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Abstract
Background: Inpatient clinical registries generally have limited ability to provide a longitudinal
perspective on care beyond the acute episode. We present a method to link hospitalization records
from registries with Medicare inpatient claims data, without using direct identifiers, to create a unique
data source that pairs rich clinical data with long-term outcome data.

Methods and Results: The method takes advantage of the hospital clustering observed in each
database by demonstrating that different combinations of indirect identifiers within hospitals yield
a large proportion of unique patient records. This high level of uniqueness also allows linking without
advance knowledge of the Medicare provider number of each registry hospital. We applied this
method to 2 inpatient databases and were able to identify 81% of 39,178 records in a large clinical
registry of patients with heart failure and 91% of 6581 heart failure records from a hospital inpatient
database. The quality of the link is high and reasons for incomplete linkage are explored. Finally, we
discuss the unique opportunities afforded by combining claims and clinical data for specific analyses.

Conclusions: In the absence of direct identifiers, it is possible to create a high-quality link between
inpatient clinical registry data and Medicare claims data. The method will allow researchers to use
existing data to create a linked claims-clinical database that capitalizes on the strengths of both types
of data sources.

Introduction
In the past decade, several multicenter clinical registries have formed to support quality
assessment, quality improvement, and clinical research. These disease- and procedure-specific
registries collect data on large numbers of patients throughout the United States and provide a
wealth of information about patient characteristics, patterns of inpatient care, and early
outcomes.1-3 However, registries are generally limited to in-hospital or 30-day outcomes and
thus have limited ability to provide a longitudinal perspective on care beyond the acute episode.
Although extension of data collection to outpatient follow-up is desirable, it has been beyond
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the scope of most clinical registries and requires informed consent that would limit enrollment
to smaller cohorts.4

Administrative data sets, such as Medicare claims data, are a ready-made alternative for
longitudinal outcome assessment. Administrative data that contain patient identifiers allow for
the creation of a continuous record of hospitalizations, outpatient care, and outcomes, but they
lack detailed clinical information about patients' disease states or treatments. Linking
hospitalization records from inpatient clinical registries with Medicare claims data can produce
a unique data source that contains rich clinical data paired with long-term outcome and
hospitalization data that can be used to inform best practices, provide a surveillance network
to evaluate the safety of therapeutics, and stimulate clinical research.

The primary challenge in linking clinical and claims data is that most national registries do not
collect or distribute direct patient identifiers. In this paper, we describe a method for identifying
records from inpatient clinical registries in Medicare inpatient claims data using indirect
identifiers. Indirect identifiers are nonunique fields, such as admission date, discharge date,
and patient age or date of birth. The method takes advantage of the hospital clustering observed
in each database by demonstrating that different combinations of indirect identifiers within
hospitals yield a large proportion of unique patient records. This high level of uniqueness allows
linking without advance knowledge of the Medicare provider number of each registry hospital.
After describing the linking method, we demonstrate its use in 2 inpatient databases and
examine the characteristics of the results.

Methods and Results
Data Sources and Patient Populations

We used 2 inpatient databases in this study, neither of which made direct patient identifiers
available to us. First, we used data from the Organized Program to Initiate Life-Saving
Treatment in Hospitalized Patients With Heart Failure (OPTIMIZE-HF) registry.5 This registry
contains information on eligible hospitalizations from hospitals that participated voluntarily
in the OPTIMIZE-HF quality improvement program. Eligible hospitalizations included those
for which heart failure was the primary cause of admission or those in which significant heart
failure symptoms developed during the inpatient stay. For this analysis, we included the 39,178
hospitalizations of patients aged 65 years or older who were discharged between January 1,
2003, and December 31, 2004.

We also used information from the Duke University all-payer inpatient database. This database
contains information on all hospitalizations at Duke University Hospital, a 900-bed tertiary
and quaternary care teaching hospital in Durham, North Carolina. To mirror the OPTIMIZE-
HF population, we extracted data on all hospitalizations for which a diagnosis of heart failure
was recorded (International Classification of Diseases, Ninth Revision, Clinical Modification
[ICD-9-CM] diagnosis code 428.x, 402.x1, 404.x1, or 404.x3 ). We retained service dates,
ICD-9-CM diagnosis codes, patient demographic characteristics, and payer data and further
limited the data set to include only the 6581 hospitalizations of patients aged 65 years or older
who were discharged between January 1, 2004, and December 31, 2006.

The administrative claims data source for this study was the 100% Medicare inpatient claims
file, which contains information on all hospitalizations of patients enrolled in fee-for-service
Medicare and includes service dates and ICD-9-CM diagnosis codes. The database contains
anonymous patient identifiers, which enables follow-up of beneficiaries over time but does not
enable identification of any beneficiary through their Medicare health insurance number. In
addition, the 100% Medicare denominator file, which links to the inpatient file, contains
information on beneficiary eligibility, demographic characteristics, and date of death. We used
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data on all hospitalizations of beneficiaries aged 65 years or older who were discharged between
January 1, 2003, and December 31, 2006. To mirror the OPTIMIZE-HF and Duke populations,
we also created a subset limited to hospitalizations for which heart failure was a listed diagnosis
(ICD-9-CM diagnosis code 428.x, 402.x1, 404.x1, or 404.x3). There were more than 11 million
inpatient claims each year for hospitalizations of elderly patients in the Medicare database, of
which approximately 2.5 million had an associated heart failure diagnosis.

The institutional review board of the Duke University Health System approved the study. The
Centers for Medicare & Medicaid Services approved the use of the Medicare claims data for
the study. The work was supported by grant U18HS10548 from the Agency for Healthcare
Research and Quality and a research agreement between GlaxoSmithKline and Duke
University. The authors are solely responsible for the design and conduct of this study, all study
analyses, the drafting and editing of the paper, and its final contents.

Uniqueness of Records
We began by searching each database for combinations of fields that were unique (or nearly
unique), routinely collected, and objectively coded. Available fields for linking included
admission date, discharge date, patient sex, and patient date of birth or age. We also employed
the hospital identifier as a linking field. In the claims data, we considered the Medicare provider
identifier to be the hospital identifier. In the registry data, we considered the site identifier to
be the hospital identifier.

We calculated the percentage of records in each data source that were unique given specific
combinations of distinct values of the variables. We also checked for unique records using
combinations that allowed for flexibility in certain fields. For rules using date of birth, we
checked for unique records using combinations that involved any 2 of the 3 components of
date of birth (ie, month, day, and year). For rules using age, we allowed ages to differ by 1 year
and service dates to differ by 1 day. Only within-hospital results are reported, because no
combinations of these variables resulted in more than 85% uniqueness across all records in
these databases. Because of the large size of the Medicare claims database, we report the
proportion of unique records for the 2004 Medicare data only.

Table 1 shows the within-hospital uniqueness among all claims and in the heart failure subset
of claims. Combinations 1 through 12 used date of birth; combinations 13 through 24 used age.
Among all claims, almost all records were unique when considering distinct dates of birth along
with any combination of admission date and discharge date, regardless of patient sex
(combinations 1 through 6). Even when only 2 of the 3 components of date of birth were
considered along with both service dates, over 98% of the records were unique (combinations
7 through 8). This high proportion of unique records was true regardless of which 2 components
of date of birth were considered (data not shown). When age was considered, combinations of
distinct age, sex, and both service dates resulted in 97% uniqueness (combination 13). No other
combination involving age resulted in more than 94% uniqueness (combinations 14 through
24).

In the subset of heart failure claims, the percentage of unique records associated with all
variable combinations increased. All combinations that included either distinct or partial dates
of birth resulted in at least 97% uniqueness (combinations 1 through 12). Combinations of
distinct age and both service dates, regardless of patient sex, resulted in more than 98%
uniqueness (combinations 13 through 14). Among the rules involving age, even allowing
flexibility in age, admission date, or discharge date did not substantially reduce the proportion
of records that were unique, as long as sex was considered (combinations 15 through 17). The
uniqueness of records in the OPTIMIZE-HF and Duke heart failure databases (not shown) was
similar to the results found in the Medicare subset.
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Hospital-Level Linkage
Because substantially higher proportions of records were unique within hospitals as compared
with across all hospitals, we required that hospitals match between data sources when linking.
Registries rarely collect Medicare provider numbers, so we established a hospital “crosswalk”
by matching hospitalizations from each inpatient database with Medicare hospitalizations on
the basis of exact values of admission date, discharge date, patient sex, and patient date of birth.
The Medicare hospital(s) that contained the preponderance of exactly matched records for a
given registry hospital were presumed to be the correct link for that registry hospital. We
validated these links by comparing the Medicare hospital names with the registry hospital
names and by searching for improper links between Medicare hospitals and Veterans Affairs
(VA) hospitals. VA hospitals should not be located since they do not receive payment through
the Medicare program.

Of the 255 hospitals participating in the OPTIMIZE-HF registry, 208 (81.6%) had at least 5
exact matches with 1 or more Medicare hospitals, and each of these links was correct, as
confirmed by the hospital names in both sources. Although most registry hospitals linked to
single Medicare hospitals, 6 (2.4%) linked to multiple Medicare hospitals. These were cases
for which either the Medicare provider number for the registry hospital changed over the course
of enrollment or data from multiple affiliated hospitals were submitted to the registry under a
single identifier. None of the 11 VA hospitals participating in OPTIMIZE-HF were identified
in the Medicare data. The remaining 36 unidentified registry hospitals enrolled a total of 150
patients, less than 0.5% of the total registry enrollment. Using hospital names and addresses,
it was possible to identify Medicare hospital identifiers manually for almost all of these
remaining smaller non-VA registry hospitals.

Hospitalization-Level Linkage
Rules for linking between databases were based on the combinations of variables that resulted
in > 98% uniqueness in our data. High-volume hospitals tended to have substantially more
duplicate records when we considered a lower threshold. Records in each database must match,
either exactly or to the given level of flexibility, on the fields indicated by a given rule to be
considered a valid link. We linked each of the inpatient databases to the Medicare heart failure
claims subset, which yielded consistently higher proportions of unique records. Some registries
make age, but not date of birth, available to researchers, so we considered the candidate linking
rules in 2 sets, based on whether the rules included date of birth or age. Within each set, we
successively applied each rule, from most specific to least specific. For each rule, we calculated
how many records from each inpatient database were located in the Medicare data. After
applying all rules, we calculated the cumulative number and percentage of records located.
Only hospitalizations that did not match for a given rule were passed along to the next rule for
matching. We allowed each Medicare hospitalization to link to the single registry record with
the best evidence for a match, and registry hospitalizations that could be linked to multiple
Medicare records using the same rule were not linked to any Medicare records.

Table 2 shows the results of hospitalization-level linking. Rules 1 through 10 used date of birth;
rules 13 through 17 used age. In all, approximately 80% of the OPTIMIZE-HF records and
90% of the records in the Duke database were located in the Medicare data. Using date of birth
generally resulted in a slightly higher proportion of matches for each database. For each set of
results, a small number of rules identified the large majority of patients in each database.

Evaluation of the Results
We evaluated the links in several ways. Medicare claims data are limited to fee-for-service
claims, so linked hospitalizations for patients enrolled in Medicare managed care programs are
likely erroneous. In the Duke database, we used payer status to assess the extent to which
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Medicare fee-for-service hospitalizations had been linked to managed care hospitalizations.
Among the 109 Duke heart failure hospitalizations of patients enrolled in Medicare managed
care plans, none were incorrectly linked to the claims data using date of birth and only 1 (0.9%)
was incorrectly linked using age.

In an effort to understand why specific hospitalizations of patients enrolled in the Medicare
fee-for-service program were not located as expected, we compared link rates for a few specific
subgroups from the Duke data. First, it is possible that the claim never reached the Medicare
program because it was paid entirely by an employer-based or private payer. Of the 6472
hospitalizations of patients enrolled in fee-for-service Medicare, 309 (4.8%) listed Medicare
as the secondary payer. Hospitalizations listing Medicare as the primary payer were located
96% of the time, whereas those listing Medicare as the secondary payer were located only 37%
of the time. Second, we examined hospitalizations that listed an eligible ICD-9-CM diagnosis
code for heart failure beyond the tenth position in the inpatient database, because only 10
diagnoses are accepted on a Medicare inpatient claim. Only 56 (0.9%) of the 6472 records
listed a diagnosis code for heart failure beyond the tenth position in the hospital database.
Among those records, 1 (1.8%) linked to Medicare records.

Discussion
Although previous work has been done to link different databases to Medicare claims data,
6-8 these efforts required direct identifiers like patient name or Social Security number. In this
paper, we describe and demonstrate a method that enables researchers to identify a high
proportion of clinical registry database hospitalizations in 100% Medicare inpatient claims
data without direct patient identifiers. We found that using combinations of nonunique fields
commonly available in both registry and claims databases was sufficient for merging the
databases. In the parlance of other linking methods,9 we found that blocking by hospital was
a critical aspect of any inpatient record linkage, and we demonstrated that it was not necessary
to have an existing crosswalk between registry and Medicare hospital identifiers because such
a crosswalk could be developed reliably using the data at hand. The Box summarizes the
recommended steps needed to link an inpatient registry with Medicare inpatient claims data.

The process of linking the databases involves several important decisions. First, after limiting
both databases to include only elderly patients, it is helpful to limit the Medicare data to
hospitalizations similar to those included in the registry. A broad list of inclusion criteria is
preferable to avoid inadvertently excluding patients who might appear in the registry. It may
not be possible to create a subset of the Medicare data when a registry's enrollment is based
on a diagnosis that is known to be undercoded in claims data or when the inclusion criteria rely
on clinical measures not recorded in the claims data. In such cases, Table 1 suggests that a link
between the registry and the entire set of Medicare claims can still be made if the registry
includes date of birth.

Second, a crosswalk between hospital identifiers in the registry and the Medicare claims data
must be developed. If such a crosswalk already exists, this step may still be useful both to
confirm the existing crosswalk and to find additional Medicare identifiers for registry hospitals.
As we found in the OPTIMIZE-HF registry, several hospitals changed Medicare provider
identifiers during the registry enrollment period and some registry sites enrolled patients from
multiple affiliated hospitals. A strength of the method we describe is that definitive links
between hospitals in each data source need not be known ahead of time.

Third, the decision must be made whether to allow Medicare records to link to multipleregistry
records. In this study, we allowed each Medicare record to link only with the registry record
with which it had the highest evidence of a match. This approach made sense for both
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hospitalization-based databases used in this study because we expected a one-to-one
relationship between registry records and Medicare records. If a registry's unit of analysis is a
procedure, multiple procedures in a single hospitalization may be recorded separately in the
registry. In this case, allowing Medicare records to match multiple registry records may be
preferable.

Fourth, linking rules must be selected. If date of birth is present in the registry data, use some
or all of rules 1 through 10. If only age is present, use some or all of rules 13 through 17. The
results presented in Table 2 indicate that using as few as 3 rules may capture the large majority
of links between databases and that there is no need to rely solely on links made using exact
matches on all of the linking fields. For the OPTIMIZE-HF database, limiting the results to
records linked on exact values of all linking fields would have missed substantial numbers of
records containing data that differed only slightly between databases.

There are several reasons why a registry record might not exactly match a Medicare claim for
the same hospitalization. Medicare may not know the sex of a beneficiary, in which case it
assigns a value of “female.”10 Moreover, a single Medicare claim may represent 2 distinct
hospital stays if the patient was readmitted on the same day he was discharged for a diagnosis
in the same diagnosis-related group.11 In addition, the registry may indicate the date of arrival
to the emergency department as the patient's admission date, which may differ from the
admission date in the claims data. Finally, there may be data entry errors or other minor
inconsistencies between databases on fields such as date of birth. Because of these slight
differences, the correct link can be made without requiring fully deterministic matches.

There are many reasons why registry records may, appropriately, not link to any Medicare
records. First, all medical care provided to patients who opt to enroll in a Medicare managed
care plan is paid through a single capitated payment. Thus, no encounter-level bills are
generated and these patients are not included in Medicare claims data. Second, patients
receiving care at VA hospitals are not included in Medicare claims data, because VA hospitals
are not paid through the Medicare system. Third, patients who have primary insurance coverage
through private or employer-sponsored insurance plans will not appear in Medicare data if the
primary insurance plan fully covers the cost of the inpatient stay. Finally, registry records that
reflect outpatient hospital visits or claims for emergency department visits that do not result in
an admission are not included in the inpatient Medicare data, because these claims are paid
through the Medicare Part B outpatient benefit.

These potential reasons for mismatch create a ceiling on the proportion of registry
hospitalizations that can be linked to Medicare inpatient claims data. This limitation will vary
among registries, depending on the quality of the registry data, the proportion of registry
records that actually represent outpatient visits, the number of VA hospitals participating in
the registry, the proportion of patients who have other insurance coverage, and the Medicare
managed care penetration among registry hospitals. Since 2000, Medicare managed care
enrollment has accounted for an average of approximately 15% of all eligible Medicare
beneficiaries, but geographic variation in managed care enrollment is substantial.12 One reason
for the higher proportion of linked records from the Duke database is the low Medicare
managed care penetration in North Carolina. Based on our experience linking many different
registries to Medicare data, we expect to be able to identify 70% to 80% of elderly registry
patients in the Medicare claims data.

Linking data for longitudinal follow-up has many advantages. Obtaining this information from
existing claims data is much less expensive than collecting follow-up data directly from patients
or providers. Because the entire process is based on anonymous identifiers, the challenges of
obtaining patient consent may potentially be waived. Therefore, this system would likely be
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more complete than a system that requires hospitals and patients to opt in to follow-up. Thus,
the resulting linked database will be less subject to participation-based selection biases that
have posed challenges for other registries.

Although the use of Medicare data for longitudinal follow-up has several advantages, it also
has limitations. Medicare claims exist only for patients aged 65 years or older and patients with
qualified disability coverage. State-level all-payer claims files, Medicaid data, and major
private insurer databases provide alternative options for linking patients younger than 65 years;
however, each of these data sources covers only a select group of patients. In addition, using
indirect identifiers to link databases may result in some low number of incorrect links.
However, we have no reason to expect that incorrect links are systematic in ways that would
produce bias in analyses based on these data, and other studies have validated the use of indirect
identifiers to link health care databases.13,14

Once registry patients have been identified in Medicare, we can characterize many types of
postdischarge outcomes, including mortality, readmission, and subsequent inpatient
procedures. Among the many types of research questions this data set allows, researchers can
answer questions about long-term safety and efficacy of inpatient treatments and about the
relative importance of hospital processes for long-term patient outcomes.

Conclusions
In the absence of direct identifiers, it is possible to create a high-quality link between inpatient
clinical registry data and Medicare claims data. The method allows researchers to leverage
existing data to create a linked claims-clinical database that capitalizes on the strengths of both
types of data sources. Combined databases such as these are important at a time when there is
otherwise little infrastructure to answer important safety, efficacy, and other clinical questions
for large patient populations in real-world settings.

Steps for Linking Inpatient Registry Data to Medicare Inpatient Claims Data

1. Subset registry data

• Limit to records for patients aged 65 years or older.

2. Subset Medicare data

• Limit to records for patients aged 65 years or older.

• Limit using broadly defined inclusion criteria to match registry entry
criteria.

3. Link hospital identifiers

• Link records between data sources on exact values of admission date,
discharge date, patient date of birth or age, and patient sex.

• Use resulting number of matches to inform links.

4. Determine specifications for hospitalization-level linking

• Choose rules to apply.

• Decide whether Medicare records should be allowed to link to multiple
registry records.

5. Link hospitalization records
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Table 2
Number of Inpatient Database Records Linked to Medicare Claims Data Using Each Combination Rule

Combination Rulea No. (%)

OPTIMIZE-HF
(N = 39,178)

Duke Hospital
(N = 6581)

Rules using date of birth

     1 27,244 (69.5) 5573 (84.7)

     2 277 (0.7) 6 (0.1)

     3 1149 (2.9) 19 (0.3)

     4 562 (1.4) 8 (0.1)

     5 14 (< 0.1) 0

     6 7 (< 0.1) 0

     7 2230 (5.7) 402 (6.1)

     8 22 (< 0.1) 0

     9 109 (0.3) 5 (0.1)

     10 136 (0.3) 0

     Total 31,750 (81.0) 6013 (91.4)

Rules using age

     13 28,258 (72.1) 5830 (88.6)

     14 322 (0.8) 8 (0.1)

     15 313 (0.8) 4 (0.1)

     16 863 (2.2) 2 (< 0.1)

     17 935 (2.4) 130 (2.0)

     Total 30,691 (78.3) 5974 (90.8)

a
For each rule, the hospital identifiers were also required to match, using the established crosswalk. Rule numbers refer to the combinations described in

Table 1.

Am Heart J. Author manuscript; available in PMC 2010 June 1.


