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Abstract

Background—In congenital heart surgery, hospital performance has historically been assessed 

using widely available administrative datasets. Recent studies have demonstrated inaccuracies in 

case ascertainment (coding and inclusion of eligible cases) in administrative vs. clinical registry 

data, however it is unclear whether this impacts assessment of performance on a hospital-level.

Methods—Merged data from the Society of Thoracic Surgeons (STS) Database (clinical 

registry), and Pediatric Health Information Systems Database (administrative dataset) on 46,056 

children undergoing heart surgery (2006–2010) were utilized to evaluate in-hospital mortality for 

33 hospitals based on their administrative vs. registry data. Standard methods to identify/classify 

cases were used: Risk Adjustment in Congenital Heart Surgery (RACHS-1) in the administrative 

data, and STS–European Association for Cardiothoracic Surgery (STAT) methodology in the 

registry.

Results—Median hospital surgical volume based on the registry data was 269 cases/yr; mortality 

was 2.9%. Hospital volumes and mortality rates based on the administrative data were on average 

10.7% and 4.7% lower, respectively, although this varied widely across hospitals. Hospital 
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rankings for mortality based on the administrative vs. registry data differed by ≥ 5 rank-positions 

for 24% of hospitals, with a change in mortality tertile classification (high, middle, or low 

mortality) for 18%, and change in statistical outlier classification for 12%. Higher volume/

complexity hospitals were most impacted. Agency for Healthcare Quality and Research methods 

in the administrative data yielded similar results.

Conclusions—Inaccuracies in case ascertainment in administrative vs. clinical registry data can 

lead to important differences in assessment of hospital mortality rates for congenital heart surgery.
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Introduction

Accurate assessment of hospital performance across medical and surgical disciplines has 

become increasingly important due to several recent initiatives including public reporting, 

“pay-for-performance”, designation of centers of excellence, and quality improvement 

programs (1–4). The success of all of these initiatives in improving patient outcomes is 

dependent on accurate assessments of performance and the ability to distinguish truly high 

performing centers. In congenital heart surgery, hospital performance has historically been 

assessed using a variety of widely available administrative datasets containing information 

collected for hospital billing purposes. Both the National Quality Forum (NQF) and Agency 

for Healthcare Research and Quality (AHRQ) currently support the use administrative data 

to assess congenital heart surgery volume and mortality rates (5,6).

More recently, several clinical registries have emerged in the field, which contain data 

collected by clinicians and trained data managers using a comprehensive coding and 

classification system (7). Prior studies have demonstrated inaccuracies in case ascertainment 

in administrative datasets (related both to miscoding of cases and exclusion of eligible cases) 

in comparison to clinical registry data, which can lead to differences in outcomes assessment 

for certain groups of patients (8–11). For example, in an evaluation of >2000 patients 

undergoing the Norwood operation, the specificity of the administrative vs. registry data in 

identifying Norwood patients was 99.1%, while the sensitivity was only 68.5%, leading to 

an 11% relative difference in reported mortality rates between the two data sources for these 

cohorts (11). However the extent to which these, and other recent findings regarding case 

ascertainment on a patient level, impact evaluation of hospital-level performance has not 

been investigated to date.

The purpose of this study is to evaluate the influence of differences in case ascertainment 

between administrative and clinical registry data on assessment of hospital-level congenital 

heart surgery mortality rates across a large multi-center cohort.
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Patients and Methods

Data Source

A merged dataset containing information coded both within the Society of Thoracic 

Surgeons Congenital Heart Surgery Database (STS-CHSD - a clinical registry), and the 

Pediatric Health Information Systems Database (PHIS - an administrative dataset) on 

children undergoing heart surgery at 33 US children’s hospitals was utilized for this study.

STS-CHSD—As described previously, the STS-CHSD collects peri-operative data on all 

children undergoing heart surgery at >100 North American centers. Diagnoses and 

procedures are coded by clinicians and trained data managers using the International 

Pediatric and Congenital Cardiac Code (IPCCC), a comprehensive system specific to 

congenital heart disease (12). Data from the most recent STS-CHSD audit demonstrated a 

100% rate of completion and 99% rate of agreement (vs. medical record review) for primary 

operative procedure (the main variable of interest in the present study) (13).

In the STS-CHSD, the primary case ascertainment methodology used to determine cases 

eligible for inclusion in hospital-level outcomes analyses is the Society of Thoracic 

Surgeons–European Association for Cardiothoracic Surgery (STAT) system, in which cases 

are identified and included based on IPCCC procedure codes (14). Included cases may 

subsequently be grouped into categories of increasing mortality risk. The STAT system has 

been shown previously to include nearly all cardiac operations performed across centers, 

although some rare/infrequently performed operations may not be included (14).

PHIS Database—The Children’s Hospital Association PHIS Database is a large 

administrative database representing >40 US children’s hospitals. Diagnoses and procedures 

for all children hospitalized at these institutions are coded by billing personnel using 

International Classification of Diseases, 9th revision (ICD-9) codes. Systematic monitoring 

in the PHIS Database includes coding consensus meetings, consistency reviews, and 

quarterly data quality reports. Audits of congenital heart surgery data coded in the database 

vs. medical record review are not routinely performed in this or other administrative 

datasets.

In administrative datasets such as the PHIS Database, the case ascertainment methodology 

most commonly used to identify cases eligible for inclusion in hospital-level outcomes 

analyses is the Risk Adjustment in Congenital Heart Surgery, version 1 (RACHS-1) system 

(15). This method uses combinations of ICD-9 diagnosis and procedure codes to identify 

and include eligible cases. Included cases may subsequently be grouped into categories 

according to mortality risk. As the RACHS-1 system is known to include ~85% of a 

program’s overall cardiac surgical volume, methodology has also been developed by AHRQ 

for use across a variety of administrative datasets, which includes additional operations not 

classified by RACHS-1 (16,17). For the purposes of this analysis, we used the AHRQ 

methodology related to reporting of mortality outcomes for our analysis of both hospital 

volumes and mortality (17).
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This analysis was not considered human subjects research by the Duke University and 

University of Michigan Institutional Review Boards in accordance with the Common Rule 

(45 CFR 46.102(f)).

Study Population

As previously described and verified, data from the STS-CHSD and PHIS Databases were 

merged at the patient level for children 0–18 years undergoing heart surgery (with or 

without cardiopulmonary bypass) at 33 hospitals participating in both databases from 2006–

2010, using the method of matching on indirect identifiers (18–20). The merged dataset 

contains information for each patient as entered into both the clinical registry and the 

administrative dataset, and ensures that any differences identified cannot be explained by the 

datasets containing different patients.

From the merged dataset (n=48,058), patients with missing (n=29 STS-CHSD, n=1556 

PHIS) or discrepant (n=61) in-hospital mortality status, or discharge date (n=356) between 

databases were excluded. Importantly, these exclusions were applied to eliminate the 

possibility that any differences in outcome identified might be related to differences in 

coding of outcomes themselves, rather than differences in coding/classification of cases.

Data Collection

Operative data (as described above), patient demographics and pre-operative characteristics, 

and hospital characteristics were collected (21). The primary outcome was in-hospital 

mortality as this is currently the most commonly used metric to evaluate hospital-level 

performance in congenital heart surgery.

Analysis

Hospital-level analyses were undertaken to evaluate surgical volumes and in-hospital 

mortality rates based on the administrative vs. clinical registry data from each hospital. In 

the primary analysis, hospital volumes and mortality rates were calculated and evaluated 

based on the cases coded and included within the standard case ascertainment system used 

within the clinical registry (STAT system) and administrative data (RACHS-1 method), as 

described above. The AHRQ method in the administrative data was also evaluated. Based on 

previous studies, the clinical registry data were considered the “gold standard” (8–11,13).

For all analyses, differences in hospital volume and mortality rates based on the information 

from the administrative vs. clinical registry data were described using standard summary 

statistics, and hospital rankings for mortality within the study cohort were evaluated (as 

described in more detail below). Unadjusted hospital mortality rates and 95% confidence 

intervals (CI) were calculated. Adjustments for operative case mix and patient 

characteristics were not made as the data from each hospital was compared against itself (ie. 

as captured in the administrative vs. registry data).

In the evaluation of hospital rankings for mortality within the cohort, we utilized several 

previously described methods (22–24). First, changes in rank position were assessed based 

on whether the hospital’s administrative vs. clinical registry data were used (22,23). 
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However, since small changes in rank may not be meaningful from a clinical or policy 

perspective, additional methods were used to evaluate larger changes. Hospitals were 

divided into equal sized groups (tertiles for the purposes of this analysis) based on their 

ranking for mortality (high, middle, low), and the proportion of hospitals changing mortality 

tertiles within the cohort when the administrative vs. clinical registry data were used was 

evaluated (22,23). Finally, each hospital’s point estimate for mortality and 95% CI was 

compared with the aggregate mortality rate in the overall cohort. Hospitals with a 95% CI 

that did not overlap the aggregate mortality rate were classified as high and low performing 

statistical outliers, and the proportion of hospitals classified in the different performance 

groups (high and low outliers, and those performing as expected) when the administrative 

vs. clinical registry data were used was evaluated (22,24). All analyses were performed 

using SAS version 9.3 (SAS Institute, Cary, NC) and R version 3.0.1 (R Foundation for 

Statistical Computing, Vienna, Austria).

Results

Study population

The cohort included 46,056 patients from 33 hospitals. Patient and hospital characteristics 

are displayed in Table 1. Compared with the overall cohort of hospitals participating in the 

national STS-CHSD during the study period (n=114), the 33 hospitals included in the 

present analysis had a higher average annual volume of pediatric cardiac cases (391 vs. 204 

cases/year).

Case ascertainment

The proportion of operations in the overall cohort included within the various case 

ascertainment systems used in administrative and clinical registry data is displayed in Table 

1. The STAT system in the clinical registry included nearly all operations (96.8%). The 

AHRQ methodology in the administrative data included 90.9% of operations, and the 

RACHS-1 system included the fewest operations (85.5%).

Hospital-level volume and mortality

Clinical registry STAT cases vs. administrative data RACHS-1 cases—Annual 

hospital volumes in the clinical registry based on STAT-classified cases ranged from 89–

705 cases/year across centers included in the cohort (median=269). Values for hospital 

volume in the administrative data based on RACHS-1 cases were on average 10.7% lower 

(Figure 1). Hospital-level mortality rates in the clinical registry data based on STAT cases 

ranged from 1.8%–5.0% across centers (median 2.9%). Hospital-level values for mortality in 

the administrative data based on RACHS-1 cases were on average 4.7% lower (although this 

was variable across hospitals ranging from −33.7% to +13.9%) (Figure 1). Overall, mortality 

for those operations not classified by RACHS-1 (but classified by STAT) was higher than 

for those operations that were classified by RACHS-1 (4.2% vs. 2.8%).

When hospital rankings for mortality were evaluated based on a center’s administrative data 

(RACHS-1 cases) vs. clinical registry data (STAT cases), rank was unchanged for 4 

hospitals (12%) (Table 2). There was a change in ≥ 5 rank positions for 24% of hospitals. 
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For example, one hospital changed from a rank of 2 using the administrative data to 12 using 

the clinical registry data, and another changed from a rank of 16 to 26 (Figure 2). There was 

change in mortality tertile (classification as a high, middle or low mortality hospital within 

the cohort) for 18%, and change in statistical outlier classification for 12% (Table 2). 

Hospitals changing rank by ≥ 5 positions were larger volume hospitals compared with those 

who did not change ranking (median volume of STAT classified cases 245 vs. 182 cases/

year), and had a higher proportion of high complexity cases (30.6% vs. 26.2% of cases in 

STAT category 4–5).

Clinical registry STAT cases vs. administrative data AHRQ cases—Hospital 

volumes in the administrative data based on the AHRQ method were more similar to clinical 

registry volumes based on STAT cases (on average AHRQ hospital volumes were 4.8% 

lower) (Figure 1). Hospital mortality rates in the administrative data based on the AHRQ 

methodology vs. in the clinical registry based on STAT methodology varied from 16.1% 

lower to 45.0% higher across centers. Overall, mortality for those operations not classified 

by AHRQ (but classified by STAT) was higher than for those that were classified by AHRQ 

(3.7% vs. 3.0%).

When hospital rankings for mortality were evaluated based on center’s administrative data 

(AHRQ cases) vs. clinical registry data (STAT cases), rank was unchanged for 7 hospitals 

(21%) (Table 2). There was a change in ≥ 5 positions for 15% of hospitals. For example, one 

hospital changed from a rank of 19 using the administrative data to a rank of 6 using the 

clinical registry data (Figure 2). There was a change in mortality tertile for 18%, and change 

in statistical outlier classification for 6% (Table 2). Hospitals changing rank by ≥ 5 positions 

had similar volumes compared with those who did not change ranking (median volume of 

STAT classified cases 305 vs. 306 cases/year), and had a slightly higher proportion of high 

complexity cases (28.2% vs. 26.2% of cases in STAT category 4–5).

Comment

The relative merits of different data sources in the assessment of cardiac surgery outcomes 

have been debated since the 1980’s, when concern amongst cardiac surgeons regarding 

outcomes reports from the Health Care Financing Administration based on administrative 

data prompted the formation of registries such as the Northern New England Cardiovascular 

Disease Study Group registry, and the STS Adult Cardiac Surgery Database (25,26). These 

datasets were designed to foster complete case ascertainment and appropriate adjustment for 

patient characteristics and surgical case-mix. In the field of congenital heart surgery, clinical 

registries did not emerge until later in the decade, and initially included a limited number of 

centers (26,27). As a result, administrative data sources representing a broader sample of 

hospitals were more often used for outcomes assessment. There were also concerns 

regarding the voluntary nature of clinical registry participation and potential exclusion of 

higher risk cases (28). Our analysis appears to refute these concerns, in that we found the 

administrative data and associated methodology actually underestimated case volumes, and 

also excluded higher-risk cases.
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While a number of previous studies have demonstrated inaccuracies in coding and 

classification of congenital heart disease diagnoses and procedures in administrative 

datasets, the present analysis is the first to evaluate how this impacts hospital-level outcomes 

assessment (8–11). Our results demonstrate important differences in assessment and ranking 

of hospital mortality rates between administrative vs. clinical registry data regardless of 

whether the RACHS-1 or AHRQ methodology is used. Data from the present study and 

previous analyses suggest that both miscoding/misclassification of individual cases and 

exclusion of higher risk cases in the administrative data may play a role in these differences 

(8–11). Although not examined previously in pediatric patients, similar findings have been 

demonstrated in adult cardiac patients undergoing coronary artery bypass surgery in 

Massachusetts (29). In the present study, higher volume hospitals and those with a higher 

complexity case-mix appear to be most impacted. This finding is not surprising as it appears 

to be the higher-risk/higher mortality cases that are excluded from the algorithms used in 

administrative data.

Our results have health policy implications, and suggest that current recommendations from 

NQF and AHRQ supporting the use of administrative data to evaluate congenital heart 

surgery performance may lead to inaccurate assessment of hospital volumes and mortality 

rates (5,6). It has been shown in other disciplines that inaccuracies in the designation of high 

quality hospitals can result in the failure of policies designed to improve outcomes and 

quality of care. For example, Dimick and colleagues demonstrated that the restriction of 

coverage by the Centers for Medicare and Medicaid Services for bariatric surgery to 

hospitals designated as centers of excellence did not result in improvements in quality, likely 

because the metrics underlying this designation did not accurately identify hospitals 

providing the highest quality care (30).

Finally, it is important to acknowledge the important role that administrative data and 

related case ascertainment and risk adjustment methodology have played in paving the way 

toward improving our understanding of outcomes across congenital heart centers at a time 

when clinical registry data were not widely available (15). In addition, these limitations with 

regard to case ascertainment and subsequent outcomes assessment are likely not unique to a 

particular administrative dataset, but more related to general issues spanning administrative 

data in general, such as the limitations of the ICD-9 coding system itself, and limited 

knowledge of coders regarding congenital heart disease. For these reasons, simply applying 

a different system (such as STAT) for classifying procedures is likely not a viable solution, 

as this would not address the issue of procedures themselves being coded incorrectly, or that 

ICD-9 codes for certain procedures (e.g. the Norwood operation) do not exist. Despite these 

limitations, administrative datasets continue to serve other important functions particularly 

with regard to resource utilization. Our group and others have demonstrated that linkages 

between clinical registry and administrative data can allow for integrated, accurate 

evaluation of both clinical outcomes and cost (31).

Limitations

We were limited to evaluating hospitals participating in both datasets during the study 

period, which represent ~25% of US congenital heart surgery programs (32). Thus, our 
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findings may not be generalizable to all centers, and in a larger cohort there may be less 

movement of hospitals across larger groups or categories of hospital performance. In 

addition, it is unclear how the future implementation of ICD-10 will impact the findings of 

this study. Because the ICD-10 system remains largely unchanged with regard to specificity 

of congenital heart disease coding, it is anticipated that the issues raised in our analysis will 

persist. In addition, it is known that in some cases ICD-10 codes will be back-coded to 

ICD-9 codes. For example, within the administrative dataset used in this study, this 

approach will likely be used for reporting of certain outcome measures.

Conclusions

This study suggests that inaccuracies in case ascertainment in administrative vs. clinical 

registry data can lead to important differences in assessment of hospital mortality rates for 

congenital heart surgery, and challenges current federal recommendations supporting the use 

of administrative data for this purpose. Further efforts are necessary to make registry data 

more readily accessible for outcomes assessment and reporting, research, and quality 

improvement activities in order to translate these findings into improved quality of care and 

outcomes for children undergoing heart surgery.
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Figure 1. 
Hospital volume and mortality rates in the administrative vs. clinical registry data.

A: STAT cases (clinical registry) vs. RACHS-1 cases (administrative data).

B: STAT cases (clinical registry) vs. AHRQ cases (administrative data).
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Figure 2. 
Hospital mortality ranking in the administrative vs. clinical registry data.

A: Hospital ranking for mortality based on the clinical registry (STAT classified cases) vs. 

administrative data (RACHS-1 classified cases).

B: Hospital ranking for mortality based on the clinical registry (STAT classified cases) vs. 

administrative data (AHRQ cases).
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Table 1

Study population characteristics

N = 46,056 (33 hospitals)

Patient characteristics

 Age at surgery 6.4 months (33 days – 3.5 years)

 Sex, male 25,533 (55%)

 Weight at surgery (kg) 6.4 (3.6 – 14.3)

 Proportion of operations included within various case ascertainment methodologies*:

  Clinical registry data

   STAT 42,324 (96.8%)

  Administrative data

   AHRQ 39,763 (90.9%)

   RACHS-1 37,419 (85.5%)

Hospital characteristics

 Geographic location

  South 11 (33.3%)

  Midwest 11 (33.3%)

  West 7 (21.2%)

  Northeast 4 (12.2%)

Data are displayed as number and percent or median and interquartile range as appropriate.

*
Based on n=43,744 cardiovascular operations with and without bypass, excluding patient ductus arteriosus ligation in infants < 2.5 kg at surgery
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