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ABSTRACT

OBJECTIVES: To develop metrics for objective and risk-adjusted adverse out-
comes for cardiac surgical care and to compare hospital performances to define
opportunities for care improvement.

STUDY DESIGN: To develop predictive risk models for adverse events that oc-
cur during inpatient and postdischarge care, and then apply those models to define
comparative hospital performance in cardiac surgery.

METHODS: The population was elective coronary artery bypass and cardiac
valve surgery patients in the Medicare Limited Data Set for 2010-2012 in the United
States. Logistic prediction models for inpatient deaths, inpatient prolonged length-
of-stay outliers, 90-day postdischarge deaths without readmission, and 90-day read-
missions among cardiac surgery patients were designed. Observed versus predicted
differences for risk-adjusted adverse outcomes (AOs) were then performed among
all hospitals that met minimal volume criteria.

RESULTS: A total of 1031 hospitals for coronary artery bypass surgery averaged
27.2% AOs for all 4 measurements of interest; 7| hospitals had observed outcomes
that were =2 standard deviations (SDs) greater than expected. A total of 794 hos-
pitals for cardiac valve surgery averaged 32.3% AOs; 57 hospitals had observed out-
comes that were =2 SDs greater than expected. Median risk-adjusted AO rates were
17% for coronary artery bypass and 20.4% for valve surgery in the best performing
decile, but were 38.8% and 45.8%, respectively, in the poorest performing deciles.
CONCLUSIONS: The wide range of risk-adjusted AOs in cardiac surgery indi-

cates a genuine opportunity for care improvement.
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ew technology, refined surgical techniques, and greatly

enhanced critical care have translated into progressive im-

provement in cardiac surgery over the last several decades.
A portion of this progressive improvement is secondary to the efforts
of the Society of Thoracic Surgeons (STS) to provide risk-adjusted
outcomes using clinical data and to provide feedback to providers.'
Even in the Medicare population, elective coronary artery bypass
grafting (CABG) and cardiac valve surgery (CVS) have 30-day death
rates of less than 3%. Mortality rates at this level cannot be used alone
to evaluate outcomes of care except in extreme circumstances.”

Complications of care have been studied for comparative perfor-
mance evaluation. Although severe complications are easily recog-
nized, many complications (eg, surgical site infection) have definitions
that require institutional interpretation and standardized surveillance
for recognition. In an era of short inpatient length of stay (LOS),
many such complications are not recognized until after discharge and
may not be reported. For cardiac surgery, the full array of potential
complications has a varying spectrum of severity, and reporting all of
them may yield very high observed rates that confound understanding
of significant events. In previous studies, we identified that liberally
coded complications (eg, hypopotassemia) may result in overall com-
plication rates that approach 70% in elective CABG surgery.’

Recent attention has focused on readmissions as a metric for out-
comes of inpatient cate. Jencks et al' identified that all-cause 30-day
readmission was 19% and 90-day readmission was 34%, in all Medi-
care patients. The Readmission Reduction Program (RRP) by Medi-
care, which began in 2014, is assessing financial penalties on hospitals
that exceed an arbitrarily defined rate.” The initial penalties affected
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Table 1. The Characteristics of the 4 Prediction Models Used in the Developmental Database for Risk-Adjusting
Coronary Artery Bypass Grafting and Cardiac Valve Surgery in Medicare Patients

IpD prLOS PD-90 RA-90
Coronary Artery Bypass Grafting (n = 82,719)

Total AO events

1301 (1.6%)

6830 (8.3%)

583 (0.7%)

16,371 (19.8%)

C statistic with hospital

variables

; 0.821 0.745 0.904 0.673
variables
C SFatIStIC without hospital 0.750 0.705 0.795 0.647
variables
Number of significant 17 35 10 34

Cardiac Valve Surgery (n = 61,870)

Total AO events

1604 (2.6%)

5459 (8.8%)

685 (1.1%)

14,759 (23.9%)

C statistic with hospital

. 0.808 0.751 0.901 0.652
variables
C sFatlstlc without hospital 0.708 0.704 0.805 0.622
variables
Number of significant 21 35 10 23

variables

AO indicates adverse outcome; IpD, inpatient deaths; PD-90, 90-day postdischarge deaths without readmission; prL.OS, prolonged length of stay; RA-90, 90-day readmissions.

over 2600 hospitals,® and the second year of the RRP demonstrated
little improvement.” Other medical and surgical conditions—likely in-
cluding cardiac surgery—will be added to the RRP. For providers of
care, readmissions may have legitimate and unrelated causes to the
original hospitalization, and many patients are readmitted to hospitals
other than the initial index facility, which makes monitoring of read-
mission patterns difficult.*’ The current Medicare RRP is for 30 days
following discharge, but early indications are that 90 days may be the
tatget in the program for bundled payments.'’

In the current study, we examined elective CABG and CVS pa-
tients to identify the full spectrum of adverse outcomes (AOs) from
inpatient care through 90 days of postdischarge care. Separate risk-ad-
justed models have been designed for 4 AOs: inpatient deaths (IpDs),
risk-adjusted prolonged LOS (prLLOS) outliers as surrogates for severe
inpatient complications, 90-day postdischarge deaths without read-
mission (PD-90), and 90-day readmissions (RA-90), except for specif-
ic exclusions. These prediction models were used to compare hospital

outcomes to identify opportunities for care improvement.

METHODS
We designed 4 unique prediction models each for CABG and CVS
using hospitals that met quality-coding critetia.!' These patients and
hospitals will be referred to as the developmental database. The
models from the developmental database were then used for the
evaluation of outcomes among all hospitals—the study database—
that met minimum volume criteria for each procedural group.

We used the Medicare Limited Data Set for 2010-2012. Patients
with an International Classification of Diseases, 9th Revision, Clinical Mod-

ajmc.com

tfication procedure code of 36.10-36.19 for CABG, or 35.12, 35.21,
35.22, 35.23, 35.24, or 35.33 for CVS, were identified. CABG cases
were required to have a principal diagnosis of 414.00-414.05, and
CVS cases were required to have a principal diagnosis of 394.0-
395.2, 424.0, or 424.1. Tricuspid and pulmonic valve surgeries were
not included. Inclusion criteria required that the procedure was per-
formed on inpatient day 0, 1, or 2; only hospitals with 20 or more
eligible cases were included in order to meet the minimum number
of cases required for hospital-specific control charts for each pro-
cedural group. Cases were excluded if patients were aged under 65
yeats, had missing patient/hospital identifiers, were transfers from
another facility, or were discharged against medical advice.

Model Design
With the developmental database, models for the 4 AOs were created
using forward stepwise logistic regression. Candidate risk factors re-
flected comorbid conditions that were present upon admission. Cas-
es with simultaneous CABG and CVS were classified as CVS, with
CABG identified as a risk factor. Hospital effects upon final coef-
ficients were addressed by using hospital-specific dummy variables.
Schwarz ctitetion was used to avoid ovetfitting final models.* C statis-
tics were used to evaluate discrimination of final models. SAS version
9.4 (SAS Institute, Cary, North Carolina) was used for all analyses.
Logistic models of IpD and prLLOS were designed individually for
CABG and CVS. The prLLOS model estimates serious inpatient com-
plications of care by first developing a linear model of inpatient LOS
in cases without any coded complications. The predicted LOS was
subtracted from the observed LOS of all cases in the developmental
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data set. Cases were aligned in temporal order, and a moving-range
control chart was constructed to identify cases that were 3-sigma
outliers above the upper control limit by methods previously report-
ed.*®PrLOS then became a dependent variable in the development
of postdischarge models for CABG and CVS. Previous studies have

1 and

associated prLLOS with severe complications and increased costs
its role as a predictor of postdischarge deaths and readmissions."”

Postdischarge AOs were observed across 90 days following dis-
charge separately for CABG and CVS. The PD-90 model was de-
signed using all deaths without readmission as the dependent vari-
able. To study RA-90 cases, we identified all RA-90 and removed
cases that were from Medical Diagnostic Categories (MDCs) of the
Medicare Severity Diagnosis-Related Groups (MS-DRGs) system:
2 (Eye Diseases), 17 (Myeloproliferative Diseases), 22/24 (Burns/
Major Trauma), and all MS-DRGs related to the management of
trauma or cancet, regardless of MDC. All valid readmissions were
divided into those occurring within 30, 60, and 90 days of discharge.
The MS-DRGs were then identified for each readmission. An RA-90
prediction model was then designed with the total RA-90 for CABG
and for CVS as the dependent variable. PrLLOS events of the index
hospitalization were used in PD-90 and RA-90 models to identify
the relationship of inpatient complications with postdischarge AOs,
but also to remove effects of inpatient complications on coefficients
of postdischarge models.

Comparative Hospital Performance
To compare hospital performance, the 4 AO prediction models

from the developmental database were applied to all hospitals in the

study database with 20 or more qualifying cases. All hospitals had a
minimum of 4.6 total predicted AOs for each surgical group. The
IpD model was applied to all cases. The prLOS model was used to
predict LOS outliers among live discharges. Live discharges without
prLOS were used to predict PD-90, and finally, live discharges with-
out prLLOS or PD-90 were used to predict readmissions. Among
all hospitals, total predicted AOs was set equal to total observed
AOs to give an adjusted predicted total. For each hospital, a z score
was computed by [observed AOs — predicted AOs]/standard devi-
ation (SD), where SD = \/(N X p X (1- p)). Positive and negative g
scores represent outcomes that were poorer or better than predict-
ed, respectively. Z scores were stratified to permit evaluations of
outcomes and case volumes at the hospital level. The risk-adjusted
AO rate for each hospital was computed by this formula: [overall
observed AO rate] X [hospital-observed AOs/hospital-predicted
AOs]. Risk-adjusted AO rates were then categorized into deciles for
comparison. Cases were also subdivided into deciles of case volume
to assess effects upon outcomes.

RESULTS

Table 1 summarizes the 4 AO models from the developmental da-
tabase for CABG and CVS. C statistics declined when the hospital
dummy variables were dropped from the model, although this effect
was less in the RA-90 models. Final models between CABG and CVS
had similar C statistics. The significant variables with odds ratios for
all 4 prediction models are detailed in eAppendix Tables 1 through 4
(eAppendix available at www.ajmc.com). Among all models for both
groups of operations, female gender, age groups over 75 years, and

Table 2. The Number of Patients, Number of Readmissions, and Causes of Readmission for 90 Days Following

Discharge in Medicare Patients Undergoing Coronary Artery Bypass Surgery

MS-DRGs Patients, n Readmissions, n 1-30 Days 31-60 Days 61-90 Days
Cardiac events All MDC, 5 MS-DRGs 6406 (39.1%) 8235 (38.5%") 4667 1972 1596
Infections 075-076; 094-099; 152-153;
177-179; 193-195; 202-203;
288-289; 371-373; 485-487; o a o b
539-541: 548-550; 602-603: 2853 (17.4%2) 3798 (17.7%") 2270 973 555
689-690; 757-759; 853-858;
862-872
Pulmonary events | 003-004; 163-168; 175-176; o a o b
186-189: 196-201: 204-208 2271 (13.9%2) 2874 (13.4%") 1953 607 314
Gastrointestinal 326-337; 345-346; 356-358;
events 368-371; 377-384; 388-395; 1239 (7.6%) 1670 (7.8%") 901 448 321
408-424
Stroke /acute 020-027; 034-039; 061-072; 829 (5.1%?) 1017 (4.7%"®) 386 328 303
CNS events 077-081; 100-103
Acute associated 294-295; 640-641; 682-685;
medical 811-813; 947-948 1371 (8.4%") 1901 (8.9%"®) 1138 458 305
conditions
All others Over 200 other o a o b
MS-DRGs 1396 (8.5%7) 1922 (9.0%") 897 519 506
Total 16,365 21,417 12,212 5305 3900

CNS indicates central nervous system; MDC, Medical Diagnostic Category; MS-DRG, Medicare Severity Diagnosis-Related Groups.

“Percent of all readmitted patients.

"Percent of all readmissions.
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Table 3. The Number of Patients, the Number of Readmissions, and the Causes of Readmission for 90 Days Following

Discharge in Medicare Patients Undergoing Cardiac Valve Surgery

MS-DRGs Patients, n Readmissions, n 1-30 Days 31-60 Days 61-90 Days
Cardiac events All MDC, 5 MS-DRGs 6365 (43.0%) 8309 (42.0%") 5237 1885 1187
Infections 075-076; 094-099; 152-153; 177-179;
lgg:lg?f ggggg? gigggg 23;%3 2301 (15.6%%) | 3209 (16.2%") 1836 802 571
689-690; 757-759; 853-858; 862-872
Pulmonary events ?gzzggﬁf ;gi:;gg; 175-176,186-189; 1 1891 (12.3%2) 2442 (12.3%") 1606 530 306
Gastrointestinal 326-337; 344-346; 356-358; 368-371; oa o b
ovonte 377384, 385.395, 406.424 1142 (7.7%9) 1624 (8.2%") 864 431 329
Stroke/acute CNS | 020-027; 034-039; 061-072; 077-081; | 604 (4.1%") 783 (4.0%") 378 219 186
events 100-103
Acute associated 190-198; 637-639; 640-645; 682-685; oa ob
medical conditions | 811-813; 915-923 1061 (7.2%7) 1431(7.2%%) 859 350 222
Al others I(\)IIVSe-:Ji%Os other 1462 (9.9%°) 2006 (10.1%") 973 574 459
Total 14,756 19,804 11,753 4791 3260

CNS indicates central nervous system; MDC, Medical Diagnostic Category; MS-DRG, Medicare Severity Diagnosis-Related Group.

“Percent of readmitted patients.
PPercent of all readmissions.

the usual chronic diseases (eg, chronic renal failure) were significant
variables. Patients who were prLLOS after inpatient care had signifi-
cant odds ratios (ORs) for both PD-90 (CABG: OR, 11.34; CVS: OR,
13.94) and RA-90 (CABG: OR, 2.07; CVS: OR, 2.10).

The MS-DRGs of readmissions after exclusions are identified in
the developmental dataset in Tables 2 and 3 for days 1 to 30, 31 to 60,
and 61 to 90 following discharge. For CABG patients, cardiac events
(39.1%), infections (17.4%), and pulmonary events (13.9%) were the
most common causes of readmissions. Among all readmissions, 57%
occurred during the first 30 days following discharge, 24.8% occurred
between days 31 to 60, and 18.2% occurred between days 61 to 90,
for a total of 43% of associated readmissions occurring between days
31 to 90.

In Table 3, for CVS patients in the developmental database, cardiac
events (43%), infections (15.6%), and pulmonary events (12.3%) were
the most common MS-DRGs for first-time readmissions. In examin-
ing all readmission events, 59.3% occurred during the first 30 days fol-
lowing discharge, 24.2% between days 31 to 60, and 16.5 % between
days 61 to 90, for a total of 40.7% occurring between days 31 to 90.

Hospital Outcomes
The study database population for CABG consisted of 1031 quali-
fying hospitals with 96,623 cases, for an average of 97 and a median
of 74 per hospital. There were 1540 inpatient deaths (1.6%), 7902
prLOS (8.2%), 1092 deaths at 90-days without readmission (1.1%),
and 19,281 readmissions at 90 days (20%). Among RA-90 patients,
another 678 died. A total of 3310 (3.4%) patients died from operation
through 90 days following discharge. A total of 26,314 (27.2%) pa-
tients had 1 or more AOs, with more than 50% due to readmissions.
For favorable outcomes in CABG, g scores among hospitals
ranged from —5.05 standard deviations (SDs) less than expected to
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+4.76 SDs greater than expected. Fifty-six hospitals had outcomes
that were at least 2 SDs better than expected, and 71 hospitals that
were at least 2 SDs poorer than expected. The risk-adjusted out-
comes for all hospitals are illustrated by deciles in Figure 1. The
top-performing decile had a median risk-adjusted AO rate of 17%,
while the poorest performing 10th decile had a median risk-adjusted
AO rate of 38.8%. Because all decile samples were both drawn from
a population with a known SD and had the same number of hospi-
tals, the standard error of the mean for all decile samples was 0.7%.
The error bars in Figure 1 represent the interquartile range to give
an accurate representation of the performance variability. In Figure
2, hospital risk-adjusted outcomes were divided into deciles based
on the number of cases in the study database. The smallest decile
hospitals (20-29 cases) had a mean of 28.1% for risk-adjusted AOs;
the largest decile (=179 cases) had a mean of 26.3%. The correlation
coefficient was 0.045 (P = .15).

For CVS, there were a total of 794 hospitals with 68,825 patients,
for an average of 87 and a median of 57 cases per hospital. CVS
had 1784 inpatient deaths (2.6%), 6079 prLLOS (8.8%), and 1168
postdischarge deaths without readmission (1.7%); 16,342 patients
(23.7%) had 1 or more readmissions. An additional 778 patients
died after readmission, for a total of 3730 (5.4%) deaths across
the inpatient and postdischarge time. A total of 22,256 (32.3%)
patients had 1 or more AOs. As with CABG, the majority of AOs
were attributable to readmissions.

For CVS, the g scores ranged from —4.68 for the best to 3.61 for
the poorest performing facilities. Forty-five hospitals had outcomes
that were at least 2 SDs better, and the outcomes of 57 were at least
2 SDs poorer than predicted. In Figure 1, the best performing decile
had a median risk-adjusted AO rate of 20.4%, while the poorest per-
forming decile had a median AO rate of 45.8%. The standard error
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Figure 1. The Median Risk-Adjusted Adverse Outcomes of Coronary Artery Bypass Grafting and Cardiac Valve

Surgery in Medicare Patients
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1 2 3 4 5 6 7 8 9 10
M CABG 17.0% 20.5% 22.8% 24.8% 26.3% 27.9% 29.7% 31.8% 34.7% 38.8%
CVS 20.4% 24.9% 27.7% 29.7% 31.4% 33.3% 35.2% 37.9% 40.9% 45.8%

AOs indicates adverse outcomes; CABG, coronaty artery bypass grafting; CVS, cardiac valve surgery.

Black lines indicate interquartile range.

for each decile of hospital performance was 0.9%. The variability of
cach decile of hospital performance is illustrated by the interquartile
range in Figure 1. In Figure 2, hospital volume is shown to not be
associated with better outcomes. The smallest decile had 20 to 24
cases and the largest had 177 or more cases. The correlation coeffi-
cient was 0.050 (P = .15).

DISCUSSION

The risk-adjusted results of this study demonstrate a dramatic
difference in the outcomes of cardiac surgery in Medicare pa-
tients. With reduced lengths of inpatient hospitalization, clinical
outcomes of care cannot be evaluated solely on inpatient events.
More than 50% of the deaths observed in this study occurred in
the 90 days following discharge with or without readmission, and
more than 50% of total AOs were due to RA-90.

Readmissions have not been an outcome focus in previous
years, and their inclusion in this study has added a large number of
AOs. Many clinicians argue that readmissions should not be count-
ed as an AQ, and that readmissions are expected and unavoidable
in older patients. The STS database does not include postdischarge
readmissions in its evaluation of hospitals or surgeons.' However,
the MS-DRGs of readmission in Tables 2 and 3 are associated with
the operation, and the differences in risk-adjusted rates identified
between top- and bottom-performing hospitals in this study would
indicate that there are opportunities for improvement in cardiac
surgery outcomes, especially in postdischarge events.

In this current study, the events associated with readmission
represent morbidity after cardiac surgery. These events are amena-
ble to preventive strategies, prompt recognition, and clinical res-
cue. Readmission is predicted in those patients that have prLOS
in the index hospitalization. Inpatient complications in cardiac
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surgery have been identified as having a strong relationship to re-
admissions.'”?" Medicare and other payers of cate clearly consider
readmission to be a matker of suboptimal outcomes, and financial
penalties have been the consequence.

A major discussion in readmissions is the postdischarge dura-
tion of time for accountability. Most studies of cardiac surgery re-
admissions have used either 30 days from the time of operation*
or 30 days following discharge as the time interval.®** A single
study has reported readmissions at 65 days following the operative
date.” Our data indicate that 40% of significant readmissions that
are linked to the index operation do not occur until the 31-to 90-
day time interval. An established private program has successfully
used a 90-day postprocedural interval for episode-based payment
in cardiac surgery® In the Acute Care Episode Demonstration
Project by Medicare, total joint replacement and CABG were the
operations of interest.?” Cardiac surgery will likely be an addition
to joint replacement as the bundled payment initiative unfolds, and
the postsurgical 90-day period probably will be the target interval
for postdischarge accountability."”

Limitations

One limitation to this study is that the prediction models are de-
signed from administrative, and not clinical, data. The inpatient mor-
tality model in this study is not the equivalent of the STS model
using clinical data. However, the C statistic of the IpD and PD-90
models are good, and the reduction of the C statistic when hospi-
tal variables are removed demonstrates that the hospital makes a
difference in mortality outcomes. Hopefully, the evolving electronic
health record (EHR) will allow the efficient recovery of clinical data
to enhance administrative databases. The addition of admission lab-

oratory data has the promise of being easily imported clinical data
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Figure 2. The Risk-Adjusted Adverse Outcomes of Coronary Artery Bypass Grafting and Cardiac Valve Surgery

by Decile of Increasing Hospital Volume of Cases
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CVS 32.8% 34.4% 33.9% 32.7% 32.2% 32.0% 34.1% 33.8% 31.5% 31.7%

AOs indicates adverse outcomes; CABG, coronary artery bypass grafting; CVS, cardiac valve surgery.

from the EHR to enhance prediction model development.®** The
EHR may even permit the inclusion of sophisticated clinical data
(eg, ejection fraction) into a hybrid data set. Although administrative
data have their shortcomings, they have the advantage of not being
self-reported and do capture PD-90 and RA-90. Additional limita-
tions include the need for further refinement of those readmissions
that should not be included as dependent variables in risk equations
and the need to include socioeconomic risk factors of the patients in
the prediction of readmissions. Refinement is necessary to enhance
discrimination of readmission models.” Finally, this study included
only Medicare patients and this may not be representative of the
entire experience of any facility when all patients are included.

Comprehensive studies of this nature are not common, and the
reality is that most hospitals, and even surgeons, do not know their
risk-adjusted rates across the spectrum of AOs as we have defined
them. When mechanisms are not in place to permit feedback to
providers of their comparative performance to regional or national
benchmarks, then improvement initiatives will be lacking, Risk-ad-
justed results by provider can only be achieved when state or region-
al all-payer databases are developed that will provide a feedback loop
to guide improvement efforts.

CONCLUSIONS

This study identifies a dramatic difference among hospitals in
risk-adjusted AO rates for CABG and CVS that cover both inpatient
and 90-day postdischarge results. The comparative outcomes indi-
cate opportunities for care improvement. With the exclusion of un-
related readmission events, 40% of readmissions that are associated
with the index hospitalization occur at 31 to 90 days postdischarge.
As bundled payments for cardiac surgery are developed, a strong

ajmc.com

case exists for the inclusion of the full 90-day postdischarge period
in the payment design.
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