periods and coun-
tries involved, the estimated average rate of adverse events
related to drugs, transfusions, and fluids in our study is lower
than the rates found in other studies. It appears that differenc-
es in coding practices between countries are responsible for
these discrepancies, and the problem of underreporting may
be more prominent in Korea.

The main limitation of the present study is that the sensitivi-
ty and specificity of ICD-10 Y codes for adverse events were
not evaluated. Although there is no consensus on how to
identify adverse events reliably with ICD-10'Y codes, a review
of the performance of ICD-10Y codes and their refinements is
required. As the validity of ICD-10 Y codes for adverse events
may differ by the type of event [30], the sensitivity and speci-
ficity of ICD-10'Y codes for various event types should be de-
termined in a future study. Furthermore, because the setting
of clinical practice may affect coding practices, the validation
of ICD-10'Y codes for adverse events must be performed in a
variety of care settings, such as hospitals and clinics.

Another limitation was that adverse events related to the di-
agnosis or patient care could not be detected in this study. Be-
cause there are no ICD-10 Y codes for adverse events related
to the diagnosis or patient care, it was methodologically im-
possible to identify them. It is particularly challenging to de-
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tect adverse events related to the diagnosis even through
medical-record reviews [31], although patient interviews can
be an alternative for detecting them [32].

In conclusion, our findings indicate that administrative data
can be used to identify adverse events and monitor trends.
Improving ICD-10 Y coding practices in Korea is necessary to
precisely monitor the scale of adverse events. Because no
study in Korea has yet been conducted of adverse events us-
ing representative samples, the use of administrative data may
be an alternative for measuring adverse events.
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