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Abstract

Background—Performance assessment in congenital heart surgery is challenging due to wide 

heterogeneity of disease. We describe current case-mix across centers, evaluate methodology 

inclusive of all cardiac operations vs. the more homogeneous subset of STS benchmark operations, 

and describe implications regarding performance assessment.

Methods—Centers (n=119) participating in the STS Congenital Heart Surgery Database (2010–

2014) were included. Index operation type and frequency across centers were described. Center 

performance (risk-adjusted operative mortality) was evaluated and classified when including the 

benchmark vs. all eligible operations.
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Results—Overall, 207 types of operations were performed during the study period (112,140 total 

cases). Few operations were performed across all centers; only 25% were performed at least once 

by 75% or more of centers. There was 7.9-fold variation across centers in the proportion of total 

cases comprised of high-complexity cases (STAT 5). In contrast, the benchmark operations 

comprised 36% of cases, and all but 2 were performed by ≥90% of centers. When evaluating 

performance based on benchmark vs. all operations, 15% of centers changed performance 

classification; 85% remained unchanged. Benchmark methodology was associated with lower 

power (35% vs. 78% of centers met sample size requirements).

Conclusions—There is wide variation in congenital heart surgery case-mix across centers. 

Metrics based on benchmark vs. all operations are associated with strengths (less heterogeneity) 

and weaknesses (lower power), and lead to differing performance classification for some centers. 

These findings have implications for ongoing efforts to optimize performance assessment, 

including choice of target population and appropriate interpretation of reported metrics.
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Measures of center performance in congenital heart surgery are important to numerous 

stakeholders and initiatives aiming to improve outcomes. These include public reporting 

programs, multi-center collaborative quality improvement activities, and centers of 

excellence programs supported by various payers (1). As has been demonstrated previously, 

accurate performance measures are essential to the success of all of these initiatives (2). For 

example, it was recently shown that a wide-scale federal program in bariatric surgery 

limiting care to centers of excellence failed to improve outcomes, likely because the metrics 

underlying this designation did not accurately identify centers with the best outcomes 

providing the highest quality care (2).

Performance assessment in the field of congenital heart surgery is particularly challenging. 

One reason for this is the wide heterogeneity of congenital heart defects and expected 

outcomes, in addition to variation across centers in case-mix or the number and type of 

patients treated. Recent efforts have led to several important advances in methodology to 

address these challenges, including the development empiric techniques to better account for 

differences in case-mix (3). Current methodology is inclusive of nearly all types of 

congenital heart operations performed (3). While this maximizes sample size, the resulting 

heterogeneity among included operations can also have limitations, and the use of more 

homogeneous and circumscribed target populations for performance assessment has been 

recommended (4–6). A better understanding of current congenital heart surgery case-mix 

across centers, and strengths and limitations of various approaches to defining the target 

population would aid ongoing efforts to optimize evaluation, reporting, and interpretation of 

performance in the field.

In the present study utilizing the STS Congenital Heart Surgery Database (STS-CHSD), we 

assessed the current spectrum of case-mix across North American centers, evaluated 

strengths and limitations of methodology inclusive of the more homogeneous subset of STS 
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benchmark operations vs. the broad spectrum of all cardiac operations, and described 

potential implications of our findings on performance assessment.

Material and Methods

Data Source

The STS-CHSD represents >90% of US centers performing congenital heart surgery (7). 

Standard peri-operative data are collected on all patients undergoing pediatric and congenital 

heart surgery at participating centers (8). This study was approved by the Duke University 

and University of Michigan institutional review boards and was not considered human 

subjects research in accordance with the Common Rule (45 CFR 46.102(f)).

Study Population

Patients undergoing any index cardiovascular operation (first operation of an admission) 

with or without cardiopulmonary bypass at North American centers participating in the STS-

CHSD from 2010–2014 were included (n=119 centers; 118,142 operations). Infants <2.5 kg 

undergoing patent ductus arteriosus ligation (n= 6002) were excluded, leaving a final study 

population of n=112,140.

Data Collection and Outcomes

Patient characteristics and operative data were collected using standard STS definitions (8). 

The primary procedure code for the index operation was used to define the type of operation 

performed. Operations were also characterized by their Society of Thoracic Surgeons-

European Association for Cardiothoracic Surgery (STAT) Mortality Category (9). The 

average annual surgical volume of STAT-classified cases during the study period was also 

collected. The primary outcome was operative mortality, defined in the STS-CHSD as any 

mortality occurring in-hospital or in any location within 30 days of surgery (8).

In the present study, one of our primary interests was comparing performance methodology 

inclusive of all eligible operations as described by the criteria above (the current standard for 

performance assessment in the field) to a more homogeneous subset. For the latter we chose 

the STS benchmark operations, as this cohort of operations is currently used for certain 

aspects of reporting by the STS on a national level, and by certain states (7,10). The 

benchmark operations span the spectrum of complexity and can be defined using standard 

criteria – they include a group of 10 types of operations comprised of 26 primary procedure 

codes, as displayed in Table 1 (e.g. Fontan operation includes the 6 codes for different types 

of Fontan) (7).

Analysis

Operative case-mix (number and type of operations performed) was described across centers 

using standard descriptive statistics, and included evaluation of all eligible cardiac 

operations captured in the database, the subset of benchmark operations, and STAT 

categories. The proportion of operations that were performed by specified percentages of 

centers was described, as well as the proportion of operations that accounted for various 

percentages of all cases and mortalities during the study period.
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We then evaluated the impact on assessment of center performance of methodology that 

included the benchmark operations only vs. all operations, Center performance was assessed 

by the risk-adjusted operative mortality rate, as this is currently the most commonly utilized 

metric in the field. Standard STS statistical models were used, and as described previously, 

centers with >10% missing data for model variables were excluded (3). This left a study 

population of 95 centers (83,751 operations) for this portion of the analysis. Risk-adjusted 

mortality rates were calculated for each hospital, and models adjusted for key patient 

characteristics and operative case-mix using the STAT score for the index operation, as 

described previously (3). The only difference in the models was whether the benchmark 

operations only vs. all of a center’s eligible operations were included. Based on the model 

outputs, centers were classified as having lower, higher or same-as-expected mortality if 

their 95% CI for risk-adjusted mortality fell entirely below, above, or overlapped the overall 

aggregate mortality rate for the study cohort, respectively (3). We evaluated the proportion 

of centers classified in these three performance groups when the benchmark operations vs. 

all eligible operations were included.

Finally, we performed a theoretical power evaluation using specified assumptions, and 

calculated the center-level sample size required for 80% power to detect a doubling in 

mortality rate (compared to the overall aggregate mortality rate in the sample) using a one-

sample binomial test with alpha=0.05. We determined the number of centers in the study 

cohort who met this sample size/volume threshold, both for all operations and the subset of 

benchmark operations. Analyses were performed using SAS Version 9.4 and R Version 

3.2.1.

Results

Overall operative case-mix

Overall, 207 different types of operations were performed across the 119 included centers, 

comprising a total of 112,140 cases during the 5-year study period. Across the 207 types of 

operations, there was wide variability in the number of cases performed, ranging from 1–

8,833 cases per operation. Many operations were performed infrequently with 92/207 (44%) 

performed <100 times in the 5-year study period. Overall, 19 of the 207 operations (9.2%) 

captured ≥50% of the total cases, 42 operations (20.3%) captured ≥75% of the total cases, 

and 74 operations (35.7%) captured ≥90% of the total cases. Data regarding the proportion 

of overall deaths accounted for by various operations are also reported in Table 2. Overall, 

approximately 1/3 of the operations (n~60–70 operations) captured the vast majority of both 

the total number of cases performed and the mortalities during the study period (Table 2). 

The rest of the operations were performed less frequently and/or were not commonly 

associated with mortality.

Case-mix across centers

On a center level, 95 (45.9%) of the 207 total operations were performed at least once during 

the 5-year study period by 50% or more of the centers, 52 operations (25.1%) were 

performed at least once by 75% or more of the centers, and 22 operations (10.6%) were 

performed at least once by 90% or more of the centers (Table 2). In other words, relatively 
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few of the 207 different types of operations were performed across all centers, and many 

operations were only performed at certain subsets of centers. Examples include heart 

transplant, which was performed at 60 centers (50.4%) during the 5-year study period, and 

the double switch operation for l-transposition of the great arteries, which was performed at 

31 centers (26.1%).

Operations were also grouped into STAT categories, and STAT case-mix was described 

across centers (Table 3). The greatest variation was seen for the higher-complexity 

operations, where there was 7.9-fold variation across centers in the proportion of total cases 

comprised of STAT 5 cases (Table 3).

Benchmark operations

The benchmark operations comprised 36% of total cases (40,545/112,140) and accounted 

for 33.5% of the mortalities during the study period (Table 4). The benchmark operations 

were all performed by ≥90% of centers during the 5-year study period, with the exception of 

arterial switch operation + ventricular septal defect repair (89% of centers), and truncus 

arteriosus repair (82% of centers). However, as displayed in Table 4, while most centers 

performed these operations, the number of cases performed varied widely across centers.

Center performance as assessed by benchmark vs. all operations

The median risk-adjusted operative mortality rate for all operations was 3.5% (range 0%–

13.4% across centers). For benchmark operations, the median risk adjusted operative 

mortality rate was 3.1% (range 0%–20.4% across centers). When centers were classified into 

performance categories (lower, higher, or same-as-expected mortality) based on models 

which included the benchmark operations only vs. all operations, 81/95 centers (85%) did 

not change performance classification (Table 5). The other 14 centers (15%) changed by one 

category; no center changed by two categories.

Of the 14 centers that changed classification, 10 (71%) moved to a higher performance 

(lower mortality) category. Centers that changed classification compared to those who did 

not had no significant difference in the proportion of their cases comprised of benchmark 

operations (39% vs. 35%, p=0.2), or proportion of STAT 4/5 cases (23% vs. 24%, p=0.9), 

but had significantly higher average annual surgical volume (median 293 vs. 168 cases/year, 

p=0.04). This volume relationship was present both for those centers who moved to a higher 

performance category and those who moved to a lower performance category (median 269 

cases/year and 316 cases/year, respectively, vs. 168 cases/year in those who did not change).

Power

Methodology inclusive of the benchmark operations only vs. all operations was associated 

with lower power - 35% vs. 78% of centers respectively met the volume threshold over a 4-

year period needed to detect a doubling of mortality (Table 6). Despite this, the overall 

proportion of centers classified as a “statistical outlier” (either higher or lower than expected 

mortality), was similar regardless of the methodology [n=23 centers (24%) when including 

all operations, and n=21 centers (22%) when including benchmark operations only].
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Comment

The current practice of congenital heart surgery consists of a broad spectrum of operations, 

many of which are performed infrequently, and wide variation in case-mix across centers. 

Performance metrics based on benchmark vs. all operations are associated with less 

heterogeneity across centers, but also lower power, and these two approaches lead to 

differing characterization of performance for some centers. These results have important 

implications for evaluation, reporting, and interpretation of performance in congenital heart 

surgery.

Healthcare performance measurement is a complex undertaking, and involves several 

important considerations, including: the data source, choice of performance metrics, target 

population, sample size/power, adjustment for patient risk-factors and differences in 

procedural case-mix, statistical methodology, classification of performance and outliers, and 

interpretation of indirectly standardized outcomes (5,11). The present study focused 

primarily on the aspects of case-mix and target population. It is generally recommended that 

the target population should be as homogeneous as possible in order to minimize potential 

biases related to differences in case-mix across centers (4–6). This is because it can be 

challenging for any type of adjustment (e.g. model-based extrapolation) to reliably account 

for the lack of data in an area of non-overlap in case-mix between centers (5,11). For 

example, in adult cardiac surgery, the STS reports center performance separately by 

operation type, such as isolated coronary artery bypass grafting (CABG), isolated aortic 

valve replacement, combined CABG/aortic valve replacement, etc (4).

In congenital heart surgery, the choice of target population is more challenging due to 

disease heterogeneity and sample size issues. Jacobs et al. previously demonstrated that 

across the individual benchmark operations, power to evaluate between-center variability in 

mortality was low for all except the Norwood operation, limiting the feasibility of 

performance assessment based solely on individual operations (13). Further, as demonstrated 

in this study and others, there is substantial variability in operative case-mix across centers. 

Due to these two factors, it is likely necessary to report performance based on a target 

population that involves some aggregate of operations (whether all operations or some 

subset), and to continue to utilize statistical methodologies to attempt to account for 

differences in case-mix across centers as best as possible (3).

In the present study, we evaluated the strengths and weaknesses of methodology inclusive of 

all eligible congenital heart operations compared vs. the more homogeneous subset of 

benchmark operations. As expected, a strength of the benchmark approach is the increased 

homogeneity - all but 2 of the benchmark operations were performed by ≥90% of the 

centers. However, the benchmark approach was associated with lower power to detect 

differences between centers, due to the smaller sample size. However, we found that even 

with this lower power, the overall number of outliers detected using benchmark vs. all 

operations approach was similar, suggesting that the current magnitude of variation in 

outcomes across centers may offset some of the potential power issues. A second limitation 

is that even though overall the benchmark operation approach may allow more homogeneous 

assessments across centers since nearly all centers perform these operations, our analysis 
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demonstrated that there is still substantial variation across centers in the frequency with 

which individual benchmark operations are performed. Thus, differences in case-mix across 

centers persist even with this approach.

Overall we found that while the majority of centers remained in the same performance 

category regardless of which methodology was used, 15% of centers did change 

performance classification, emphasizing that these methodologic issues can have important 

implications for a subgroup of centers. The majority of centers that changed performance 

classification moved to a higher performance category when limiting to the more 

homogeneous subset of benchmark operations, and centers who changed classification had 

higher average annual volumes. These are similar to findings described previously in adult 

cardiac surgery, where it has been hypothesized that when heterogeneous case types are 

analyzed together, results from high volume tertiary centers performing a greater proportion 

of high-complexity cases may appear inferior to programs more frequently performing lower 

complexity cases (4,12). In addition, due to limited statistical power, true performance 

whether “good” or “bad” in general can be more difficult to discriminate for low volume 

centers - confidence intervals tend to be wide and overlapping with the line of unity 

regardless of the type of methodology used for case inclusion, hence these centers are less 

likely to change performance categories (14).

Examining the results of our study within the context of the key aspects of performance 

assessment, several implications are apparent (4–6). With regard to our findings regarding 

the target population, it is clear that there are strengths and limitations to both the approach 

of including all operations and the subset of benchmark operations. They may be viewed as 

complementary, and reported together providing different windows into performance, or 

utilized preferentially depending on the goals of various initiatives, with limitations 

acknowledged. For example, if the goal is to optimize power to identify outliers, methods 

inclusive of all operations may be favored. If the goal is to enable the most homogeneous 

comparisons across sites, methods inclusive of the benchmark operations may be favored.

In addition, our findings regarding case-mix have implications for the reporting and 

interpretation of performance metrics in the field. As previously described,, methodology 

known as indirect standardization is most often used in calculating “risk-adjusted” 

healthcare performance metrics, and is currently utilized for public reporting involving the 

STS-CHSD (5,6,11). This allows assessment of a center’s observed outcomes in relation to 

what would be expected if patients with a similar case-mix to theirs had been cared for at an 

“average” center in the reference population. Because indirectly standardized outcomes are 

estimated only for the patients a center actually treated, results only apply to their particular 

case-mix. The results derived using indirect standardization cannot be used to directly 

compare two hospitals unless their case-mix has been demonstrated to be similar, and it 

cannot be assumed that a center achieving better than average results in a generally low-risk 

population could do the same in a population of higher-risk patients (5,11). Given our 

findings demonstrating wide variation in case-mix across centers, it is particularly important 

to understand and acknowledge these nuances when reporting and interpreting congenital 

heart surgery performance metrics. The development of additional tools to facilitate 
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understanding and reporting of centers’ case-mix may be useful in supporting the most 

appropriate interpretation of reported performance metrics.

Finally, in order to address the power issues identified in this study and others, adding other 

types of common operations to the cohort of benchmark operations for performance analysis 

could be considered. An empiric approach could be used to balance competing goals of 

maximizing sample size/power while preserving homogeneity across centers. In addition, 

the use of composite performance metrics, which combine information across several 

performance domains (e.g. both morbidity and mortality) and increase the effective event 

rate, may also aid in increasing power (5,14).

Limitations

We compared methodology inclusive of the subset of benchmark operations vs. all eligible 

cardiac operations (the current standard for performance assessment in the field). Because 

“performance” and “quality” are abstract concepts without concrete definitions, there is no 

“gold standard” for comparison, as is the case in all analyses of this nature. This study 

focused primarily on aspects of the target population and case-mix; further study of other 

areas related to performance assessment and continued refinement of methods related to 

statistical modeling and adjustment for different patient factors may also prove useful. 

Further efforts are also needed to move beyond the early post-operative period and to 

develop performance metrics based on longer-term outcomes.

Conclusions

Performance assessment in congenital heart surgery is a complex undertaking and further 

efforts are needed to optimize methodology and address the challenges identified in this 

study and others. This may include the development of methodology for reporting 

performance metrics in a more homogeneous subset of operations, ongoing work to develop 

a composite performance metric in the field (which among other goals will aid in addressing 

power issues), and efforts to support the appropriate interpretation of risk-adjusted 

performance metrics across centers.
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Table 1

Benchmark operations

Benchmark Operation STS-CHSD Procedure Codes

VSD 110=VSD repair, Patch

TOF 350=TOF repair, No ventriculotomy

360=TOF repair, Ventriculotomy, Nontransanular patch

370=TOF repair, Ventriculotomy, Transanular patch

AVC 170=AVC repair, Complete

ASO 1110=ASO

ASO VSD 1120=ASO and VSD repair

Glenn/HemiFontan 1670=Bidirectional cavopulmonary anastomosis (bidirectional
Glenn)

1680=Glenn (unidirectional cavopulmonary anastomosis)
(unidirectional Glenn)

1690=Bilateral bidirectional cavopulmonary anastomosis
(bilateral bidirectional Glenn)

1700=HemiFontan

2130=Superior Cavopulmonary anastomosis(es) + PA
reconstruction

Fontan 970=Fontan, TCPC, Lateral tunnel, Fenestrated

980=Fontan, TCPC, Lateral tunnel, Nonfenestrated

1000=Fontan, TCPC, External conduit, Fenestrated

1010=Fontan, TCPC, External conduit, Nonfenestrated

2780=Fontan, TCPC, Intra/extracardiac conduit, Fenestrated

2790=Fontan, TCPC, Intra/extracardiac conduit, Nonfenestrated

Truncus 230=Truncus arteriosus repair

Norwood 870=Norwood procedure

Off Bypass Coarctation1 1210=Coarctation repair, End to end

1220=Coarctation repair, End to end, Extended

1230=Coarctation repair, Subclavian flap

1240=Coarctation repair, Patch aortoplasty

1250=Coarctation repair, Interposition graft

1280=Aortic arch repair

VSD=ventricular septal defect, TOF=Tetralogy of Fallot, AVC=atrioventricular canal, ASO=arterial switch operation, PA=pulmonary artery, 
TCPC=total cavopulmonary connection

1
Includes procedures with OpType=No CPB (cardiopulmonary bypass) Cardiovascular
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Table 2

Number of operations capturing specified proportions of centers, total cases, and mortalities

N (%) of 207 total operations performed by:

≥50% of centers
95 (45.9%)

≥75% of centers
52 (25.1%)

≥90% of centers
22 (10.6%)

N (%) of 207 total operations capturing:

≥50% of all cases
19 (9.2%)

≥75% of all cases
42 (20.3%)

≥90% of all cases
74 (35.7%)

N (%) of 207 total operations capturing:

≥50% of all mortalities
12 (5.8%)

≥75% of all mortalities
33 (15.9%)

≥90% of all mortalities
63 (30.4%)

For reference, all but two of the benchmark operations are performed by ≥90% of centers, capture 36.2% of all cases, and 33.5% of mortalities
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Table 6

Power Calculation

Overall
unadjusted
mortality

rate

Center-level
volume (N)

needed to detect a
doubling of

mortality rate

N(%) of centers
meeting volume

threshold
(1 year of data)

N (%) of centers
meeting volume

threshold
(4 years of data)

All
Operations 3.3% 256 23 (24%) 74 (78%)

Benchmark
Operations 3.0% 285 0 (0%) 33 (35%)

See Methods for details
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