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Abstract

Predicting clinical outcomes can be difficult, particularly for life-threatening events
with a low incidence that require numerous clinical cases. Our aim was to develop and
validate novel algorithms to identify major adverse cardiovascular events (MACEs)
from claims databases. We developed algorithms based on the data available in the
claims database International Classification of Diseases, Tenth Revision (ICD-10), drug
prescriptions, and medical procedures. We also employed data from the claims da-
tabase of Jichi Medical University Hospital, Japan, for the period between October
2012 and September 2014. In total, we randomly extracted 100 potential acute myo-
cardial infarction cases and 200 potential stroke cases (ischemic and hemorrhagic
stroke were analyzed separately) based on ICD-10 diagnosis. An independent com-
mittee reviewed the corresponding clinical data to provide definitive diagnoses for
the extracted cases. We then assessed the algorithms’ accuracy using positive predic-
tive values (PPVs) and apparent sensitivities. The PPVs of acute myocardial infarction,
ischemic stroke, and hemorrhagic stroke were low only by diagnosis (81.6% [95% Cl
72.5-88.7]; 31.0% [95% Cl 22.8-40.3]; and 45.5% [95% Cl 34.1-57.2], respectively);
however, the PPVs were elevated after adding the prescription and procedure data
(87.0% [95% CI 78.3-93.1]; 44.4% [95% Cl 32.7-56.6]; and 46.1% [95% Cl 34.5-57.9],
respectively). When we added event-specific prescription and procedure data to the
algorithms, the PPVs for each event increased to 70%-98%, with apparent sensitivi-
ties exceeding 50%. Algorithms that rely on ICD-10 diagnosis in combination with data
on specific drugs and medical procedures appear to be valid for identifying MACEs in

Japanese claims databases.

worldwide (the second leading cause in Japan), and their preven-

tion is critical in healthcare.r® Hypertension, hyperlipidemia, and

Major adverse cardiovascular events (MACEs), such as stroke and diabetes mellitus are known risk factors for MACEs, and a number

myocardial infarction (MI), are the most common cause of death of pharmaceutical agents have been developed to control the risk
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factors. To assess the effect of these pharmaceutical interventions
on MACEs, clinical trials with large sample sizes and long-term fol-
low-up have been conducted.*® There has been growing interest in
recent years in outcome assessments with claims databases, which
enable effective data collection in pharmacoepidemiological stud-
ies, helping key stakeholders make informed decisions to improve
healthcare at the individual and population levels.”® It has also been
proposed that information from claims databases could be employed
for pharmaceutical studies, especially when the incidence of MACEs
is a primary endpoint.”*°

A claims database is a collection of information obtained by
health insurers and public programs for reimbursement that includes
data on patient information (eg, age, sex), diagnoses, procedures,
and prescriptions with long-term follow-up, enabling the identifi-
cation, tracking, and analysis of national trends in healthcare use,
access, quality, outcomes, and costs.'>!? Claims data are created
for administrative purposes and therefore have certain challenges
for outcome assessments, such as evaluating the data quality, com-
bining data from different databases with dissimilar coding systems,
and developing appropriate use.!® In particular, algorithms that use
diagnostic codes, such as those in the International Classification of
Diseases, Tenth Revision (ICD-10),* can lead to inaccurate research
results due to incorrect or incomplete diagnosis data records.*?%®
Diagnosis code validation using primary medical data and definitive
diagnosis is therefore crucial for proper record keeping and quality
healthcare results.

In Japan, claims databases of the national health insurance pro-
gram have accumulated a wealth of healthcare data, including those
related to diagnoses, prescriptions, and medical procedures; how-
ever, the databases lack data on disease severity.!® Most claims da-
tabases are large, contain individual patient data, and collect data
in the same manner across institutions, allowing for long-term fol-
low-up. The Japanese Ministry of Health, Labour, and Welfare has
begun the development of a national claims and health checkup
database.'”

According to customary Japanese procedures, a provisional di-
agnosis is frequently recorded for clinical examinations. This record
sometimes remains in the claims database, even after a definitive
diagnosis has been recorded in a patient's clinical record, which can
result in incomplete and inaccurate data with often misclassified di-
agnoses. Validation studies are therefore essential for claims data-
base research in Japan.

This study aimed to develop and evaluate algorithms for identi-
fying potential cardiovascular events in a Japanese claims database.
We employed the claims database (Jichi database) and electrical
medical records of Jichi Medical University Hospital, which is a ter-
tiary emergency care facility for patients who require admission
to the intensive care unit in one of the representative hospitals in
Japan. This database includes a sufficient number of cardiovascu-
lar events and is considered appropriate for use in cardiovascular

research.

2 | METHODS

2.1 | Ethical approval

The study was approved by the Ethics Review Committee of Jichi
Medical University. Given that the patient information in the claims
database was anonymized at the time we extracted the data, writ-
ten informed consent was not required. Information regarding the
opting out of data use by third parties was publicly displayed on the
website of the Cardiovascular Medicine Division of Jichi Medical
University. The authors declare that all supporting data are available
within the article.

2.2 | Datasource and study population

The Jichi database, an administrative database at Jichi Medical
University Hospital (Tochigi, Japan), collects and stores relevant
medical data, including diagnoses with ICD-10 codes, patient back-
ground information, drug prescriptions, and medical procedures. We
included the records for patients aged at least 20 years who devel-
oped incident cardiovascular events requiring medical treatment at
Jichi Medical University Hospital between October 1, 2012, and
September 30, 2014. There were no exclusion criteria. The cardio-
vascular events of interest were acute MI, ischemic stroke (exclud-
ing transient ischemic attack), and hemorrhagic stroke. To confirm
true-positive events, an independent clinical event committee (CEC)
utilized the electrical medical records at Jichi Medical University
Hospital.

2.3 | Study design

We employed predefined algorithms based on the Jichi database
to identify potential incident cardiovascular events. The algorithms
consisted of common variables available in other general Japanese
claims databases, including diagnosis (ICD-10 codes), diagnosis sta-
tus (definitive or provisional), prescribed drugs (name, code, dosage,
administration, and date prescribed), and medical procedures (name,
code, hospitalization, and date).

Potential MI events were identified by ICD-10 code 121 (acute
MlI) or 122 (subsequent MI); drugs were classified as anticoagulant,
heparin, anti-thrombin, aspirin, or thrombolytic agent; and medi-
cal procedures were classified as coronary angioplasty, myocardial
marker tests (troponin T/I, creatinine kinase [CK], and CK-MB type),
or hospitalization. Potential ischemic stroke events were identified
by ICD-10 code 163 (cerebral infarction); drugs were classified as
antiplatelet drugs, anticoagulants, heparin, anti-thrombin, aspirin,
cerebral metabolism activator, or thrombolytic agents; and medi-
cal procedures were classified as head imaging (computed tomog-

raphy [CT] or magnetic resonance imaging [MRI]), carotid artery
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ultrasonography, hospitalization, or rehabilitation. Potential hem-
orrhagic stroke events were identified by ICD-10 code 160 (sub-
arachnoid hemorrhage), 161 (intracerebral hemorrhage), or 162 (other
non-traumatic intracranial hemorrhage); no drugs were applicable
for the selection of cases; and medical procedures were classified
as head imaging (MRI/CT), hospitalization, or rehabilitation. For each
cardiovascular event, we included all drugs and medical procedures
recorded in the month of diagnosis or in the subsequent month.

In the primary analysis, the algorithms were developed based
on definitive ICD-10 diagnoses only, diagnoses plus drugs, diagno-
ses plus medical procedures, and diagnoses plus drugs plus medical
procedures. As exploratory analyses, we also examined the algo-
rithms that employed subgroups of the factors defining the diagno-

ses, drugs, and medical procedures from the claims database. The

validation study team performed the case extraction, algorithm de-

velopment, and analysis.

2.4 | Clinical event committee
The CEC, which consisted of 3 physicians (2 cardiologists and 1
neurologist) who were independent of the validation study team,
reviewed the electronic medical record data for the extracted po-
tential cases to assess whether the cardiovascular events were true-
positive incident cases based on the following definitions. Figure 1
summarizes the process the CEC followed.

An acute Ml event was recorded when any of the following con-

ditions were met*®: (a) a CK-MB value =2 times the upper reference

Jichi Medical School

Jichi database

(administrative claims database)

\

Electrical medical records
(EMR)
—

Anonymized

¢ Data linkage

Anonymized claims database
(AMI, ischemic stroke excluding TIA,
and hemorrhagic stroke)

/

Potential event dataset

\4

Vv

Diagnosis data

Diagnosis data
Prescribed drug data

Identification of potential
cardiovascular events
by CEC

Diagnosis data
Medical procedure data

Diagnosis data
Prescribed drug data
Medical procedure data

————

Vv

Estimation of true cardiovascular events

Calculation of PPV and 95% Cl

FIGURE 1 Validation process. AMI, acute myocardial infarction; CEC, clinical event committee; PPV, positive predictive value; TIA,

transient ischemic attack
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Jichi database

l

AMI
100 cases extracted

l

Stroke
200 cases extracted

Stroke

Ischemic
N=71

Ischemic & Hemorrhagic
N =45

AMI
N =98
(analysis set)

Ischemic stroke
N =116
(analysis set)

Hemorrhagic stroke
N=77
(analysis set)

FIGURE 2 Study flow chart. AMI, acute myocardial infarction

limit (URL) and elevated cardiac troponin T or | with any of the fol-
lowing findings: new electrocardiogram changes indicating ischemia
(new ST-T changes or left bundle branch block [LBBB]), pathologic
Q waves, or echocardiographic images of new cardiac regional wall
motion abnormalities; (b) cardiovascular death associated with a new
finding of ST elevation before an increase in biomarkers in the labo-
ratory blood tests, with LBBB or new intracoronary thrombus con-
firmed by angiography or autopsy; (c) myocardial markers increased
to 23 times the URL within 24 h after percutaneous coronary in-
tervention; (d) myocardial markers increased to >5 times the URL
and any of the following findings present within 24 h after coronary
artery bypass grafting: new onset of Q wave (20.04 s) observed in
2 or more contiguous leads or LBBB, new occlusion of the graft or
coronary artery confirmed by coronary angiography, or new imaging
evidence of cardiac regional wall motion abnormalities; (e) Q waves
(20.04 s) observed in 2 or more contiguous leads; and (f) pathological
signs (eg, chest pain, sweating, and nausea) of acute MI.

A definitive diagnosis of stroke required a new acute onset of
focal neurological symptoms lasting 24 h or more not caused by
trauma or a known nonvascular condition (eg, brain tumor). Stroke
events were classified into 4 types based on the standards of the
American Heart Association/American Stroke Association using di-
agnostic imaging by CT or MRI or as described previously”: hem-
orrhagic, ischemic, infarction with subsequent hemorrhage, or
unknown type. Hemorrhagic stroke was diagnosed by imaging ev-
idence of intraparenchymal or subarachnoid hemorrhage or by lum-
bar puncture, neurosurgery, or autopsy. Ischemic stroke was defined
by the presence of focal neurological disorders due to thrombi or
emboli that partially remained 24 h after diagnosis. Infarction with
subsequent hemorrhage was defined as an ischemic stroke in which

hemorrhage was initially absent and only observed during subse-
quent imaging. Lastly, unknown-type stroke was defined to include
all cases without sufficient evidence to be classified as one of the

above.

2.5 | Sample size

A set of 100 cases was initially planned to be extracted for acute Ml,
ischemic stroke, and hemorrhagic stroke from a feasibility perspec-
tive. However, we combined the 2 types of strokes for extraction
(200 cases of stroke) because hemorrhagic stroke is a possible com-
plication of ischemic stroke.

2.6 | Dataanalysis

Using the CEC classifications as the gold standard, we evaluated
the validity of the potential event datasets using positive predictive
values (PPVs) and their 95% confidence interval, the latter of which
were calculated using the Clopper-Pearson method. The PPV was de-
fined as the proportion of cases with incident cardiovascular events
as judged by the CEC (ie, true cases) among the cases with potential
cardiovascular events selected by the algorithms. Complementing
this approach, we also calculated the apparent sensitivity, which we
defined as the proportion of true cases selected by a given algo-
rithm among all true cases identified by diagnosis only (100%). We
assumed that cases identified by diagnosis only contained most of
the true cases.?’ We performed the statistical analysis using SAS
version 9.4 (SAS Institute, Inc).
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3 | RESULTS

3.1 | Descriptive statistics

During the study period, we identified 540 acute Mls and 1173 all-
cause stroke cases based on ICD-10 definitive diagnoses. Among
these cases, we randomly selected 100 cases for the acute Ml co-
hort and 200 cases for the stroke cohort. From the MI and stroke
cohorts, 2 and 7 cases with no corresponding clinical data were ex-
cluded, respectively. Of the stroke set, 45 cases with ischemic and
hemorrhagic stroke were included only in the ischemic stroke analy-
sis set. The final analysis sets for MI, ischemic stroke, and hemor-
rhagic stroke included 98, 116, and 77 cases, respectively (Figure 2).
Tables 1 and 2 summarize the characteristics, recorded diagnoses,

prescribed drugs, and medical procedures of the included cohorts.

TABLE 1 Patient characteristics, claims-based diagnoses,
drugs, and medical procedures of patients diagnosed with acute
myocardial infarction

Number of
patients (%)
Total 8 (100)
Sex Female 0(20.4)
Male 78 (79.6)
Age Mean (SD) 66.8 (11.9)
Diagnoses Acute inferior Ml 69 (70.4)
Acute posterior Ml 4(14.3)
Acute inferior Ml + Acute 4 (4.1)
anterior Ml
Acute inferior M| + Acute 3(3.1)
Ml
Acute posterior M| + Ml 2(2.0)
Others 6(6.1)
Drugs Aspirin + Clop 63 (64.3)
Aspirin 11 (11.2)
Aspirin + Warf + Clop 5(5.1)
Aspirin + Warf 4(4.1)
NOAC + Aspirin + Clop 2(2.0)
Others 7(7.1)
No drug 6(6.1)
Medical procedures CorAngio + Cardiac 57 (58.2)
marker + Hosp
CorAngio + Cardiac marker 24 (24.5)
Cardiac marker 12 (12.2)
Cardiac marker + Hosp 4(4.1)
No procedure 1(1.0)

Abbreviations: Clop, clopidogrel sulfate; CorAngio, coronary
angioplasty including percutaneous stent placement, percutaneous
transluminal coronary angioplasty, and percutaneous thrombo-
aspiration; Hosp, hospitalization; MI, myocardial infarction; NOAC,
non-vitamin K antagonist oral anticoagulants; SD, standard deviation;
Warf, warfarin potassium.

3.2 | Primary analysis

After the CEC assessed the potential cases, the PPVs were de-
termined for each event based on the various extract algorithms
(Table 3). The algorithms’ PPVs differed considerably among car-
diovascular events when considering the ICD-10 diagnosis only
(acute MI, 81.6%; ischemic stroke, 31.0%; and hemorrhagic stroke,
45.5%). To remove true negative events, we examined algorithms
consisting of combinations of parameters (eg, diagnoses + drugs,
diagnoses + medical procedures, and diagnoses + drugs +medi-
cal procedures). The algorithms with the highest PPVs were di-
agnoses + drugs +medical procedures for acute MI (PPV, 87.0%
each), diagnoses + drugs +medical procedures for ischemic stroke
(PPV, 44.4%), and diagnosis + medical procedure for hemorrhagic
stroke without ischemic stroke (PPV, 46.1%; Table 3). For acute
MI, the simpler algorithm was preferred because the PPVs were

similar.

3.3 | Exploratory analysis

Lastly, we conducted an exploratory analysis of the algorithms that
employed subgroups of the factors defining the diagnoses, drugs,
and medical procedures (Table 4). For acute M, the potential event
cases identified by diagnoses + drugs (clopidogrel sulfate) + medi-
cal procedures (hospitalization) and by diagnoses + drugs (clopi-
dogrel sulfate) + medical procedures (hospitalization and coronary
angioplasty) showed the highest PPVs (both 98.0%; 49/50 cases)
and apparent sensitivities (both 61.3%). For ischemic stroke, the
cases identified by diagnoses + drugs +medical procedures (ultra-
sonography and rehabilitation) and by diagnoses + drugs + medical
procedures (ultrasonography, MRI/CT, and rehabilitation) showed
the highest PPVs (both 70.0%; 21/30 cases) and apparent sensi-
tivities (both 58.3%). For hemorrhagic stroke not including ischemic
stroke, the potential event cases identified by diagnoses + medical
procedures (MRI/CT and rehabilitation) and by diagnoses + medical
procedures (rehabilitation) showed the highest PPVs (69.2% [27/39
cases] and 67.5% [27/40 cases], respectively) and apparent sensitivi-
ties (both 77.1%).

4 | DISCUSSION

In this validation study, we demonstrated that the PPVs of poten-
tial event cases are low when relying on ICD-10 codes alone and
can be improved when extracted by algorithms using ICD-10 codes
and other medical information (eg, prescription and procedure data).
These novel algorithms might help improve the quality of the real-
world evidence when identifying true incident cases of cardiovas-
cular events in Japanese claims databases. It is possible to provide
more appropriate procedures and treatment options in accordance
with evidence-based clinical practices including the use of safer and
more effective medicines.
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TABLE 2 Patient characteristics and
claims-based diagnoses, drugs, and
medical procedures for patients diagnosed
with stroke
Total

Sex

Age

Diagnoses

Drugs

Medical
procedures

Number of patients (%)

Hemorrhagic

Ischemic (not ischemic)

116 (100%) 77 (100%)
Female 50 (43.1%) 33(42.9%)
Male 66 (56.9%) 44 (57.1%)
Mean (SD) 66.8(13.1) 68.1(13.9)

19 (16.4%) =
13 (11.2%) =

Cerebral infarction

Cerebral hemorrhage + Cerebral

infarction
Cerebellar infarction 8 (6.9%) —
Subarachnoid 6(5.2%) —

hemorrhage + Cerebral

infarction
Cerebral hemorrhage — 21 (27.3%)

Subarachnoid hemorrhage — 17 (22.1%)

Chronic subdural hematoma — 13 (16.9%)
Putamen hemorrhage — 6(7.8%)
Subcortical hemorrhage — 6 (7.8%)

Others 70 (60.3%) 14 (18.2%)
No Drug 39 (33.6%) 37 (48.1%)
Warfarin potassium 12 (10.3%) 9 (11.7%)
Clopidogrel sulfate 10 (8.6%) 4(5.2%)
Cilostazol 5(4.3%) 5(6.5%)
Aspirin 9 (7.8%) —

Aspirin + warfarin potassium 3(2.6%) 4 (5.2%)
Others 38(32.8%) 18 (23.4%)
MRI/CT 33(28.4%) 26 (33.8%)
MRI/CT + Rehab + US 22 (19.0%) 9 (11.7%)
MRI/CT + Rehab 4 (3.4%) 19 (24.7%)
MRI/CT + Rehab + Hosp 12 (10.3%) 5(6.5%)
MRI/CT + Rehab + US + Hosp 11 (9.5%) 6(7.8%)
MRI/CT + US 12 (10.3%) 3(3.9%)
No procedure 11 (9.5%) 1(1.3%)
MRI/CT + Hosp 3(2.6%) 5(6.5%)
MRI/CT + US + Hosp 4 (3.4%) 2 (2.6%)
us 3(2.6%) =

Rehab 1(0.9%) —

Rehab + Hosp — 1(1.3%)

Abbreviations: CT, computed tomography; Hosp, hospitalization MRI, magnetic resonance imaging;
Rehab, rehabilitation; SD, standard deviation; US, ultrasonography.

The accuracy of any algorithm for identifying target diseases
varies greatly depending on the database employed and the target
event.'?% Indeed, our study observed a marked difference between
acute Ml and stroke in terms of this accuracy. In the primary analysis,
we compared the PPVs among potential event cases identified by 4
algorithms. When we compared the PPVs of potential cases iden-

tified by ICD-10 diagnosis alone, stroke showed much lower PPVs

(ischemic stroke, 31.0%; hemorrhagic, 45.5%) compared with acute
Ml (PPV: 81.6%). Even the best algorithms provided the highest
PPVs of 44.4%, 46.1%, and 87.0% for ischemic stroke, hemorrhagic
stroke, and acute M, respectively. The accuracy results illustrates
that PPVs vary considerably across disease events even when using
diagnoses with a “definitive” status in the claims databases. The low

PPVs for stroke might be due to the high number of inconclusive
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SHIMA ET AL.
TABLE 3 Positive predictive values by algorithm based on the available claims data
95% Cl of

Claims-based algorithm No. of potential cases No. of true cases PPV (%) PPV
Diagnoses only 98 80 81.6 (72.5, 88.7)
Diagnoses + Drugs 92 80 87.0 (78.3,93.1)
Diagnoses + Medical procedures 97 80 82.5 (73.4, 89.4)
Diagnoses + Drugs + Medical 92 80 87.0 (78.3,93.1)

procedures
Diagnoses only 116 36 31.0 (22.8,40.3)
Diagnoses + Drugs 77 32 41.6 (30.4, 53.4)
Diagnoses + Medical procedures 105 36 34.3 (25.3,44.2)
Diagnoses + Drugs + Medical 72 32 44.4 (32.7,56.6)

procedures
Diagnoses only 77 35 45.5 (34.1,57.2)
Diagnoses + Medical procedures 76 35 46.1 (34.5,57.9)

ischemic)

Note: Acute myocardial infarction (MI): diagnoses (121 acute myocardial infarction, 122 recurrent myocardial infarction); drugs (anticoagulant, heparin,
anti-thrombin, aspirin, thrombolytic agent); medical procedures (coronary angioplasty, myocardial marker tests, hospitalization). Ischemic stroke:
diagnoses (163 cerebral infarction); drugs (antiplatelet drug, anticoagulant, heparin, anti-thrombin, aspirin, cerebral metabolism drug, thrombolytic
agent); medical procedures (head imaging [MRI/CT], carotid artery ultrasound, hospitalization, rehabilitation). Hemorrhagic stroke (not ischemic):
diagnoses (160 subarachnoid hemorrhage, 161 intracerebral hemorrhage, 162 non-traumatic intracranial hemorrhage); medical procedures (head

imaging [MRI/CT], hospitalization, rehabilitation).

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; PPV, positive predictive value.

diagnoses based on clinical findings, and the need for specific tests
before a definitive diagnosis.?* Moreover, definitive diagnoses are
often not recorded in claims databases, even after the final diagno-
sis has been reached through further clinical examinations, which
would have lowered the associated PPVs. This is a common practice
in many clinical institutions in Japan.222

We hypothesized that careful examination of the factors af-
fecting PPVs in each target disease could improve the PPV without
loss of sensitivity. In the exploratory analysis of algorithms, which
included the codes defining the drugs and medical procedures, we
identified factors that increased the PPVs of cardiovascular events.
Clopidogrel sulfate, hospitalization, and coronary angioplasty all in-
creased the PPVs for acute Ml in the Jichi database. However, for the
routine use of the acute Ml algorithm in general, “antiplatelet drugs”
might be employed instead of “clopidogrel sulfate”. Ultrasonography,
MRI/CT, and rehabilitation increased the PPVs for ischemic stroke,
whereas only MRI/CT and rehabilitation increased the PPVs for
hemorrhagic stroke without ischemic stroke. Given that rehabilita-
tion is critical for alleviating the sequelae of stroke, regardless of its
severity,?® rehabilitation-based algorithms are a plausible method
for identifying true stroke events. Our data also showed that ultra-
sonography is a key factor in identifying true ischemic stroke events,
which could be attributed to the establishment of mandatory proce-
dures for detecting cardiac thrombi, with or without atrial fibrillation,
in the routine management of ischemic stroke in Japan.?* Overall,
our results indicate that algorithms combining event-specific data on
procedures, treatments, and post-treatment care could improve the
validity of database research in true cardiovascular events.

High sensitivities, specificities, negative predictive values,
and PPVs are all important measures when developing a reliable

algorithm, but there are tradeoffs depending on the aims of the re-
search.?C In this study, we prioritized achieving high PPVs for iden-
tifying cardiovascular events and did so without an apparent loss
of sensitivity. Moreover, the exploratory analysis found more favor-
able algorithms with apparent sensitivity values of approximately
60%, which would allow for valid research of claims databases given
that this sensitivity value would allow us to employ the National
Database of Health Insurance Claims and Specific Health Checkups
of Japan, a comprehensive database of health insurance claims data
under Japan's National Health Insurance system, and enables ret-
rospective cohort studies with a sample size of approximately 100
million with a very small selection bias.?*

Our study has certain limitations. First, there is no method for
identifying acute Ml or stroke that would not have been coded as
such initially (in the ICD-10 classification), although physicians pri-
oritize diseases by their life-threatening impact for the diagnosis,
which could lead to the underreporting of events. Also, the ICD-
11 codes have been developed. Although we determined the pa-
tient population with the ICD-10 code to identify the acute Ml or
stroke, there are no data that the disease code difference affects
the result. Second, although the exploratory algorithms employ-
ing variables of specific drugs and medical procedures increased
the PPVs, they also slightly reduced the apparent sensitivities.
Third, using these variables could define populations of near-op-
timally managed patients with acute MI or stroke. By contrast,
outcomes might be poorer for patients who are not managed opti-
mally, which could jeopardize patients with the most severe forms
of the events. Rehabilitation was employed for the stroke algo-
rithm, which meant that it counts only the patients who survived
the initial hospital stay but not the lethal events. Our proposed
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TABLE 4 Positive predictive values by algorithm, based on the available claims data (exploratory analyses)

Claims-based algorithm
Acute M[¢ Diagnosis® only

Diagnosesb + Drugs (Clop) + MedPros
(CorAngio)

Diagnoses® + MedPros (Hosp + CorAngio)

Diagnoses® + Drugs® + MedPro
(Hosp + CorAngio)

Diagnosesb + Drugs (Clop) + MedPro (Hosp)

Diagnoses® + Drugs (Clop) + MedPros

(Hosp + CorAngio)
Ischemic stroke? Diagnosish only

Diagnoses® + Drugs® + MedPros (MRI/
CT + Rehab)

Diagnoses® + MedPros (US + Rehab)

Diagnosesb + MedPros (US + MRI/
CT + Rehab)

Diagnoses® + Drugs® + MedPros
(US + Rehab)

Diagnoses® + Drugs® + MedPros (US + MRI/

CT + Rehab)
Diagnosisb only
Diagnosesb + MedPros (MRI/CT)
Diagnosesb + MedPros (Rehab)
Diagnosesb + MedPros (MRI/CT + Rehab)

Hemorrhagic stroke? (not
ischemic)

No. of true cases (Apparent PPV

No. of potential cases  sensitivity®; %) (%)
98 80 (100) 81.6
74 70 (87.5) 94.6
57 55 (68.8) 96.5
57 55(68.8) 96.5
50 49 (61.3) 98.0
50 49 (61.3) 98.0
116 36 (100) 31.0
43 26(72.2) 60.5
33 22(61.1) 66.7
33 22 (61.1) 66.7
30 21 (58.3) 70.0
30 21(58.3) 70.0
77 35 (100) 45.5
75 35 (100) 46.7
40 27 (77.1) 67.5
39 27 (77.1) 69.2

Abbreviations: Clop, clopidogrel sulfate; CorAngio, coronary angioplasty, including percutaneous stent placement, percutaneous transluminal
coronary angioplasty, and percutaneous thrombo-aspiration; CT, computed tomography; Hosp, hospitalization; MedPros, medical procedures; MR,
magnetic resonance imaging; PPV, positive predictive value; Rehab, rehabilitation; US, ultrasonography.

?Proportion of number of cases identified by the claims-based algorithm among all cases confirmed by the CEC from potential cases based on

diagnosis only.
bFull diagnosis combinations as shown in Table 3.
“Full drug combinations as shown in Table 3.

%Top 5 algorithms with apparent sensitivity >0.5 are shown for acute myocardial infarction and ischemic stroke. Top 3 algorithms with apparent

sensitivity >0.5 are shown for hemorrhagic stroke (not ischemic).

algorithms might therefore be inappropriate for estimating the ab-
solute incidence rates but might still be suitable for estimating the
ratios of incidence rates between treatments. Fourth, given that
we utilized the claims database of a single university hospital med-
ical institution in Japan, our results may not be generalized to the
databases of other medical institutions including general hospitals
or other countries due to the application of different procedures
and treatment options. However, stroke and acute Ml are severe
events associated with hospitalization during initial therapy in
well-equipped medical institutions in Japan, and the parameters
for the extraction algorithms in this study were consistent with
the practice guidelines for stroke and acute MI. The system for
medical fee processing in Japan?® and the practice guidelines for
treating cardiovascular events are standardized.?*?”28 Patients
can therefore receive similar medical services regardless of wealth,
and we can assume that there are no major differences in clinical

practice among healthcare institutions in Japan. Lastly, despite

the random patient selection sampling employed in this study, the
small sample size might have an effect on sampling variation.

As a last point, we would like to draw attention to the state of
claims database validation in Japan. The newly revised regulation for
Good Post-Marketing Study Practice opened the door to database
research for post-marketing safety studies,?’ expanding the poten-
tial of database research in safety evaluations in Japan. To improve
the quality of database research, it is crucial to use administrative
data linkage for combining detailed individual-based information
from multiple data sources, although infrastructures for data linkage
are still insufficient in Japan.30 If we consider the burden on medical
institutions, as was experienced in our study, then the totality of the
burden over multiple endpoints, drugs, and pharmaceutical compa-
nies seems insurmountable. A report on claims data validation has
been produced by the Japanese Society of Pharmacoepidemiology
that summarizes the current state of validation in Japan.30 We rec-

ommend this report as a source for further information.
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Algorithms that rely on ICD-10 diagnostic codes in combination with
data on specific drugs and medical procedures achieved PPVs ex-
ceeding 70% with reasonable apparent sensitivities and appear to
be valid for identifying cardiovascular events in Japanese claims
databases.
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