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Explaining Variations in
Hospital Death Rates

Randomness, Severity of lliness, Quality of Care

Rolla Edward Park, PhD, MBA: Robert H. Brook, MD, ScD; Jacqueline Kosecoff, PhD; Joan Keesey; Lisa Rubenstein, MD, MPH;
Emmett Keeler, PhD; Katherine L. Kahn, MD; William H. Rogers, PhD; Mark R. Chassin, MD, MPP, MPH

We used administrative (Part A Medicare) data to identify a representative
sample of 1126 patients with congestive heart failure and 1150 with acute
myocardial infarction in hospitals with significant unexpectedly high inpatient,
age-sex-race-disease—specific death rates (“targeted”) vs all other (“untar-
geted”) hospitals in four states. Although death rates in targeted hospitals were
5.0 to 10.9 higher per 100 admissions than in untargeted hospitals, 56% to 82%
of the excess could result from purely random variation. Differences in the quality
of the process of care (based on a medical record review) could not explain the
remaining statistically significant differences in mortality. Comparing targeted
hospitals with subsets of untargeted ones, eg, those with lower than expected
death rates, did not affect this conclusion. Severity of illness explained up to 2.8
excess deaths per 100 admissions for patients with myocardial infarction. identi-
fying hospitals that provide poor-quality care based on administrative data and
single-year death rates is unlikely; targeting based on time periods greater than 1

year may be better.

IT WOULD be convenient if hospitals
with higher death rates, identified by
using easily collected administrative
data (age, sex, previous hospitalization,
diagnosis), turned out to be providing
lower quality of care. It is easy to use
administrative data to identify hospitals
with high death rates. If a high death
rate were a marker for bad care, then
health care consumers would know to
avoid those hospitals, and professional
organizations and the hospitals them-
selves could work to correct the quality
problems. '
Apparently in the hope or belief that
high death rates and low quality of
care are associated, the Health Care
Financing Administration (HCFA) has,
annually since 1986, released, at an indi-
vidual hospital level, increasingly so-
phisticated analyses of hospital death
rates for Medicare patients (New York
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Times. March 12, 1986:1)."” The release
of the analyses has been criticized,** but
HCFA has taken many of the criticisms
into account. Even HCFA’s critics seem
to share the hope that sufficiently so-
phisticated analyses will succeed in tar-
geting hospitals that provide substan-
dard care.

Variations in hospital death- rates
have been studied for a long time, but
such studies are few in number and,
until the release of data by HCFA, have
not been performed to identify individ-
ual hospitals as possibly providing poor
quality of care.” Death rates have been
shown to vary by specific hospital char-
acteristies™ and by experience (ie, vol-
ume),** but we do not know a lot about
how much of the variation results from
differences in severity of illness, how
much from differences in quality of care,
and how much from purely random or
selection effects.

Some evidence has accumulated,
from studies in limited numbers of hos-
pitals, that some of the differences in
death rates among hospitals may be due
to differences in severity of illness or
level of comorbidity. This was true for
patients with pneumonia, myocardial
infarction, or stroke in a single large
hospital chain, " for patients with cancer
in seven hospitals,* and for patients in
nine pediatric intensive care units.”

One recent study of four common
medical conditions in a Medicare popu-
lation found that chance variation ac-
counts for a major part of the differ-
ences in hospital death rates, but that
severity measures based on data ob-
tained from a medical record review also
helped to explain the differences.” An-
other study of five common conditions in
13 hospitals found that severity mea-
sured from the medical record added
substantially to the explanatory power
of HCFA’s 1988 model and reduced in-
stances of higher than expected mortal-
ity of chance levels.”

Only one study has shown some con-
nection between high death rates and
quality of care. Using implicit peer re-
view of quality of care in a single hospi-
tal chain, that study showed that pa-
tients with pneumonia, stroke, or
myocardial infarction were twice as
likely to suffer a possibly preventable
death in high-death outlying hospitals
than were patients in hospitals that
were not statistical outliers."

We previously found for all US
acute-care hospitals that age-sex-race-
disease-specific death rates were sig-
nificantly different (both clinically and
statistically) by hospital for 22 of 48 spe-
cific conditions or diagnoses.” Because
our previous study used data from hos-
pital claims only, we were unable to ad-
dress the question of how to explain the
remaining systematic variation. This
study attempts to shed some additional
light on the relationships among hospi-
tal death rates, severity of illness, and
quality of care by using data from medi-
cal records. We chose two medical con-
ditions, congestive heart failure (CHF)
and acute myocardial infarction (AMI),
for more detailed clinical investigation
because their death rates varied signifi-
cantly by hospital and they accounted
for 7.5% of all Medicare admissions and
17.5% of all Medicare hospital deaths.

Qur primary objectives for this study
were to determine in a representative
sample of acute-care hospitals (1)
whether hospitals with high age-sex-
race-disease-specific death rates pro-
vide lower quality of care or treat more
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severely ill patients than do hospitals
with lower death rates, and (2) how the
probability of death is related to sever-
ity of illness and quality of care. An-
swers to these questions could result
in better policy decisions regarding
whether the public identification of
poor-quality hospitals requires collect-
ing more data (eg, severity of illness at
time of admission) than those available
on a discharge abstract. We summarize
our methods and results herein; addi-
tional details are available elsewhere.”

METHODS
Administrative Data

We obtained information on all hospi-
tal stays for Medicare beneficiaries
from HCFA’s Bill Record File for all
admissions occurring between October
1, 1983, and September 30, 1984. To
make the data as comparable as possible
across hospitals, we (1) excluded all
Medicare beneficiaries under the age of
65 years (those eligible to receive Medi-
care benefits solely because of various
disabilities, including chronic renal
disease); (2) excluded data from long-
term—care hospitals, psychiatric facili-
ties, hospices, and rehabilitation hospi-
tals; (3) excluded interim bills; (4) edited
the data to include only one complete
record for each hospital stay; and (5)
counted transfers from one acute-care
hospital to another as live discharges
from the first hospital and separate ad-
missions to the second.

We obtained additional informa-
tion on hospital characteristics from
HCFA’s Provider of Service File and
information on out-of-hospital deaths
from HCFA’s Health Insurance Master
File. We used only the prineipal diagno-
sis and defined CHF according to Inter-
national Classification of Diseases,
Ninth Revision, code 398.91, 402.11,
402.91, 428.0, 428.1, 428.9, or 785.51
and AMI according to codes 410.0
through 410.9.

Targeting

For each acute-care US hospital, we
calculated the death rate it would have
experienced if its patients with CHF or
AMI had died at nationwide average
rates for each condition for each of 20
age-sex-race cells, We then calculated
the binomial probability that a hospital
would have as many deaths as it actually
did. Hospitals with less than a .05 prob-
ability of having as many deaths as they
did were called “targeted”; all others
were “untargeted.” In simple terms, we
targeted using a one-sided test at the
.05 level. We targeted separately for
each condition (CHF and AMI) and sep-
arately for inpatient deaths and for
deaths within 30 days of admission.

Sampling

For logistic reasons, we confined the
sample to four states (California, Ilki-
nois, Minnesota, and New York), which
together had 20% of US hospitals and
22% of Medicare hospitalizations. Pow-
er calculations showed that a sample of
350 patients in each of the four tar-
geted/untargeted dead/alive cells for
each of the two conditions would be ade-
quate. For a quality of care measure
with an SD of 1.0, we could expect to
detect a 0.15 point difference in aver-
age quality between Largeted and un-
targeted hospitals, or between dead and
alive discharges, in 80% of repeated
samples, using a one-tailed test at the
.05 significance level.

We drew a systematic random sample
of discharges in the following manner.
Our sample frame consisted of Medicare
claims records arranged into eight lists.
There was a separate list for each condi-
tion for each of its four cells: targeted or
untargeted hospitals based on inpatient
deaths and dead or alive patients at time
of discharge; eg, one cell was patients
with heart failure discharged dead from
inpatient targeted hospitals. We sorted
each list by state and hospital; within
each hospital, we listed patients in ran-
dom order and sampled systematically
from that list.

We sampled based on inpatient
deaths because that is what HCFA was
using for its mortality data release at
the time we drew the sample. Subse-
quently, HCFA shifted to analyzing 30-
day deaths. Is our sample useful for ana-
lyzing 30-day deaths as well? The
answer is “yes.” Analyzed using ap-
propriate population weights, our sam-
ple yields unbiased estimates of differ-
ences between 30-day targeted and un-
targeted hospitals, albeit with slightly
higher variance than the inpatient esti-
mates."”

Simulation

To determine how much of the varia-
tion in the hospitals’ death rates for pa-
tients with CHF and AMI could be at-
tributed to random variation, we
simulated hospital deaths in the four
study states on the null hypothesis that
the probability of death for each hospital
was the age-sex-race-standardized val-
ue described under “Targeting” above.
We calculated the binomial probability
of having as many deaths as simulated
and ranked hospitals in order of that
probability. We counted the hospitals
with the lowest probability values as
targeted in the simulations, using the
number of hospitals that were targeted
when using actual data as the cutoff
number. This number differed for CHF
and AMI and for inpatient or 30-day

targeting. We calculated death rates in
the simulated targeted hospitals as a
group and in simulated untargeted hos-
pitals as a group. We repeated the pro-
cess 100 times and averaged the simu-
lated death rates over the 100 repeti-
tions.

Medical Records Data

To collect detailed data on severity of
illness and quality of care, we developed
separate detailed abstraction forms for
the two conditions™® and contracted
with local peer review organizations in
the four states to do the abstraction. We
trained nurses and medical records ab-
stractors in the use of the abstraction
forms. The peer review organizations
asked the hospitals to send them com-
plete photocopies of the sampled rec-
ords. The records were abstracted at
each peer review organization and the
completed abstraction forms were sent
to RAND, where selected items were
reviewed first by a nonphysician to en-
sure completeness, legibility, and inter-
nal consistency of the abstracted data.
All of the abstracts were then reviewed
by the physician principal investigator
(M.R.C.), who determined for each case
whether the principal diagnosis of CHF
or AMI was accurately coded and veri-
fied other exclusionary criteria. We ex-
cluded patients if surgery occurred dur-
ing the hospital stay, if the patient had
metastatic cancer or cancer under ac-
tive treatment with radiation or chemo-
therapy, or if the patient had been
transferred from another acute-care
hospital. We also excluded patients for
which the principal diagnosis of CHF or
AMI was coded incorrectly.

We used the abstracted data to calcu-
late disease-specific measures of sever-
ity of illness and quality of care. The
measures are those developed by the
RAND prospective payment system
study.” The severity measure is a
weighted sum of APACHE® and other
items, including rescaled systolic blood
pressure, the results of laboratory
tests, and an inventory of chronic mor-
bid and comorbid disease markers. It
has been shown to predict 12% of the
variance in deaths for patients with
CHF and 22% for those with AMIL.* The
quality score measures the process of
care based on an explicit set of processes
that should be done, including physician
and nurse examination and history tak-
ing and the use of diagnostic, therapeu-
tiec, and intensive services. It is
branched, ie, different criteria apply to
different patients. It is disease specific
and standardized to reflect differing
levels in difficulty of complying with a
criterion. Most important, it has been
shown to be valid at the patient level, ie,



increased scores on this process scale
indicate lower probability of death.”

Analysis

We used Cox proportional hazards re-
gression to explore the effect of differ-
ences in severity and quality on proba-
bility of death. We estimated separate
equations for the two conditions and for
inpatient and 30-day deaths. We report
unweighted (ie, not corrected for over-
sampling deaths and targeted hospitals)
Cox proportional hazards regressions
herein, but only after comparing sepa-
rate logistic regressions for targeted
and untargeted hospitals and confirni-
ing that there are no substantial differ-
ences in the estimated coefficients.” We
compared mean values of quality of
care, severity of illness, and “do not
resuscitate” status (DNR) in targeted
vs untargeted hospitals; these means
were reweighted to reflect population
values. We used the estimated Cox re-
gressions to calculate the differences in
average death rates corresponding to
the observed differences in quality, se-
verity, and DNR.

Retargeting

To understand whether our results
are sensitive to the targeting method
chosen (ie, hospitals with P<.05 of hav-
ing as many deaths as observed vs all
others), we changed how we classified
hospitals and thereby tested other com-
parisons. First, we compared only the
“best” and “worst” hospitals in our orig-
inal sample. We defined the best hospi-
tals as those that had lower than ex-
pected death rates (not necessarily
significantly lower), thus excluding
small hospitals with high death rates
but too few patients to achieve statisti-
cal significance, as well as larger hospi-
tals with moderately high death rates.
We defined the worst hospitals as those
with P<.01 of having as many deaths
as observed. We retargeted best and
worst hospitals, using both inpatient
and 30-day death rates.

We also took advantage of HCFA's
1988 analysis of 1986 hospital data,
which, although also based on adminis-
trative data, includes slightly more ad-
justment for severity than does the one
that we used.* We reclassified our hospi-
tals (1984 data) as targeted if they had
P<.05 of having as many deaths as ob-
served in HCFA’s analysis of 30-day
deaths during 1986.

Third, we developed an ad hoc 3-year
targeting method in an attempt to take
advantage of random effects averaging
out over time. Specifically, we multi-
plied together the probabilities that a
hospital would have as many deaths as it
did from our 1984 thirty-day death anal-

Table 1.—Actual and Simulated Death Rates for 1137 Hospitals Treating CHF Patients and 1121 Hospitals

Treating AMI Patients*

CHF Patients

AMI Patients

Inpatient Deaths

30-d Deaths

Inpatient Deaths 30-d Deaths

Actual deaths per 100
patients in targeted
hospitals 15.4

17.6 30.2 34.1

Actual deaths per 100
patients in untargeted
hospitals 7.9

12.6 20.0 23.2

Targeted minus untargeted
actual deaths per 100
patients 7.4

5.0 10.2 10.9

Targeted minus untargeted
simulated deaths per

100 patientst 5.1 (0.2}

4.1 (0.3) 6.3 (0.5) 6.1 (0.6)

% of actual difference in
death rates between
targeted and untargeted
hospitals due to random
variation 69

82 62 56

.
*Death rates are for hospitals in four states, October 1983 through September 1984. CHF indicates congestive

heart failure; and AMI, acute myocardial infarction.

tSimulated values are means from 100 trials, with SDs in parentheses.

ysis and HCFA’s 1988 analyses of 1986
and 1987 data. We then ranked hospitals
by the result of that computation and
counted as targeted the same number of
hospitals from the top of the list that our
30-day method targeted in 1984.

RESULTS
Hospital Targeting With
Administrative Data

In our four study states, 1137 hospi-
tals had at least one Medicare admission
for a patient with CHF and 1121 hospi-
tals had at least one admission for a
patient with an AMI. Using our original
targeting method (ie, P<.05), 13% of
hospitals were targeted using inpatient
deaths and 7% using deaths within 30
days of admission for patients with
CHF'; 9% of hospitals were targeted us-
ing inpatient deaths and 6% using 30-
day deaths for patients with an AMI. Of
the hospitals targeted for one condition
using inpatient deaths, 22% were also
targeted for the other condition. Using
30-day deaths, the overlap was about
17%.

Table 1 shows that death rates in tar-
geted hospitals are substantially higher
than those in untargeted hospitals,
ranging from 40% higher for 30-day
deaths among patients with CHF to al-
most 100% higher for inpatient deaths
among CHF patients. For patients with
AMI, targeted hospitals have about
50% higher actual death rates, regard-
less of whether deaths are counted in
the hospital or within 30 days of
admission.

The simulation results show how
much of the difference in death rates can
be attributed solely to the targeting
method. Even though differences in

death rates in the targeted and untar-
geted hospitals are statistically signifi-
cant, random variation and the selection
of targeted hospitals account for a large
share, between 56% and 82%, of the
difference. The remaining nonrandom
components of the death rate differ-
ences between targeted and untargeted
hospitals are both clinically important
and highly significant statistically.” For
example, at 30 days following admission
an additional 4.8 deaths per 100 patients
admitted with AMI are unexplained af-
ter allowing for the way targeted hospi-
tals were selected; the corresponding
figure for patients with CHF is 0.9
deaths per 100 patients admitted.

Validating Severity of lliness
and Quality of Care Measures

Of the 3200 sampled patients, 32 were
from hospitals that we could not identify
from HCFA data. We obtained 97% par-
ticipation by sampled hospitals. Hospi-
tal refusals resulted in 2% of patients
with CHF and 5% of those with AMI
being excluded from our sample (Table
2). On examining the medical record, we
found that 248 (16%) of sampled patients
with CHF and 231 (14%) of those with
AMI had to be excluded because of cod-
ing errors; that is, the intended con-
dition was not the true principal
diagnosis.

Inaddition, 92 patients with CHF and
63 with AMI were excluded for other
reasons, stich as death in the emergency
department or claims data errors. Fi-
nally, 85 patients with CHF and 64 pa-
tients with AMI were excluded because
the hospital was unable to locate the
sampled admission. We thus obtained
complete data on 1126 (90%) of the 1246



Table 2. —Population and Sample Counts by Sampling Category After Sample Attrition*

CHF Patients AMI Patients
Untargeted Targeted Untargeted Targeted
Hospitals Hospitals Hospitals Hospitals
Hospitals
4 States 992 145 1017 104
Sampled 533 141 525 104
Participating (%) 516 (97) 137 (97) 511 (97) 100 (96)
Patients
4 States 65 702 16 465 74 844 7322
Sampled 800 800 800 800
Less
Hospital not identifiablet 0 14 o] 18
Hospital refused 23 12 15 59
Coding errorst 124 124 116 115
Claims data errors and
other exclusionst 40 52 26 37
Failure to obtain usable copy
of sampled record 30 55 21 43
Usable data
(% of true records}) 583 (92) 543 (89) 622 (95) 528 (84)

*CHF indicates congestive heart failure; and AMI, acute myocardial infarction.
tUnavoidable attrition.
$After excluding unavoidable attrition.

Tabie 3. —Estimating the Relative Probability of Dying on Any Day Following Hospitalization*

CHF Patients AMI Patients

inpatient Deaths 30-d Deaths Inpatient Deaths 30-d Deaths
Explanatory Variable Coeft t Stat Coeff tStat Coeff t Stat Coeff t Stat
Severity of iliness 547 121 583 127 458 183 453 185
DNR at admission 0.87 59 094 64 034 20 042 24
Quality of care -012 -27 -0.10 -22 -0.16 -3.4 -013 -29
After discharge o -262 ~11.7 - —226 -74
No. of observations 1126 1714 1149 1727

*Mode! used is Cox proportional hazard model. CHF indicates congestive heart failure; AMI, acute myocardial
infarction; DNR, “do not resuscitate”; Coeff, estimated coefficients; and t stat, estimated statistics. The higher
number of observations for the 30-day estimates is an artifact of the estimation method, which requires replicating
observations for patients discharged alive fewer than 30 days after admission to create one observation before and

one after discharge.

patients with CHF who were eligible for
the study after excluding those ineligi-
ble because of claims or coding errors
and on 1150 patients (89% of eligibles)
with an AMI.

Table 3 summarizes our patient level
results on the effect of severity of illness
and quality of care on probability of
death and helps to establish the validity
of the severity and quality measures.
Greater severity of illness or DNR sta-
tus independently increases the risk of
death; better quality of care lowers it.
For example, for the 30-day CHF mod-
el, patients at the 25th percentile of se-
verity and at the median for DNR and
quality of care have a predicted 30-day
death rate of 9.0 per 100 admissions,
while those at the 75th percentile of se-
verity have 17.4 predicted deaths. Cor-
respondingly, patients at the 25th per-
centile of quality have 13.4 predicted
deaths, while those at the 75th percen-
tile of quality have 11.9 predicted
deaths.

Comparing Targeted and
Untargeted Hospitals

Table 4 compares targeted and untar-
geted hospitals in terms of average se-
verity of illness, quality of care, and
proportion of patients who had DNR
orders written at admission. The com-
parisons are presented for both inpa-
tients and 30-day targeting. There are
separate comparisons for dead and alive
patients (at discharge for inpatient tar-
geting, at 30 days postadmission for 30-
day targeting). as well as, after
reweighting for the sampling strategy,
averages over all patients.

Significant differences between tar-
geted and untargeted hospitals are des-
ignated as going in the expected direc-
tion (eg, targeted hospitals have lower
quality of care or more severely ill pa-
tients) or going in the unexpected direc-
tion. There are only spotty differences,
and they go in the unexpected direction
as often as not. Patients with CHF who

died within 30 days of admission re-
ceived significantly worse care in 30-
day targeted hospitals than in untar-
geted hospitals, but in all the other
quality comparisons for both CHF and
AMI patients, targeted hospitals were
as good as or better than untargeted
hospitals, though never significantly so.
Patients with AMI in 30-day targeted
hospitals were significantly sicker over-
all than those in untargeted hospitals,
but that is the only significant severity
comparison; for patients with CHF the
nonsignificant trends are in the unex-
pected direction.

Average quality scores and, especial-
ly, average severity scores appear to be
estimated quite precisely in Table 4, and
the estimated differences between tar-
geted and untargeted hospitals appear
to be quite small. Still, it is worthwhile
to investigate explicitly the importance
of the estimated differences, and the
importance of the uncertainty in the es-
timated differences, in terms of their
implied effects on death rates. The ef-
fects of estimated differences in quality
are small, and what differences there
are tend to favor targeted hospitals (Ta-
ble 5). That is, targeted hospitals from
Table 4 have better estimated average
quality (except for patients with AMIin
inpatient targeted hospitals). More-
over, even at the lower bound of the
confidence intervals for inpatients with
an AMI, where quality is worse in tar-
geted than in untargeted hospitals,
poorer quality would contribute, if that
result were true, just 0.28 percentage
points to excess deaths in targeted
hospitals.

The estimated differences in severity
also have fairly small effects on death
rates for patients with CHF. For pa-
tients with AMI, however, higher aver-
age severity in targeted hospitals has a
substantial effect on death rates. For
example, Table 4 shows that patients
with AMI in 30-day targeted hospitals
averaged 0.03 higher severity scores
than those in untargeted hospitals. Ifall
such patients had 0.03 lower severity
scores, the death rate in targeted hospi-
tals predicted by the Cox estimates
would decrease by 2.8 deaths per 100
admissions. At the upper bound of the
confidence interval, the patients in tar-
geted hospitals had 0.05 higher severity
scores. If all such patients had severity
scores 0.05 lower than observed, that
would have lowered targeted hospital
death rates by 4.8 percentage points.

Explaining Differences in
Death Rates Between Targeted
and Untargeted Hospitals

In Table 6, we pull together several
possible explanations for higher death



Table 4.—Differences in Severity of illness, DNR Status, and Quality of Care Between Targeted and

Untargeted Hospitals*

CHF Patients AMI Patients
Untargeted Targeted Untargeted Targeted
Hospital Hospital Hospital Hospital
inpatient Targeting
Patients in sample
Alive 318 290 311 285
Dead 265 253 311 243
Total 583 543 622 528
Severity score
Alive 0.32 (0.00)t 0.31 (0.00) 0.22 (0.01) 0.21 (0.01)
Dead 0.41 (0.01) 0.40%(0.01) 0.38 (0.01) 0.39 (0.01)
Weighted average§ 0.33 (0.00) 0.32 (0.00) 0.25 (0.01) 0.26 (0.01)
DNR status at admission
Alive 0.02 (0.01) 0.00$(0.00) 0.01 (0.01) 0.00 (0.00)
Dead 0.17 (0.02) 0.05{|(0.01) 0.08 (0.02) 0.07 (0.02)
Weighted average§ 0.03 (0.01) 0.01{/(0.00) 0.02 (0.01) 0.02 (0.01)
Quality of processt
Alive 0.10 (0.05) 0.22 (0.05) 0.31 (0.04) 0.35 (0.05)
Dead —0.27 (0.06) ~0.14 (0.06) 0.05 (0.06) 0.05 (0.06)
Weighted average§ 0.07 (0.04) 0.16 (0.04) 0.26 (0.03) 0.26 (0.04)
30-d Targeting
Patients in sample
Alive 526 109 464 129
Dead 402 89 429 128
Total 928 198 893 257
Severity score
Alive 0.32 (0.00) 0.31 (0.01) 0.22 (0.01) 0.23 {0.01)
Dead 0.40 (0.00) 0.40 (0.01) 0.36 (0.01) 0.39 (0.02)
Weighted average§ 0.33 (0.00) 0.33 (0.01) 0.25 (0.00) 0.28#(0.01)
DNR status at admission
Alive 0.01 (0.00) 0.00%(0.00) 0.01 (0.00) 0.00% (0.00)
Dead 0.13 (0.02) 0.23%*(0.05) 0.07 (0.01) 0.10 (0.03)
Weighted average§ 0.03 (0.01) 0.04 (0.01) 0.02 (0.01) 0.03 (0.01)
Quality of process
Alive 0.12 (0.04) 0.23 (0.08) 0.30 (0.03) 0.41 (0.07)
Dead —-0.13 (0.05) —0.42*%(0.13) 0.12 (0.05) 0.15 (0.08)
Weighted average§ 0.09 (0.03) 0.11 (0.07) 0.26 (0.03) 0.32 (0.05)

S O 0 O RN
*CHF indicates congestive heart failure; AMI, acute myocardial infarction; and DNR, “do not resuscitate.”

1SEs are in parentheses.
1P<.05, unexpected direction.

§Number was reweighted to reflect the fact that dead patients were oversampled relative to alive patients.

liP<.01, unexpected direction.

{Higher score is better care; see text and reference 24.

#P<.01, expected direction.
**P<.05, expected direction.

rates in targeted hospitals. Consider
first the 30-day targeting method for
patients with AMI. From Table 1, we
know that targeted hospitals have a 30-
day death rate that is 10.9 percentage
points higher than in untargeted hospi-
tals, and that 6.1 percentage points of
that difference could result from ran-
dom variation and the way hospitals
were targeted. From the calculations in
Table 5, we know that the estimated
differences in average severity, DNR
status at admission, and quality could
account for a death rate an additional
2.8, 0.1, and —0.1 percentage points
higher in targeted hospitals. That
leaves a 2.0-percentage point gap that
is not accounted for by either the way
targeted hospitals were selected or
measured differences between targeted
and untargeted hospitals.

There is sufficient uncertainty in our
estimate of the difference in average

severity between targeted and untar-
geted hospitals so that, if that difference
were at the upper limit of the 95% confi-
dence interval, severity could aceount
for an additional 2.0 percentage points
of difference in death rates (4.85 -
2.81 = 2.04 from Table 5). Uncertainty
in our estimate of the difference in aver-
age quality could account for 0.3 per-
centage points. Thus if both severity
differences and quality differences were
at their 95% confidence bounds, they
would be sufficient to close the unex-
plained gap.

The situation is similar for 30-day tar-
geting for patients with CHF, although
here both the unexplained gap and the
effect of a possibly underestimated se-
verity difference or overestimated qual-
ity difference are smaller.

In contrast, a substantial unex-
plained difference remains between tar-
geted and untargeted hospitals’ inpa-

tient death rates, even at the confidence
bounds for differences in severity and
quality (2.0 percentage points for CHF
and 0.9 percentage points for AMI).

Retargeting

Table 7 compares average quality of
care received by patients in alternative-
ly targeted vs untargeted hospitals.
Comparing only the “best” (lower than
expected deaths) and “worst” (P<.01 of
so many deaths) hospitals shows higher
quality in targeted hospitals as often as
not. Three-year targeting identifies sig-
nificantly lower explicit quality in tar-
geted hospitals treating patients with
CHF and a nearly significant trend in
the same direction for patients with
AMI. Targeting by HCFA yields simi-
lar results, but the significantly low
quality estimate for patients with CHF
in targeted hospitals is suspect because
it is based on only 26 patients.

COMMENT

We stated our main study objectives
as follows: (1) to determine if hospitals
with high death rates provide lower-
quality care or have more severely ill
patients than do hospitals with lower
death rates and (2) to determine at the
patient level how the probability of
death is related to severity of illness and
quality of care.

With respect to the first objective,
we determined that hospitals targeted
with unexpectedly high age-sex-race-
disease-specific death rates do not
provide lower quality of care than do un-
targeted hospitals, and that any differ-
ences in quality of care that lie within
estimated confidence bounds have mini-
mal effects on death rates. We found
that higher average severity for pa-
tients with AMI in targeted hospitals
accounts for about 25% of the difference
in 30-day death rates, but differences in
severity of illness do not explain higher
death rates for patients with CHF.

With respect to the second objective,
we determined that, at an individual
patient level, higher severity of illness
markedly increases the probability of
death, and, to a lesser extent, better
quality of care reduces the probability of
death.

Finally, we are left with an unex-
plained excess of 2.9 or 0.6 deaths per
100 patients admitted with CHF for
hospitals targeted on inpatients or 30-
day death rates. For patients with AMI,
the figures are 2.7 and 2.0 excess deaths
per 100 admitted patients. The excess
for 30-day targeting could possibly re-
sult from misestimated severity and
quality differences between targeted
and untargeted hospitals, but the un-
certainty in these estimates is not large



enough to explain the excess for inpa-
tient targeting. The excess for inpatient
targeting could be the effect of unmea-
sured severity differences, unmeasured
quality differences, or longer average
lengths of stay in targeted hospitals.

Unmeasured severity of iliness could
be responsible for some of this excess,
but another study has demonstrated
that it will be difficult to improve the
measurement of severity using just
data in a medical record for patients
with these two conditions.” If the hy-
pothesis that hospital death rate differ-
ences are due to unmeasured severity is
to be tested, then prospectively collect-
ed data from the patient or physician

" must be obtained.

Even the sophisticated explicit mea-
sures of quality used herein certainly
cannot capture all of the potentially im-
portant differences in hospital care, if
for no other reason than that they mea-
sure the process of care predominantly
during the first 3 days following admis-
sion. A previous study demonstrated a
relationship between quality of hospital
care and the hospital death rates, but
only when using implicit physician judg-
ment to measure quality (not preset cri-
teria).” That study found no significant
relationship between death rates and a
quality score explicitly calculated from
medical record data, based on preset
criteria. Any defects in quality in tar-
geted hospitals appeared to be in areas
not easily assessed by explicit measure-
ment.

Another possibility is that the excess
death rate in inpatient targeted hospi-
tals results in part from longer average
patient stays in those hospitals. Pa-
tients with CHF stay on average more
than 4 days longer in inpatient targeted
hospitals (14.1 days vs 9.7), and patients
with AMI stay more than 1 day longer
(13.1 vs 11.7). If these differences were
entirely due to customary practice vari-
ations and exogenous constraints on pa-
tient discharges such as lack of nursing
home beds, then differences in length of
stay could easily explain the remaining
gaps between death rates in targeted
and untargeted hospitals, as we demon-
strate in reference 19. But, of course,
differences in length of stay can also
arise from differences in severity of ill-
ness or in quality of care.

If one believes that quality differs
among hospitals and that it is important
to detect the differences, the more im-
portant question is whether a targeting
mechanism can be devised that better
identifies hospitals providing lower-
quality care. For that reason, we retar-
geted the hospitals in our data set to
take account of the following possible
limitations in our targeting method.

Table 5.—Differences in Death Rates Between Targeted and Untargeted Hospitals That Correspond to
Estimated Differences in Severity, DNR, and Quality*

Explanatory Variable

Death Rate Differences Between Targeted and Untargeted

Hospitals (Deaths per 100 Admissions)

CHF Patients

AMI Patients

Due to severity difference

Inpatient Targeting

—0.251(—0.72 10 0.24)}

1.20 (-0.21102.69)

Due to DNR difference

—0.191(—0.33 to - 0.05)

~0.024(—0.12 10 0.09)

Due to process difference

~0.111(0.01 to —0.23)

0.02 (0.28to —0.25)

Due to severity difference

30-d Targeting

0.16 {-0.7910 1.18)

2.81 (0.8910 4.85)

Due to DNR difference

0.16 (—~0.16t0 0.49)

0.08 (~0.1210 0.28)

Due to process difference

—0.041(0.19 to —0.26)

—-0.121(0.12 to ~0.36)

*CHF indicates congestive heart failure; AMI, acute myocardial infarction; and DNR, “do not resuscitate.”

tMinus sign indicates that lower severity, lower DNR, or higher quality in targeted hospitals contributes to the
difference to be explained, rather than helping to explain the difference.

$Numbers in parentheses are 95% confidence intervals.

Table 6. — Explaining Excess Death Rates in Targeted vs Untargeted Hospitals (Deaths per 100 Admissions)*

CHF Patients AMI Patients
Inpatient 30-d Inpatient 30-d
Targeting Targeting Targeting Targeting
Observed difference 7.4 5.0 10.2 10.9
Less expected due to binomial
variation or selection effect 5.1 4.1 6.3 6.1
Unexplained excess after
binomial variation 2.3 0.9 3.9 4.8
Less
Expected due to differences in
severity of iliness —0.3 (NS) 0.2 (NS) 1.2 (NS) 28
Expected due to differences in
DNR at admission —0.2 (NS) 0.2 (NS) -0.0 (NS) 0.1 (NS)
Expected due to differences in
quality of care —0.1 (NS) -0.0 (NS) 0.0 (NS) -0.1 (NS)
Unexplained after binomiat
variation and systematic
differences 29 0.6 27 2.0

*CHF indicates congestive heart failure; AMI, acute myocardial infarction; DNR, “do not resuscitate”; NS, no
significant difference between targeted and untargeted hospitals (P>0.05); and minus sign, that lower severity,
lower DNR, or higher quality in targeted hospitals contributes to the difference to be explained, rather than helping

to exptain the difference.

Table 7.—Differences in Quality of Care Between Targeted and Untargeted Hospitals Using Alternative

Targeting Methods*

CHF Patients AMI Patients
Untargeted Targeted Untargeted Targeted
Retargeting Method Hospitals Hospitalst Hospitals Hospitals
Best (lower than expected deaths)
vs worst (P<..01) inpatient targeting
Patients in sample 265 370 328 226
Mean quality scoret 0.17 (0.05) 0.21 (0.05) 0.25 (0.05) 0.36 (0.05)
Best (lower than expected deaths)
vs worst (P<.01) 30-d targeting
Patients in sampie 399 96 402 95
Mean quality scoret 0.12 (0.04}) —0.05 (0.10) 0.25 (0.04) 0.15 (0.10)
Hospitals targeted by the HCFA for
1986 (P<.05)
Patients in sample 1080 26 984 141
Mean quality scoret 0.11 (0.03) —-0.421(0.16) 0.28 (0.03) 0.18 (0.07)
3-y Targeting
Patients in sample 950 156 1006 117
Mean quality scoret 0.13 (0.03) —0.203(0.08) 0.28 (0.03) 0.13 (0.08)

*CHF indicates congestive heart failure; AMI, acute myocardial infarction; and HCFA, Health Care Financing

Administration.

+Higher score is better care; see text and reference 24. Values in parentheses are SEs.
$Significant difference between untargeted and targeted hospitals, <01, expected direction.



One possibility is that a P<.05 cutoff for
targeting (where P is the probability
that the hospital would have as many
deaths as it did) is not strict enough, or
that differences are obscured by con-
trasting hospitals below the probability
cutoff with all other hospitals (which
may include small hospitals with high
death rates and low-quality care, but
too few patients to reach the statistical
significance necessary for targeting).
Another possibility is that our method
does not adequately control for severity
of illness. The method used by HCFA is
similar to ours but adjusts for severity
as thoroughly as possible, using admin-
istrative data; we adjusted only for age,
sex, race, and disease. A third possibili-
ty is that random variation obscures any
real differences in a single-year analy-
sis. When we retargeted to minimize or
avoid these possible problems, the re-
sults were mixed and, except possibly
for 3-year targeting, did not add much
to our original analysis.

In summary, our analyses of a
representative sample of patients with
CHF and AMI in four populous states
have not produced much evidence that
hospitals with higher than expected
death rates based only on administra-
tive data actually, on review of their
medical records, provide lower-quality
care. What can be done to improve our
ability to identify such hospitals? There
is some evidence that targeting hospi-
tals with consistently high death rates
over periods longer than 1 year may
identify potential quality problems.
Further research needs to be per-
formed to identify the optimal targeting
interval (2, 3, or 4 years), but the time
interval cannot be so long as to make the
results irrelevant to current patient
care. The current HCFA mortality re-
lease reports results for 3 years of data,
but they are analyzed 1 year at a time.”

Our targeting method did not use all
of the information available in the ad-
ministrative data to control for severity
of illness, only age, sex, race, and a
clinical meaningful grouping of principal
diagnoses from the International Clas-
sification of Diseases, Ninth Revision.
Thus, it is closer to the method used by
HCFA in its initial 1986 data release
(New York Times. March 12, 1986:1)
(when this study was designed) thanitis
to HCFA’s current method.” Would tar-
geting that included other severity ad-
justment measures that are available
from administrative data have substan-
tially affected the results of this study?
We think not. Green et al” found
that the severity adjustment used in
HCFA’s 1988 release’ explained only
2.5% of the variance in outcome on aver-
age for the five broadly defined diseases

investigated. including 3.9% for severe
acute heart disease. The 1989 analysis of
HCFA’, which controls for principal
diagnosis grouped into homogeneous
death rate categories,” might explain on
the order of 8% of the variance in our
already fairly homogeneously defined
AMI, and probably only 2% for our
CHF. Thus, even if we had used the
most recent HCFA method to adjust for
severity, we would have reduced the
width of the targeting confidence inter-
vals by no more than 4% or so, and the
targeting probabilities calculated with
and without the additional adjustment
would have been highly correlated.

Over the years HCFA has substan-
tially improved its targeting method,
and it continues to improve. But, given
our results, we believe that the im-
proved methods should be tested to see
if they are indeed targeting lower-quali-
ty hospitals. First, such methods should
be tested against simulation models to
confirm that they are not just picking
hospitals whose high death rates result
solely from random variation. Second,
the quality of care in targeted vs untar-
geted hospitals should be compared us-
ing clinical data from medical records.
Third, that comparison should include
both implicit and explicit assessment of
quality. Fourth, sufficient public dis-
cussion about both the targeting meth-
ods and results should occur so that per-
haps their acceptability within the
medical profession and the hospital
community will increase.” And finally,
if targeting based on administrative
data cannot be improved, then serious
attention needs to be given to whether
detailed data on severity of illness at
time of admission should be collected
routinely and nationally. If hospitals
were targeted based on detailed sever-
ity data, would the targeting be more
accurate? Would the additional accura-
cy be worth the cost?

This work was supported by the Health Care
Financing Administration. We appreciate the good
work of Caren Kamberg and Barbara Genovese,
who were responsible for most peer review organi-

zation contact and hard-copy data management for
this study.
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