
Predicted Risk of Mortality Models: Surgeons Need to
Understand Limitations of the University Health System
Consortium Models

Benjamin D Kozower, MD, MPH, FACS, Gorav Ailawadi, MD, FACS, David R Jones, MD,
FACS, Robert D Pates, PhD, Christine L Lau, MD, FACS, Irving L Kron, MD, FACS, and
George J Stukenborg, PhD
Departments of Surgery (Kozower, Ailawadi, Jones, Lau, Kron) and Public Health Sciences
(Pates, Stukenborg), University of Virginia Health System, Charlottesville, VA.

Abstract
BACKGROUND—The University HealthSystem Consortium (UHC) mortality risk adjustment
models are increasingly being used as benchmarks for quality assessment. But these administrative
database models may include postoperative complications in their adjustments for preoperative
risk. The purpose of this study was to compare the performance of the UHC with the Society of
Thoracic Surgeons (STS) risk-adjusted mortality models for adult cardiac surgery and evaluate the
contribution of postoperative complications on model performance.

STUDY DESIGN—We identified adult cardiac surgery patients with mortality risk estimates in
both the UHC and Society of Thoracic Surgeons databases. We compared the predictive
performance and calibration of estimates from both models. We then reestimated both models
using only patients without any postoperative complications to determine the relative contribution
of adjustments for postoperative events on model performance.

RESULTS—In the study population of 2,171 patients, the UHC model explained more variability
(27% versus 13%, p < 0.001) and achieved better discrimination (C statistic = 0.88 versus 0.81, p
< 0.001). But when applied in the population of patients without complications, the UHC model
performance declined severely. The C statistic decreased from 0.88 to 0.49, a level of
discrimination equivalent to random chance. The discrimination of the Society of Thoracic
Surgeons model was unchanged (C statistic of 0.79 versus 0.81).

CONCLUSIONS—Although the UHC model demonstrated better performance in the total study
population, this difference in performance reflects adjustments for conditions that are
postoperative complications. The current UHC models should not be used for quality benchmarks.

Surgeons and hospitals face an increasing demand to provide evidence for the quality of care
they deliver. Reporting the outcomes of surgical procedures as a proxy measurement of
quality has been routine practice for cardiac surgery for over a decade.1,2 Mortality rates
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vary across providers and hospitals and the presumption is that, after controlling for
patients’ severity of illness, residual differences in mortality rates relate to differences in the
quality of care.3,4 Risk adjustment methodologies have been developed to specifically
address these concerns. More than a dozen risk adjustment tools are available using either
clinical measures from clinical databases or code-based measures from administrative
databases.

The University HealthSystem Consortium (UHC) was formed in 1984. It’s an alliance of
101 academic medical centers and nearly 200 of their affiliate hospitals, representing more
than 90% of the nation’s nonprofit academic medical centers.5 The UHC risk-adjusted
mortality models are increasingly used as a benchmark for quality assessment across its
member institutions, and our institution recently considered using their models as the
primary benchmark for surgical quality. The UHC models are based on discharge abstracts
and include adjustments for differences in patient severity using the All Patient Refined
Diagnosis Related Groups (APR-DRG), developed by 3M Health Information Systems.6

The thoracic surgery community has long recognized the importance of risk adjustment and
predictive modeling. The Society of Thoracic Surgeons (STS) cardiac database is a clinical
database created in 1986. The STS database has revolutionized the ability of cardiac
surgeons to risk adjust outcomes and modify clinical practice patterns.7,8 The purpose of this
study was to compare performance of the UHC with the STS risk-adjusted mortality models
for adult cardiac surgery and evaluate the contribution of postoperative complications on
model performance.

METHODS
Patient selection

We identified all adult patients undergoing cardiac surgery at the University of Virginia
between January 2003 and January 2008, with records in the STS database, who underwent
any of the following procedures: coronary artery bypass grafting (CABG) only, aortic valve
replacement only, mitral valve replacement only, aortic valve replacement + coronary artery
bypass grafting, and mitral valve replacement + coronary artery bypass grafting. These
patients with STS mortality risk scores were then matched to the UHC database to identify
patients with both STS and UHC mortality risk scores. Observed perioperative mortality was
identified for each patient, defined as death within 30 days of operation or within the same
hospitalization. Postoperative complications, overall and by specific type, were identified for
each patient as reported in the STS database.

STS data is acquired by the University of Virginia Heart and Vascular Center and submitted
to the STS quarterly. A clinical/research nurse prepares the data abstracts for the STS and
runs extensive audits on the data for consistency and completeness. Internal audits of the
data demonstrated that it is more than 99% complete, because we looked at every metric for
every cardiac case performed. The Health Services/Computer Services Decision Support
team sends data to the UHC on a monthly basis. The source of this data is the financial and
administrative data from the University of Virginia Health System. The ICD-9-CM codes
and the demographic information reported to the UHC are drawn from the same data source
used to report patient billing data to Medicare and other payers.

Statistical analysis
Logistic regression analysis was used to calculate the probability of perioperative death for
each patient in the study population using only the STS mortality risk score as a predictor of
observed mortality. Logistic regression analysis was similarly used to calculate the
probability of perioperative death using only the UHC mortality risk score. The statistical
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performance obtained by each model was assessed by calculating the maximum adjusted R2

and the C statistic.9,10 The maximum adjusted R2 statistic measures the proportion of the log
likelihood explained by the model compared with that obtainable by a perfect model. The C
statistic, which is equivalent to the area under the receiver operating characteristics curve
(AUC), measures the discrimination accuracy of the models.11 A C statistic value of 0.5
indicates that the model is equivalent to random chance; a value of 1.0 indicates that the
model achieves perfect discrimination between survivors and decedents.

Patients in the study population were ranked into deciles by their predicted probability of
death, using the mortality risk estimated by the STS risk adjustment model alone and also
using the UHC risk adjustment model alone. Model calibration was assessed by comparing
the observed number of deaths to the sum of the probabilities of death for patients in each
decile of predicted risk. The statistical significance of the difference in the observed-to-
expected numbers of deaths for patients across deciles within each model was assessed using
the Hosmer-Lemeshow chi-squared test statistic (with eight degrees of freedom).

The extent of the difference in how individual patients were ranked using the STS and UHC
scores was also examined. Differences in the decile of predicted risk assigned to individual
patients between models were assessed by cross-tabulation of the results from the two
models. The proportion of patients who differed by two or more deciles of risk between
models was calculated as a measure of model agreement, as performed by Iezzoni and
others.9

The statistical significance of the difference in predictive information contributed by the
STS and UHC scores was assessed using multivariable logistic regression analysis. A model
was estimated that included both the STS and UHC scores as predictors of perioperative
death. In this combined model, the Wald chi-squared test statistic provides a specific test of
the statistical significance of the independent effect of the additional covariate, adjusted for
the contribution of the other covariate.

The mortality risk scores included as covariates in this analysis are probabilities of death
obtained directly from the STS and UHC. These risk scores were calculated with fixed
multivariable equations applied to each patient in the study population, using information
from detailed clinical and administrative data that were supplied to the STS and UHC. The
actual model parameters used to estimate the STS and UHC risk scores are unknown in this
analysis.

Contribution of postoperative complications
We were interested in assessing if information from postoperative complications contributed
to the performance of the models. To address this question, the original study population
was divided into two groups: patients without any complications, and patients with any
complication. Complications were identified in the STS database and defined using the
definitions from database version 2.61.12 Both logistic regression models were then
reestimated in each of the two subpopulations. Comparison of model statistical performance
obtained in the original population with that in the population without any complications
provides an empiric test of the contribution made by information from postoperative
complications.

All analyses were performed using SAS 9.1.3 software. The Human Studies Committee at
the University of Virginia granted approval for this research and waived the need for
individual consent.
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RESULTS
A total of 2,171 cardiac surgery patients were identified with mortality risk scores available
in both the STS and UHC databases. The overall mortality rate was 2.7% (58 of 2,171). The
mean age of the study population was 65.7 years, and men accounted for 73.6% (1,598 of
2,171). Table 1 lists the frequency of each cardiac surgery procedure performed in the study
population by type and age group distribution. Complications were identified in 29.6% of
the study population (643 of 2,171) and are listed in Table 2 according to the STS database
definitions for postoperative complications, version 2.61.13

Table 3 presents a summary of the logistic model results for the total study population.
These results demonstrate that the STS risk-adjusted mortality model explained 13% of the
log-likelihood of mortality (maximum adjusted R2) obtainable; the UHC model explained
27% (p < 0.001). The UHC model also achieved better discrimination between survivors and
decedents in the total study population than the STS model (C statistic = 0.88 versus 0.81).
The Wald chi-squared test statistics obtained by including both the STS and UHC scores as
covariates in the same model demonstrated that the difference in predictive information
between the STS and UHC scores was statistically significant (p < 0.0001).

Both models demonstrated statistically significant differences in the calibration of
predictions across ranges of risk. Hosmer-Lemeshow test statistic p values for the STS and
UHC risk score models were 0.01 and 0.03, respectively. The model using the UHC score
demonstrated a much larger discrepancy for patients at the highest level of risk. Substantial
differences occurred between the models in the estimated mortality risk for individual
patients. Although 72.7% (1,579 of 2,171) of patients were ranked within two deciles by the
STS and UHC models, the STS model ranked 13.9% (303 of 2,171) of patients at least two
deciles of risk higher and 13.31% (289 of 2,171) of patients at least two deciles of risk
lower. Scores from the two models tended to agree most for patients at the extremes of
mortality risk. Figure 1 provides a bubble plot of the specific distribution of the agreement
and disagreement between models across deciles. Each bubble is sized to depict the relative
total proportion of the study population matched by deciles of predicted mortality between
the STS and UHC scores.

Adjustment for postoperative complications
The statistical performance of the logistic model using the UHC score declined severely
when applied in the population of patients without complications. The proportion of
variability explained by the model using the UHC score was reduced from 27.3% to 1.0%,
and the level of discrimination obtained between survivors and decedents declined from 0.88
to 0.49, a level nearly equivalent to random chance. In contrast, the model using the STS
score achieved nearly the same level of discrimination obtained in the total study population
(0.79 versus 0.81 in the total population). Although the proportion of variability explained
by the STS declined from 12.9% to 5.3%, the relative decline was much less than that
demonstrated for the model using the UHC score. Both models, applied in this patient
population without complications, obtained good calibration across deciles of mortality risk
(Hosmer-Lemeshow test statistic p values of 0.45 and 0.24), which, in part reflects the small
number of deaths in this subpopulation (0.5%).

DISCUSSION
Risk-adjusted mortality is an important component of physician and hospital “report cards”
and a common surrogate for quality. Because of the importance of these measures, surgeons
should play an active role in evaluating the validity of these models. The UHC risk-adjusted
mortality model is based on abstracted data from hospital discharge records. This type of
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data is appealing because it’s readily available, computerized, and relatively inexpensive.14

The UHC models are also appealing to academic medical centers because they appear to
provide a convenient way to benchmark their performance against similar institutions.

The UHC administrative database model appears significantly better at predicting death than
the STS clinical database model (measured by R2 value and C statistic) in the total study
population of patients undergoing cardiac surgery. These results are consistent with those
from other studies, demonstrating that predictive models using administrative data have
better predictive performance than models using clinical data.9,14 But the improved
predictive ability of the UHC model is a reflection of its inclusion of postoperative
complications in its preoperative risk model. By reestimating the performance of the UHC
model in a subpopulation that specifically excludes patients with complications, we
demonstrated that the UHC model’s statistical performance falls off sharply. Importantly,
the STS model applied to the same patients without complications demonstrates much less
attenuation in performance.

The UHC model includes adjustments using the APR-DRG system created by the 3M
Health Information Systems.6 The system’s vendor claims that APR-DRGs are “the most
comprehensive, clinically accurate severity of illness and risk of mortality product
available.” In an effort to distinguish between preoperative and postoperative events, the
APR-DRG grouper assigns the lowest severity of illness level and risk of mortality level to
ICD-9 complication codes to limit their contribution to mortality risk. But certain codes such
as stroke and renal failure are difficult to distinguish as preoperative or postoperative
without a date associated with the diagnosis code.

The UHC risk-adjusted mortality model, like other APR-DRG-based administrative models,
can potentially include conditions that are postoperative complications. This can happen
because the UHC model includes all discharge codes for conditions included in the
adjustment, regardless of when these events occurred. So, complications including
postoperative stroke, renal failure or cardiac arrest may be included in the adjustment and
actually increase a patient’s preoperative risk.

When comparing model agreement, the STS model ranked patients at least 2 deciles of risk
higher than the UHC model in 13.9% of patients and at least 2 deciles of risk lower in 13.3%
of patients. So the difference in statistical performance matters, because the relative order of
patients ranked by mortality risk is substantially different for a large proportion of the total
patient population, depending on which risk adjustment method is used.

There are several limitations to this study. First, it is a retrospective comparison of data from
a single academic referral center, and this patient population may differ from those in other
cardiac surgical units. Second, the variables and their weights used in the UHC predicated
mortality algorithm are proprietary and were not available for this research. Sowe could not
compare them directly to the STS model. Third, this analysis does not directly prove that the
UHC model performs better because it incorrectly classifies postoperative complications as
preoperative risk factors. But this conclusion is supported by our empirical test of the
models both with and without patients having postoperative complications. In addition, a
similar finding was demonstrated by Romano and Chan15 when risk adjusting acute
myocardial infarction mortality. When trained blinded coders reabstracted data to establish
the timing of each diagnosis code in patients with acute myocardial infarction, the APR-
DRG model performance decreased significantly when postadmission diagnoses were
excluded from the risk adjustment.

Steinberg and colleagues16 recently reported a comparison of the UHC and National
Surgical Quality Improvement Program risk-adjustment methodologies in surgical quality
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improvement. They discovered that the risk adjustment method used had a dramatic impact
on the quality assessment of their division and that significant differences in reporting of
both comorbidities and outcomes were likely responsible. Unlike our study, Steinberg and
colleagues16 did not assess the temporal relationship of comorbidities and outcomes to
determine its contribution to their findings.

Recent movement in pay-for-performance efforts has influenced the need to include present-
on-admission (POA) indicators on hospital discharge codes (DRGs).17 Accordingly, the
DRG payment determination should include only diagnoses present on admission and
exclude conditions that originate during the hospital stay.18 Beginning October 1, 2008, the
Centers for Medicare and Medicaid Services required hospitals to report a POA indicator for
each ICD-9 diagnosis code listed for a hospitalization.13 The POA indicator will enable the
UHC and other administrative models to better distinguish between preexisting conditions
and complications.5

The current UHC risk-adjusted mortality models are not appropriate for preoperative quality
assessment. They are appropriate, as demonstrated by our findings, only if the purpose is to
adjust for both comorbidities and complications. Although POA coding will make a
substantial improvement in the measurement of baseline risk, it will not solve all of the
problems with the UHC or other models relying on administrative data. For example,
diagnosis codes for situations such as an intraaortic balloon pump inserted at a different
hospital before transferring a patient, will not be accounted for in the APR-DRG system.
The importance of this will vary significantly depending on the referral and transfer patterns
of a hospital. In their current form, the UHC risk-adjusted mortality models inappropriately
adjust for postoperative complications and are not suitable for use as a quality metric.

Abbreviations and Acronyms

APR-DRG All Patient Refined Diagnosis Related Group

POA present on admission

STS Society of Thoracic Surgeons

UHC University HealthSystem Consortium
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Figure 1.
Proportion of patients matched by deciles of predicted mortality. Between STS and UHC
scores; the bubble plot of the specific distribution of the agreement and disagreement
between models across deciles. The UHC and STS deciles of predicted mortality risk are
shown on the X and Y axis, respectively. Each bubble is sized to depict the relative total
proportion of the study population matched by deciles of predicted mortality between the
STS and UHC scores. STS, Society of Thoracic Surgeons; UHC, University HealthSystem
Consortium.
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Table 1

Study Population Characteristics (n = 2,171)

Characteristic n
Total study

population, %

Procedure type

   CABG only 1,601 73.74

   AV replacement 282 12.99

   AV replacement + CABG 199 9.17

   MV replacement 60 2.76

   MV replacement + CABG 29 1.34

Age group, y

   20–29 5 0.23

   30–39 31 1.43

   40–49 164 7.55

   50–59 468 21.56

   60–69 676 31.14

   70–79 609 28.05

   80–89 210 9.67

   90+ 8 0.37

AV, aortic valve; CABG, coronary artery bypass grafting; MV, mitral valve.
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Table 2

Postoperative Complications

Complication n
Total study

population, %
Patients with

complications, %

Any complication 643 29.62 100.00

Infection, leg 2 0.10 0.31

Infection, septicemia 53 2.45 8.24

Infection, deep sternal 11 0.51 1.71

Neurologic, coma 3 0.14 0.47

Stroke, permanent 38 1.76 5.91

Stroke, transient 4 0.19 0.62

Perioperative myocardial infarction 5 0.24 0.78

Reoperation for tamponade 36 1.66 5.60

Reoperation, other cardiac cause 24 1.11 3.73

Reoperation, other noncardiac cause 60 2.77 9.33

Atrial fibrillation 398 18.34 61.90

Anticoagulation event 11 0.51 1.71

Cardiac arrest 48 2.22 7.47

Gastrointestinal event 35 1.62 5.44

Heart block 25 1.16 3.89

Multisystem organ failure 36 1.66 5.60

Other 2 0.10 0.31

Cardiac tamponade 1 0.05 0.16

Pneumonia 85 3.92 13.22

Pulmonary embolism 3 0.14 0.47

Prolonged ventilation 206 9.49 32.04

Renal failure, dialysis required 50 2.31 7.78

Renal failure, without dialysis 72 3.32 11.20

Acute limb ischemia 9 0.42 1.40

Arterial dissection, iliac or femoral 1 0.05 0.16

Postoperative complications are defined using The Society of Thoracic Surgeons Database version 2.61.17
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Table 3

Comparison of Model Statistical Performance and Calibration

Variable

Logistic model
using STS

score

Logistic model
using UHC

score

Results for total study population, n 2,171 2,171

   Observed number of deaths, n (%) 58 (2.7) 58 (2.7)

   Wald chi-squared p value for covariate < 0.0001 < 0.0001

Statistical performance measures

   Maximum adjusted R2 0.129 0.273

   C statistic 0.812 0.885

Calibration by deciles of predicted risk

   Observed/expected deaths in decile 1 0/3.1 0/2.8

   Observed/expected deaths in decile 2 1/3.2 0/2.8

   Observed/expected deaths in decile 3 1/3.3 1/2.8

   Observed/expected deaths in decile 4 1/3.4 0/2.9

   Observed/expected deaths in decile 5 2/3.6 1/2.9

   Observed/expected deaths in decile 6 2/3.8 1/2.9

   Observed/expected deaths in decile 7 5/4.2 4/3.0

   Observed/expected deaths in decile 8 11/4.9 3/3.2

   Observed/expected deaths in decile 9 10/6.3 6/3.8

   Observed/expected deaths in decile 10 25/22.2 42/30.9

   Hosmer-Lemeshow test p value (df = 8) 0.010 0.033

Results for patients without any complication, n 1,528 1,528

   Observed number of deaths, n (%) 7 (0.5) 7 (0.5)

   Wald chi-squared p value 0.006 0.745

   Maximum adjusted R2 0.053 0.001

   C statistic 0.794 0.494

   Hosmer-Lemeshow test p value (df = 8) 0.446 0.240

Results for patients with any complication, n 643 643

   Observed number of deaths, n (%) 51 (7.9) 51 (7.9)

   Wald chi-square p value <0.0001 < 0.0001

   Maximum adjusted R2 0.108 0.283

   C statistic 0.739 0.876

   Hosmer-Lemeshow test p value (df = 8) 0.086 0.005

STS, Society of Thoracic Surgeons; UHC, University HealthSystem Consortium.
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