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Abstract

Introduction—Linkage of registries to Medicare claims data can help extend follow-up for
patients receiving medical devices. This study sought to test and validate an algorithm that does
not require patient identifiers to link a national vascular registry and Medicare claims data.

Methods—We used data from the Vascular Quality Initiative (VQI), a registry capturing data
from more than 600 centers on several different vascular procedures and Medicare claims

from 2003 to 2018. We restricted to patients aged 65 years and older who had fee-for-service
entitlement at the time of the procedure for this study. We performed an indirect linkage to
combine VQI with Medicare at the patient level using a sequential algorithm based on patient’s
date of birth, sex, zip code, procedure date, and procedure facility. We compared this against a
gold standard of a cohort directly linked using social security numbers (SSNs). We calculated the
matching rate and accuracy overall, and before and after October 2015 when the ICD-10 system
was adopted in the US.

Results—A total of 144,045 VQI-Medicare linked patients were in the gold standard cohort.
Using the indirect linking algorithm, we matched 133,966 of the 144,045 VQI patients to

their Medicare claims (matching rate: 93.0%). Among these, 133,104 patients were correctly
matched (matching accuracy: 99.4%). The matching rate was higher when the indirect linkage was
implemented in ICD-10 coded data than in ICD-9 coded data (94.0% vs. 92.2%). Accuracy of

the indirect linkage remained high for all procedure modules post-ICD-10 coding change (overall
99.4%, range 99.0-99.7%).

Conclusion—In this study, we successfully used indirect identifiers to link the VQI to Medicare
claims with more than 90% success and more than 99% accuracy. When direct linkage of registry-
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claims data using SSNs is not possible because of availability, confidentiality, or both, this method
for indirect linkage provides a suitable alternative. The matching rate and accuracy help ensure the
accuracy of long-term follow-up and the completeness and representativeness of linked databases
for relevant research and quality improvement initiatives.

Manuscript summary
This study demonstrated a 93% matching rate and more than 99% accuracy of an indirect
linkage algorithm to link the Vascular Quality Initiative Registry to Medicare claims. The validity

of this method helps ensure the accuracy of long-term follow-up and the completeness and
representativeness of linked databases for relevant research and quality improvement initiatives.
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Vascular surgery; medical device research; registry study; claims linkage

Introduction

In the past two decades, there has been a rapid increase in the number of medical devices
available to patients.! In particular, the adoption of endovascular devices in the treatment of
cardiovascular disease has increased substantially.2~” Millions of patients who received these
procedures have benefited from improved disease symptoms and greater longevity. Careful
monitoring of patients’ outcomes after cardiovascular procedures is vital to safe patient care.
To achieve this, many societies have employed the use of medical and procedural registries.
These registries capture granular patient-level data and allow the study of procedural results
that form the foundation for safe and effective patient care.

However, registry data have limitations. Notably, the collection of long-term patient follow-
up is labor-intensive and challenging due to substantial loss to follow-up. Therefore, some
investigators have proposed the linkage of registries to administrative claims data to improve
patient follow-up in a less labor-intensive manner. The linkage of registry and claims

data can take place using identifiable patient information, such as social security numbers
(SSNss), or using indirect identifiers, such as patient age, sex, and procedure date, when the
use of direct identifiers is not possible either due to confidentiality, availability, or both.

The Vascular Implant Surveillance and Interventional Outcomes (VISION) Coordinated
Registry Network (CRN)8 is a partnership between the Society for Vascular Surgery
(SVS) Patient Safety Organization (PSO) and the Medical Device Epidemiology Network
(MDEpiNet), supported by the US Food and Drug Administration (FDA), to improve

the assessment of long-term patient outcomes following vascular procedures. Currently,
VISION employs a combined direct and indirect linkage methodology to link the Vascular
Quality Initiative (VQI) registry and Medicare claims. This approach retains a more
complete cohort of patients for vascular research and quality improvement initiatives than
direct linkage alone. However, the absolute matching rate and accuracy of the indirect
linkage remain uncertain. The indirect linkage algorithm has shown a high matching rate
and accuracy in a limited orthopedic registry cohort linked to New York State data,® but has
never been tested in a large, national-scale linkage with Medicare data.
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The objective of the current study is to test and validate the indirect linkage algorithm that
does not require direct patient identifiers in the linkage of a national vascular registry and
Medicare claims. We compared the indirectly linked cohort against the cohort linked based
on the gold standard using SSNs and determined the matching rate and accuracy of the
indirect linkage. Additionally, with the transition from ICD-9 to ICD-10 codes in October
2015, we assessed the linkage performance before and after the transition. In doing so, we
provide investigators with a guide on the method of the indirect linkage between registry and
claims data and the validity of this method.

Human subjects protection

The VISION CRN follows strict guidelines to protect research-identifiable data. Data use
agreements for the data linkage and analytical work have been established between the
MDEpiNet coordinating center at Weill Cornell Medicine, the Centers for Medicare &
Medicaid Services (CMS), and the Society for Vascular Surgery Patient Safety Organization
(SVS PS0). All protected health information (PHI) data are stored on a HIPAA and FISMA
compliant institutional secured server, accessible only to study personnel with unique

login credentials. The study protocol has been approved by the Weill Cornell Medicine
Institutional Review Board.

Data sources

We used the VQI registry and Medicare fee-for-service (FFS) claims data for this validation
study. The VQI is a national vascular registry that collects clinical, demographic, procedural,
and one-year outcomes data on patients undergoing vascular procedures from over 600
academic and community hospitals.10 We extracted patients’ Medicare claims from the
Medicare Provider and Analysis Review (MedPAR), outpatient, and Part B claims data.
Patients” FFS entitlement status was determined from the Master Beneficiary Summary File.

Gold standard cohort creation

Our gold standard cohort included VQI patients treated at US hospitals between 2003 and
2018, who were successfully linked to Medicare using direct identifiers (name and social
security number) by the CMS data vendor. Seven VQI registry modules were included:
endovascular aortic aneurysm repair (EVAR), open aortic aneurysm repair (OAR), thoracic
endovascular aortic aneurysm repair (TEVAR), carotid endarterectomy (CEA), carotid
artery stenting (CAS), lower extremity (suprainguinal and infrainguinal) bypass (LEB), and
peripheral vascular intervention (PV1). We restricted the cohort to patients aged above 65
years for the study. Because CMS data does not include all claims for Medicare Advantage
patients (detailed explanation in Appendix), the validation of the algorithm was performed
among patients who had FFS entitlement at the time of the procedure. FFS entitlement was
defined as having both Part A and B enrollment and no Medicare Advantage enrollment.
The cohort creation and validation process are depicted in Figure 1.

The direct linkage was performed by the CMS using direct patient identifiers (i.e., Social
security number (SSN)), which has been previously reported.}! The MDEpiNet coordinating
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center received a crosswalk of synthetic Medicare beneficiary and registry identifiers (i.e.,
a unique number assigned to the patient that does not reveal the patient’s real identifiers,
e.g., name, SSN, or medical record number, and cannot be tracked back to the individual)
from the CMS, leaving out the direct identifiers. Patients with inconsistent matches (e.g.,
one patient to more than one claims file) were removed.

Indirect linkage procedure

Eligible records for indirect linkage were prepared from the registry and Medicare data.
The coordinating center received the registry data from the VQI with the synthetic patient
and procedure identifiers and used these identifiers to extract relevant registry records.
Medicare records were queried to identify the vascular procedures listed above using a set
of procedure trigger codes. All procedures were identified from MedPAR data using ICD
procedure codes. In addition, outpatient PVI procedures were identified from outpatient and
Part B claims using CPT procedure codes.

Using the eligible records from registry and Medicare claims data, the indirect linkage

was conducted using a sequential algorithm (Table 1).9 12 The indirect identifiers used
were patient’s date of birth, sex, zip code (first 3 digits), procedure date, and procedure
facility. The first step was to match with all five variables. The algorithm then accounted
for missing and inaccurate variables by allowing some flexibility in dates of birth and
procedure and indirect identifiers used. During the developmental stage, we tested a few
iterations of algorithms to decide the flexibility given to these variables (Appendix).
Flexibility was allowed for no more than two matching variables simultaneously to achieve
additional matching with minimally reduced accuracy. After completing all matching steps,
all inconsistent matches were excluded (e.g., one registry patient linked to two Medicare
beneficiaries) and considered non-match

Validation against the gold standard

Validation of the indirect linkage was performed by examining the matching rate and
accuracy of matching. The matching rate was defined as the proportion of records linked by
the indirect algorithm among all records matched directly with SSNs. Accuracy was defined
as the proportion of correct matches out of all indirectly linked records, using the direct
linkage as a gold standard.

Matching rate
_ Number of VQI records matched to Medicare with indirect identi fiers
= Number of VOI records matched to Medicare with direct identi fiers

Number of indirectly matched records that were correct matches
Number of VQI records matched to Medicare with indirect identi fiers

Accuracy =

Due to the nature of linkage, we could not use regular bootstrapping that performs repeat
sampling with replacement. Thus, to estimate 95% confidence intervals of the matching rate
and accuracy, we performed repeat random sampling (N=500) of eligible registry records
with a 5% dropout rate. For every iteration, a random 5% sample of registry data was
dropped, and linkage was performed for the remaining 95%. We obtained the 2.5™ and
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97.5t" percentiles of the matching rate and accuracy estimated from this repeat sampling. We
also examined the matching rate and accuracy of the algorithm before and after the ICD-10
transition (October 2015). We also examined the unmatched records to explore reasons for
non-match. All analyses were performed using SAS 9.4 (Cary, NC).

After excluding inconsistent matches, the directly linked VQI-Medicare cohort included
217,640 patients aged 65 years or older at the time of the procedure. The mean age at the
time of procedure was 75.0 (SD 6.9) years and 36.9% were female. We removed 73,595
patients that did not have FFS Medicare entitlement. This left 144,045 patients who had
Medicare FFS entitlement at the time of the procedure in the gold standard cohort.

Using the indirect linkage algorithm, we matched 133,966 of the 144,045 patients (matching
rate: 93.0%). Among these, 133,104 patients were correctly matched (accuracy: 99.4%).
The matching rate of the indirect linkage varied across procedure modules (Table 2). The
rate was highest for EVAR (93.0%), CEA (95.0%), and PVI (93.6%), and lowest for CAS
(87.1%). The accuracy of the indirect linkage was high for all procedures, ranging between
98.9% and 99.7%.

Over 40% of the validation cohort was accrued in the ICD-10 era (ICD-9: N=79,411
procedures, ICD-10: N=64,634 procedures). The matching rate was higher when the indirect
linkage was implemented in ICD-10 coded data than in ICD-9 coded data (94.0% vs.
92.2%), most notably for CAS (89.5% vs. 83.7%), LEB (94.2% vs. 88.3%), and TEVAR
(95.4% vs. 88.7%) (Figure 2). Accuracy of the indirect linkage remained high for all
procedure modules following the ICD-10 coding transition (overall 99.4%, range 99.0—
99.7%).

In total, 10,079 directly linked patients were not matched in the indirect linkage. Of them,
4,500 (44.6%) did not have Medicare claims within nine days before or after their VQI
procedure dates and 3,738 (37.1%) had claims within the specified date range, but no
procedure trigger codes were identified. Fewer unmatched cases were related to the absence
of claims in the ICD-10 era than in the ICD-9 era (42.4% vs. 46.0%). The remaining 1,841
(18.3%) patients were not matched due to differences in other indirect identifiers or were
matched to more than one Medicare beneficiary.

Discussion

In this study, we tested and validated an indirect linkage algorithm to combine registry data
from the VQI with claims data from Medicare at the patient level, without the use of direct
identifiers, such as name and SSN. Compared with our gold standard of a directly linked
cohort, the indirect linkage algorithm showed an overall 93% matching rate and greater than
99% accuracy. Furthermore, these findings were even more robust in ICD-10 data, where the
matching rate improved for all procedure modules and the accuracy remained high.

This study demonstrated the validity of the indirect linkage algorithm in a large patient
cohort. The accuracy of the linkage algorithm remained similar across VQI modules and
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was similar to that shown in the previous small-scale orthopedic cohort.® This means that
by using the indirect linkage, researchers can find the correct follow-up for registry patients
>99% of the time. In addition, this study showed that the algorithm remained reliable after
the transition from the ICD-9 to the ICD-10 coding system. These results demonstrated that
the indirect linkage algorithm is generalizable and applicable to different disease areas and
databases, before and after the ICD coding system transition.

The matching rate of the algorithm was over 90% both in the Medicare setting (93% overall
in this study) as well as in the setting of all-payer state data (92% in the previous study®).
The high matching rate helps ensure that the linked cohort accurately represents the cohort
in the initial unlinked dataset. In addition, the current study showed that the matching rate
was procedure-dependent, as it varied across VQI modules, ranging from 87% to 95%. This
variation may be partially related to the sensitivity of trigger codes and the completeness

of claims submission. The matching rate of the indirect linkage was slightly higher in the
ICD-10 era than in the ICD-9 era. Notably, a lower proportion of patients in the ICD-10 era
had no claims found within the specified time window. The claims submission seemed more
complete in the ICD-10 era, and the matching rate, as a result, improved.

The VISION CRN currently adopts a hybrid approach for the VQI-Medicare linkage,
combining direct linkage with an indirect linkage for centers that only share indirect
identifiers and for records for which direct identifiers were not available. In the most recent
years (2017-2018) of the current linkage, approximately 40% of the VQI records did not
have direct identifiers available or shared. The combined use of direct and indirect linkages
helps maximize the number of patients being matched to Medicare claims, thus increasing
the representativeness of the linked data. The accuracy of the indirect algorithm ensures
the reliability of the linked data. At the time of writing this manuscript, 192,469 VQI
patients who had FFS status were matched to Medicare in the latest linkage (data up to
December 31, 2018) using this hybrid approach. This number continues to evolve as new
data become available. The most updated information is available on the SVS VQI website
(www.vgi.org).

The implementation of linkage between the VQI registry and claims data has important
implications in vascular quality improvement, outcomes research, and medical device
surveillance. It combines the granular clinical details collected in the registry and
longitudinal data from claims data. The VQI-Medicare linkage enables long-term follow-up
of patients for key endpoints, such as mortality, reintervention, and imaging surveillance.
For example, previous research has shown that claims data can be used to reliably

assess reinterventions following initial aortic aortic aneurysm repairs.13: 14 In addition,
Medicare claims data can also help understand the costs of index vascular procedures and
reinterventions during follow-up.1® 16 The addition of these long-term endpoints can help
enrich quality improvement feedback that the registry provides to participating centers on
center-specific and device-specific patient outcomes. The linked data can also help advance
vascular outcomes research and device surveillance by providing important evidence of

the safety and effectiveness of contemporary treatments beyond the first year after initial
procedures. Multiple stakeholders stand to benefit from this efficient, comprehensive, and
cost-effective resource. Evidence derived from this data source can help regulators and

J Vasc Surg. Author manuscript; available in PMC 2023 July 01.


http://www.vqi.org/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mao et al. Page 7

manufacturers better understand vascular device performance in the real world, facilitate
clinical decision-making, and improve patient safety.

There are a few limitations to the current study. The SSN-BenelD crosswalk generated

by CMS direct linkage was used as the gold standard. However, there might be some
inaccuracies in the direct linkage. But the inconsistent match seen in the data pre-processing
was very low (1%), and therefore, would not change our estimates significantly. We did not
calculate the linkage and cohort creation estimates for Medicare beneficiaries aged under
65 years, mostly end-stage renal disease or disability patients, because the denominator of
Medicare-eligible patients was difficult to determine. We do not expect the matching rate
and accuracy of the algorithm to be significantly different in a cohort of patients under 65
years in Medicare. The final number of patients that can be linked for research in this age
group would be dependent on the number of Medicare-eligible patients.

In conclusion, in this study, we successfully used indirect identifiers to link the VQI to
Medicare claims with more than 90% success and more than 99% accuracy. When direct
linkage of registry-claims data using social security numbers is not possible because of
availability, confidentiality, or both, this method for indirect linkage provides a suitable
alternative. The matching rate and accuracy help ensure the accuracy of long-term follow-
up, completeness, and representativeness of linked databases for relevant research and
quality improvement initiatives.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Avrticle Highlight
Type of Research:
Retrospective study of prospectively collected registry data
Key Findings:

In this study, we successfully used indirect identifiers to link the Vascular Quality
Initiative Registry to Medicare claims with a 93% matching rate and more than 99%
accuracy, compared to a gold standard of direct linkage.

Take home Message:

The high matching rate and accuracy help ensure the accuracy of long-term follow-up
and the completeness and representativeness of linked databases for relevant research and
quality improvement initiatives.
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All FFS patients aged 65
years or above
Bene_|ID - proc_id crosswalk

VQI candidate records
(Extracted by proc_id)

Medicare candidate records
(Extracted by procedure

N=144,045 N=144,045 trigger codes)
Indirectly linked records
N=133,966
Validate and calculate
matching rate and accuracy
Figure 1.

Overview of the cohort creation and validation process.
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Figure 2.

Linkage matching rate and accuracy for ICD-9 (black) and ICD-10 (grey) coded data.
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Sequential algorithm for the indirect linkage between VQI registry and Medicare claims data.

Table 1.

Step Center ID Date of birth  Sex Procedure date  Zip code

X
X

State

X X X X
X X X
X X (+/-)9
X X X
X X

(+-)3 X X X
X X X X

Page 12

The first step matched with all five variables. The algorithm then accounted for missing and inaccurate variables by allowing some flexibility in
dates of birth and procedure and indirect identifiers used.
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Table 2.
Linkage matching rate and accuracy for each procedure module among Fee-for-service Medicare beneficiaries
aged =65 years old.
Procedure Time range N Directly N indirectly N accurately Matching rate (95% CI)  Accuracy (95% CI)
Module linked linked linked
EVAR 2003-18 17810 16562 16451 93.0% (92.9-93.1%)  99.3% (99.3-99.4%)
OAR 2003-18 4311 3895 3863 90.4% (90.2-90.5%)  99.2% (99.1-99.2%)
TEVAR 2010-18 3489 3225 3101 92.4% (92.2-92.6%)  98.9% (98.9-99.0%)
CEA 2003-18 40465 38441 38107 95.0% (95.0-95.0%)  99.1% (99.1-99.2%)
CAS 2005-18 8947 7796 7733 87.1% (87.0-87.3%)  99.2% (99.2-99.2%)
LEB 2003-18 17771 16074 15951 90.5% (90.4-90.6%)  99.2% (99.2-99.3%)
PVI 2004-18 51252 47973 47808 93.6% (93.6-93.7%)  99.7% (99.6-99.7%)
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