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Background and PurposezzThe claims data of the Korean National Health Insurance (NHI) 
system can be useful in stroke research. The aim of this study was to validate the accuracy of 
hospital discharge data used for NHI claims in identifying acute stroke and use of thrombolyt-
ic therapy.
MethodszzThe hospital discharge data of 1,811 patients with stroke-related diagnosis codes 
were obtained from Jeju National University Hospital (JNUH) and Seoul Medical Center 
(SMC). Three algorithms were tested to identify discharges with acute stroke [ischemic stroke 
(IS), intracranial hemorrhage (ICH), or subarachnoid hemorrhage (SAH)]: 1) all diagnosis 
codes up to nine positions, 2) one primary diagnosis and one secondary diagnosis, and 3) only 
one primary diagnosis code. Reviews of medical records were considered the gold standards.
ResultszzOverall, the degree of agreement (κ) was higher for algorithms 1 and 2 than for al-
gorithm 3, and the sensitivity and specificity of the first two algorithms for IS and SAH were 
both >90%, with almost perfect agreement (κ=0.83–0.84) in the JNUH data set. Regarding 
ICH, only algorithm 1 yielded an almost perfect agreement (κ=0.82). In the SMC data set, al-
most perfect agreement was found for both ICH and SAH in all three algorithms. In contrast, 
the three algorithms yielded a range of agreement levels, though all substantial, for IS. Almost 
perfect agreement was obtained for use of thrombolytic therapy in both data sets (κ=0.91–
0.99).
ConclusionszzDischarge with hemorrhagic stroke and use of thrombolytic therapy were iden-
tified with high reliability in administrative discharge data. A substantial level of agreement 
was also obtained for IS, despite variation between the algorithms and data sets.
Key Wordszz acute stroke, thrombolytic therapy, hospital records, data collection.

Validation of Stroke and Thrombolytic Therapy in Korean 
National Health Insurance Claim Data

INTRODUCTION

Administrative health information, such as hospital discharge data, is acquired routinely 
in the health service and is often used for health insurance claims. These data are benefi-
cial to clinical research since they are readily available and inexpensive to acquire, and can 
frequently be obtained on a large scale.1 Administrative data have been used for research 
into the incidence, prevalence, and mortality of stroke, to explore the utilization trends of 
thrombolytic therapies for stroke, and to estimate the cost associated with stroke care.2-8 
Since disease or procedure codes within the administrative data have been frequently used 
to identify the stroke or the use of thrombolytic therapy in those research, validations of 
such codes or algorithms used to identify the disease or the procedure are indispensable 
for stroke research using administrative data. The accuracy of International Classification 
of Diseases, 9th Revision, Clinical Modification (ICD-9 CM) codes for identifying acute 
stroke has improved with the introduction of modifier codes and the application of spe-
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cific algorithms according to the type of stroke.1,9 Nonethe-
less, the accuracy of administrative data pertaining to the 
identification of stroke diagnosis and treatment are often un-
satisfactory.3,10

Nationwide epidemiological data such as stroke incidence 
or death rate are mandatory and necessary not only for eval-
uating the socioeconomic cost of stroke care, but also for es-
tablishing health and medical policies for stroke treatment 
and prevention. Unfortunately, there are no in-depth nation-
wide epidemiological data for stroke in Korea, despite stroke 
being the second cause of death, with an estimated annual in-
cidence of more than 100,000.11 Korea has had a National 
Health Insurance (NHI) system that covers the entire popu-
lation as a compulsory social insurance system since 1989. 
The Korean NHI claims data can be useful in stroke research 
since they can allow estimation of the national trends regard-
ing the incidence of stroke, as well as use of important stroke 
treatments such as thrombolytic therapies. Although sever-
al previous studies have estimated the nationwide preva-
lence, incidence, and cost of stroke using stroke-related diag-
nosis codes from the Korean NHI claims data, the accuracy 
of stroke diagnosis using those codes has not yet been vali-
dated.12-16 Therefore, the aim of this study was to validate the 
accuracy of hospital discharge data used for NHI claims in 
identifying acute stroke and use of thrombolytic therapy.

METHODS

Data source
The sixth edition of the Korean Standard Classification of 
Diseases (KCD), which is based on the tenth revision of the 
ICD,17 was used to verify hospital discharges with acute stroke, 
and the validating methods and algorithms reported by 
Tirschwell and Longstreth1 were employed. The data source 
was hospital discharge data from Jeju National University 
Hospital (JNUH), which is the only university hospital on Jeju 
island, which is located off the southern coast of the Korean 
peninsula and in 2015 had population of 550,000. JNUH was 
designated as 1 of 12 regional stroke centers by Korean gov-
ernment in 2009, and has an annual case volume of acute 
stroke admissions of approximately 250–300. The accuracy 
of the results was tested in a different clinical setting, using 
the hospital discharge data from Seoul Medical Center (SMC). 
SMC, as a public hospital for Seoul citizens with a low so-
cioeconomic status, is a teaching community hospital man-
aged by Seoul metropolitan government and located in the 
northeast part of Seoul. Annual stroke volume of SMC is 
comparable with that of JNUH. 

This study was approved by the Institutional Review Board 
of JNUH.

Inclusion criteria
Between January 2012 and December 2013, hospital dis-
charges with the following criteria were identified: 1) patient 
age ≥18 years, 2) stroke-related diagnosis codes in any di-
agnosis position [G46 (cerebrovascular disease), I60 (sub-
arachnoid hemorrhage, SAH), I61-2 (intracranial hemor-
rhage, ICH), I63 (cerebral infarction), and I64 (cerebrovascular 
disease, not otherwise specified)], and 3) first admission. The 
following information were obtained from the hospital dis-
charge data: 1) demographic characteristics (age, sex, and 
discharge date), 2) discharge diagnosis code up to nine posi-
tions, 3) department at the time of discharge, 4) drug code 
for recombinant tissue plasminogen activator (rtPA), and 5) 
procedure codes indicating intra-arterial thrombolytic ther-
apy (IAT).

Classification of stroke diagnosis and identification 
of thrombolytic therapy from claims data
Discharge with ischemic stroke (IS), ICH (including non-
traumatic subdural hematoma), and SAH were identified 
with KCD codes I63, I61-2, and I60, respectively. Use of in-
travenous thrombolysis (IVT) was identified with the drug 
code for rtPA since there is no procedure code for IVT in 
the Korean NHI claims data. IAT was identified using the 
procedure codes for percutaneous thrombolysis for the in-
tracranial artery, percutaneous thrombolysis for other artery, 
and mechanical or aspiration thrombectomy (M6631, M6632, 
and M6633, respectively). The following European Coopera-
tive Acute Stroke Study III criteria were used to detect symp-
tomatic intracranial hemorrhage (SICH) following throm-
bolytic therapy: any apparently extravascular blood in the 
brain or within the cranium associated with a worsening of 
the National Institutes of Health Stroke Scale score of ≥4 or 
leading to death.18

Reviews of medical records and brain imaging or prospec-
tive stroke registry were considered the gold standards. In 
this study, stroke was defined as an acute neurological deficit 
caused by focal cerebral ischemia, brain parenchymal hem-
orrhage, or bleeding into the subarachnoid space.19 Admis-
sions with acute stroke were identified by limiting admis-
sions to within 4 weeks of symptom onset. Three algorithms 
for stroke diagnoses were tested: 1) all available diagnoses up 
to nine positions, 2) one primary diagnosis and one second-
ary diagnosis, and 3) only one primary diagnosis. The sensi-
tivity, specificity, positive predictive value (PPV), and agree-
ment were calculated for each algorithm using a 2×2 table 
[hospital discharge data diagnosis (yes/no) versus gold stan-
dard diagnosis (yes/no)]. Finally, overall agreement was com-
puted using all stroke subtypes (4×4 table) together for a 
given algorithm. The accuracies among different hospital de-
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partments were examined by performing the same analysis 
by discharge department. The degree of agreement, κ, was de-
fined as substantial (0.61≤κ≤0.80) or almost perfect (0.81≤ 
κ≤1.00).20

Statistical analysis
For all analyses, the cutoff for statistical significance was set 
at p≤0.05; all tests were two-sided. Statistical analyses were 
performed using Stata 12 (StataCorp LP, College Station, TX, 
USA).

RESULTS

Discharge data
Among 22,799 discharges during the period from January 
2012 to December 2013, 975 unique discharges (4.3%) had a 
stroke-related diagnosis at JNUH. After applying the same 
inclusion criteria, 836 unique discharge data were obtained 
at SMC. The patients were aged 66±14 years (mean±standard 
deviation) and 56% were men. Overall, 1,233 of all patients 
(68.1%) were admitted via the emergency department. At 
the time of discharge, most of the patients had been treated 
at the Departments of Neurology, Neurosurgery, Rehabili-
tation Medicine, or Internal Medicine. Among them, 1,352 
hospital discharges (74.7%) were confirmed as acute stroke 

by chart or registry review. The final stroke diagnosis was 
IS in 968 discharges (71.6%), ICH in 271 discharges (20.0%), 
and SAH in 113 discharges (8.4%). Among 968 discharges 
confirmed as IS, IVT alone was used in 84 discharges (8.7%), 
and either IAT or combined IVT and IAT was performed in 
28 patients (2.9%) (Table 1).

Accuracy of stroke diagnosis and thrombolytic 
therapies
Among three algorithms for stroke diagnosis, the overall κ 
for the JNUH data set was higher for algorithms 1 and 2 than 
for algorithm 3, and for IS and SAH, algorithms 1 and 2 both 
had a sensitivity and specificity of approximately >90%, with 
almost perfect agreement (κ=0.83–0.84). For ICH, only al-
gorithm 1 had almost perfect agreement (κ=0.82). Overall, 
the other two algorithms still exhibited a substantial level of 
agreement (κ=0.69–0.76). In the SMC data set, there was no 
significant difference in agreement among the three algo-
rithms overall. Regarding types of stroke, both ICH and SAH 
exhibited almost perfect agreement for all three algorithms 
(κ=0.86–0.92). In contrast, IS had a lower range of agree-
ment for all three algorithms compared with hemorrhagic 
stroke (κ=0.64–0.66) (Table 2). The validities of the three al-
gorithms for stroke diagnosis according to discharge depart-
ment are given in Supplementary Table 1-4 (in the online-on-

Table 1. Characteristics of hospital discharge data with stroke-related diagnoses

JNUH (n=975) SMC (n=836) p
Age, mean±SD (years) 66±14 67±14 0.052

Sex 0.017

Women 457 (46.9) 345 (41.3)

Men 518 (53.1) 491 (58.7)

Admission via emergency department 670 (68.7) 563 (67.3)

Department at discharge <0.001

Neurology 382 (39.2) 382 (45.7)

Neurosurgery 295 (30.3) 244 (29.2)

Rehabilitation 221 (22.7) 96 (11.5)

Internal medicine 52 (5.3) 88 (10.5)

Other 25 (2.6) 26 (3.1)

Stroke classification <0.001

IS 461 (47.3) 507 (60.7)

ICH 126 (12.9) 145 (17.3)

SAH 63 (6.5) 50 (6.0)

Not a stroke 325 (33.3) 134 (16.0)

Thrombolytic therapy 0.007

IVT 45 (4.6) 39 (4.7)

IAT 12 (1.2) 1 (0.1)

Combined treatment 12 (1.2) 3 (0.4)

Except where indicated otherwise, data are n (%) values.
IAT: intra-arterial thrombolysis, ICH: intracranial hemorrhage, IS: ischemic stroke, IVT: intravenous thrombolysis, JNUH: Jeju National University Hospi-
tal, SAH: subarachnoid hemorrhage, SD: standard deviation, SMC: Seoul Medical Center.
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ly Data Supplement): the overall agreement was 0.89–0.91 for 
the Department of Neurology, 0.87–0.89 for the Department 
of Neurosurgery, 0.42–0.82 for the Department of Rehabili-
tation Medicine, and 0.50–0.57 for all other departments in-
cluding the Department of Internal Medicine. Among 1,352 
patients with a final diagnosis of stroke, 73 patients (5.4%) 
developed stroke during their admission to the hospitals 
(67 patients with IS, 5 patients with ICH, and 1 patient with 
SAH); 71 of 114 patients (62.3%) admitted to hospital depart-
ments other than that of neurology or neurosurgery experi-
enced an in-hospital stroke. Examination of the validity of 
hospital discharge codes for the identification of in-hospital 
IS revealed unsatisfactory overall sensitivity and agreement 
because the diagnosis codes were frequently absent or were 

not present at the primary or secondary position (Supple-
mentary Table 5 in the online-only Data Supplement).

The final review revealed only four patients in the SMC 
data set who underwent IAT during the study period, and so 
it was not possible to calculate the accuracy of the codes in-
dicating IAT. IVT exhibited almost perfect agreement in 
both data sets (κ=0.91–0.99), and IAT exhibited a very high 
agreement in the JNUH dataset (κ=0.91) (Table 3). Among 
112 patients who received thrombolytic therapy, 9 (8.0%) 
had SICH following the treatment: SICH developed in 7 of 
these patients following IVT and in 2 following IAT or com-
bined treatment. SAH did not occur following the throm-
bolytic therapy. Among the nine patients with SICH follow-
ing the treatment, three patients had an I61 code in the 

Table 2. Sensitivity, specificity, positive predictive value (PPV) and level of agreement (κ) for stroke diagnosis

Sensitivity, % (95% CI) Specificity, % (95% CI) PPV, % (95% CI) κ (95% CI)
JNUH

Algorithm 1: using all diagnoses

IS (n=461) 97 (95–98) 88 (85–91) 88 (84–90) 0.84 (0.81–0.87)

ICH (n=126) 92 (86–96) 96 (95–97) 78 (71–85) 0.82 (0.77–0.87)

SAH (n=63) 91 (80–96) 98 (97–99) 78 (67–87) 0.83 (0.76–0.90)

Overall κ 0.81 (0.80–0.83)

Algorithm 2: using one primary diagnosis and one secondary diagnosis

IS (n=461) 92 (89–95) 91 (88–93) 90 (86–92) 0.83 (0.79–0.86)

ICH (n=126) 73 (65–81) 98 (97–99) 85 (77–91) 0.76 (0.69–0.82)

SAH (n=63) 87 (77–94) 99 (98–99) 81 (70–89) 0.83 (0.76–0.90)

Overall κ 0.80 (0.77–0.81)

Algorithm 3: using only one primary diagnosis

IS (n=461) 67 (62–71) 97 (95–98) 95 (92–97) 0.65 (0.60–0.69)

ICH (n=126) 60 (51–69) 99 (98–100) 91 (83–96) 0.69 (0.62–0.76)

SAH (n=63) 73 (60–83) 99 (98–100) 85 (73–93) 0.77 (0.69–0.86)

Overall κ 0.62 (0.60–0.63)

SMC

Algorithm 1: using all diagnoses

IS (n=507) 96 (93–97) 68 (63–73) 82 (79–85) 0.67 (0.61–0.72)

ICH (n=145) 97 (92–99) 98 (96–99) 90 (84–94) 0.92 (0.88–0.95)

SAH (n=50) 98 (89–100) 99 (98–100) 88 (76–95) 0.92 (0.86–0.98)

Overall κ 0.65 (0.62–0.68)

Algorithm 2: using one primary diagnosis and one secondary diagnosis

IS (n=507) 86 (83–89) 77 (72–81) 85 (82–88) 0.64 (0.58–0.69)

ICH (n=145) 92 (86–95) 98 (97–99) 90 (85–94) 0.89 (0.85–0.93)

SAH (n=50) 98 (94–100) 99 (99–100) 91 (83–98) 0.94 (0.89–0.98)

Overall κ 0.63 (0.60–0.64)

Algorithm 3: using only one primary diagnosis

IS (n=507) 83 (79–86) 84 (80–88) 89 (86–92) 0.66 (0.61–0.71)

ICH (n=145) 85 (78–90) 99 (97–99) 92 (87–96) 0.86 (0.82–0.91)

SAH (n=50) 90 (78–96) 99 (98–100) 87 (74–94) 0.88 (0.81–0.95)

Overall κ 0.65 (0.64–0.69)

CI: confidence interval, ICH: intracranial hemorrhage, IS: ischemic stroke, JNUH: Jeju National University Hospital, SAH: subarachnoid hemorrhage, 
SMC: Seoul Medical Center.
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secondary diagnosis position, and one patient had an I61 
code in the first position. According to the method, patients 
with both IS and ICH codes were classified as ICH in algo-
rithms 1 and 2. The remaining patients did not have ICH 
discharge codes in the either primary or secondary diagno-
sis positions.

DISCUSSION

This study has demonstrated how stroke-related KCD codes 
can be accurately applied to confirm discharges with acute 
stroke that occurred within 4 weeks of symptom onset. As 
expected, the algorithm using all discharge diagnosis codes 
(algorithm 1) had the greatest sensitivity and agreement rate, 
while the algorithm using only the primary diagnosis (algo-
rithm 3) had the greatest specificity. This finding was true 
for all stroke types. With IS in particular, the specificity de-
creased to 68% when all discharge diagnosis codes were used. 
However, the PPV of the diagnosis for IS was 82%, which is 
similar to that described in a recent systematic review.21 As 
reported previously,1,22 the highest PPV was observed when 
only the primary diagnosis code (algorithm 3) was used to 
identify stroke discharges in all types of stroke.

A distinctive finding of this study was that the accuracies 
of the discharge codes for IS differed between the two hos-
pitals, despite the similar numbers of stroke admissions an-
nually. The overall agreement rates of stroke with algorithm 
1 also differed between the two data sets (0.81 in JNUH and 
0.65 in SMC), a finding that is largely attributable to the dif-
ference in the agreement rate for IS. Differences in coding 
accuracy by regional location of the hospital, teaching status,23 
department at discharge,22 and demographic features of the 
patients24 have been reported previously. Stroke patients 
admitted to the SMC were older and more likely to be male, 
and were less likely to be discharged from department of re-
habilitation medicine compared to those patients admitted 
to JNUH. In particular, the reimbursement for stroke service 
differed between the two hospitals, with a prospective pay-
ment system using diagnosis-related group (DRG) codes 
being applied at SMC, whereas a “fee for service” system is 

used for reimbursement at JNUH. The higher false-positive 
rate for IS in the SMC data set compared to the JNUH might 
be attributable to the use of the DRG-based reimbursement 
system, since this is reportedly associated with the assign-
ment of discharge diagnostic codes in a way that would in-
crease reimbursement.25

An alternative explanation for a relatively low accuracy of 
disease codes for IS in the SMC data set may be the inclu-
sions of older patients, with the associated likelihood of a 
higher rate of comorbidities, given the higher discharge rate 
from the Department of Internal Medicine among SMC pa-
tients. Furthermore, it is not clear with the I63 code wheth-
er the IS is acute or chronic; thus, there were some cases in 
which the I63 code was used for IS that had developed more 
than 4 weeks after symptom onset or just with the previous 
history of stroke. In contrast to IS, differences in hospital 
characteristics, including the reimbursement system, did 
not seem to affect the accuracy of disease codes for either 
ICH or SAH. The higher accuracy of codes for hemorrhagic 
stroke may be attributable to a more robust association be-
tween clinical symptoms and signs with image findings in 
that indication than for IS. In the JNUH dataset, algorithm 
3 had a lower level of agreement compared with the other 
two algorithms. This may be explained by stroke diseases 
codes such as I60–163 not being used as the primary diag-
nosis codes for acute stroke patients who transferred to the 
Department of Rehabilitation Medicine. Alternatively, that 
department is known to use symptom- or disability-related 
code such as hemiparesis (G81), hemiplegia (G82), and apha-
sia or dysarthria (R47).

The use of thrombolytic therapy for IS could be accurately 
identified using the procedure codes in this study. Both the 
sensitivity and specificity of the procedure code for IVT were 
>90% for both centers, and were higher than the sensitivity 
of 82% observed in a previous study that used ICD-9 codes 
and the same procedure codes.1 This indicates that the na-
tionwide trend of using thrombolytic therapy can be evalu-
ated by using claims data alone in Korea, since the entire Ko-
rean population is covered by a single NHI system.

The results presented here suggest that the claims data 

Table 3. Sensitivity, specificity, PPV, and κ for thrombolytic therapy

Sensitivity, % (95% CI) Specificity, % (95% CI) PPV, % (95% CI) κ (95% CI)
JNUH

IVT (n=57) 93 (83–98) 99 (97–100) 91 (81–97) 0.91 (0.85–0.97)

IAT (n=24) 88 (68–97) 100 (99–100) 96 (77–100) 0.91 (0.82–1.00)

SMC

IVT (n=42) 91 (78–97) 99 (99–100) 89 (76–96) 0.99 (0.98–0.99)

IAT (n=4) – – – –

CI: confidence interval, IAT: intra-arterial thrombolysis, IVT: intravenous thrombolysis, JNUH: Jeju National University Hospital, PPV: positive predictive 
value, SMC: Seoul Medical Center.
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from hospitals in Korea could be a useful source for assessing 
stroke epidemiology and the use of thrombolytic therapy. 
However, the findings should be considered in the light of 
some limitations. First, since chart analysis was not possible 
for all of the patients included in this study, instead being 
limited to those with a high probability of discharge codes 
for stroke, and patients with a low probability were eliminat-
ed from the medical record review. This could have resulted 
in the sensitivity values being overestimated and the specific-
ity values being underestimated. Second, the accuracy of the 
discharge codes for acute stroke varied between the two 
data sets from the two hospitals. Thus, the validity of the al-
gorithms should be examined in other hospitals with dif-
ferent clinical settings, or using other population data. How-
ever, the accuracies of discharge codes for hemorrhagic stroke 
and procedure codes for thrombolytic therapies were simi-
lar in the two hospitals, and were sufficiently high to con-
firm the true cases. The methods that were used to identify 
hemorrhagic stroke and the use of thrombolytic therapy in 
this study may be applicable to the Korean NHI claims data 
from other hospitals.

This study identified discharges with hemorrhagic stroke 
and the use of thrombolytic therapy with high reliability 
from administrative discharge data. For IS, although the 
agreements varied with different algorithms and datasets, 
there was still a substantial level of agreement. These find-
ings suggest that the Korean NHI claims data are useful for 
obtaining nationwide epidemiological data on stroke. In ad-
dition to efforts to educate clinicians to apply correct KCD 
codes, future studies should focus on refining the algorithm 
to identify IS using discharge data from various hospitals, 
since the clinical setting, socioeconomic status of stroke pa-
tients, treating department, and medical reimbursement 
system could influence the accuracy of the diagnosis of this 
disorder.
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