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Abstract

Objective—Accurate and complete long-term post-operative outcome data is critical to 

improving value in healthcare delivery. The Society for Vascular Surgery – Vascular Quality 

Initiative (VQI) is an important tool to achieve this goal in vascular surgery. To improve on the 

capture of long term outcomes after vascular surgery procedures for patients in the VQI, we 

sought to match VQI data to Medicare Claims for comprehensive capture of major clinical 

outcomes in the first several years following vascular procedures.

Methods—Patient and procedure characteristics for abdominal aortic aneurysm procedures 

captured in the SVS-VQI between January 1, 2002, and December 31, 2013 were matched to 

Medicare claims data using an indirect identifier methodology. Late outcomes captured in the VQI 

and in Medicare claims were compared.

Results—Matching procedures yielded 9,895 endovascular aneurysm repair (EVAR) patients 

(82.4% of eligible VQI patients) and 3,405 open aneurysm repair (OAR) patients (74.4% of 

eligible). Comparison of patients that did and did-not match to a Medicare claim demonstrated 

similar patient and procedure characteristics. Evaluation of late outcomes revealed good patient-

level agreement on mortality for both EVAR (kappa 0.64) and OAR (kappa 0.82). Post-operative 

reintervention rates demonstrated lower agreement for both EVAR (kappa 0.26) and OAR (kappa 

0.16).
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Conclusions—This work demonstrates the feasibility of an algorithm using indirect identifiers 

to match VQI patients and procedures to Medicare claims data. The refinement of this strategy 

will focus on establishing and improving algorithms related to identifying and categorizing late 

events after EVAR, and may serve as a mechanism to ensure the best quality follow-up 

information is achieved within the Vascular Quality Initiative.

BACKGROUND

The Society for Vascular Surgery Vascular Quality Initiative (SVS-VQI) is a national quality 

improvement network organized a patient safety organization. It is an Agency for Healthcare 

Research and Quality (AHRQ) Patient Safety Organization (PSO) with restrictions and 

protections on the use of patient, procedure and outcome information for the express use of 

quality improvement and research.1 Data is prospectively collected by participating centers 

within the PSO and composed in a secure setting allowing de-identified outcome 

comparisons between participating provider groups. VQI data is collected for the 

perioperative period and at 1-year in follow-up giving the ability to evaluate perioperative 

and late outcomes.2

The emphasis on outcomes beyond the perioperative period represents a unique element of 

the VQI and reflects the chronic nature of vascular disease. However, comprehensive 

collection of long term outcome data is time consuming and problematic. For example, prior 

research has shown considerable variation in follow-up at one year within the VQI, for 

patient, provider, and center-specific reasons3. While the explicit goal is to provide at least 

80% follow-up for all procedures entered in the VQI, recent review of data entered suggests 

that the rate of 1-year follow-up is substantially below this threshold.4

Vascular disease affects older Americans, many of whom are 65 years and older and are 

enrolled in Medicare. The comprehensive data available in Medicare claims affords an 

opportunity to track outcomes for patients undergoing procedures tracked by VQI regardless 

of location and time of follow-up. The strategy of matching specific patient data to Medicare 

claims has been used by institutions5–7 and by registries such as the Surveillance 

Epidemiology and End Result Program (SEER),8–11 National Cardiovascular Data Registry 

(NCDR)12, 13 and the National Surgical Quality Improvement Program (NSQIP)14 using 

various strategies. In particular, many have utilized an indirect identifier strategy where 

patient information available in both registry data and Medicare claims are the data fields for 

linkage including date and location of procedure, and birthdate and gender of patient.7, 12, 13

Here we describe our efforts to evaluate the feasibility and potential of using indirect 

identifiers to match VQI data with Medicare claims data. While matching efforts have been 

performed for nearly all procedures entered in the VQI dataset, as a descriptive model herein 

we describe the treatment of infrarenal abdominal aortic aneurysm either by Endovascular 

aortic Aneurysm Repair (EVAR) or Open aortic Aneurysm Repair (OAR).
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METHODS

Data Source

Procedure and perioperative data for patients undergoing EVAR and OAR is entered by each 

participating center into the VQI registry using a web-based system maintained by M2S, Inc 

(Lebanon, NH). At the time of 1-year follow-up (defined as 9 to 21 months post procedure) 

additional outcome data is collected and similarly maintained and protected. Patient-specific, 

peri-operative VQI data contains pre-surgical, surgical and in-hospital post-operative 

information. Follow-up data includes death, reinterventions and procedure specific 

outcomes. Data collection in the VQI began in 2003.

The Medicare inpatient claims dataset contains reimbursed inpatient hospital claims for 

Medicare beneficiaries. Hospitals, providers and beneficiaries were identifiable with unique 

identification numbers that allowed linking across annual datasets. Until December 31, 

2005, a random 20% of claims were available and afterward 100% of claims were available. 

Longitudinal data was not available on Medicare Beneficiaries that are enrolled in non fee-

for-service, health maintenance organization programs such as Medicare Part C or Medicare 

Advantage plan. Patients that left Medicare fee-for-service and entered any of these alternate 

programs were censored at the time of their switch. The Medicare Denominator file was 

used to identify death dates. To reduce computational burden of matching with VQI data, the 

Medicare dataset was restricted to patients with a hospital admission containing 

International Classification of Diseases Ninth Revision (ICD-9) procedure codes for open or 

endovascular aortic aneurysm repair.

Data protection

Data collected within the VQI is compiled on servers secured and maintained by M2S, Inc. 

As a provision of the PSO designation of the SVS-VQI, all unique identifiers of patient, 

provider and center are prohibited from dissemination. Mortality data derived from center 

reporting and is supplemented by linkage to the Social Security Death Index (SSDI) 

database.

Medicare inpatients claims data is secured and maintained within The Dartmouth Institute - 

Data Analytic Core (TDI-DAC). Matching of VQI and Medicare claims data is performed 

within the TDI-DAC with VQI data provided from M2S, Inc. via secure crosswalk that 

maintains data integrity and confidentiality as outlined in the SVS-PSO charter. (Figure 1) 

The data security, data use and analytic plan were all evaluated by the SVS-VQI and TDI-

DAC and this work was approved by the Dartmouth College Institutional Review Board.

Matching

Because of direct patient and provider identifiers were not legally permissible by AHRQ 

PSO rules to exchange between the VQI and Medicare, matching was performed using an 

indirect identifier methodology similar to that described previously.2, 7, 13 We maximized 

our matching efficiency through three rounds of a two-step matching process. (Figure 2). 

This two-step process was developed after pilot-testing several one-step processes to 

determine which combinations would yield the highest number of direct matches, without 
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the occurrence of duplicative matching (i.e., matching more than one patient to the same 

Medicare claim record).

In the first step, matching was performed by matching ICD-9 procedure code (see Appendix 

I for complete listing of codes used), date of surgery, and patient date of birth, gender, and 

three-digit zip code prefix of residence on the date of surgery. Exact correlation of all five 

criteria constitutes a positive match. The second step substituted the National Provider 

Identifier (NPI) number of the surgeon/interventionalist for the ICD-9 applied the same 

strategy to the remaining unmatched patients. These two steps were repeated for two 

additional rounds of matching. In the second round of matching, zip code was eliminated 

from the matching process. In the third round, the procedure date was broadened to plus or 

minus three-days. This strategy of successively less-restrictive matching criteria on a 

progressively smaller cohort of patients was performed to maximize matching efficiency. 

Sensitivity analyses revealed that this hierarchical approaches among unmatched patients 

garners additional matches without resulting in duplicative matching.

This matching strategy was applied to a cohort of VQI patients 65-years and older that 

underwent EVAR or OAR between January 2003 (the earliest VQI data) and December 31, 

2013 (the latest Medicare data available). Follow-up rates for patients in the Vascular 

Quality Improvement registry were between 70–75% during the time intervals considered in 

this study.

Outcomes

Once we had matched cases between the VQI data and the Medicare data, we measured 

outcomes across all available years (2003 to 2013) of Medicare inpatient claims data. 

Outcomes were measured starting on the date of discharge following the hospital admission 

for the index procedure. Outcomes that occurred during the index hospital admission were 

not recorded, since those are captured in detail in the VQI dataset. Late outcomes were 

defined as within two years post-procedure because the 1-year VQI follow-up window 

between 2003 and 2013 was defined as 9–21 months post-procedure.

We identified four outcomes in the Medicare data: death, aortic aneurysm rupture, repeat 

aortic aneurysm repair procedures, and 90-day hospital readmissions. Death was identified 

in the Medicare denominator file. Cause of death is not available in this dataset. Aortic 

aneurysm rupture was recorded as an outcome when inpatient hospital claims indicated 

primary diagnosis on a subsequent admission was aortic rupture. However, if someone came 

to the emergency room and with a ruptured aorta and died before admission, that was 

recorded as a death.

VQI data is linked to mortality data from the Social Security Death Index on a bi-annual 

basis. Repeat procedures were any secondary AAA repair or intervention for aneurysm-

related complications following the index procedure. Ninety day hospital readmissions were 

measured for 90 days following discharge from the index hospitalization. Using the array of 

diagnostic codes that accompany each admission, we categorized the reasons for 

readmission as being related to the surgery (e.g. vascular complication, post-operative 

infection, cardiac complications, etc.; complete list in Appendix I).
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As a provision of the SVS-VQI PSO designation, sharing of potential patient or provider 

identifying data is prohibited. Therefore, post-operative events were converted to time to 

event variables. For each outcome, we calculated days to the outcome following the 

discharge from the index admission. Also for each event, we provided the ICD-9 codes for 

the outcome.

Validation

Raw match rate was calculated for EVAR and OAR by dividing matched patient numbers by 

the total VQI cohort with potential to match in fee-for-service Medicare based on patient age 

(65-years and older), US citizenship, and procedure within the available range of our 

Medicare denominator file. Patients determined to be in a non-fee-for-service program 

(Medicare Advantage, etc.) were included in the match rate calculation, but did not have 

data available for determination of outcomes. Patient characteristics were compared between 

those that matched to Medicare claims data and those that did not using chi-square for 

categorical variables and two-way unpaired t-test for continuous variables. Fidelity of 

outcome measurement was evaluated in matched subjects by comparing post-operative 

reintervention that were captured by both VQI and Medicare. (See Appendix I for complete 

list of events and corresponding ICD-9 codes.) Similarly, mortality in matched subjects was 

compared between VQI and Medicare data. These analyses were limited only to the 

successfully matched patients.

Outcome agreement for reintervention and mortality between VQI and Medicare data was 

determined using Cohen’s Kappa. The Kappa for rare events was adjusted using the 

correction of Ciccetti and Feinstein.15, 16 Additional time-to-event comparisons were 

performed with Kaplan-Meier estimates. We obtained IRB approval from the Center for the 

Protection of Human Subjects at Dartmouth for this work, and no individual patient 

informed consent was deemed necessary.

RESULTS

Between 1/1/2003 and 12/31/2013, 12,031 EVAR procedures and 4,574 OAR procedures 

have been captured in the VQI. Our study cohort of patients aged 65-years and older 

undergoing procedures in this timeframe included 9,895 EVAR patients and 3,405 OAR 

patients. Of these there were 9,424 (95.2%) matched EVAR patients and 2,913 (85.5%) 

matched OAR patients. (Figure 2)

Patient Characteristics

Medicare-matched and unmatched patients 65-years and older were compared for both 

EVAR and OAR. Demographics and patient characteristics were similar for patients 

undergoing both EVAR and OAR. Differences between matched and unmatched cohorts 

included a slightly higher likelihood of male sex, white race, preoperative living at home and 

non-urgent/emergent procedure in the Medicare-matched cohort. In addition, unmatched 

patients that underwent EVAR were slightly more likely to be unfit for open surgical repair. 

Prior work has suggested that this subjective assessment of patient functional status is 
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associated with long-term outcomes17. There were no significant differences between 

cohorts in comorbidities, smoking status, or prior vascular procedures. (Table 1)

Mortality

In Medicare-matched subjects that underwent EVAR, we compared mortality rates between 

the VQI data and Medicare claims data. The positive percent agreement between VQI and 

Medicare data for death was 63% and negative percent agreement was 92%. This resulted in 

a Cohen’s Kappa of 0.55 for all post procedure time-points. Because the VQI specifically 

tracks 1-year outcomes, we also determined a 70% positive percent agreement and 94% 

negative percent agreement for death for patients with late follow-up in VQI and a two-year 

time window after discharge in Medicare, resulting in Kappa=0.64. The Kaplan-Meier 

estimates for survival after EVAR comparing VQI and Medicare claims data demonstrated 

statistically significant divergence of mortality rates between the two datasets with a higher 

mortality rate for Medicare claims data compared to the SSDI-linked VQI data (p<0.001, 

Figure 3a)

Mortality rates between the VQI data and Medicare claims data for patients that underwent 

OAR also had moderate agreement. The positive percent agreement between VQI and 

Medicare data for death was 64% and negative percent agreement was 86% in the VQI data. 

This resulted in a Cohen’s Kappa of 0.51 for all post procedure time-points. The 1-year 

mortality after OAR demonstrated a 86% positive percent agreement and 96% negative 

percent agreement for the VQI data to detect death for patients with late follow-up in VQI 

and a two-year time window after post-procedure discharge in Medicare, resulting in 

Kappa=0.82. The Kaplan-Meier estimates for survival after OAR comparing VQI and 

Medicare claims data demonstrated statistically significant divergence of mortality rates 

between the two datasets with a higher mortality rate for Medicare claims data compared to 

the SSDI-linked VQI data at one year following the procedure (p<0.001, figure 3b), but 

these differences had disappeared by five year following the procedure among the matched 

VQI-Medicare patients.

Reintervention

Comparison of reintervention rates after EVAR between VQI and Medicare claims data 

demonstrated a positive percent agreement of 29% and negative percent agreement of 92% 

with a kappa of 0.23. Pearson’s r=0.20 for the correlation between counts of reinterventions 

in Medicare and VQI at all time-points. Reintervention rates in the patients with late follow-

up in VQI and a two-year time window after discharge in Medicare demonstrated a positive 

percent agreement of 33% and negative percent agreement of 91% for a kappa of 0.26. 

Pearson’s r=0.20 for the correlation between counts of reinterventions among VQI patients 

with late follow-up and Medicare claims two years post-procedure. The low kappa is driven 

by reinterventions present in one data source, but not present in the other. For example, 524 

of 647 reinterventions (81%) captured in Medicare claims data were not captured in VQI 

while 82 of 205 reinterventions (40%) captured in VQI did not have an associated Medicare 

claim. The Kaplan-Meier estimates for reintervention after EVAR comparing VQI and 

Medicare claims data demonstrate clear difference at early time points that disappear at late 

time points as the number at risk in the VQI data drops. (p<0.001, Figure 4a)
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Similar results were obtained after OAR with reintervention rate comparison between VQI 

and Medicare yielding a positive percent agreement of 12% and negative percent agreement 

of 96% for a Kappa of 0.07 at all time-points. Pearson’s r=0.06 for the correlation between 

counts of reinterventions in Medicare and VQI. The reintervention rates in patients with late 

follow-up in VQI and a two-year time window after discharge in Medicare demonstrated a 

positive percent agreement of 21% and negative percent agreement of 95% with a Kappa of 

0.16. Pearson’s r=0.13 for the correlation between counts of reinterventions among VQI 

patients with long-term follow-up and Medicare claims two years post-procedure. Like the 

EVAR data, there were 70 out of 79 reinterventions (89%) captured in Medicare claims data 

were not captured in VQI and 68 of 77 (88%) captured in VQI did not have an associated 

Medicare claim. However, the Kaplan-Meier estimates for reintervention after OAR 

comparing VQI and Medicare claims data demonstrate no difference in of intervention 

capture at late time points in VQI. (p=0.497, Figure 4b).

DISCUSSION

For patients facing vascular treatments, understanding surgical outcomes beyond the peri-

operative period is essential for measuring the value of our interventions. To this end, we 

have developed, and described herein a methodology for determining post-operative events 

in Medicare beneficiaries treated with procedural interventions such as aortic surgery. Our 

match rate was 95.2% for EVAR and 85.5% for OAR. These rate are similar to those 

described by others using indirect identifier methodology. Specifically, two studies used 

patient gender, patient date of birth, hospital admission date and hospital ID to match 

Medicare claims to the NCDR with match rates of 75.2% for PCI12 and 56% for ICD 

implantation.13 In surgery, the addition of CPT and ICD-9 coding to the matching algorithm 

resulted in an 80.5% match rate in the NSQIP database to Medicare claims.7

Other studies have achieved higher rates of matching by use of a direct identifier match 

based on Social Security Number1, 9, 10, 12 with match rates between 91% and 98%. 

However, because VQI collects data within an AHRQ PSO, data sharing is strictly regulated 

and, at this time, precludes use of direct patient identifiers. Efforts to develop the pathways 

necessary to preserve patient anonymity, yet still allow direct Medicare matching “within the 

PSO” are underway, and will be used for future renditions of this work. Other large 

cardiovascular registries, such as the American College of Cardiology and the Society for 

Thoracic Surgery, have reported similar success rates using a variety of matching 

strategies18, 19. Similarly, national registries for transplantation have been successfully 

linked to Medicare for evaluation of long-term outcomes20.

We achieved a moderate degree of accuracy in detection of late mortality in our matched 

patients with a Cohen’s Kappa of 0.64 for EVAR and 0.82 for OAR. However, agreement 

decreased when all time-points were evaluated. This is further demonstrated by Kaplan-

Meier analysis for survival which demonstrated a statistically significant divergence in 

mortality curves based on the source dataset. Interestingly, the rate of mortality was higher 

in the Medicare dataset compared to VQI even though the VQI data was linked to SSDI 

prior to being matched to Medicare.
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In contrast, in our evaluation, detection of reintervention was less effective when considering 

potentially disparate data sources of VQI and Medicare claims. We noted that 81% of 

reinterventions after EVAR and 89% of reinterventions after OAR had a Medicare claim but 

were not captured in VQI. Similarly, 40% of EVAR reinterventions and 89% of OAR 

reinterventions captured in VQI lacked an associated Medicare claim. Many of these 

differences, we hypothesize, are likely are due to differences between the Medicare events 

we used to define re-intervention – generally ICD-9 procedure codes indicative of an 

inpatient stay – and much broader VQI-based definitions, which may be indicative of 

outpatient procedures such as an endoleak embolization. Improvement and harmonization of 

our coding algorithms, especially outpatient procedures, will be the focus of our future work 

in an effort to improve the ability of our linked datasets to successfully describe the long-

term outcomes of aortic aneurysm repair using linked clinical-claims datasets. Further, 

additional work needs to be done to determine if these reflect true missed events, or simply 

an error in the correlation of late events between Medicare and VQI.

A number of limitations are present within our analysis, largely due to the de-identified 

nature of our data. We are unable to directly identify patients and therefore sensitivity 

analysis is limited to specific outcomes captured in both datasets. Further, because of the 

potential for errors within either dataset, no gold-standard is easily determined, and future 

validation efforts will necessitate chart-level validation of both registry and claims datasets. 

Prior analyses examining the weaknesses of claims-based datasets have shown that different 

coding algorithms can affect the absolute rates of important outcomes, such as stroke 

following carotid revascularization21. Further, characterization of patient-level events using 

administrative claims can result in differences that may not accurately reflect true patient 

risk strata22.

Our future work will focus on: (1) revising and optimizing our matching algorithm without 

sacrificing fidelity, (2) ensuring complete and reliable capture of late events in the Medicare 

claims data across datasets including, but not limited to EVAR. Improving out matching 

algorithm will entail development of a multi-step matching algorithm balancing maximum 

matching efficiency with accurate capture. Continuing to develop the ICD-9 code selection 

for reintervention and readmission will improve the quality of our capture of late events. 

Subsequent to algorithm optimization, we intend to apply these strategies to all procedures 

captured by the VQI. Eventually, as regulatory mechanisms allow transmission of patient 

identifiers between a PSO and Medicare claims, we look forward to the opportunity to 

perform direct, non-probabilistic matching between patients in VQI and their respective 

Medicare claims.

CONCLUSIONS

Matching of patient-level VQI and Medicare claims data has the potential to be a powerful 

tool for the evaluation of long-term post-operative outcomes for patients undergoing 

vascular procedures. Our initial work has demonstrated feasibility of matching procedures 

and future work will focus on refinement and broad application of this methodology to 

provide comprehensive outcome data with the ultimate goal of improving care for all 

patients undergoing vascular procedures.
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Appendix 1: List of clinical events and the corresponding administrative 

data codes used in our analysis

ICD-9 Diagnostic and Procedure Codes used for matching and identification of outcomes 

An X in the code indicates that any number 0–9 could go in that place.

Matching: Open Abdominal aortic aneurysm Repair (OAR)

38.34, 38.44, 38.64, 39.52, 39.7X, 44.22

Matching: Endovascular Abdominal aortic aneurysm Repair (EVAR)

38.04, 38.06, 38.08, 38.14, 38.16, 38.18, 38.34, 38.36, 38.38, 38.44, 38.46, 38.48, 

38.64, 38.66, 38.68, 38.84, 38.86, 38.88, 38.91, 38.93, 39.25, 39.26, 39.29, 39.30, 

39.31, 39.50, 39.51, 39.52, 39.54, 39.56, 39.57, 39.58, 39.59, 39.71, 39.72, 39.73, 

39.74, 39.75, 39.76, 39.77, 39.78, 39.79, 39.90

Outcome: aortic rupture diagnostic codes

441.3X

Outcome: open abdominal aortic aneurysm reintervention

38.34, 38.44, 38.64, 39.52, 39.7X, 44.22 (procedures)

996.1, 996.59, 996.6, 441.3, 441.5, 440.0, 995.7, 444.2x, 444.8x (diagnosis of 

postsurgical complications)

Outcome: categories for 90-day Readmissions (ICD-9 Diagnostic codes anywhere in the 

admission code string)

Vascular complications: 997.71, 997.72, 997.79

Postoperative Infection: 998.5x, 998.51, and 998.59

Postoperative stroke: 997.02

Cardiac complications: 997.1x, 428.0x, 428.1x, 428.2x, 428.3x, 428.4x, 428.9x, 

427.0x, 427.3x, 427.4x, 427.5x, 427.8x, 427.9x

Urinary/renal complications: 997.5x, 593.3x, 593.9x

GI Complications: 997.4x, 560.9x, 557.0x, 557.9x

Respiratory complications: 997.3x, 518.4x, 518.5x
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Figure 1. 
Graphical representation of data security and matching process. All patient and physician 

identifiers are securely maintained within the VQI and TDI (Group C and Group D). Only 

de-identified matched (Group A) and unmatched (Group B) data leave the secure 

environment for review including quality improvement and research work.
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Figure 2. 
Flow diagram for matching procedures for patients that have undergone EVAR (A) and OAR 

(B).
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Figure 3. 
Kaplan-Meier estimate for survival after EVAR (A) and OAR (B) as collected in the VQI 

(blue) and in Medicare claims data (red).
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Figure 4. 
Kaplan-Meier estimate for freedom from reintervention after EVAR (A) and OAR (B) as 

collected in the VQI (blue) and in Medicare claims data (red).
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