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Purpose: The performance of the International Classification of Diseases, Tenth Revision,
Clinical Modification (ICD-10-CM) codes for identifying acute hemorrhagic stroke in
Taiwan’s National Health Insurance claims database has not been assessed. This study
aimed to construct and validate the case definitions for acute hemorrhagic stroke based on
ICD-10-CM diagnostic codes.

Patients and Methods: From January 2018 to December 2019, all inpatient records with
ICD-10-CM code of 160 or 161 in any field of the discharge diagnoses were retrieved from
the hospitalization claims data and all hospitalizations with a final diagnosis of subarachnoid
hemorrhage (SAH) or intracerebral hemorrhage (ICH) were identified from the stroke
registry databases. The clinical diagnosis in the stroke registry was treated as the reference
standard. For hospitalizations not recorded in the stroke registry, manual review of the
medical records and images was done to ascertain the diagnosis. The positive predictive
value (PPV) and sensitivity of various case definitions for acute hemorrhagic stroke were
estimated.

Results: Among the 983 hospitalizations, 860, 111, and 12 were determined to be true-
positive, false-positive, and false-negative episodes of acute hemorrhagic stroke, respec-
tively. The PPV and sensitivity of the ICD-10-CM codes of 160 or 161 for identifying acute
hemorrhagic stroke were 88.6% and 98.6%, respectively. The PPV increased to 98.2%,
whereas the sensitivity decreased to 93.1% when acute hemorrhagic stroke was defined as
hospitalizations in which the primary diagnosis field contained 160 or 161. Hemorrhagic
transformation of ischemic stroke and concomitant cerebrovascular diseases other than SAH
or ICH were the main reasons for a false-positive and false-negative diagnosis of acute
hemorrhagic stroke, respectively.

Conclusion: This study demonstrated the performance of ICD-10-CM codes for identifying
acute hemorrhagic stroke and may offer a reference for future claims-based stroke studies.
Keywords: administrative claims data, diagnosis, ICD-10-CM, hemorrhagic stroke

Introduction
Hemorrhagic stroke, including nontraumatic subarachnoid hemorrhage (SAH) and
intracerebral hemorrhage (ICH), is the second most common type of stroke, with

a global lifetime risk of 8.6% among adults aged over 25 years.'

Despite
a worldwide decline in death rates from all kinds of stroke since 1990, hemorrhagic

stroke accounts for the greatest burden of stroke among adults aged between 20 and
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64 years,” particularly in the low- and middle-income
countries.” Meanwhile, even in the high-income countries,
either early or long-term case-fatality rates due to ICH
have not always improved over the past decades.*’
Therefore, more clinical research is needed to optimize
the treatment and thereby improve the outcomes of
patients with hemorrhagic stroke.

Administrative claims data, which are derived from
electronic data collected by health-care providers and
insurers for the purpose of health-care management, have
nowadays provided an affordable and efficient way in
conducting research on stroke® or other cardiovascular
Health
Insurance (NHI) claims database, one of the largest com-

diseases.” For example, Taiwan’s National
prehensive administrative claims databases in the world,®
has been widely used in stroke research. A bibliometric
analysis found that stroke was the second most common
research topic in studies using this database.” However,
most of the stroke studies have focused on ischemic stroke
rather than hemorrhagic stroke.” A potential explanation
for this may be that researchers are less confident in
performing research on hemorrhagic stroke because unlike
an ischemic stroke, the validity of the diagnosis codes for
ascertaining hemorrhagic stroke has never been assessed
in Taiwan’s NHI claims database.®

Therefore, this study aimed to construct and validate
case definitions for hemorrhagic stroke based on the
International Classification of Diseases, Tenth Revision,
Clinical Modification (ICD-10-CM) codes using claims

data from two major stroke centers in Taiwan.

Patients and Methods
Study Settings

This study was conducted in the two NHI-contracted hos-
pitals in southern Taiwan: the Ditmanson Medical
Foundation Chia-Yi Christian Hospital, a regional teaching
hospital with approximately 650 stroke admissions
annually, and the E-Da Hospital, a would-be medical cen-
ter with approximately 1000 stroke admissions annually.
The stroke centers of both hospitals have participated in
the Taiwan Stroke Registry (TSR) Program'® for more
than a decade, and their quality of stroke care is certified
by the Joint Commission of Taiwan. The study protocol
was independently approved by the Institutional Review
Board of the Ditmanson Medical Foundation Chia-Yi
Christian Hospital (IRB2020118) and the Institutional

Review Board of the E-Da Hospital (EMRP-109-013).

The requirement for informed consent was waived due to
the retrospective design. The study data were kept with
confidentiality to ensure the privacy of the study partici-
pants. This study was conducted in accordance with the
Declaration of Helsinki.

Data Sources and Record Linkage

This study used stroke registry data and administrative
claims data from both hospitals. The stroke registry of
each hospital prospectively registered consecutive patients
hospitalized for stroke within 10 days of symptom onset
according to the design of the TSR.'® Patient demo-
graphics, comorbidities, personal and medical history,
stroke severity as assessed by the National Institutes of
Health Stroke Scale, treatments received, hospital course,
final diagnoses, and functional status as assessed using the
modified Rankin Scale were collected. The hospitalization
claims data reported to the Administration of NHI were
retrieved from the hospital information system. Both data
sources were linked through patients’ unique identifier and
the date of admission.

Study Sample

Patients discharged between January 2018 and
December 2019 with a final diagnosis of acute hemorrha-
gic stroke, including SAH and ICH, were identified from
the stroke registry. Even though Taiwan switched to ICD-
10-CM coding in 2016, this study period was chosen
since the E-Da Hospital did not enroll all patients hospi-
talized for stroke into the stroke registry before
January 2018. Those with an in-hospital stroke were
retained. Patients with traumatic intracranial hemorrhage
were excluded from the study, except those cases with
concomitant acute hemorrhagic stroke and traumatic
intracranial hemorrhage. Patients with missing informa-
tion regarding date of birth, sex, or personal identifier
were also excluded from the study. Multiple hospitaliza-
tions for the same stroke episode were combined into
a single hospitalization. Conversely, multiple hospitaliza-
tions for the same patient due to different stroke episodes
were counted as individual hospitalizations. Similarly, all
patients discharged during the same period with an ICD-
10-CM diagnosis code of 160 or I61 in any field of the
discharge diagnoses were identified from the hospitaliza-
tion claims data. Hospitalization records from either data
to form the sample

sources were merged study

(Figure 1A).
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A Claims data Registry data
160 or 161 in any field SAH or ICH
N =971 N = 806
Unlinked claims Successfully linked Unlinked registry
records records records
N=177 N =794 N=12
Not AHS AHS by expert
N=111 N = 66
B
AHS AHS in claims data
Present Absent N = 860
ICD-10- TP FP TP +FN
cm TS @0 (111)  (@71)
coded Ne FN TN
diagnosis 9 (12) (NA)
TP + FN
(872) Total AHS
PPV =TP /(TP + FP) N =872
Sensitivity = TP / (TP + FN)

Figure | Process of case ascertainment (A) and calculation of the PPV and sensitivity (B).
Abbreviations: AHS, acute hemorrhagic stroke; FN, false negative; FP, false positive; ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical Modification;
ICH, intracerebral hemorrhage; Neg, negative; Pos, positive; PPV, positive predictive value; SAH, subarachnoid hemorrhage; TN, true negative; TP, true positive.

Ascertainment of Acute Hemorrhagic
Stroke

Figure 1A shows the process of case ascertainment.
According to the TSR program,'® SAH was defined as

characteristic clinical manifestations of neurologic deficit,
usually with sudden onset of severe headache and either
subarachnoid blood on brain computed tomography or/and
non-traumatic bloody (or xanthochromic) cerebrospinal
fluid with or without confirmation of the existence of
aneurysm by magnetic resonance angiography or conven-
tional cerebral angiography.

ICH was defined as

non-traumatic abrupt onset of symptoms with relevant
focal neurological deficit with or without headache or
altered level of consciousness with a focal collection of
blood within the brain parenchyma on computed tomogra-
phy or magnetic resonance imaging that was not

a hemorrhagic conversion of a cerebral infarction.

Cases of SAH or ICH must meet these criteria before
being entered the stroke registry.

The clinical diagnosis in the stroke registry was treated
as the reference standard because the TSR used several
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quality assurance processes to ensure data quality, includ-
ing web-based examination and on-site auditing.'® Any
hospitalization in the claims data that could be success-
fully linked to one of the hospitalizations in the registry
data was considered a true episode of acute hemorrhagic
stroke. For hospitalizations in the claims data that could
not be linked to any of the hospitalizations in the registry
data, their electronic medical records and brain images
were reviewed separately in each hospital by an experi-
enced stroke neurologist (SFS in the Chia-Yi Christian
Hospital and MTH in the E-Da Hospital) to determine
whether these were true episodes of acute hemorrhagic
stroke.

For hospitalizations determined not to be true episodes
of acute hemorrhagic stroke, the reasons were further
categorized into the following groups: (1) hemorrhagic
transformation of acute ischemic stroke (AIS); (2) suba-
cute, chronic, or remote SAH or ICH (presenting more
than 10 days after symptom onset); (3) subdural hemor-
rhage; (4) a tentative diagnosis of acute hemorrhagic
stroke, which was later excluded after clinical evaluation
and imaging studies; and (5) other diagnoses (eg, brain
and neonatal intracranial

tumor with hemorrhage

hemorrhage).

Data Analyses

This study examined various case definitions for identify-
ing cases of acute hemorrhagic stroke including (1) ICD-
10-CM code of 160 or 161 as the primary diagnosis; (2) 160
or [61 as the primary or first secondary diagnosis; (3) 160
or 161 as the primary, first secondary, or second secondary
diagnosis; and (4) 160 or 161 in any field of the diagnosis.
Similarly, case definitions for identifying subtypes of acute
hemorrhagic stroke were investigated, including the ICD-
10-CM codes of 160 and 161 for identifying cases of SAH
and ICH, respectively.

The positive predictive value (PPV) was defined as the
proportion of hospitalization records with an ICD-10-CM
coded diagnosis for which the hospitalization was con-
firmed to be a true episode of acute hemorrhagic stroke
(Figure 1B). Sensitivity was defined as the proportion of
hospitalizations due to acute hemorrhagic stroke matching
the ICD-10-CM coded diagnosis in the administrative
claims data (Figure 1B). PPVs and sensitivities were cal-
culated and their 95% confidence intervals (Cls) for bino-
mial proportions were estimated using the Clopper—
Pearson exact method. For subgroup analysis, whether
patient age, sex, and medical comorbidities, including

hypertension and diabetes, would affect the validity of
ICD-10-CM coding in the claims data was additionally
examined. PPVs and sensitivities between stroke subtypes
and subgroups were compared using the chi-square test.
A two-tailed p value of <0.05 was considered to be statis-
tically significant. Data analyses were performed using
Stata 15.1 (StataCorp, College Station, Texas).

Results

From January 2018 to December 2019, a total of 806
distinct hospitalizations due to acute hemorrhagic stroke
were identified from the registry data. All hospitalization
records contained valid information regarding date of
birth, sex, and personal identifier and were thus eligible
for record linkage. During the same period, 971 distinct
hospitalizations with an ICD-10-CM code of 160 or 161 in
any field of the discharge diagnoses were identified from
the hospitalization claims data. Among them, 161 and 865
hospitalizations were coded with 160 and 161, respectively;
that is, 55 hospitalizations were coded with both 160 and
I61. The linking of hospitalization records between both
data sources (Figure 1A) resulted in 794 successfully
linked hospitalizations, which were regarded as true-
positive episodes of acute hemorrhagic stroke. Among
the remaining 177 hospitalizations in the claims data that
could not be linked to any record in the registry data, 66
were considered true-positive episodes whereas 111 were
determined to be false-positive episodes of acute hemor-
rhagic stroke after manual review. In addition, 12 hospita-
lizations from the registry data could not be identified in
the claims data and were thus regarded as false-negative
episodes of acute hemorrhagic stroke. Consequently, the
PPV and sensitivity of ICD-10-CM diagnosis of acute
hemorrhagic stroke were 88.6% (95% CI, 86.4-90.5%)
and 98.6% (95% CI, 97.6-99.3%).

Table 1 shows the validity of various case definitions to
identify cases of acute hemorrhagic stroke as a whole or
cases of SAH or ICH separately. The case definition of
using the ICD-10-CM code of 160 or 161 as the primary
diagnosis to identify acute hemorrhagic stroke yielded
a PPV and sensitivity of 98.2% and 93.1%, respectively.
This case definition missed a proportion of acute hemor-
rhagic stroke hospitalizations because conditions other
than hemorrhagic stroke were coded as the primary diag-
nosis. Table 2 summarizes the reasons for these missed
cases. Among them, the most common reason was con-
comitant cerebrovascular diseases other than SAH or ICH
(n = 22), followed by infection or inflammation (n = 12).
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Table | Validity of Various Case Definitions for Identifying Cases of Acute Hemorrhagic Stroke, SAH, and ICH

Case Definitions TP FP FN PPV (95% ClI), % Sen (95% CI), %
Acute hemorrhagic stroke (SAH or ICH)
160 or 161 as primary diagnosis 812 I5 60 98.2 (97.0-99.0) 93.1 (91.2-94.7)
160 or 161 as primary or first secondary diagnosis 843 68 29 92.5 (90.6-94.2) 96.7 (95.3-97.8)
160 or 161 as primary, first secondary, or second secondary diagnosis 856 79 16 91.6 (89.6-93.3) 98.2 (97.0-98.9)
160 or 161 in any field of diagnosis 860 Il 12 88.6 (86.4-90.5) 98.6 (97.6-99.3)
SAH
160 as primary diagnosis 123 7 27 94.6 (89.2-97.8) 82.0 (74.9-87.8)
160 as primary or first secondary diagnosis 135 14 15 90.6 (84.7-94.8) 90.0 (84.0-94.3)
160 as primary, first secondary, or second secondary diagnosis 141 16 9 89.8 (84.0-94.1) 94.0 (88.9-97.2)
160 in any field of diagnosis 142 19 8 88.2 (82.2-92.7) 94.7 (89.8-97.7)
ICH
161 as primary diagnosis 708 17 83 97.7 (96.3-98.6) 89.5 (87.2-91.6)
161 as primary or first secondary diagnosis 761 48 30 94.1 (92.2-95.6) 96.2 (94.6-97.4)
161 as primary, first secondary, or second secondary diagnosis 772 56 19 93.2 (91.3-94.9) 97.6 (96.3-98.5)
161 in any field of diagnosis 785 80 6 90.8 (88.6-92.6) 99.2 (98.4-99.7)

Abbreviations: Cl, confidence interval; FN, false negative; FP, false positive; ICH, intracerebral hemorrhage; PPV, positive predictive value; SAH, subarachnoid hemorrhage;

Sen, sensitivity; TP, true positive.

Table 2 Reasons for False-Negative Episodes of Acute
Hemorrhagic Stroke When 160 or 161 as the Primary Diagnosis

Was Used to Identify Acute Hemorrhagic Stroke (N = 60)

Reason n

Concomitant cerebrovascular diseases other than SAH or ICH* | 22
Infection or inflammation

Malignancy

Concomitant traumatic accident
Consciousness change

Extracranial aneurysm, dissection, or injury

Heart diseases

NN NN O NN —

. b
Miscellaneous

Notes: *Cerebrovascular diseases other than SAH or ICH, including cerebral
aneurysm with or without embolization (n=8), acute ischemic stroke without
hemorrhagic transformation (n=5), unspecified nontraumatic intracranial hemor-
rhage (n=3), arteriovenous malformation (n=3), subdural hemorrhage (n=2), and
personal history of stroke (n=1); "Miscellaneous, including seizure or epilepsy (n=3),
hydrocephalus (n=2), peripheral artery occlusive disease (n=1), and head deformity

(n=1).

Abbreviations: ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage.

In contrast, when acute hemorrhagic stroke was defined as
160 or 161 in the first three fields of discharge diagnoses,
the sensitivity increased to 98.2% with a drop of PPV from
98.2% to 91.6%. When ICD-10-CM codes were used to
identify cases of SAH or ICH alone, the values of PPV
were lower for SAH than for ICH without reaching statis-
tical significance (p values ranging from 0.053 to 0.314).
The sensitivity values for SAH were significantly lower
than those for ICH (p values ranging from <0.001 to
0.017). The sensitivity was as low as 82.0% when 160 as

the primary diagnoses was used to ascertain the diagnosis
of SAH.

Table 3 shows the reasons for the false-positive epi-
sodes of acute hemorrhagic stroke. More than half of the
episodes were due to hemorrhagic transformation of AIS.
Around one-fifth of them were due to subacute, chronic, or
remote SAH or ICH. Another one-fifth of the false-
positive episodes received other diagnoses (Table 4) but
were miscoded as an acute hemorrhagic stroke. Of the 12
false-negative episodes of acute hemorrhagic stroke, 4
were coded as 167.1 (cerebral aneurysm, non-ruptured), 1
was coded as 162.9 (nontraumatic intracranial hemorrhage,
unspecified), and 7 had diagnoses codes unrelated to cere-
brovascular diseases (from 160 to 161).

Table 5 shows the results for the subgroup analyses that
compared the PPVs and sensitivities between subgroups
according to patient age, sex, and the presence of hypertension

Table 3 Reasons for False-Positive Episodes of Acute
Hemorrhagic Stroke (N = I11)
Reason n (%)
Hemorrhagic transformation of AlS 59 (53.2)
Subacute, chronic, or remote SAH or ICH 24 (21.6)
Subdural hemorrhage 1 (0.9)
Acute hemorrhagic stroke as a tentative diagnosis but 3(2.7)
excluded by studies
Other diagnoses miscoded as acute hemorrhagic stroke | 24 (21.6)

Abbreviations: AlS, acute ischemic stroke; ICH, intracerebral hemorrhage; SAH,
subarachnoid hemorrhage.
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Table 4 Final Diagnoses of Miscoded Cases (N = 24)

Diagnosis n
Brain tumor with hemorrhage 2
Neonatal intracranial hemorrhage

Intracranial aneurysm without hemorrhage

Traumatic intracranial hemorrhage

Cerebral venous thrombosis with hemorrhagic infarction
AlS

Brain abscess

Subdural empyema

Ventriculomegaly

—_ —_ _ - - - - N W -

Ventriculitis

Abbreviation: AlS, acute ischemic stroke.

or diabetes. The PPV in the young subgroup (91.7%) was
significantly higher than that in the elderly group (84.9%),
while the sensitivities were comparable between subgroups.
The PPV and sensitivity for patients without hypertension
were significantly lower than for those with hypertension.

Discussion
This study assessed the validity of various case definitions of
ICD-10-CM diagnoses of acute hemorrhagic stroke as
a whole, SAH alone, or ICH alone. The PPVs for SAH or
ICH were generally comparable to those reported by similar
studies that examined the validity of ICD codes for diagnos-
ing SAH or ICH in other administrative databases.'' ">
According to a systematic review of validation studies of
ICD codes for acute stroke, the PPVs for SAH and ICH were
>93% and >89%, respectively, in at least half of the
studies."! studies from the Czech

In more recent

Republic,12 South Korea,'> Denmark,'* and Australia,"
using the primary diagnosis code only, the PPVs ranged
from 85% to 91% and sensitivities from 73% to 90% for
SAH. For ICH, the PPVs ranged from 75% to 92% and
sensitivities from 60% to 85%. However, due to the varia-
tion in study settings and reference standards used across
studies, a direct comparison of results may be difficult.
This study suggested that, when only the primary diag-
nosis code was used, the PPV was maximized at the cost
of low sensitivity. As the number of diagnosis code fields
used for case ascertainment increased, the sensitivity
increased as the PPV decreased. The study findings were
similar to our previous study that examined the perfor-
mance of ICD-10-CM codes for identifying AIS in
Taiwan’s NHI claims database.'® Nevertheless, discussing
the potential implications for researchers interested in
hemorrhagic stroke using this claims database is worth-
while. In contrast to AIS, acute hemorrhagic stroke mainly
encompasses SAH (160) and ICH (161). Among the study
sample, more than 5% (55/971) of the hospitalizations due
to acute hemorrhagic stroke had both SAH and ICH listed
in the discharge diagnoses. The co-occurrence of both
conditions forced each condition to compete for the pri-
mary diagnosis field, thereby explaining why the PPV and
sensitivity using either 160 or 161 as the primary diagnosis
to identify acute hemorrhagic stroke were higher than
those using 160 as the primary diagnosis to identify SAH
or using 161 as the primary diagnosis to identify ICH.
Besides, since SAH is usually associated with cerebral
aneurysms, 160 was less likely to be coded as the primary
diagnosis when the amount of SAH was small and cerebral

Table 5 Subgroup Analyses According to Patient Age, Sex, and the Presence of Hypertension or Diabetes

Subgroup TP FP FN PPV (95% ClI), % P Sen (95% CI), % P
Age 0.001 0.887
Elderly (265 years) 376 67 5 84.9 (81.2-88.1) 98.7 (97.0-99.6)
Young (<65 years) 484 44 91.7 (89.0-93.9) 98.6 (97.1-99.4)
Sex 0.951 0.352
Male 532 69 9 88.5 (85.7-91.0) 98.3 (96.9-99.2)
Female 328 42 3 88.6 (85.0-91.7) 99.1 (97.4-99.8)
Hypertension <0.001 <0.001
Yes 672 67 3 90.9 (88.6-92.9) 99.6 (98.7-99.9)
No 188 44 9 81.0 (75.4-85.9) 95.4 (91.5-97.9)
Diabetes 0.441 0.130
Yes 24| 35 | 87.3 (82.8-91.0) 99.6 (97.7-100.0)
No 619 76 I 89.1 (86.5-91.3) 98.3 (96.9-99.1)

Abbreviations: Cl, confidence interval; FN, false negative; FP, false positive; PPV, positive predictive value; Sen, sensitivity; TP, true positive.
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aneurysms were considered the principal clinical problem. prevalence of comorbidities among the elderly.'
Such a coding convention might lead to a relatively low  Compared to young adults, elderly subjects -carry
sensitivity (82.0%) when using 160 as the primary diag- a higher risk of hemorrhagic transformation of AIS,****

nosis to identify SAH.

More than half of the false-positive episodes (53.2%)
for the case definition using 160 or 161 in any diagnosis
field to identify acute hemorrhagic stroke were attributed
to the hemorrhagic transformation of AIS. As the rate of
thrombolytic therapy for AIS increases over the years,'”'
hemorrhagic transformation of AIS will become more
prevalent and may warrant more claims database studies
to provide real-world evidence of disease burden and
treatment patterns.'’ Nevertheless, no existing ICD-10-
CM codes that can be used to code this condition were
found. Whether hemorrhagic transformation of AIS can be
identified from Taiwan’s NHI claims database by the coex-
istence of the ICD-10-CM codes of acute hemorrhagic
stroke and AIS in the discharge diagnoses awaits further
investigation. For now, the accuracy of using ICD codes to
identify hemorrhagic transformation of AIS remains
questionable.'?*°

The case definitions tested in this study showed differ-
ent tradeoffs between the PPV and sensitivity, as shown in
a study that investigated various case definitions for stroke
in Korean NHI claims data.'® In this regard, the study
results presented in Table 1 may help researchers choose
an ICD-10-CM coding definition that suits their research
purposes to identify an acute hemorrhagic stroke. For
studies where a validated method for identifying all
patients with acute hemorrhagic stroke, SAH, or ICH is
crucial, the case definitions that use ICD-10-CM codes in
the first three diagnosis fields to identify the corresponding
condition are highly recommended. Despite the expense of
a drop in PPV values as compared to those case definitions
that use only the primary diagnosis, these case definitions
had a much higher sensitivity, which is beneficial for
enhancing study inclusiveness and  ascertaining
exposures.”! Conversely, case definitions with high PPV
that use only the primary diagnosis may be more appro-
priate when it is important for researchers to identify
a “pure” cohort of patients with acute hemorrhagic stroke,
SAH, or ICH that need not be representative of every
patient with that condition.?'

Of note, the PPV of ICD coding for acute hemorrhagic
stroke in the young subgroup was significantly higher
(91.7% vs 84.9%) than that in the elderly group.
A previous study on ICD coding for AIS reported

a similar finding, which may be explained by the higher

and a higher risk of brain tumor.”* Furthermore, elderly
people are naturally more likely to have chronic or remote
hemorrhagic stroke. All of the above conditions might be
erroneously coded as acute hemorrhagic stroke (Tables 3
and 4), leading to a higher false-positive rate for acute
hemorrhagic stroke in the elderly subgroup. Besides, the
PPV and sensitivity for patients without hypertension were
significantly lower than for those with hypertension. Up to
80% of cases of ICH have hypertension,* which is prob-
ably the most prevalent and relevant risk factor for acute
hemorrhagic stroke. Therefore, for patients without hyper-
tension, bleeding in the brain may be more likely due to
etiologies other than acute hemorrhagic stroke (eg, brain
tumor with hemorrhage).

This study has several limitations worth mentioning.
First, the study design did not allow us to discover patients
with acute hemorrhagic stroke who had been missed by
both the stroke registry and ICD codes (false negatives).
For example, if only ICD codes are used to identify
patients for inclusion in the stroke registry, the estimate
of false negatives will be low. In fact, patients with stroke
were screened using a computer algorithm using both
ICD-10 codes and free-text diagnosis fields in the electro-
nic medical records, followed by a manual review by
stroke case managers. Therefore, the underestimation of
false negatives is likely to be minor in this study. Second,
data on the proportion of patients who did not have an
acute hemorrhagic stroke and were not coded as such (true
negatives) were not available. Therefore, providing the
specificity and the negative predictive value is impossible.
Third, data from the stroke registry databases were used as
the reference standard for the diagnosis of hemorrhagic
stroke. Although the registry data were collected by
trained study nurses following the standard protocol of
the TSR and the data quality was audited,'® verifying the
accuracy of the stroke registry may still be necessary by
performing a cross-sectional study. Fourth, hospitaliza-
tions that could not be identified in the registry data were
manually reviewed by only one stroke neurologist at each
site. Finally, the study sample comes from only two stroke
centers. They may not be representative of all hospitals
contracted with Taiwan’s NHI since the validity of diag-
nostic codes may vary across hospitals.'® Further multi-
center validation studies may be needed to confirm or
compare these findings.
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Conclusion

This validation study assessed the validity of various ICD-
10-CM definitions for acute hemorrhagic stroke including
SAH and ICH in Taiwan’s NHI claims database using
combined data from two centers. The sensitivity and
PPV values varied across different case definitions; there-
fore, researchers should consider the tradeoffs between the
accuracy measures. Thus, the results of this study may
help future studies apply appropriate case definitions for
acute hemorrhagic stroke that are most suited to their
study purposes.
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