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HOSPITAL INPATIENT MORTALITY
Is It a Predictor of Quality?

Abstract Various potential measures of quality of care
are being used to differentiate hospitals. Last year, on the
basis of diagnostic and demographic data, the Health
Care Financing Administration identified hospitals in which
the actual death rate differed from the predicted rate. We
have developed a similar model. To understand why there
are high-outlier hospitals (in which the actual death rate is
above the predicted one) and low-outlier hospitals (in
which the actual death rate is below the predicted one), we
reviewed 378 medical records from 12 outlier hospitals
treating patients with one of three conditions: cerebrovas-
cular accident, myocardial infarction, and pneumonia.

After adjustment for the severity of illness, the death rate
in the high outliers exceeded that predicted from the se-
verity of iliness alone by 3 to 10 percent, and in the low
outliers, the actual death rate fell short of the severity-
adjusted predictions by 10 to 15 percent (P<0.01). Re-
views of the process of care using 125 criteria revealed no
differences between the high and low outliers. However,
detailed reviews by physicians of the records of patients
who died during hospitalization revealed a higher rate of
preventable deaths in the high outliers than in the low
outliers. For the three conditions studied, we project that
5.7 percent of a standard cohort of patients admitted to the
high-outlier hospitals would have preventable deaths, as
compared with 3.2 percent of patients admitted to the low-
outlier hospitals (P<0.05).

A meaningful comparison of hospital death rates re-
quires adjustment for severity of iliness. Our findings indi-
cate that high-outlier hospitals care for sicker patients.
However, these same hospitals or their medical staffs may
also provide poorer care. Our results need confirmation
before death-rate models can be used to screen hospitals.

Reprinted from the New England Journal of Medicine, Vol. 317, December 24, 1987, pp. 1674-1680. © 1987 by the Massachusetts

Medical Society. Reprinted by permission.

DEeATH rates among hospitalized patients have in-
creasingly been used to compare hospitals and set
policy. Some authors have used them to argue for re-
gionalization of procedures, citing data indicating
that hospitals performing a large number of a speci-
fied procedure have lower death rates after the proce-
dures than do hospitals performing a small number.'”’
Others have suggested that hospital death rates may
be a useful screening tool for identifying hospitals that
provide inadequate care.®!!

In part, hospital death rates have become popular
as potential indicators of quality because they are
available. Unadjusted hospital death rates, however,
may chiefly reflect differences in the mix of patients
admitted — not differences in the quality of care. For
this reason, a variety of models have been developed
to adjust a hospital’s death rate for its patient mix.
Drawing on information in computerized data bases,
these models typically account for differences in pa-
tients’ demographic and diagnostic characteristics but
do not correct for differences in the severity of illness
or comorbidity.®!%!! These models produce an ex-
pected death rate for each hospital, that can be com-
pared with its actual death rate. .

How should we view hospitals that according to
these models have death rates much higher or lower
than expected? Do the hospitals with death rates that
are higher than expected provide lower-quality care,
or do they care for a group of patients who are sicker
than average but whose sickness is not adequately re-
flected by the variables in the model? Are discrepan-
cies in the coding of diagnoses or errors in the data
base the source of the apparent differences in hospital
mortality? The answers to these questions will deter-
mine whether death-rate models can appropriately be
used as indicators of hospital quality.

Using multiple regression, we recently developed
a model that predicts inpatient mortality rates.!? It
was based on 205,000 patient discharges from all
93 hospitals in one investor-owned chain. The model
had four independent variables (the percentage of
patients older than 70 years, percentage of admis-
sions from the emergency department, percentage of
admissions from nursing homes, and hospital case-
mix index) and accounted for 64 percent of the vari-
ance in hospital death rates. The model identified 11
hospitals in which the observed death rate exceeded
the expected death rate by more than 2 SD (high out-
liers). At nine hospitals, the expected death rate ex-
ceeded the actual death rate by a similar margin (low
outliers).

In this study, we used clinical data from medical
records to assess the quality of care provided by a
sample of the outlier hospitals and the severity of ill-
ness of the patients admitted to them. Our purpose
was to compare the results of the assessments of the
medical records with the predictions based on the
death-rate model and to comment on the value of us-
ing data on inhospital patient mortality as a screening
tool to identify hospitals whose medical or nursing
staffs provide inadequate care.



MEeTHODS
Overview

First, we developed a sampling design for choosing medical rec-
ords for review from the selected outlier hospitals. Second, on the
basis of data in the medical records, we examined whether hospitals
were outliers because of differences in diagnostic coding practices.
This entailed using a set of standard diagnostic criteria to determine
rates of misclassification. Third, we ascertained whether death rates
in outlier hospitals reflected differences in the complexity of cases at
the time of hospital admission. Fourth, we determined whether
death rates in outliers were due to differences in quality of care
among the hospitals. In this phase, we used both structured (explic-
it) and subjective (implicit) reviews of quality of care.

In several of these activities (the development of diagnostic crite-
ria, the development and weighting of structured process criteria,
and the subjective review of quality), we were assisted by three
panels of experts (on cerebrovascular accident, pneumonia, and
myocardial infarction). The panel members were board-certified
specialists or subspecialists and were selected on the basis of their
reputation in the community. They represented diverse types of
clinical practice, including academic and private practice, and prac-
tice in tertiary, municipal, and community hospitals.

Choice of Conditions

The death-rate model that we used to identify outliers was based
on data in which the hospital, rather than the patient, was the unit
of analysis. To determine whether the 20 outlier hospitals identified
by this model remained outliers if patient-level data were used, we
performed a patient-level logistic regression’? for each of three con-
ditions: myocardial infarction (diagnosis-related groups [DRGs]
121, 122, and 123), pneumonia (DRGs 79 and 89: simple pneumo-
nia in elderly or compromised patients and complex pneumonias);
and cerebrovascular accident (DRG 14). These three conditions
accounted for 36 percent of all deaths in the outlier hospitals. Surgi-
cal conditions were not examined because individually they ac-
counted for few inhospital deaths. The logistic regressions adjusted
for age and sex.

- Sampling of Medical Records

We sampled the medical records of patients with the three condi-
tions treated in 6 of the 11 high-outlier hospitals and 6 of the 9 low-
outlier hospitals. We sampled hospitals that had the largest dispar-
ity between actual and predicted death rates, while maintaining
a geographic representativeness that matched the original 93 hos-
pitals.

One of us reviewed 378 medical records from admissions in calen-
dar year 1985 (106 patients with cerebrovascular accident, 132 with
pneumonia, and 140 with myocardial infarction). We chose records
according to stratified random sampling within age, sex, and dis-
charge-status categories. The age and sex distribution in the sample
matched that in its counterpart within each outlier group. We over-
sampled inhospital deaths to inciude equal numbers of patients who
died and who survived hospitalization.

After a reweighting for the oversampling of deaths, all the data
from the six high-outlier hospitals were aggregated into one group
and all those from the six low-outlier hdspitals were aggregated into
a second group.

Errors in Diagnostic Coding

We first examined the possibility that hospitals were outliers be-
cause of differences in diagnostic coding practices. This entailed
determining rates of diagnostic misclassification. Standard diagnos-
tic criteria developed by our expert panels were used. The final
analysis included only patients who met the diagnostic criteria for
each condition (see Appendix).

Case Complexity

We next examined whether hospitals were outliers because of
differences in the complexity of cases. Using a standard form, we
collected data on the severity of illness and on about 50 comorbid

conditions that were present on the day of admission. On the basis
of this information, we developed a comorbidity scale for each pa-
tient that reflected the number of body systems (e.g., cardiovascu-
lar) that were affected.

The form also included the ATACHE 11 scale.'* This severity-of-
illness scale incorporates the most abnormal value within the first 24
hours after admission for 12 objective physiologic variables (e.g.,
heart rate, blood pressure, serum potassium level, and serum pH).
The APACHE II scale is also based on age and the presence of
severe chronic disease.

For myocardial infarction, we developed a simplified version
of the Killip classification.'® It comprised the following classes:
I (clear lung fields), II (rales present only over the lower 50 percent
of the lung fields), III (rales present over more than the lower 50
percent of the lung fields), and IV (cardiogenic shock).

For patients with a cerebrovascular accident, we developed a
scale based on the presence or absence of a mass effect or of blood
on computerized tomographic scans of the head.

Reliability

To assess the reliability of our method for evaluating the
complexity of cases, two physicians independently abstracted the
same 30 charts (approximately 10 percent of all charts). We com-
pared the scores with the Pearson correlation coefficient and found a
value of 0.87.

Data Analysis

For each condition, we constructed a separate logistic-regres-
sion model'® (details of the models are available from us). These
models used the scales relating to comorbidity and severity of 1ll-
ness on admission to predict each patient’s probability of death
during hospitalization. (See Appendix for a description of how
we handled missing data.) Next, using weighted sums to cor-
rect for sampling, we reaggregated these values to determine a pre-
dicted death rate for high- and low-outlier hospitals. Finally, we
developed confidence intervals around these estimates, using the
bootstrap method'® of repeated random sampling from a defined
population.

Review of Quality of Care
Structured Review of the Process of Care

We obtained a provisional list of criteria for quality of care in the
management of the three conditions studied. Our expert panels
modified these criteria, weighted each process element from —10 to
+10, and grouped them in scales. Each condition had approximate-
ly 125 separate quality-of-care criteria. Many of the criteria used
branching logic.

One of us who is a physician collected information that allowed
all the cases to be assessed according to the structured criteria. After
reweighting the data to reflect the sampling design, we compared
the process scores in the high- and low-outlier hospitals, using
t-tests for differences in means.

To assess the reliability of the structured process review, an-
other of us who is a physician independently abstracted 30
charts (approximately 10 percent of all the charts). We used the
Pearson correlation coefficient to compare the scores and found a
value of 0.71.

Subjective Review of the Process of Care

One of us dictated case summaries describing the 182 patients
who died during their hospitalization (50 with cerebrovascular acci-
dent, 70 with pneumonia, and 62 with myocardial infarction).
These dictations followed a specific format (see Appendix).

The case summaries were evaluated by one of three expert panels
(on cerebrovascular accident, pneumonia, and myocardial infarc-
tion). All the panel members underwent a 30-minute orientation
session before beginning the evaluation. The dictated summaries
were reviewed by each panel member, without contact or discussion
with other members. For patients with cerebrovascular accident
and myocardial infarction, three reviewers evaluated each case. Be-
cause of poor reliability among raters in evaluations of patients



with pneumonia (r = 0.11), half the cases (chosen at random) were
rated by an additional three physicians (for a total of six independ-
ent reviews).

The reviewers evaluated the hospital stay and judged whether the
death might have been prevented. The study staff instructed the
panel members to focus only on the care received by the patient after
arrival at the outlier hospital or its emergency department.

The physicians judged the preventability of death according to a
scale with four levels: definitely not preventable, probably not pre-
ventable, probably preventable, or definitely preventable. For the
final analysis, we collapsed the scale into a dichotomous response
(preventable or not preventable) and assigned the patient to the
relevant category on the basis of a majority rule. ’

We determined the proportion of deaths that were preventable
(preventable deaths divided by all deaths). We next determined
how often preventable deaths occurred among all patients admitted
(preventable deaths divided by all admissions). Finally, after ad-
justing for differences in the severity of illness (see Appendix), we
compared the estimated rate of preventable death in the high- and
low-outlier hospitals.

Reliability of the Subjective Process-of-Care Review

Each patient’s summary was rated by at least three physicians.
The interrater reliabilities for preventable deaths were 0.55, 0.51,
and 0.11, respectively, for cerebrovascular accident, myocardial in-
farction, and pneumonia. To assess intrarater reliability, a sample
of dictations was rated twice by each physician, and there was 69
percent agreement in the 45 sets of ratings (31 of 45). Finally, in
order to determine whether the dictations had insufficient or biased
information, the physicians reviewed a series of photocopied medi-
cal records. We compared individual physicians’ responses when
they used the medical records with their responses when they used
the dictated summaries of the same cases and found a rate of agree-
ment of 84 percent (16 of 19).

RESULTS
Age- and Sex-Adjusted Death Rates

The unadjusted condition-specific death rates were
higher in the high-outlier hospitals than in the low-
outlier hospitals by a factor of 1.8 to 2.2. For example,
the raw mortality rate among patients with cerebro-
vascular accident was 22 percent in the high-outlier
hospitals, as compared with 10 percent in the low-
outlier hospitals (Table 1). Differences in the age and
sex distribution between high- and low-outlier hospi-
tals did not explain this underlying disparity in death
rates. For instance, grouping the high- and low-outlier
hospitals together produced a mean observed death
rate of 15.4 percent among patients with cerebrovas-
cular accident. Adjustment for the age and sex distri-
bution in each outlier did not significantly influence
these results (high outliers had a predicted death rate
of 15.7 percent, and low outliers had a rate of 15.2
percent; Table 1). Adjustments for age and sex among
patients with pneumonia and myocardial infarction
produced similar results.

Errors in Diagnostic Coding

The medical record did not satisfy the diagnostic
criteria for the diagnosis coded on the face sheet in 20
percent of the cases (74 of 378). This error rate did not
differ significantly between the high- and low-outlier
hospitals (high outliers, 19 percent; low outliers,
20 percent; P>0.1). In addition, among patients
who died in the hospital, 16 percent (17 of 106) in the
high-outlier group and 20 percent (15 of 76) in the

Table 1. Age- and Sex-Adjusted Predicted Death Rates in High-
and Low-Outlier Hospitals.

UNADIUSTED COMBINED PREDICTED
CoNDITION DEATH RATE DEATH RATE DEATH RATE*
% % % (CIt)

Cerebrovascular accident

High 22 15.4 15.7 (15.3-16.1)

Low 10 ) 15.2 (14.9-15.5)
Pneumonia

High 18 14.6 15.1 (14.4-15.8)

Low 9 14.2 (13.4-15.0)
Myocardial infarction

High 21 17.8 17.3 (16.3-18.3)

Low 12 : 18.3 (17.3-19.3)

*Adjusted for the ages and sex of patients.
+CI denotes 95 percent confidence interval (+1.96 SE).

low-outlier group had incorrectly coded diagnoses
(P>0.1). Among patients discharged alive, 22 percent
(25 of 114) and 21 percent (17 of 82) in the high- and
low-outlier groups, respectively (P>0.1), had incor-
rectly coded diagnoses. These data suggest that differ-
ences in rates of coding errors did not explain the large
discrepancies in mortality rates between the high- and
low-outlier hospitals.

Case Complexity

Table 2 compares the average case in the high-out-
lier hospitals with the average case in the low-outlier
hospitals using various indicators of illness severity.
For all three conditions, the APACHE II score (indi-
cating a more severely ill patient population) in the
high outliers significantly exceeded the score in the
low outliers.

Table 3 shows that models of disease complexity
closely predicted the actual death rate in the outlier
hospitals for each of the three conditions. For cere-
brovascular accident, for example, the model pre-
dicted a death rate of 20.8 percent for the high-
outlier group, whereas the actual death rate was
22 percent. The model performed similarly well when
applied to the low outliers (actual death rate, 10 per-
cent; predicted death rate, 11.7 percent). However,
after adjustment for case complexity, there remained
unexplained mortality in the high-outlier hospitals
and an unexplained absence of mortality in the
low outliers. For each condition, the ratio of the
actual to the predicted death rate in the high outliers
exceeded the ratio in' the low outliers. This result
was statistically significant (P<<0.01) across all three
conditions, according to Fisher’s method of com-
bining P values.'’”

Quality of Care
Structured (Explicit) Review

We compared the high- and low-outlier hospitals in
terms of 31 weighted process-of-care scales — 11 for
pneumonia and 10 each for cerebrovascular accident
and myocardial infarction. The results for high- and
low-outlier hospitals did not significantly differ on 26
of the 31 scales (Table 4). The results in Table 4 are



not much different from what would have been expect-
ed with the hypothesis that there was no difference in
the average process score between high- and low-
outlier hospitals.

Subjective (Implicit) Review

The expert panels determined that 18 percent (9 of
50) of the deaths due to cerebrovascular accident, 24
percent (17 of 70) of those due to pneumonia, and 37
percent (23 of 62) of those due to myocardial infarc-
tion were possibly preventable. The proportion of
deaths that were preventable did not differ significant-
ly between the high- and low-outlier hospitals among
patients with cerebrovascular accidents and myocar-
dial infarctions. However, among patients with pneu-
monia, the expert panels found a significantly higher
proportion of deaths that were possibly preventable in
the six high-outlier hospitals (32 percent, or 14 of 44)
than in the six low-outlier hospitals (12 percent, or 3
of 26; P<0.05) (Table 5).

After adjustment for differences in severity and for
the fact that we oversampled deaths, we found the
following. First, among all patients admitted with
myocardial infarction, the estimated rate of prevent-
able death did not differ significantly between the high
and low outliers (we estimate that 5.7 percent of a
standard cohort of patients admitted to the high-out-
lier hospitals with a myocardial infarction would have
a preventable death, as compared with 6.7 percent
admitted to the low outliers; P>0.1). Second, for
pneumonia and cerebrovascular accident and for all
three conditions combined, we estimated a significant-
ly higher rate of preventable death in the total patient
population with those conditions in the high-outlier
hospitals (pneumonia — high outliers 5.5 percent, low
outliers 1.0 percent; cerebrovascular accident — high

Table 2. Average Clinical Findings in Three Conditions in High-
and Low-Outlier Hospitals.

CLiNIcAL FINDINGS HiGH OUTLIERS Low OUTLIERS

Cerebrovascular accident
APACHE I score* 14.9% 12.1
Glasgow coma score* 2.8% 1.5
Heart rate 89 83
Age 78 75
Body-system score$ 1.7 1.3
Mass effect on head CT scan* 0.09% 0.02

(prevalence)

Pneumonia
APACHE 1I score* 16.2% 13.4
Heart rate 99t 87
Respiratory rate 281 24
Age 76 75
Body-system score§ 1.9 1.7

Myocardial infarction
APACHE II score* 14.8% 11.4
Heart rate 85t 93
Respiratory rate 21 20
Age 72 n
Killip class* 1.35 1.34
Body-system score§ 1.4 1.5

*A higher score indicates a greater severity of illness at the time of admission.
tSignificant at P<0.05.

Significant at P<0.10.

§Number of body systems affected by the patient’s comorbid conditions.

Table 3. Hospital Death Rates in High- and Low-Outlier Facilities,
Adjusted for Complexity and Severity of lliness.

AcTUuaL PREDICTED ACTUAL/PREDICTED
CONDITION OuTLIER DEATH RATE DEATH RATE* DEATH RATE
% % (CIt)
Cerebrovascular High 22 20.8 (17.3-24.3) 1.05 (0.73-1.37)
accident Low 10 11.7 (5.9-17.5)  0.85(0.51-1.19)
Pneumonia High 18 17.5 (15.9-19.1) 1.03 (0.93-1.13)
Low 9 10 (7.7-12.3)  0.90 (0.7-1.1)
Myocardial High 21 19 (16.9-21.1) 1.10 (0.96~1.24)
infarction Low 12 13.9 (11.9~15.9) 0.86 (0.74--0.98)

*The predicted death rate was derived from a logistic-regression model based on the comor-
bidity and severity of illness of the patients.
1CI denotes confidence interval (=1.96 SE).

outliers 5.8 percent, low outliers 1.2 percent; and all
three conditions — high outliers 5.7 percent, low out-
liers 3.2 percent; all differences were significant at
P<0.05).

DiscussioN

We have previously described a model for adjusted
hospital death rates that used computerized discharge
data.'’? That model identified hospitals in which the
actual death rate differed greatly from the expected
death rate. In this follow-up study, we found that most
but not all of these differences disappeared after better
adjustment for the patients’ severity of illness. Using
process criteria, we could not identify any systematic
differences in the quality of care between the high-
and low-outlier facilities. However, when we used
subjective reviews by expert clinicians, we projected
a significantly higher rate of “preventable” deaths
in the group of hospitals with higher-than-expected
death rates. This paper does not address whether it
was the physicians, the nurses, or other providers of
health care within the hospital that could have pre-
vented the deaths.

Death rates have begun to receive increasing atten-
tion as potential measures of hospital performance.
The Health Care Financing Administration recently
compiled a list of hospitals in which the actual death
rate greatly exceeded the expected one.'® This infor-
mation was initially intended for use by peer-review
organizations to help them locate hospitals in need of
careful review. In addition, consumer groups found
this list potentially valuable as a criterion with which
to compare hospitals.

Studies of hospital death rates use computerized
data bases and routinely collected data to build mod-
els that adjust a hospital’s death rate for its own mix of
patients. Unfortunately, except for diagnosis, these
data bases contain few if any clinical details. They
provide information about the patients’ age and sex,
but lack information about findings on physical ex-
aminations, laboratory results, or the results of radio-
logic procedures. Thus, previous reports could not
really determine whether hospitals with higher-than-
expected death rates merely cared for a very sick pa-
tient population.3-810:11,19



Table 4. Relation of Hospital Outlier Status to the Quality of Care
for Three Conditions, as Judged According
to Explicit Process Scales.*

CEREBROVASCULAR MYOCARDIAL
PROCESS SCALE ACCIDENT PNEUMONIA  INFARCTION
Admission history H Lt H
Admission physical examination H L H
Admission laboratory tests Lt H L
Initial therapy L L H
Choice of antibiotic NA H NA
Management of new symptoms H L H
Management of abnormal H L L
laboratory values
Adverse-outcome scales}
Laboratory intensity Ht H L
Treatment intensity H Ht L
Follow-up of abnormal Ht H L
laboratory results
Doctor-nurse interaction H H L

*H indicates that high-outlier hospitals had better process scores than low-outlier hospitals, L.
indicates that low-outlier hospitals had better process scores than high-outlier hospitals, and NA
denotes not applicable.

Statistically significant at P<<0.05.

$Adverse-outcome scales apply only to patients who died and reflect the process of care
during the 24 hours before death.

We have tried to address this issue by reviewing
patients’ medical records from a set of outlier hospi-
tals in which the actual death rate differed greatly
from the rate predicted by our demographic and diag-
nostic model. We chose to review cases of cerebrovas-
cular accident, pneumonia, or myocardial infarction
because they accounted for a large fraction (36 per-
cent) of the deaths in the outlier hospitals.

The medical-records review tabulated the patients’
comorbid conditions and quantified the severity of
their illnesses at the time of hospital admission.
We used this information to build a more clinically
accurate model. The predictions from this model
closely matched the actual hospital death rates (Ta-
ble 3). These results suggest that the hospitals in
this study that had higher death rates than expect-
ed cared for a sicker group of patients than the
hospitals with rates that were lower than expected
(Table 2).

Table 5. Preventable Deaths in the High- and Low-Outlier Hospitals, According to

Medical Condition.

However, this “clinical” model did not account
for all the differences in death rates between the high-
and low-outlier hospitals. For each condition, the
actual death rate exceeded the rate predicted on the
basis of the case complexity at the high-outlier hos-
pitals by 3 to 10 percent and fell short of the predicted
rate at the low-outlier hospitals by 10 to 15 percent
(Table 3). Thus, after we used substantial clinical
information to control for the severity of illness, an
excess of mortality at the high-outlier hospitals and
a shortfall at the low outliers of about 10 percent
remained unexplained (P<<0.01). We have considered
four explanations for these differences: variations
in diagnostic coding, statistical selection effects, un-
explained severity, and differences in the quality
of care.

First, hospitals could have death rates that are high-
er or lower than expected because of differences in the
way diagnostic labels were used by either physicians
or medical-records personnel. For example, a hospital
would have an artificially low rate of death from pneu-
monia if it included in that diagnostic category pa-
tients who actually had a more benign illness (such as
bronchitis). Similarly, the inclusion of patients with
transient ischemic attacks in the cerebrovascular-acci-
dent category would lower the death rate.

We looked for this phenomenon by using a set of
standard diagnostic criteria prepared by a panel of
clinical experts. We found that the patients’ primary
diagnosis often did not satisfy the panel’s criteria (18
to 20 percent of the time). However, there was no
difference in the rate of misclassification between the
high- and low-outlier hospitals, suggesting that hospi-
tals did not become outliers merely because of system-
atic differences in diagnosis or coding.

Second, statistical selection effects may be responsi-
ble for some of the observed discrepancy. We chose
our 11 high-outlier and 9 low-outlier hospitals not be-
cause they were representative but precisely because
they had extreme total mortality rates after hospital-
level adjustment for demographic characteristics and
diagnoses. It is possible that some of the excess mor-
tality in the high-outlier hospitals
and shortfall of mortality in the
low-outlier facilities was a conse-

quence of this selection process.

OUTLIER CONDITION . .
CEREBROVASCULAR MYOCARDIAL However, primarily because the se-
ACCIDENT PNEUMONIA INFARCTION ALL 3 CONDITIONS lectlon of thc outher hospltals was
High based on the total mortality for all
Rate of preventable death among  6/25 (24%)  14/44 (32%)*  11/37 (30%)  31/106 (25%) conditions rather than mortality or
patients who died _
Estimated rate of preventable 5.8%* 5.5%* 5.7% 5.7%* p.rcventab}ca death for the three SPC
death in total patient cific conditions we studied (which
populationt represented only 36 percent of the
- .
Rate of preventable death among  3/25 (12%) 326 (12%)* 1225 (48%) 18/76 (24%) deaths), we think that only a rela-
patients who died tively small fraction of the dispar-
Estimated rate of preventable 1.2%* 1.0%* 6.7% 3.2%*

death in total patient
populationt

ity in mortality and preventable
death rates was due to selection ef-

fects (further details are available

*The difference between the values in the high- and low-outlier hospitals was significant at P<0.05.

FThis rate reflects the probability of a preventable death among all patients admitted with this condition (adjusted for
severity of illness).

from us).
Third, even though we used sev-



eral separate measures of severity for each condition,
the observed difference in death rates may still reflect
unmeasured severity. In our judgment, however, after
a first adjustment for demographic characteristics and
diagnoses at the hospital level and a further account-
ing for the severity of illness at the patient level based
on detailed clinical information, any differences in se-
verity that remain are probably small.

Fourth, the persistent differences in death rates
could also reflect differences in the quality of care
provided. Hospitals with higher-than-expected death
rates may deliver care that meets a lower standard
than other hospitals. Using process criteria, we found
no systematic differences in the care provided by phy-
sicians or nurses in the two groups of outlier hospitals.

The study also used clinical experts’ subjective
judgments about the quality of care. We prepared
dictated summaries of the hospital course of a sample
of patients who died. At least three physicians who
were blinded to the hospital’s death rate read every
summary independently and judged whether the
death might have been prevented. For patients with
myocardial infarction, we estimated no difference
in the preventable-death rate between the two out-
lier groups. However, for patients with cerebrovas-
cular accident, pneumonia, and all three conditions
combined, we estimated a significantly higher rate
of preventable deaths in the high-outlier hospitals.
Thus, of 100 patients admitted with pneumonia to a
low-outlier hospital, about 1 would be expected
to have a preventable death. Alternatively, if a high-
outlier hospital admitted the same 100 patients,
about 5 would be expected to have a preventable
death.

In summary, we found differences in quality be-
tween the high and the low outliers when we used
clinicians’ subjective assessments, but found no signif-
icant difference for any condition when we used struc-
tured process criteria. This discrepancy has several
potential explanations.

First, the increased rate of “preventable” deaths
in the high-outlier hospitals could reflect the meth-
ods used in the subjective review. The clinical experts
read a dictated abstract of the hospital course pre-
pared by the study staff. A biased dictation could
have influenced the interpretation by the reviewers.
However, the dictation followed a precise format.
‘In addition, we looked for bias by comparing the
reviewers’ responses when they used the dictated
summary with their responses when they used the ac-
tual medical record. We found adequate reliability
and no overt bias.

Alternatively, the discrepancy between the struc-
tured and subjective reviews of quality may reflect
differences in the emphasis of these two techniques.
Structured review stresses compliance with specified
criteria, whereas a subjective review allows physicians
to use their judgment in an unspecified manner. Other
investigators have found similar discrepancies be-
tween structured and subjective process reviews of the

same case.?>?? Their reports make our results some-
what less surprising.

Finally, our structured approach may have lacked
adequate sensitivity to detect a difference. One patient
died soon after a feeding tube was inadvertently intro-
duced into the right lung instead of the stomach. The
structured review had only 125 criteria and did not
have one that dealt with such a case. In other cases,
the preventable deaths may have occurred in patients
who became hypoxic and did not receive a timely
workup or treatment. In these instances, the patients
had become lethargic or confused or their complexion
had become dusky. Our structured criteria defined the
need for intervention on the basis of more precise
clinical features, such as a rapid respiratory rate,
which may not have occurred or may not have been
documented. Thus, by their very nature, the struc-
tured and subjective reviews may differ in their ability
to identify certain errors in performance.

Given the small scope of this study, we cannot hope
to provide the definitive answer regarding the useful-
ness of demographic and diagnosis-adjusted death
rates in comparing hospitals. The original data base
had information about only 93 hospitals, and these
facilities may not fully reflect the more than 5500
short-term general care hospitals in this country. In
addition, we reviewed only 378 medical records of
patients with three conditions treated in 12 outlier
hospitals. Our findings should be viewed as prelimi-
nary. Before an issue of this magnitude can be settled,
policy makers will need data from more hospitals,
more conditions, and more patients.

The adjusted death-rate model identified outlier
hospitals that as a group had both sicker patients and
more possibly preventable deaths. However, the size
of our study did not allow us to discern whether this
high-outlier group really contained two distinct sub-
groups of hospitals — one with very ill patients and
adequate quality and another with less ill patients and
inadequate quality. Thus, the method for deriving ad-
justed death rates presented here should be viewed as
a screening tool. As such, it can identify a high-outlier
hospital that should undergo a detailed review. Only
such a review can determine whether the hospital’s
medical or nursing staff provides poor care or whether
the hospital has disproportionately ill patients.
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APPENDIX
Diagnostic Criteria

For cerebrovascular accident, the criteria included all of the fol-
lowing: acute onset (<12 hours), neurologic deficit lasting at least
24 hours, and a presumed vascular cause.

For myocardial infarction, the criteria were a newly documented
Q wave on electrocardiography or an elevated creatine kinase level
(MB >5 percent or a creatine kinase level above normal, which
foliowed the expected progression).

For pneumonia, the criteria were an infiltrate on a chest x-ray
film and at least one of the following: fever (temperature >38.3°C),
dyspnea, leukocytosis (white-cell count >18,000), increased spu-
tum, positive sputum cultures, or neutrophils on the patient’s spu-
tum Gram stain.

Handling of Missing Data

For the comorbidity scales, we assumed that a patient did not
have a condition unless the chart mentioned its presence. For the
severity-of-illness measures, we computed two scale scores. The first
score excluded patients with missing data. The second score used
the median value from the remainder of the data set for any missing
elements. The basic conclusions described here were not affected by
the method used. We report the results using the second approach.
For the structured process criteria, we assumed noncompliance with
each criterion unless the chart documented otherwise.

Dictation Format

The dictations included a verbatim transcription of the attending
physician’s description of the admitting history and physical exami-
nation, followed by the results of all laboratory values on admission,
radiologic examinations, electrocardiograms, and any other special
studies. The dictation next documented the attending physician’s
admission assessment and the initial therapy.

For each subsequent hospital day, the dictation summarized the
vital signs, the progress notes made by physicians, and pertinent
nursing notes. The summary included all new laboratory studies
and changes in therapy. These daily summaries documented in
detail any new changes in the patient’s clinical status (abnormal
vital signs, new symptoms, and abnormal laboratory values) and
the response by health care providers (nurses, physicians, and other
staff members). The hospital summary became more detailed dur-
ing the 24 hours before the patient’s death.

For patients with long stays (>10 days), the daily summary notes
were different; the dictation might state, “CBC {complete blood
count] and ECG [electrocardiography] performed today and the
results were unchanged,” rather than provide a more complete de-
scription. If any new results differed greatly from previous ones, the
summary included complete data.

The summaries contained no identifying information in regard
to the hospital or its geographic location, the patients, or the staff’
members.

Adjustment of Preventable Death Rates for Case
Complexity

The complexity results showed that the high- and low-outlier
hospitals cared for patients with very different degrees of severity
of illness. This difference could influence the observed rate of pre-
ventable death (preventable deaths/all admissions) in the outlier
hospitals. Therefore, the relevant comparison is not based on
the observed rate of preventable death but on estimates of what
the rate would have been in the high- and low-outlier hospitals
had they cared for groups of patients with a similar severity of

illness. The adjustment process yielding these estimates proceeded
in five steps.

First, we calculated a predicted probability of death for each
patient in the sample (either discharged alive or died in the hospi-
tal). This calculation used data on the severity of illness on admis-
sion and the logistic regression models described under Methods.
Second, we reweighted the data to reflect the original sampling
method. Third, for each outlier (high and low) and according to
each condition (cerebrovascular accident, pneumonia, and myocar-
dial infarction), we divided the patients into severity-of-iliness stra-
ta on the basis of their probability of death at the time of admission
(probability of death <0.4, 0.4-0.6, or >0.6). Fourth, we deter-
mined the preventable death rate within each of these 18 strata
(outlier, condition, and severity; 2 X 3 X 3 = 18). Fifth, using indi-
rect standardization, we collapsed the information from the strata
first into rates of preventable death for each condition (according to
outlier) and then into rates of preventable death for each group of
outlier hospitals.

Statistical comparisons used standard errors based on a Poisson
approximation to the binomial distribution, adjusted for the sam-
pling method. A more detailed description of this adjustment proc-
ess is available from the authors.
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