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Abstract
Background—Administrative datasets are often used to assess outcomes and quality in pediatric
heart surgery; however their accuracy regarding case ascertainment is unclear. We linked patient
data (2004–2010) from the STS Congenital Heart Surgery Database (clinical registry), and
Pediatric Health Information Systems Database (administrative database) from hospitals
participating in both to evaluate differential coding/classification of operations between datasets,
and subsequent impact on outcomes assessment.

Methods—Eight individual benchmark operations and the RACHS-1 categories were evaluated.
The primary outcome was in-hospital mortality.

Results—The cohort included 59,820 patients (33 centers). There was a >10% difference in the
number of patients identified between datasources for half of the benchmark operations. Negative
predictive value of the administrative (vs. clinical) data was high (98.8–99.9%); positive
predictive value was lower (56.7–88.0%). Overall agreement between datasources in RACHS-1
category assignment was 68.4%. These differences translated into significant differences in
outcomes assessment, ranging from an underestimation of mortality associated with truncus
arteriosus repair by 25.7% in the administrative vs. clinical data (7.01% vs. 9.43%, p=0.001), to an
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overestimation of mortality associated with VSD repair by 31.0% (0.78% vs. 0.60%, p=0.1). For
the RACHS-1 categories, these ranged from an underestimation of Category 5 mortality by 40.5%,
to an overestimation of Category 2 mortality by 12.1%; these differences were not statistically
significant.

Conclusions—This study demonstrates differences in case ascertainment between
administrative and clinical registry data for children undergoing heart surgery, which translated
into important differences in outcomes assessment.
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Introduction
Administrative datasets are often used to assess outcomes and quality of care for adults and
children undergoing heart surgery (1–4). Current guidelines from the Agency for Healthcare
Research and Quality (AHRQ), and National Quality Forum (NQF) advocate comparison of
outcomes and case volume across hospitals performing congenital heart surgery using
administrative data (2,3). These datasets are widely available, and utilize data already being
collected for hospital billing purposes. Diagnoses and procedures are captured from the
International Classification of Diseases, 9th Revision (ICD-9) codes listed on the hospital
bill. In pediatric heart surgery, the use of administrative datasets poses challenges because
ICD-9 codes do not address the full spectrum of congenital heart defects and operations. For
example, there is no ICD-9 code for the Norwood operation. In addition, coding
professionals may have limited knowledge regarding the complexities of congenital heart
defects and operations, and typically have little interaction with physician care-givers.
Accurate assessment of cases and associated outcomes is important to patients, physicians,
payers, and policy makers, particularly in this era of public reporting and “pay for
performance.” Recently, several clinical registries have been developed by surgical and
medical subspecialty societies amid concerns regarding coding of diagnoses and procedures,
adjustment for case-mix and patient risk, and capture of all relevant cases within
administrative datasources (1,5).

Several previous studies have suggested differences in coding and classification of
operations between administrative and clinical data in children with heart disease, but have
been limited by small sample size and limited spectrum of congenital heart defects and
procedures examined (4,6–8). In adult cardiac surgery, it has been shown that differences in
coding of procedures between administrative and clinical datasets have led to differences in
reported outcomes associated with these procedures (4). To date, a similar evaluation has not
been carried out in the pediatric cardiac population.

The purpose of this study was to utilize linked data from the Society of Thoracic Surgeons
Congenital Heart Surgery Database (STS-CHS; a clinical registry), and the Pediatric Health
Information Systems Database (PHIS; an administrative database) from hospitals
participating in both databases to compare case ascertainment between datasources, and the
subsequent impact of any miscoding or misclassification on outcomes assessment for
children undergoing heart surgery.
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Patients and Methods
Data Source

Data on 62,052 (90%) eligible patients 0–18 years undergoing heart surgery (with or without
cardiopulmonary bypass) at 33 hospitals participating in both the STS-CHS and PHIS
Databases from 2004–2010 were linked at the individual patient level using the method of
“indirect identifiers”, as previously described (9–11). The linked dataset contains
information entered into both the PHIS and STS-CHS Databases for each patient, and
ensures that any differences identified cannot be explained by the individual databases
containing information on different patients.

The PHIS Database is a large administrative database that collects demographic information,
ICD-9 diagnosis and procedure codes, in-hospital outcomes, and resource utilization data
from 41 US children’s hospitals. The STS-CHS Database is the largest existing pediatric
heart surgery registry, and collects pre-operative, operative, and outcomes data on all
children undergoing heart surgery at >100 participating centers. Diagnoses and procedures
are coded by clinicians and affiliated data managers using the International Pediatric and
Congenital Cardiac Code (IPCCC) (12). This research was not considered human subjects
research by the Duke Institutional Review Board in accordance with the Common Rule (45
CFR 46.102(f)).

Study Population
From the linked dataset, patients with missing (n=62 STS-CHS, and n=1567 PHIS) or
discrepant (n=103) in-hospital mortality status, or discharge date (n=500) between databases
were excluded. These exclusions were applied to eliminate the possibility that any
differences in outcome identified might be related to differences in coding of outcomes
themselves between the databases, rather than differences in coding/classification of cases.
Of note, overall there was 99.83% agreement between databases for the mortality outcome.

The operations evaluated included eight previously described benchmark operations of
varying levels of complexity: ventricular septal defect (VSD) repair, tetralogy of Fallot
(TOF) repair (excluding those with pulmonary atresia), complete atrioventricular canal
(CAVC) repair, arterial switch operation (ASO), arterial switch operation and ventricular
septal defect (ASO+VSD) repair, Fontan operation (any type), truncus arteriosus repair, and
Norwood operation (13). In the STS-CHS (clinical registry) data, the operation of interest
was identified through assessment of the operation coded as the primary procedure for the
index (first) operation of the admission (14). In the PHIS data, the two most commonly
utilized methods to identify procedures in administrative datasets were evaluated. In Method
1, the individual ICD-9 procedure code for the operation of interest was used. In Method 2,
the Risk Adjustment in Congenital Heart Surgery, version 1 (RACHS-1) methodology was
used (15). As previously described, this method is based primarily on the type of procedure
but also employs combinations of inclusionary and exclusionary ICD-9 diagnosis and
procedure codes with the aim of more precisely identifying the procedure of interest; and
then subsequently classifies the procedures into categories based on mortality risk (15). For
Method 2, additional inclusion/exclusion codes on the STS-CHS side were applied for TOF
and CAVC repair to attempt to match the RACHS-1 algorithms as closely as possible.

In addition to individual operations, we evaluated categories of operations, as it is possible
that grouping of operations of similar risk may potentially mitigate miscoding of individual
operations. For this portion of the analysis, we identified and grouped operations by
RACHS-1 category both in the administrative and clinical data (15). RACHS-1 was the only
risk stratification system evaluated because it is the only methodology that has been adapted
for use with both types of data.
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Outcomes
The primary outcome was in-hospital mortality. As described above, only patients with
concordant mortality status between datasets were included.

Analysis
The operation performed for each patient was ascertained: 1) based on the data coded in the
administrative dataset, and 2) based on the same patient’s data as coded in the clinical
registry. The clinical registry data was used as the reference based on previous studies
suggesting greater accuracy of clinical vs. administrative data (6–8). Thus, sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) of the
administrative (vs. clinical) data were calculated. PPV is the probability that a patient with a
certain operation coded in the administrative dataset had that operation performed as
assessed in the clinical registry data. NPV is the probability that a patient who did not have a
specific operation coded in the administrative dataset, did not have that operation performed
as assessed in the clinical registry data.

Subanalsysis was performed to evaluate the sensitivity of our initial results to methodology
used in the STS-CHS (clinical) data. In the STS-CHS data, the operation of interest was
initially identified through assessment of the index (first) operation of the admission since
this is the standard STS-CHS Database methodology (14). Because the methodology in the
administrative data may not necessarily specify the first operation of the admission (in cases
where there are multiple operations), in the subanalysis we instead considered any operation
during the admission in the STS-CHS data and evaluated whether this impacted our results
regarding case ascertainment.

For the operations identified in either datasource, in-hospital mortality rates were
calculated.. In order to take into account overlap between groups, binomial models with
group indicators for patients identified in either or both datasources were constructed. Wald
tests were used to compare mean values. All analyses were performed using SAS version
9.2 (SAS Institute Inc., Cary, NC). A p-value <0.05 was considered statistically significant.

Results
The overall cohort included 59,820 patients from 33 centers. Median age at surgery was 6.4
months (interquartile range 32.0 days–3.4 years); 55% were male. Included centers were
diverse geographically (33.3% South, 33.3% Midwest, 21.2% West, 12.2% Northeast) with
a wide range of average annual volume (median 351, range 111–891 cardiovascular cases/
year).

Case Ascertainment
There were differences in case ascertainment between administrative and clinical registry
data for all operations examined (Table 1). Using Method 1 (individual ICD-9 procedure
codes in the administrative data), differences between datasources ranged from 11.9% more
Fontan operations to 104.4% more VSD repairs identified in the administrative data relative
to the clinical registry, Across operations, the administrative data (compared to the clinical
registry data) had a high NPV (range 99.3%–100.0%), but lower PPV (range 45.4%–
84.2%). Thus, it is highly likely that a patient without a certain operation coded in the
administrative data truly did not have that operation performed as assessed in the clinical
registry data (high NPV). Conversely, the relatively lower PPV indicates that many of the
patients coded as having a certain operation performed in the administrative data are false
positives, such that these patients did not have this operation performed as assessed in the
clinical registry.
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Method 2 (involving combinations of ICD-9 diagnosis and procedures codes to attempt to
more precisely identify the operation of interest in the administrative data) was associated
with smaller differences between datasources in the number of operations identified,
compared with Method 1 (Table 1). However, even with Method 2, there was still a >10%
difference between datasources in the number of operations identified for half of the
benchmark operations (Table 1). While Method 2 was associated with higher PPV for the
administrative data compared with Method 1, it remained below 80% for 6 of the 8
benchmark operations. Similar to Method 1, NPV was high for Method 2.

In subanalysis, we found similar results to those described above when we included any
operation during the admission (in cases where there were multiple operations) in the STS-
CHS data in the analysis, compared with the initial approach where the first (index)
operation of the admission was considered. Specifically, the differences (comparing the
results of the subanalysis to the main analysis for Method 2) across operations in PPV
ranged from 0.1–1.4%, and NPV ranged from 0–0.2%.

Case ascertainment for groups of procedures of similar risk (the RACHS-1 categories; Table
2) was also evaluated. A greater number of operations were unable to be classified in the
RACHS-1 system in the administrative vs. clinical registry data (n= 10,953 vs. 10,047, 9.0%
difference). Across the RACHS-1 categories, differences between datasources ranged from
18.8% fewer operations categorized in Category 6 in the administrative data relative to the
clinical registry, to 135.5% more operations categorized in Category 5. The smallest
difference between datasources was for RACHS-1 Category 4. NPV (range 87.3%–100.0%)
of the administrative data was high across all RACHS-1 categories, while PPV (range
23.3%–82.7%) was lower. PPV was <80% for 5 of the 6 RACHS-1 categories. Overall, the
percent agreement between the administrative and clinical registry data regarding RACHS-1
category was 68.4%. Examination of percent agreement as a function of hospital volume and
case mix did not reveal any apparent associations (Figures 1,2).

Impact on Outcomes Assessment
In-hospital mortality rates were subsequently calculated for the operations identified in the
administrative and clinical registry data. As described above, only patients with concordant
mortality status between datasets were included in order 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 the operations. Using Method
1, there were significant differences in the in-hospital mortality rates associated with the
benchmark operations identified in the administrative vs. clinical registry data (Table 3).
Using Method 2, these differences in mortality were smaller, yet ranged from an
underestimation of mortality associated with truncus arteriosus repair of 25.7% in the
administrative data relative to the clinical registry, to an overestimation of mortality
associated with VSD repair of 31.0%. Given the relatively low mortality rates for most
operations, the absolute differences in mortality rates between datasources were small in
most cases (<1%), except for truncus arteriosus repair and the Norwood operation.

For the RACHS-1 categories (Table 4), the differences in in-hospital mortality rates ranged
from an underestimation of mortality for RACHS-1 category 5 by 40.5% in the
administrative data relative to the clinical registry, to an overestimation of mortality for
RACHS-1 category 2 by 12.1%. The smallest difference was observed for RACHS-1
category 3. None of these differences were statistically significant.
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Comment
This study demonstrates important differences in case ascertainment between administrative
and clinical registry data for children undergoing heart surgery, which translated into
significant differences in outcomes assessment. Previous analyses of smaller cohorts have
suggested differences in case ascertainment between datasources in this population. In one
study, 4,918 records in the Metropolitan Atlanta Congenital Defects Program database of
patients identified as having congenital heart disease based on ICD-9 codes were recoded
following medical record review using IPCCC codes (the same system used in the STS-CHS
Database) (6). The sensitivity of the surveillance data/ICD-9 codes for tetralogy of Fallot
was 83%, 100% for transposition of the great arteries, and 95% for hypoplastic left heart
syndrome; the false positive rates were 2%, 49%, and 11%, respectively. In another study,
differences between 373 administrative records in Wisconsin’s birth defects database, and
diagnoses coded based on a review of the medical record were examined. Only 52% of cases
had an exact match for diagnosis (7). Finally, a review of ICD-9 codes for children born at a
Minnesota hospital in 2001 revealed that of those coded with cardiac defects (n=66), only
41% of codes accurately reflected the diagnosis upon medical record review (8).

The present study supports these findings in a broad population of 59,820 children
undergoing heart surgery across 33 centers. For individual operations, our analysis suggests
that Method 2 (which is based on the RACHS-1 methodology) improves the accuracy of
case ascertainment compared with the use of individual ICD-9 procedure codes in Method 1.
Based on these results, the use of individual ICD-9 procedure codes to identify the operation
of interest in outcomes and quality analyses of congenital heart surgery is not advised.
Although Method 2 was associated with improved accuracy, it is important to note that this
method was still associated with a >10% difference in the number of operations identified
between datasources for half of the benchmark operations.

We also found differences between datasets in ascertainment of groups of operations of
similar risk (the RACHS-1 categories), suggesting that grouping of procedures into larger
categories does not necessarily mitigate all potential miscoding/misclassification. More
operations were unable to be classified in the RACHS-1 system in the administrative vs.
clinical data. These and other differences in case ascertainment may impact analyses of
hospital case volumes. Of those operations that could be classified, there were also
differences in category assignment, with an overall percent agreement between the
administrative and clinical registry data regarding RACHS-1 category of 68.4%. Our finding
of consistent differences in case ascertainment across varying hospital surgical volume and
case mix suggests that these differences may be more related to the limitations of the ICD-9
system and coding methodology itself rather than any particular risk stratification system or
other hospital-specific factors. Further investigation will be required to evaluate whether
coding changes in ICD-10 or 11 will translate into improved case ascertainment (16).

Previous pediatric studies did not evaluate the impact of differential coding of diagnoses and
procedures on outcomes assessment. In adult cardiac surgery, miscoding of procedures in an
administrative dataset was found to result in an overestimation of mortality associated with
isolated coronary artery bypass surgery relative to a clinical dataset of 40% (4). The
methodology used in the present study ensures that any differences in outcome are related to
differences in case ascertainment/coding, rather than the patient population included in
either dataset or how outcomes were coded (17). We found that differences in case
ascertainment between datasets translated into significant differences in in-hospital mortality
rates. This was partially mitigated by evaluating groups of procedures of similar risk as
opposed to individual procedures; however, clinically important differences in outcome
remained in some cases even with this approach.
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These data may have implications for the use of administrative data for outcomes
assessment in this population, including evaluation of case volumes, outcomes, and risk
stratification. Further evaluation of how these findings impact assessment and ranking of
performance on a hospital level is necessary, given that current AHRQ and NQF guidelines
recommend using administrative data to compare outcomes and case volume across
hospitals performing congenital heart surgery (2,3).

Finally, it is important to recognize that administrative datasets contain valuable resource
utilization data, medication data, and information on other non-cardiac diagnoses/procedures
that may not be collected in disease or procedure-specific registries. Linking clinical and
administrative databases together can capitalize on the strengths and mitigate some of the
weaknesses of these different datasources, and allow analyses not possible with either
dataset alone (9–11).

Limitations
This study is subject to several limitations. While we chose to use the clinical registry as the
reference based on previous studies, it is possible that different results may be obtained
through manual abstraction of the medical record as the “gold standard” to assign diagnoses
and procedures. However, the similarities of our findings with previous studies using
medical record review suggest this is unlikely (6–8). In addition, the consistent results
between our subanalysis and the main results suggest that the differences in case
ascertainment observed between datasources are not related to the STS-CHS methodology
regarding evaluation of the first (index) operation. We have previously shown that our
methodology to link information between datasources is successful for the vast majority of
patients (>90%); however, we were unable to link data on every patient at every center.
Finally, this analysis is based on data from the 33 included hospitals. Although differences
in case ascertainment in our study seemed to be consistent across these hospitals, it is
possible that our results may not be generalizable to all US centers.

Conclusions
This study demonstrates differences in case ascertainment between administrative and
clinical registry data for children undergoing heart surgery, which translated into important
differences in outcomes assessment. Further study is needed to investigate the implications
of our findings on evaluation and ranking of hospital performance.
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Figure 1.
Overal percent agreement between administrative and clinical registry data for RACHS-1
category as a function of hospital volume.
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Figure 2.
Overall percent agreement between administrative and clinical registry data for RACHS-1
category as a function of hospital case mix.
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