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The Effects of the DRG-Based

Prospective Payment System on
Quality of Care for Hospitalized
Medicare Patients

An Introduction to the Series

Katherine L. Kahn, MD; Lisa V. Rubenstein, MD, MSPH; David Draper, PhD; Jacgueline Kosecoff, PhD;
William H. Rogers, PhD; Emmett B. Keeler, PhD; Robert H. Brook, MD, ScD

In 1985, we began a 4-year evaluation of the effects of the diagnosis related
groups—based prospective payment system on quality of care for hospitalized
Medicare patients. This article provides an overview of the study’s background,
aims, design, and methods. We used a clinically detailed review of the medical
record supplemented by data on postdischarge outcomes drawn from the files of
the Health Care Financing Administration and fiscal intermediaries to (1) com-
pare outcomes of care after adjustment for sickness at admission, (2) assess the
process of in-hospital care and relationships between processes and outcomes,
and (3) assess status at discharge for a nationally representative sample of
patients hospitalized before and after prospective payment was implemented.

THE HEALTH care costs of the Medi-
care program to the US government
have risen substantially over the last
25 years. Under the retrospective pay-
ment system in effect during Medicare’s
first two decades, Medicare expendi-
tures rose at a much higher rate than
background inflation. "

In 1982, after review of the financial
incentives associated with the retro-
spective payment system, the US Con-
gress passed the Tax Equity and Fiscal
Responsibility Act, which placed a pro-
spective cap, beginning in October
1982, on annual operating revenues per
inpatient Medicare case at each hospi-
tal. This was altered in October 1983 by
the introduction of the present prospec-
tive payment system (PPS) in which
hospitals are paid an amount based
largely on flat rates per admission caleu-
lated for each of approximately 470 di-
agnosis related groups. At the same
time, the current system of monitoring
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of quality and appropriateness of care
by professional review organizations
was established.

The new payment system has been
successful at siowing the upward spiral
of Medicare costs.” However, because
prospective payment contains incen-
tives to decrease length of stay and sub-
stitute lower-cost services and proce-
dures, concern has arisen among
patients, physicians, and policymakers
that, despite the introduection of moni-
toring by professional review organiza-
tions, the quality of care offered to
Medicare patients may have declined.
Since 1985 we have been conducting a
national study funded by the Health
Care Financing Administration of the
US Department of Health and Human
Services to examine the effects of the
PPS on quality of care for hospitalized
Medicare patients.

We had two audiences in mind in de-
veloping this study: clinicians who
would like to improve the quality of care
for hospitalized patients and policymak-
ers who wish to improve the health care
system. The goals of our study were (1)
to assess the quality of in-hospital care
for Medicare patients aged 65 years and
older prior to and subsequent to the
implementation of the PPS, and (2) to
estimate the effects of the PPS inter-
vention on quality of care by comparing

quality of care now with our best esti-
mate of what it would have been in the
absence of the PPS. Other articles in
this series present our findings.*" In
this introductory article, we provide an
overview of our methods, offer a review
of the recent literature on the effects of
the PPS, comment on the generaliz-
ability of our findings, and mention
some caveats on interpreting our
results.

METHODS

We were not able to conduct a pro-
spective controlled trial of the effects of
the PPS on quality of care since virtual-
ly the entire country was put on pro-
spective payment at the same time.
Instead, we designed a retrospect-
ive before-after study in which we con-
trasted data on 16758 Medicare pa-
tients who were hospitalized in one of
five states prior to and subsequent to
1983. We selected calendar years 1981
and 1982 as our pre-PPS study period
and July 1985 to June 1986 as our post-
PPS period, concentrating half of our
sample in each of these periods.

How should quality of care pre- and
post-PPS be measured? In looking for
differences in quality of care across time
periods or hospitals, it is natural to ex-
amine patient outcomes such as mortal-
ity. But patient sickness at admission
also needs to be adjusted for in making
outcome comparisons because changes
in the burden of illness at admission
could explain differences in outcome.
Process—what clinicians do to pa-
tients—is also important. If outcomes
adjusted for sickness at admission
change and we do not examine the pro-
cess of care, how will we know why the
change occurred, and which aspects of
care are now better and which are
worse? Thus, we compared outcomes
pre- and post-PPS after adjusting for
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sickness at admission. We measured the

quality of the process of care by means
of explicit criteria and by implicit re-
view by expert clinicians. We estab-
lished process-outcome links in which
better process of care was shown to be
associated with better outcomes. Final-
Iy, because of the PPS incentive to re-
duce length of stay, we also measured
patient instability at discharge.

‘We based our evaluation of changes in
quality of care on six diseases: conges-
tive heart failure, acute myocardial in-
farction, pneumonia, cerebrovascular
accident, hip fracture, and depression.
In this series of articles,** we report on
results from the first five of these dis-
eases (sample size for the five diseases
combined was 14 012); the analysis of
the depression data (sample size 2746)
has not yet been completed.

To identify comparable patients pre-
and post-PPS, we defined each disease
by International Classification of Dis-
eases, Ninth Revision, Clinical Modifi-
cation codes, so that patients who truly
had one of the aforementioned six dis-
eases in either period as the principal
reason for admission should have been
assigned one of our codes even if there
were coding changes over time. We
then used strict clinically detailed inclu-
sion criteria to select patients within
each disease category.

We used both explicit and implicit
measures to assess the process of care.
With explicit measurement, each pa-
tient’s care was compared with prede-
termined criteria. With implicit mea-
surement, each patient’s medical record
was assigned a quality of care rating
based on a physician’s judgment of the
adequacy of the care.

After the data were collected, we
used regression methods to construect
sickness-at-admission scales and to ad-
just outcomes for sickness at admission.
Clinical judgment and Likert sealing
were used to construct explicit scales
measuring the appropriateness of the
processes of care and the level of insta-
bility at discharge. Some criteria that
went into these scales were relevant to
all patients and some only to subsets of
patients depending on their clinical
needs. We concentrated on aspects of
care for which standards of good clinical
practice’ were both unambiguous and
stable over time from 1981 to 1986.

In every phase of the study we used a
multidisciplinary approach. We drew on
clinical expertise in general internal
medicine, geriatrics, cardiology, pulmo-
nary medicine, infectious diseases, neu-
rology, orthopedics, and psychiatry.
We enlisted physicians in each of our
five study states, including physicians
from both urban and rural hospitals.

This clinical perspective was comple-
mented by expertise in statistics, psy-
chometrics, economics, health policy,
and evaluation sciences.

The remaining seven articles in this
series give additional details on our de-
sign, sampling, and fieldwork,* the mea-
surement of sickness at admission,® the
explicit measurement of process of
care,’ the implicit measurement of pro-
cess of care,” patient status at dis-
charge,® patient outcomes before and
after the introduction of the PPS,* and a
summary of the effects of prospective
payment on quality of care.”

REVIEW OF THE LITERATURE
ONTHE PPS EFFECTS

When we began our study in 1985,
little was known about the effects of the
PPS on quality of care. Since then, how-
ever, other investigators have obtained
results that serve as context for this
series of articles.

Using a sample of 646 US nonfederal,
short-term general hospitals from 1980
to 1985, DesHarnais et al" found that
Medicare discharges and length of stay
declined significantly after the intro-
duction of the PPS, while use of skilled
nursing facilities and home health care
increased post-PPS. Mayer-Oakes et
al,” studying patients in the intensive
care units of three hospitals, found a
31% decrease in the number of intensive
care unit beds; for patients in the inten-
sive care unit, they found no changes in
either patient severity of illness or
treatment intensity after the PPS was
implemented. They found a reduction in
length of stay, both for the overall hos-
pitalization and for the use of the inten-
sive care unit. Despite the reductions in
length of stay, mortality in-hospital or
at 6 months after hospitalization did not
change. More recently, Sager et al™*
used age-specific national mortality
data from 1981 through 1985 to report
changes in the location of death after
prospective payment; place of death for
some patients had moved from the acute
hospital to the nursing home. In 1988,
Guterman et al’ found a reduction in the
number of Medicare short-stay hospital
admissions, a reduction in length of
stay, and an increase in use of dis-
charges to skilled nursing facilities us-
ing the Health Care Financing Adminis-
tration’s Medicare Statistical System as
adata source.

Fitzgerald et al,""*in their analyses of
hip fracture patients in two large hospi-
tals, reported a reduction in the number
of physical therapy sessions and a re-
duction in length of stay. They found an
increase from 38% to 60% in the propor-
tion of hip fracture patients discharged
to a nursing home, and an increase from
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9% to 33% in the proportion of patients
with continued nursing home eare at
1 year after discharge.” Palmer et al,”
however, found no change in either the
proportion of hip fracture patients in
one hospital discharged to a nursing
home or the proportion in a nursing
home at 6 months. Gerety et al® studied
hip fracture patients in a tertiary care
setting and found shorter length of stay
and decreased functional status at dis-
charge post-PPS. Their assessment of
outcomes at 1 year after hospitalization
showed no difference pre- and post-PPS
in the fraction of institutionalized pa-
tients. These results emphasize the
need for generalizable evidence about
the effects of the PPS on quality of care.

GENERALIZING FROM
OUR STUDY DISEASES

In choosing our six study diseases, we
developed the following selection crite-
ria: high prevalence, high mortality (so
that changes in patterns of care leading
to preventable death might be evident),
well-defined diagnostic criteria that are
readily accessible from data in the medi-
cal record, high likelihood of a strong
process-outcome link (so that changes in
outcome can be related to changes in
process), and relative stability regard-
ing what constitutes good care across
the entire time period from 1981 to
1986.* We also hoped to include medi-
cal, surgical, and psychiatric conditions.
Four medical conditions (congestive
heart failure, acute myocardial infarc-
tion, pneumonia, and cerebrovascular
accident), one surgical condition (hip
fracture), and one psychiatrie condition
(depression) were selected. The intro-
duction in recent years of thrombolytic
agents in the care of acute myocardial
infarction may have altered its outcome
and thus reduced its eligibility for inclu-
sion in our study. However, the use of
these agents in 1985 through 1986 was
limited and their efficacy in reducing
deaths in people over 65 years of age has
not been demonstrated.”

We can generalize our results to the
population of all Medicare patients with
one of our five nonpsychiatric diseases,
a population that included 18% of all
Medicare admissions and 32% of all
deaths within 30 days of admission in
fiscal year 1986.” But to what extent do
our results generalize to Medicare pa-
tients with other diseases?

In selecting our conditions, we picked
diseases for which changes in process
can affect mortality. We cannot com-
ment on changes in quality of care pro-
duced by the PPS for patients with ter-
minal conditions such as end-stage
cancer. For such patients, quality of
care would need to reflect the quality of



the dying experience, and we did not
measure this aspect of care. T

Our results probably generalize more
readily to other medical conditions than
to other surgical and psychiatric dis-
eases. In addition, insofar as we are able
to show consistent changes in process of
care across all of our conditions, gener-
alization becomes more valid.

Finally, our selection of diseases
makes possible a kind of upper bounding
or a fortiori argument of the following
form: by concentrating on conditions
with high mortality and likely strong
process-outcome links (ie, mortality can
be prevented), we chose diseases for
which one has reason to think that, if
quality of care has declined under the
PPS and mortality has increased, this
decline would be likely to manifest itself
in either process or outcome changes.
Therefore, if we do not see a deteriora-
tion in mortality statistics, the overall
detrimental effects of the PPS aggre-
gated across Medicare patients with
other diseases cannot be extremely
large.

CAVEATS ON THE
INTERPRETATION OF
OUR RESULTS

In addition to the above remarks
about generalizing from our diseases,
three other major caveats are worth
bearing in mind as this series of articles
isread:

1. Our design involves a direct com-
parison between the quality of care giv-
en in 1981 through 1982 and in 1985
through 1986. We are able to associate
changes in quality with the introduction
of the PPS, but definitively identifying
which of those changes were caused by
the PPS is more difficult, since other
aspects of medical care besides the PPS
may also have changed from 1981 to
1986.% We have attempted to confront
this by measuring quality of care at mul-
tiple time points in both the pre- and
post-PPS periods, so that secular
trends in medicine that were in place
before the PPS was implemented may
be at least roughly estimated and re-
moved. Our approach in this series of
articles is to present straightforward
pre- and post-PPS comparisons (ie, as-
sociations) in all of the articles of this
series,” except the last one, and to sort
out issues of trend and causality in the
last article.”

2. We studied quality of care only for
hospitalized patients and did not exam-
ine questions of aceess to hospitalization
prior to or following the acute hospital
stay.

3. Finally, our post-PPS data are
from 1985 and 1986. Although all hospi-
tals had changed to a PPS by 1985, pay-

ments were still determined in part by
the hospital’s own costs through 1986.
During 1985 and 1986, most hospitals
were still profiting under the PPS.
Since that time, PPS payments have
been tightened, and yearly Medicare
payment increases to hospitals are no
longer keeping up with the inflation
rate.*®* On the other hand, changes in
length of stay associated with the intro-
duction of the PPS appear to have stabi-
lized and have not continued to decline
inrecent years.” Our results, therefore,
may be suggestive of the state of affairs
in 1990, but it seems wise to continue to
collect clinically detailed data to moni-
tor sickness at admission, processes,
and outcomes on a regular basis as long
as prospective payment is in place.

This series presents the results of our
analyses of the impact of the diagnosis
related groups-based PPS on quality of
care for hospitalized Medicare patients.
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We have conducted a nationally representative before-after study of the effects
of the diagnosis related groups—based prospective paymant system (PPS) on
quality of in-hospital care for aged Medicare patients. We used a pre-post design
with multiple time points in both the pre-PPS (calendar years 1981 and 1982) and
post-PPS (July 1985 through June 1986) periods. We gathered clinically detailed
data from medical records of patients with one of six diseases and supplemented
these data with postdischarge information from Health Care Financing Adminis-
tration files. We used a stratified multistage cluster sampling design with data
gathered on 16 758 patients chosen from 297 hospitals in 30 areas in five states.
Our hospital participation rate was 97%; we successfully accessed 96% of the
medical records we requested; and our mean item-level reliability score was
0.80. Our sample matches the nation closely on hospital urbanicity, size, teach-
ing status, ownership, and percentages of Medicare and Medicaid patients, and
patient demographics and mortality.
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IN 1983, THE Health Care Financing
Administration (HCFA) changed the
way hospitals were reimbursed for
treating patients under the Medicare
program.’ Prior to 1983, hospitals re-
ceived payment for all services provid-
ed, subject to appropriateness review.
Since 1983, under the prospective pay-
ment system (PPS), hospitals have been
paid an amount based largely on flat
rates per admission calculated for each
of approximately 470 diagnosis related
groups. Because the new payment sys-
tem contains incentive to decrease
length of stay and substitute lower-cost

services and procedures, concern has
arisen that the quality of health care
may have declined.

Since 1985, we have been conducting
a national study to investigate the ef-
fects of the PPS on quality of care for
hospitalized Medicare patients. Other
articles in this series present our find-
ings.”” In this article, we summarize our
design and sampling decisions, give de-
tails on the fieldwork involved in gath-
ering our primary data, and present re-
sults on the composition and national
representativeness of our final sample.

METHODS

Choice of Treatment, Control
Groups, and Study Years

The PPS was not introduced in 1983
as a controlled experiment. Instead, be-
fore October 1983, hospitals were reim-
bursed for treating Medicare patients
under the old retrospective payment
system, and during the year from Octo-
ber 1983 to September 1984 nearly all
acute care general hospitals were
phased into prospective reimburse-
ment. The exceptions were hospitals in
the waiver states—Maryland, Massa-
chusetts, New Jersey, and New York—
where reimbursement alternatives to
the PPS were used until 1986.

Because the PPS was introduced in

Reprinted from JAMA, The Journal of the American Medical Association, October 17, 1990, Vol. 264, No. 15, pp. 1956-1961, © 1990,
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this nonexperimental way, a prospec-
tive controlled trial evaluating its ef-
fects on quality of care was not pos-
sible. We instead designed a retrospec-
tive observational study, in which we
contrasted data on Medicare patients
prior to and subsequent to 1983. We
considered supplementing such data
with pre- and post-PPS information
from a control group (eg, patients from
the waiver states, non-Medicare pa-
tients aged 55 to 64 years in the PPS
states, or patients from another country
such as Canada), but funding limitations
- prevented this.

Because pre-post designs may be con-
founded by secular trends over time, we
gathered data at multiple time points in
both the pre- and post-PPS periods, so
that such trends might be at least
roughly estimated. We report only dif-
ferences pre- and post-PPS in the mid-
dle five articles in this series®® and dis-
cuss issues of trend estimation and
causality in the final article in the
series.’

We chose as our pre-PPS sampling
window the period from January 1,
1981, to December 31, 1982, and as our
post-PPS window the period from July
1, 1985, to June 30, 1986. Our design
concentrated 50% of the sampling in
each of the pre- and post-PPS periods:
20% in 1981, 30% in 1982, and 25% in
each of 1985 and 1986.

Our design was longitudinal at the
hospital level and cross-sectional at the
patient level; ie, we gathered data at
each of our sampled hospitals in all
study years, with different patient co-
horts sampled in each time period with-
inthe chosen hospitals. The longitudinal
nature of the hospital sampling in-
creased the accuracy of the pre-post
comparison by holding the hospital fac-
tor constant.

We have elsewhere® advocated the
measurement of quality of care in a dis-
ease-specific way. However, instru-
mentation costs limit the number of dis-
eases that may be studied in detail.
After consultation with an expert panel,
we selected six diseases for study: con-
gestive heart failure, acute myocardial
infarction, pneumonia, cerebrovascular
accident, hip fracture, and depression.
We discuss the extent to which our find-
ings from these six diseases generalize
to other Medicare patients in another
article in this series.’

Summary of Sampling Plan

We used a stratified, multistage clus-
ter sampling plan with four levels of
sampling hierarchy: states, areas with-
in states, hospitals within areas, and
patients within hospitals. We oversam-
pled hospitals treating many Medicare

patients and chose approximately the
same number of patients from each hos-
pital in a way that produced patient-
level national representativeness. In
our sampling design we chose five
states, with four to eight areas per state
for a total of 30 areas nationwide; six to
18 hospitals per area for a total of ap-
proximately 60 hospitals per state and
300 hospitals overall; and about 57 pa-
tients per hospital for a total of approxi-
mately 17 000 patients.

Choice of States.—We selected our
final states purposively, subject to eligi-
bility criteria and stratification goals.
Eligibility considerations excluded the
waiver states and states with either too
few hospitals or a mixture of hospitals
that was either too urban or too rural.
The main stratification goal in the choice
of states was geographic diversity, with
one state from each region of the coun-
try. Our final sample included Califor-
nia, Texas, Indiana, Pennsylvania, and
Florida.

Choice of Areas. — Photocopying
sampled medical records and sending
the copies to a central location in the
chosen states for abstraction would
have been desirable on cost grounds,
but the photocopy quality of micro-
filmed records, which made up a non-
trivial portion of the pre-PPS sample,
was too poor to permit this option. Giv-
en the resulting cost restrictions on data
collector travel, the only feasible sam-
pling plan involved dividing the sam-
pled states into geographic areas and
clustering the chosen hospitals in a sam-
ple of these areas.

We used geographic diversity within
state and six hospital-level factors as
stratification variables in our final area
choice: urbanicity, percentages of Medi-
care and Medicaid patients, size, teach-
ing status, and hospital ownership (eg,
proprietary vs nonprofit). We consid-
ered a large number of designs, each
with a total of 20 to 30 areas, by conduct-
ing a computer-aided search among all
possible choices of four to eight areas in
each of our five states. Our final choice
was purposive and had 30 areas, with
four to eight areas per state.

Choice of Hospitals.—We based the
hospital-level sampling frame on the
1984 HCFA Provider of Services file.”
We used three eligibility criteria at the
hospital level. First, we restricted sam-
pling to short-term acute care facilities
and excluded veterans', military, and
psychiatrie hospitals. Second, we also
restricted attention to hospitals that
were in existence during the entire peri-
od from 1981 to 1986. Third, a small
number of hospitals in our chosen states
had 15 or fewer patients per year with
one or more of our six study diseases

(based on HCFA’s 1984 MedPAR file")
and were judged to be too small.

The final hospitals were chosen by
defining a stratification grid indexed by
size, urbanicity, and hospital poverty
status. We defined “high-poverty hospi-
tals” as those facilities whose percent-
age of Medicaid patients was at or above
the 90th percentile of the Medicaid dis-
tribution in the state in which the hospi-
tal was located. Our goal was represen-
tativeness with respect to size and
urbanicity and an oversampling by a fac-
tor of 2 of both high-poverty hospitals
and city-county facilities. Hospitals
were then chosen by a restricted ran-
domization procedure that maximized
representativeness with respect to
ownership, teaching intensity, and per-
centage of Medicare patients, while
varying the number of hospitals per
area from 6 to 18 in such a way that our
stratification targets were achieved. In
this manner, 300 hospitals were chosen.

Choice of Patients.—We based the
patient-level sampling frame on lists,
generated by the chosen hospitals, of all
patients hospitalized in each study year
with one of the study diseases, as indi-
cated by International Classification of
Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes (Table
1). Twelve hospitals were unable to pro-
vide such lists; we built the patient sam-
pling frames for those hospitals from
HCFA’s MedPAR file. We chose simple
random samples of patients in the cells
of a three-by-six stratification grid in-
dexed by study period and disease. The
goal was balance across all diseases,
with nine or 10 patients chosen from
each disease category in each hospital,
distributed within each disease across
study periods in approximate propor-
tions of 20% (1981), 30% (1982), and 50%
(1985 and 1986).

To meet our goal of 17000 total pa-
tients, we examined a somewhat larger
number of records because some rec-
ords were unavailable for study and oth-
ers did not meet our eclinical inclusion
criteria (see below). In total, 22 795 rec-
ords were requested from the partici-
pating hospitals.

Data Collector Training,
Abstraction, and Monitoring

Nurses and medical records person-
nel who were experienced with clinical
data were selected by the professional
review organizations in the chosen
states to become data collectors. After
demonstrating adequate skills, 52 data
collectors participated in training that
lasted 17 days, with at least 2 days fo-
cused exclusively on the study of each of
our six diseases.

During the period of data collection,



Table 1.—/CD-9-CM* Codes Defining the Six Study
Diseases
]
IDC-9-CM
Codest

428.xx
410.xx
480.9x
481.xx
482.xx
483.xx
485.xx
486.xx
487.0x
507.0x
510.xx
511.1x
513.0x
799.1x
431.xx
434 .xx
436.xx
820.0xt
820.2x
820.8x
296.2x
296.3x
298.0x
300.4x
309.0x
309.1x
311.xx

]
*/CD-9-CM indicates International Classification of
Diseases, Ninth Revision, Clinical Modification.
tx=any value 0 to 9 or no value.
1Does not include 820.01.

Disease

Congestive heart failure
Acute myocardial infarction
Pneumonia

' Cerebrovascular accident
Hip fracture

Depression

we monitored abstractors with a series
of interrater reliability studies (see be-
low) and gave feedback to data collec-
tors who were identified as having prob-
lems. A project manager who was
familiar with the hospital in which the
abstraction took place supervised the
work. In addition, each completed ab-
straction form was reviewed by both a
physician and a nurse for an average of
30 minutes per record to assess internal
consistency and to assure that coding
was consistent with supporting clinical
data. Certain types of clinical informa-
tion from the medical record (eg, the
exact words characterizing a patient's
stroke if one occurred) were written
verbatim into the abstraction form, and
specified pieces of data (eg, chest roent-
genogram reports, admission histories
and physicals, and discharge summar-
ies) were photocopied and attached to
the form. Discrepancies that could not
be resolved during the review process
were returned for reabstraction. Physi-
cians interpreted photocopies of roent-
genogram reports and some electrocar-
diogram tracings and reports.

To maintain the confidentiality of hos-
pitals, patients, and physicians, coded
identifiers were assigned to hospitals
and patients. No identifying informa-
tion about physicians was obtained.

Each disease - specific abstraction
form"™ contained approximately 700
items grouped into five categories: in-
clusion criteria, demographics and sick-
ness at admission, explicit information
about the processes of care given to the
patient, patient outcomes, and patient

status at discharge. Examples include
physician documentation of preadmis-
sion symptoms of myocardial infarction,
frequency of nurses’ blood pressure
readings on hospital day 2 (congestive
heart failure), prehospital mental status
(pneumonia), use of coumarin at any
time during hospitalization (cerebro-
vascular accident), and number of phys-
ical therapy sessions on postoperative
day 1 (hip fracture). More details about
data elements can be found in the other
articles in this series.”” The abstraction
forms took an average of 90 minutes per
record to complete.

Interrater Reliabilities

We assessed interrater reliabilities
for each disease using both records that
the data collectors knew to be test cases
and records that they did not know were
being monitored. We used « scores” to
measure by how much the agreement
between different readings of the same
medical record exceeded chance.

Inclusion Criteria

We used inclusion criteria to assure a
homogeneous group of patients with the
chosen diseases in the pre- and post-
PPS periods. To be included in one of
our disease-specific samples, patients
had to be at least 65 years of age, admit-
ted during one of our study years, and
hospitalized for the indicated disease.
Patients with the study disease as a
complication of hospitalization, rather
than as a reason for admission, were not
eligible for the sample.

Secondary Data Collection

In addition to the clinical primary
data previously described, we also col-
lected secondary data of two types: (1)
information about postdischarge out-
comes that was merged with the records
in our primary database in order to ex-
amine the effects of the PPS on out-
comes during the year following hospi-
talization, and (2) national data on
mortality trends in our study diseases
from 1980 to 1986 with which to compare
our sample data for validation purposes.

‘We compiled three kinds of postdis-
charge outcome information: mortality,
hospital readmissions, and nursing
home stays. To obtain postdischarge
mortality data, we used patients’ last
names, first names, dates of birth, and
health insurance claim numbers from
the medical record to match our sam-
pled patients with the corresponding
records in HCFA’s health insurance
master file.”

To validate our sampling with respect
to mortality, we obtained data from
HCFA’s MedPAR file on all patients
hospitalized with our five nonpsychia-

tric diseases (n=2062610) in the
27-quarter period from January 1980
to September 1986. Variables we ex-
tracted from the MedPAR file included
death status within 30 days of admis-
sion, gender, age, and diagnosis related
group. We established a correspon-
dence between our ICD-9-CM-based
disease definitions (Table 1) and diagno-
sisrelated groups and used these data to
calculate age- and sex-specific and age-
and sex-adjusted 30-day death rates for
each of our study diseases, and in the
aggregate across our study diseases, in
each of the 27 quarters.

‘We then used the postdischarge mor-
tality data on our sampled patients to
compute age- and sex-adjusted quarter-
ly sample mortality rates in the 30-day
period following admission, by disease
and in the aggregate across diseases. To
compare these data with the national
MedPAR mortality data previously de-
scribed, we plotted the national age-
and sex-adjusted 30-day quarterly mor-
tality series on the same graph with the
quarterly 30-day mortality data from
our study sample and marked off error
bars of 2 SEs either way from the ob-
served sample mortality series. We es-
timate that noncomparabilities between
national and sample mortality values
arising from our use of inclusion criteria
were small.

Effects of Sampling Plan on Analysis

The sampling plan we employed had
four features requiring special attention
during the analysis:

1. Our oversampling of patients from
hospitals serving an unusually large
fraction of Medicaid patients would
yield somewhat biased raw findings if
the quality of care in these facilities dif-
fered substantially from that in other
hospitals. To arrive at nationally repre-
sentative findings, it was necessary to
reweight our raw patient-level results,
giving less weight to facilities serv-
ing an unusually large fraction of Medic-
aid patients.” The weighted and un-
weighted results differed little in most
of our major analyses. In what follows in
this and other articles in this series,*’
we present unweighted findings unless
otherwise indicated.

2. The clustering of our sampled pa-
tients in only five states, 30 areas, and
297 hospitals has implications for the
accuracy of our results. If there is more
similarity on average between two pa-
tients in the same state, area, or hospi-
tal in the care they receive than be-
tween two patients in different states,
areas, or hospitals, and no adjustment
for this intracluster correlation® is
made, the result will be an overstate-
ment of the precision of our findings. To



adjust for clustering and to produce SEs
that accurately reflect the information
content of our sample, we (1) calculated
provisional SEs for all of our major esti-
mates, as if we had gathered our data
using simple random sampling, (2) com-
puted “inflation factors” based on intra-
cluster correlations that measured the
amount of information in our sample rel-
ative to that obtained in a simple ran-
dom sample of the same size, and (3)
multiplied our provisional SEs by the
inflation factors, thereby adjusting the
significance of our results downward.

- The inflation factors ranged from 1.1 for
outcomes such as in-hospital and 30-day
death to 2.9 for our composite score,
aggregating across diseases, that sum-
marizes the quality of the processes of
in-hospital care. The latter inflation fac-
tor, which is based on an unusually high
intracluster correlation of .16, indicates
a remarkable degree of homogeneity
within hospitals in the processes of care
rendered.

3. The longitudinal nature of the hos-
pital sampling, in which we gathered
data from all of our study hospitals in
both the pre- and post-PPS periods, also
had implications for the accuracy of our
results. Holding the hospital factor con-
stant acted on the precision of our find-
ings in a manner opposite to that of the
clustering: the latter decreased accura-
¢y, when compared with independent
simple random sampling in each of the
pre- and post-PPS periods, while the
former increased accuracy because of
positive correlations over time in the
patterns of care given to patients within
hospitals. We computed “deflation fac-
tors” to adjust simple random sampling
SEs for the longitudinal hospital sam-
pling and found that the clustering and
longitudinal effects approximately can-
celed each other in our analyses. Thus,
we were able to analyze the data essen-
tially as if they had been gathered with
simple random sampling in a cross-sec-
tional fashion.

4. We present results in this series of
articles”™ both at the disease-specific
level and in the aggregate across dis-
eases. Two issues arise in producing
across-disease summaries: reweighting
the diseases back to their actual fre-
quencies in the Medicare population,
and properly accounting for the degree
to which pre-post differences them-
selves differ by disease (ie, accounting
for interactions between the pre-post
and disease factors). Reweighting by
disease prevalence is potentially neces-
sary because we took samples of rough-
ly equal size in each of our six study
diseases, even though congestive heart
failure is more than three times more
frequent among Medicare patients than

-3

Table 2. —Percentages of Records Excluded by Disease and Time Period*
. _______________________________________________________]

1985
1981 1982 and 1986 Total

Disease

Congestive heart failure 29.8 284 18.7 245

Acute myocardial infarction 18.7 16.7 14.8 16.2

Pneumonia 39.3 38.1 35.9 373

Cerebrovascular accident 224 218 131 17.7

Hip fracture 218 183 14.9 174

Depression 21.7 259 24.2 244
Total No. (%) excluded 1266 (26.2) 1677 (25.5) 2244 (21.2) 5187 (23.6)
Total No. included : 3455 4949 8354 16 758
Total No. (Excluded + Included) 4721 6626 10598 21925

L]
*The percentages given are of the following form: number of excluded records/(number of included + excluded
records).

Table 3.—Frequent Reasons for Record Exclusion by Disease
- ]

Diseases*
CHF AMI PNE CVA HIP DEP 6 Diseases
Frequent reasons
Not hospitalized during study year, % 0.3 04 0.2 0.3 0.3 0.2 0.3
No eligible /CD-9-CMt code, % 1.0 15 1.6 1.2 1.5 25 1.6
Age <65y, % 0.2 03 0.5 03 0.1 0.7 0.4
Transferred from another acute care
hospital, % 18 41 18 33 22 ND$ 2.6
No symptoms/signs of disease at
admission, % 16.8 6.5 275 1.0 2.2 10.9 125
AMI at admission, % 0.7 ND 0.2 0.3 0.2 ND 0.4
Other competing conditions,§ % 1.3 22 36 0.6 103 64 4.1
Poor prognosis or active cancer, % 1.8 ND ND ND ND 1.2 1.5
Total No. excluded 916 550 1632 608 581 880 5167
Total No. included 2824 2853 2749 2824 2762 2746 16 758
Total No. (Excluded + Included) 3740 3403 4381 3432 3343 3626 21925

.. __________________________________________]

*CHF indicates congestive heart failure; AMI, acute myocardial infarction; PNE, pneumonia; CVA, cerebrovascular
accident; HIP, hip fracture; and DEP, depression.

11CD-9-CM indicates International Classification of Diseases, Ninth Revision, Clinical Modification.

1ND indicates that the disease-specitic abstraction form did not specify this as an exclusion criterion; as a result,
no data were collected on this itemn.

§Other competing conditions included important clinical problems present at admission that were likely to
influence process and/or outcome in ways not seen with patients without these conditions (eg, the presence of
bilateral hip fracture or multiple trauma were exclusion criteria for hip fracture patients).

hip fracture, for example. consistent with the size of the inter-

We computed weights necessary to  action.”
reweight our raw findings back to the
population of all Medicare patients with RESU'.-TS
Sampling

one of our six study diseases and did
sensitivity analyses to see how much
this reweighting affected our results. In
all of the cases we examined involving
our major study findings, the weighted
and unweighted results differed little.
We therefore report unweighted find-
ings unless otherwise noted. Regarding
pre-post by disease interactions, we
tried not to emphasize across-disease
summaries when the interactions were
large (ie, when there was serious dis-
agreement among our diseases in the
size of the difference pre- and post-
PPS), and we tried to conservatively
report the significance of the pre-post
PPS effect, when the interactions were
small to moderate, by adjusting the pre-
vs post-PPS significance in a manner

Almost all of the 300 selected hospi-
tals agreed to participate in the study.
Five hospitals refused and were re-
placed by hospitals in the same area
with similar hospital and patient charac-
teristics. Three other hospitals also re-
fused to participate and were not re-
placed, resulting in a final sample of 297
hospitals and a hospital-level participa-
tion rate of 97% (297/305).

Our final sample had 51 to 62 patients
per hospital (except for 12 small hospi-
tals, where patients per hospital ranged
from 17 to 50), with an average of ap-
proximately 57 patients per hospital
and a total of 16 758 patients, slightly
fewer than our target of 17 000.

Hospitals were able to find the medi-
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cal records we requested in almost all
cases. Of the 22 795 medical records re-
quested, 870 (3.8% of the requested rec-
ords) were not available for review,
leaving 21925 total records reviewed.

The number that were not available was
higher in 1981 (6.6% of those requested)
and 1982 (5.0%) than in 1985 and 1986
(1.7%). The numbers of records unavail-
able were sufficiently small that any

Table 4. —Detectable Pre-Post Differences: Process* and Outcome

Outcome: 30-Day Mortality,

Adj d for Sick atA
Pre-Post SE for
Change Detectabh Estimated Pre-Post
Pre-PPSt With 80% Power, Difference,

Disease Rate,% Percentage Points Percentage Points
Congestive heart failure 147 34 1.3
Acute myocardial infarction 244 4.2 15
Pneumonia 159 36 13
Cerebrovascular accident 213 4.0 14
Hip fracture 5.1 21 0.8
Aggregating across diseases 16.7 1.6 0.6

]

*Process: the study’s power to find 1.1-point or greater disease-specific pre-post differences on a 100-point
process scale with a patient-level SD of 10 was at least 80%. In the aggregate across diseases, 0.5-point or larger
differences on such a scale were detectable with at least 80% power.

1PPS indicates prospective payment system.
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Table 5.—Characteristics of the Study Sample by Disease and Time Period*

bias arising from their unavailability
would be too small to significantly
change the study’s major findings.

Of the 21 925 records reviewed, 5167
(24%) were excluded (Table 2). The frac-
tion of records excluded in the post-PPS
period (21%) was significantly lower
than the fraction excluded in the pre-
PPS period (26%; P<.01). Table 3 gives
the most frequent causes of exclusion.
The most common reason was that clini-
cally detailed review of the medical
record showed that the patient did not
have symptoms or signs of the disease
suggested by the hospital’s assignment
of ICD-9-CM codes. For example, 17%
of the patients with a congestive heart
failure code on their medical records did
not have signs of congestive heart fail-
ure at admission, ie, they did not have
either chest roentgenogram evidence
for heart failure or leg edema at
admission.

We were able to obtain accurately
merged postdischarge mortality infor-
mation from the HCFA’s files on 92% of
our sample (12 821 of 14 012 patients).

Interrater Reliabilities

For 10 reliability records known by
the data collectors to be test cases, each
rated by an average of 47 different data
collectors, we found across-disease
item-level k scores averaging 0.86. For
162 different records rated by two dif-
ferent data collectors who did not
know they were being monitored, we
obtained across-disease item-level
scores averaging 0.78. Overall, the 10th
percentile of the distribution of our k
scores was 0.63, the 90th percentile of
our k scores was 1.0; 5.6% of our k scores
were below 0.4 (a level generally recog-
nized as signifying poor reliability'),
and 83% were above 0.75 (a level imply-
ing excellent reliability™).

Effects Detectable With the
Study’s Sampling Resources

Table 4 gives examples of the differ-
ences from pre- to post-PPS that were

Study Diseaset
CHF AMi PNE CVA HIP Total
Patient - .
Characteristic Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Total
>80y, % 41 41 25 27 41 42 41 41 58 58 41 42 41
Male, % 43 45 53 50 51 51 45 44 21 23 43 43 43
Nonwhite, % 23 22 18 16 19 20 22 20 14 13 19 18 19
Medicaid, % 16 15 12 12 19 19 14 13 17 15 15 15 15
Preadmission residence at nursing home, % 8 9 4 5 223 26% 12 11 241 20% 14 14 14
Sample size 1359 1465 1416 1437 1341 1408 1382 1442 1358 1404 6856 7156 14012

*The results were reweighted to achieve national representativeness.
1CHF indicates congestive heart failure; AMI, acute myocardial infarction; PNE, penumonia; CVA, cerebrovascular accident; and HIP, hip fracture.

1Difference pre- vs post-PPS is significant (P<.01).



detectable with the study’s resources.
It can be seen from this table that small
disease-specific and aggregate differ-
ences in the average quality of process-
es of care, and a modest difference in
aggregate mortality across all five dis-
eases, stood a high chance of being
found, while disease-specific differ-
ences in mortality would have had to
have been fairly large to be detectable
with high likelihood. The estimates in
the table are typical of the power conclu-
sions to be drawn about the many quan-
titative and qualitative response vari-
ables in our study: our data resources
were sufficient to find small disease-
specific differences for continuous out-
comes and moderate differences aggre-
gating across diseases for dichotomous
outcomes.

Effects smaller than those referred to
in Table 4 as detectable with 80% power
may actually be found to be significant
by the study, as can be seen from the
column giving SEs for the estimated
differences pre- and post-PPS in 30-day
mortality, adjusted for sickness at
admission.

Representatives of Final Sample

After reweighting, our sample
matched the nation closely with respect
to hospital size, urbanicity, percent of
Medicare and Medicaid patients, teach-
ing intensity, and ownership. With each
of these variables divided into three to
six categories, the largest discrepancy
between national and reweighted sam-
ple prevalences in any category was less
than 2 percentage points, and national
and reweighted sample means and SDs
for these variables (when relevant)
agreed to within less than 1%."

The Figure compares our sampled
age- and sex-adjusted 30-day mortality
values with known national values on a
quarterly basis, in the aggregate across
diseases; the results were similar at the
disease-specific level. The national val-
ues fell within the sample 95% confi-
dence limits in 11 of the 12 quarters, and
the pattern of positive and negative de-
viations of the sampled values from the
national mortality figures revealed no
bias. Both of these observations are con-
sistent with the hypothesis that our
sample is representative of the nation
with respect to 30-day mortality.

Composition of Final Patient Sample

Table 5 gives various characteristics
of the study’s patient sample, both be-

fore and after the PPS, by disease and in
the aggregate across diseases. Demo-
graphics remained stable from pre- to
post-PPS, but there was some change in
the fraction of patients admitted from a
nursing home; this percentage rose
from 22% to 26% pre- to post-PPS for
pneumonia patients but fell by the same
amount (from 24% to 20%) for hip frac-
ture patients (P<.01).

SUMMARY

In this article we have presented the
design and sampling choices that led to
our collection of data on 8404 Medicare
patients treated before the introduction
of the PPS and 8354 patients treated
after the PPS was implemented, and we
have demonstrated the national repre-
sentativeness of these patient samples
with respect to a number of key hospi-
tal- and patient-level variables. Other
articles in this series’” present the re-
sults of our analysis of these data.
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We developed disease-specific measures of sickness at admission based on
medical record data to study mortality of Medicare patients with one of five
conditions (congestive heart failure, acute myocardial infarction, cerebrovascu-
lar accident, pneumonia, and hip fracture). We collected an average of 73
sickness variables per disease, but our final sickness-at-admission scales use,
on average, 19 variabies. These scales are publicly available, and explain 25%
of the variance in 30-day postadmission mortality for patients with acute myocar-
dial infarction, pneumonia, or cerebrovascular accident. Sickness at admission
increased following the introduction of the prospective payment system (PPS).
For our five diseases combined, the 30-day mortality to be expected because of
sickness at admission was 1.0% higher in the 1985-1986 period thanin the 1981-
1982 period (16.4% vs 15.4%), and the expected 180-day mortality was 1.6%
higher (30.1% vs 28.5%). Studies of the effects of PPS on mortality must take this

increase in sickness at admission into account.

THE INTRODUCTION in 1983 of the
prospective payment system (PPS) has
raised clinical and policy questions. Did
the change in financial incentives from a
cost-plus reimbursement system to a
fixed-price system result in fewer sick
patients being admitted to the hospital?
Did mortality within 30 or 180 days fol-
lowing hospitalization change, after ad-
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justing for sickness at admission? Mea-
suring how sick a patient is at the time of
hospital admission is a prerequisite for
answering such questions. In this report
we present measures of sickness at ad-
mission for five diseases: congestive
heart failure, acute myocardial infarc-
tion, pneumonia, cerebrovascular acci-
dent, and hip fracture. These measures
can also be used to aid clinical decisions at
the individual patient level and help hos-
pitals monitor their outcomes. After de-
seribing the measures, we present data
that show how sickness at admission
changed after the introduction of pro-
spective payment.

PATIENTS AND METHODS

The sample for this study includes
14012 patients who are aged 65 years or

older. We present details of the sampling
design and inclusion criteria elsewhere.™*

Variables That Measure
Sickness at Admission

In developing our measures of sickness
at admission, we used previously pub-
lished severity measures, including those
developed to predict death for patients
admitted to intensive care units*® and
measures developed for specific dis-
eases.” We used literature review, clini-
cal judgment, and disease-specific con-
sensus panels to identify other variables
that have been considered important clin-
ical predictors of the outcomes we chose
to study.’

We used disease-specific abstraction
forms to collect data about sickness at
admission from the medical records of
hospitalized patients.'™ We collected
data about acute and chronic morbid and
comorbid diseases, function, the number
of body systems with pathologic findings,
and the APACHE II (Acute Physiology
and Chronic Health Evaluation) Acute
Physiological Score (APS) variables.® For
patients who had an acute myocardial in-
farction, we also collected data used to
score the Killip Scale and the Norris
Coronary Prognostic Index.*” For pa-
tients who had hip fractures, we collected
data for the Goldman Preoperative Risk
Index.® We always collected the first
available data. If the patient had missing
data on day 1, we accepted data from day
2, because day 2 values may represent
the admission status of patients who were
admitted late at night.

Reprinted from JAMA, The Journal of the American Medical Association, October 17, 1990, Vol. 264, No. 15, pp. 1962-1968, © 1990,
American Medical Association. Reprinted by permission.
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Details on the full set of variables col-
lected, analyses underlying the scales,
and examples of how to use the scales to
predict mortality are available.”

Analytic Methods

Modeling decisions (scaling of impor-
tant variables and subsequent variable
selection) were based on a two-thirds ran-
dom sample of the patients with each
disease. We validated our modeling
choices by repeating the modeling effort
on one third of the patients and on five
bootstrap® replicates of the data sets. Fi-
nal weights were estimated on the full
sample. The weights for the variables
that were used to predict two outcomes
are given herein, namely, death within 30
and 180 days after admission. "

Our goal was to create simple disease-
specific scales that measured the risk of
death that were similar in form to the
APACHE II APS scale. We categorized
and scaled all but five variables using our
own clinical judgment or the APACHE IIT
item scaling. For all variables, normal
and missing values received a score of 0,
and the maximum score was assigned to
the people who were the most ill. For
variables that defined the patients’ medi-
cal and functional abnormalities, we as-
sumed that patients did not have a condi-
tion unless it was mentioned in their
medical record (Table 1).

In initial analyses, five variables (age,
serum urea nitrogen level, temperature,
systolic blood pressure, and coma) pre-
dicted in-hospital mortality especially
well. We rescaled these variables, based
on average mortality at different levels of
the variable. We scored age, serum urea
nitrogen level, and temperature by sim-
ply subtracting the mean value, across all
patients with the disease, from the pa-
tient’s value. Higher initial systolic blood
pressure was a good sign for all diseases
except cerebrovascular accident. The rel-
ative impact of confusion (altered mental
or neurological status) and coma on death
varied by disease, and we did a more
clinically detailed scaling of coma for cere-
brovascular accident, where it was over-
whelmingly the strongest predictor of
death.

Variable Selection and Weighting

We screened variables for use in the
final regressions to predict mortality ac-
cording to a rule that combined clinical
judgment with statistical evidence. Vari-
ables were rated 1, 2, 3, and 4 by clini-
cians for their expected association with
poor outcome. Using this rating, vari-
ables were kept for possible inclusion in
the scale (1) if they were strong predic-
tors of 30- or 180-day postadmission mor-
tality (¢ statistic >2.5 in regressions that
alsoincluded systolic blood pressure, age,

Table 1.—Scoring for Variables That Predict Death Within 30 or 180 Days After Admission*
- -}

Maximum
Sickness-at- Achievable 0 Definition of Sickness-at-
Admission Variable Scoret Admission Variable

APACHE il APS 53 Sum of 13 scales assessing patient’s vital signs, blood
studies, and mental status (CHF, AM!, PNE, HIP)}

APACHE CHE§ 1 Severe chronic failure of liver, cardiovascular,
respiratory, or renal systems, or
immunocompromised state = 1 (CHF, CVA, HIP)

Age (standardized) (Age —mean sample age of 78 for CHF and PNE, 75
for AMI, 77 for CVA, 81 for HIP)/year

Systolic blood pressure 5 <90 mm Hg =5, 90-99 mm Hg=4, 110-119 mm Hg
=3, 120-139 mm Hg =2, 140-159 mm Hg =1,
=160 mm Hg = 0 (5 diseases)

CHF by chest roentgenogram 3 Severe CHF by roentgenogram =3 (PNE, CVA, HIP);
moderate CHF by roentgenogram =2 (CVA, HIP), 1
(PNE); mild CHF by roentgenogram =1 {PNE, CVA,
HIP); Pleural effusion by roentgenogram =1 (CHF)

BUN (standardized) (BUN —mean sample BUN of 10 mmol/L for CHF, 8 for
AML, 9.5 for PNE)/7 mmol/L (CHF, AMI, PNE)

APACHE 1l Coma Score| 9 Coma =9 (CHF, PNE); confusion or neurologic
change =5 (CHF, PNE, HIP)

CVA Coma Score 5 Posturing/no response to pain=5; coma by both
physician and nurse = 4; coma by physician or
nurse = 3; neurologic change or unable to follow
commands = 2; confusion =1 (CVA)

From nursing home 1 Prior residence in skilled nursing facitity, intermediate
care facility, extended care facility, or nursing home
with unspecified type =1 {CHF, AMI, CVA, HIP)

Mean biood pressure|| 4 Mean blood pressure: =160 or =49 mm Hg=4; 130-
159 mm Hg = 3; 110-129 mm Hg or 50-69 mm Hg
=2 (CHF, CVA)

Heart rate|| 4 First heart rate value: =180 or =39 beats/min = 4;
140-179 or 40-54 beats/min = 3; 110-139 or 55-69
beats/min =2 (AMI)

Serum sodiumi| 4 First serum sodium value: =180 or <110 mmol/L=4;
160-179 or 111119 mmol/L =3; 155-158 or 120-
129 mmol/L = 2; 150-154 mmol/L = 1 (CHF)

Serum creatinine|l 4 First serum creatinine value: =300 wmol/L =4; 180-
300 pmol/L=3; 133-168 or <53 pumol/L =2 (HIP)

Oxygenation|| 4 Partial pressure of oxygen: Po, <55 or Pao,-Pao, =
500 =4; Po,=55-60 or Pao,-Pao, =350-499=3;
Pao,-Pao, =200-349 = 2; Po,=61-70=1 (AMI, HIP)

Hematocrit] 4 Serum hematocrit: =0.60 or <0.20=4; 0.50-0.60 or
0.20-0.30=2; 0.46-0.50=1 {CHF)

White blood cell countj| 4 Serum white blood cell count: =40 or <1 X 10%L = 4;
20-39.90r1-2.9x109/L.=2;15-19.9 x 10%/L = 1 (CVA)

Digitatis toxic effects Toxic digitatis level: >2.8 nmol/L =4 (CHF)

Serum aspartate aminotransferase Serum AST value: =80 U/L =4 (CHF), 2 (AMI}; 40-79

(AST) U/L =2 (CHF), 0 {AMI)

Creatine kinase Score 4 Creatine kinase value: >3 x laboratory’s highest
normal value = 4; <3 but >1.3 x laboratory’s highest
normal value = 2 (AMI)

Serum albumin 4 Serum albumin value: <25 g/L=4 (CVA, HIP),=3
(PNE); 25-30 g/L =2 (PNE, CVA, HIP); >30 g/L or
not tested, but patient described as
malnourished = 3 (HIP, PNE)

Male 1 Male =1 (CHF, HIP)

Noncompliance 1 Noncompliance with medications or diet=1 (CHF)

Use of ventricular depressant 1 Use of ventricutar depressants (eg, verapamil,
disopyramide phosphate, clonidine
hydrochioride) = 1 (CHF)

Antiarrhythmic medications 1 Use of antiarrhythmic medication =1 (CHF)

Difficulty with imbs 1 Ditficulty with arm and/or leg function (CHF)

Prior hospitalization Hospitatization within 6 mo =1 (CHF, PNE)

Location of AMI 2 Location of AMI: anterior =2; inferior or transmural but
unspecified = 1; subendocardial =0 (AMI)

Cardiac diseasef 8.7 Age >B0=23.9; age 70-79=3.1; age <70=2.3;

cardiomegaly by roentgenogram = 1.1; severe CHF
by roentgenogram = 3.3; moderate CHF by
roentgenogram = 2; mild CHF by roentgenogram or
lungs not clear on examination = 1; prior
angina=0.4 (AMI)

Prior CHF

History of CHF or use of digitalis at time of
admission =1 (AMI)

Prior vaive disease

History of mitral, tricuspid, aortic, pulmonic valve
disease, or valvular surgery = 1 (AM}, CVA)

(Continued on p 1964.)
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Table 1.—Scoring for Variables That Predict Death Within 30 or 180 Days After Admission* (cont)
]

Maximum
Sickness-at- Achievable Definition of Sickness-at-
Admission Variable Scoret Admission Variable

Prior diabetes 1 History of diabetes =1 (AM!, CVA)

Intubation 1 Oropharyngeal or nasopharyngeal intubation = 1

Body System Score 12 Count of No. of body systerns (eg, cardiovascular,
respiratory) involved with acute or chronic disease
(AMI)

Infarct type 3 Hemorrhagic infarct = 3; lacunar infarct= — 1 (CVA)

Shortness of breath 1 Dyspnea noted by physician and/or nurse = 1 (PNE,
CVA)

Arrest in emergency department 1 Cardiac and/or respiratory arrest or intubation in
emergency department=1 (CVA)

Recent CHF 1 CHF diagnosed as active within 1 wk of admission=1
(CVA)

Malnutrition 1 Noted by physician at admission =1 (CVA)

Nonambulatory on day 1 1 Noted by physician or nurse as nonambuiatory on day
1 (CVA)

Respiratory distress 1 Noted by physician (PNE)

Septic compiications 1 Empyema, lung abscess, pericarditis, or meningitis
present at admission (PNE)

Prior respiratory failure 1 Noted by physician (PNE)

Thoracic disease 1 Neuromuscular disease (eg, amyotrophic lateral
sclerosis, myasthenia gravis) = 1 (PNE)

Prior cancer score 3 Poor-prognosis cancer or cancer treated by
chemotherapy or radiation = 3; cancer treated with
hormone therapy = 2; cancer with no evidence of
activity = 1 (PNE)

New iung cancer 1 New cancer diagnosis made during hospitalization =1
(PNE}

Home oxygen 1 Use of home oxygen prior to admission =1 (PNE)

Nonambulatory preadmission 1 Noted by physician or nurse as nonambulatory prior to
admission {PNE)

RAND Comorbidity Scale 45 Waeighted sum of chronic comorbid conditions present
at admission (PNE, HIP)#

Temperature (standardized) {Temperature—37.6)°C (HIP)

Pneumonia by chest roentgenogram 1 Chest roentgenogram report: bilateral pneumonia
without CHF = 1; unitateral pneumonia or
infiltrate = 0.5 (HIP)

Prior renal failure 1 History of renal transplant or long-term dialysis, and
creatinine value on admission =2.0 mg/dL (HIP)

Prior CVA 1 CVA prior to admission=1 (HIP)

Prior COPD 1 COPD, emphysema, asthma, or chronic bronchitis

prior to admission (HIP)

]

*APACHE indicates Acute Physiology and Chronic Health Evaluation; APS, acute physiological score; CHF,
congestive heart failure; AMI, acute myocardiat infarction; PNE, pneumonia; HIP, hip fracture; CVA, cerebrovascular
accident; BUN, serum urea nitrogen; and COPD, chronic obstructive pulmonary disease. Values are given only for
variables included in the scales that predict mortality 30 and/or 180 days after admission. Laboratory values are
given in Systéme International (Sl) units.

1The maximum achievable score is the difference between the healthiest and sickest categories in all instances
where the healthiest category is scored 0. This is the case for all variables except “cardiac disease score” and
“infarct type,” BUN level, age, and temperature.

1The variable was used in the final sickness-at-admission score for the diseases in parentheses.

§CHE indicates chronic health evaluation from the APACHE CHE measure.

(1A component of the APACHE APS score. We use the standard APACHE scores.

fAge, cardiomegaly, pulmonary congestion, and history of ischemia as defined by the Norris Coronary Prognostic
index.

#In the sum (with weights in parentheses) are 16 measures of prior conditions: cancer (3), cirrhosis (2), diabetes
(1), cerebrovascular accident (2), chronic renal failure (3), valvular disease or angina or myocardial infarction or
heart surgery (2), congestive heart failure (1), arrhythmias (2), swallowing disorder (eg, aspiration, dysphagia) (2),
use of nasogastric tube (3), hospitalization in the last month {2), thoracic or abdominal surgery in the iast month (2),
disease of the thorax (3), multiple myeloma (2), splenectomy (2), and dementia (2), and five measures of current
problems: smoking (2), alcoholism (2), morbid obesity (2), hypoalbuminemia or malnourishment (3), and immuno-
compromised state (2).

and the APACHE II APS scale); (2) if
they were medium predictors (¢ statistic
>2) with a clinical score of 1 or 2; or (3) if
the t statistic was greater than 1.5 and the
clinicians expected a strong relationship
with death (a clinical score of 3 or 4).
Finally, we used logistic regression to
assign weights to the variables. The final
weights were rounded to the nearest in-
teger multiple of the APACHE II APS
weights (e, logistic regression coeffi-

cients were divided by the coefficient for
APACHE II APS and rounded). Insig-
nificant (P>.05) variables, and six mea-
sures of sickness implausibly associated
with decreased mortality, were dropped.
To estimate conservatively the predic-
tive ability of these sickness-at-admission
variables, we divided the sample into 10
equal parts at random. The R’ values we
report are the averages of the squares of
the simple correlations between out-

comes in each random tenth of the sample
and predictions based on the other 90% of
patients.’

Changes in Laboratory
Ordering and Reporting

From 1981 to 1986, we observed sub-
stantial increases in the number of or-
dered tests for arterial blood gas levels,
and lesser increases in the ordering of
other tests. We were concerned that
these differences might lead to artifactual
increases in sickness at admission.

To investigate this, we divided the
sickness items into three categories:
recording-sensitive (Table 2), laboratory,
and recording-insensitive. For analyses
of changes over time we assumed, conser-
vatively, that the change in the record-
ing-insensitive part of the scale (ie, mea-
surement of vital signs, sex, and age)
represented the true change in sickness
over time. We reduced the changes that
we observed in laboratory abnormalities
using missing laboratory value indica-
tors, and we reduced the post-PPS
weights of recording-sensitive items uni-
formly to make the changes in these cate-
gories proportional to the changes in vital
signs and age. To the extent that the
increase in tests and reported comorbi-
dity is due to the increased illness in pa-
tients, rather than to changed medical
practice, these adjustments will lead us to
underestimate increases in sickness at
admission following the introduction of
prospective payment.

RESULTS
Sickness-at-Admission Scales

Sickness-at-admission variables and
their weights that were used to predict
30- or 180-day postadmission mortality
are given in Table 2. The weights reflect
relative importance, eg, in patients with
pneumonia, the presence of respiratory
distress (with weight 6) is equivalent in
its effect on mortality to the patients
being 6/0.45 or 13.3 years older (each year
of age has weight 0.45).

The models based on the bootstrap and
validation data sets were similar to those
presented in Table 2. The choice of vari-
ables, especially rare variables, and the
weights varied from replicate to repli-
cate, but the average pairwise correla-
tion of predicted death probabilities from
the different models was .94.

The numbers at the bottom of Table 2
are used to convert the sickness-at-ad-
mission score for a patient to the predict-
ed probability of death within 30 days,
assuming average process of care in the
1985 to 1986 sample. The multiplier is the
change in the log odds of dying of each
one-point change in the sickness-at-ad-
mission score, and the intercept is the log
odds of dying for people with no abnor-



Table 2.—Weights for Sickness-at-Admission Variables That Predict 30-Day Postadmission Mortality*
.

Weightst

Observed

Variable Range

CHF

AMI PNE CVA HIP

APACHE Il APS} 33

0.5

1**

1%

1%%

H
o

Age (standardized)

0.2

0.4* 0.45* 0.25* 0.15*

Blood pressure score

4rex

Y- 2% o% 1*

CHF by chest roentgenogram

4*

3 3 3*

BUN (standardized)

2 3*

Coma Scoret

0.5

0.77 —0.8*

CVA Coma Scoret

5**

Mean blood pressure

Heart rate

Serum sodium

. Oxygenation

2%

Hematocrit

-05

White blood cell count

4%

Slb|aibib | dinjn|lo|lo|lw|v

Digitalis toxic effects

1.5

Serum aspartate
aminotransferase

1.5*

3.5**

Creatinine kinase Score

—1.5*

Infarct type

Fex

Serum albumin

Location of myocardial infarction

Intubation}

Body system count}

Shortness of breath

7* 5*

Arrest in emergency department}

Recent CHF}

12*

Prior diabetest

4%

From nursing homet

Respiratory distress}

Septic complicationst

Prior respiratory failure}

Thoracic disease}

Recently hospitalized}

alalalalatalalala|a]wloj=iv]w|sala)js

Nonambulatory}

-
<

Temperature (standardized)

-

Male

3+

Pneumonia by chest
roentgenogram

6

Prior renal failure}

18*

Prior CVA}

3+

PP U R (Y

Prior COPD}

2

1985-1986 multiplier

0.102

0.082 0.082 0.115 0.112

1985-1986 intercept

-3.43

-3.11 —4.22 -3.96 -3.99

1985-1986 30-day postadmission
mortality

0.131

0.248 0.170 0.199 0.048

. _________________________________________________________|]

*APACHE indicates Acute Physiology and Chronic Health Evaluation; APS, acute physiological score; CHF,
congestive heart failure; AMI, acute myocardial infarction; PNE, pneumonia; CVA, cerebrovascular accident; HIP,
hip fracture; COPD, chronic obstructive pulmonary disease; and BUN, serum urea nitrogen. Significance is shown
by asterisks beside numerals: no asterisk indicates 2<I1t|<3; one asterisk, 3<iti<5; two asterisks, 5<It|<7; and

three asterisks, 1ti>7.

tLogistic regression coefficients were rounded to simple muttiples of the APACHE coefficient.
1Recording-sensitive items (in APACHE Il APS only the Coma Score is recording-sensitive).

malities (Table 3).

The predictions of death for particular
diseases are based on those variables for
which numbers are provided in Table 2.
In particular, we tested 64, 61, 82, 83, and
74 variables, respectively, for congestive
heart failure, acute myocardial infarc-
tion, cerebrovascular accident, pneumo-
nia, and hip fracture, and concluded with
the inclusion of 18, 20, 12, 25, and 22
variables, respectively, in the final dis-
ease-specific measures (counting each of
the 13 variables in APACHE II APS
separately). All variables in the scales are

significant predictors (P<.05). The
APACHE II APS score, rescored low
blood pressure, serum urea nitrogen lev-
el, coma, age, and congestive heart fail-
ure on chest roentgenogram were impor-
tant predictors for most diseases. Other
variables, such as elevated aspartate
aminotransferase level and infarct loca-
tion for patients who had a myocardial
infarction, or cerebral infarct type for pa-
tients who had a cerebrovascular acci-
dent, were important predictors for spe-
cific diseases.

The 180-day mortality scales include

13

the 30-day mortality scales and additional
variables (Table 4). The 30-day mortality
scales are the most important part of the
180-day mortality scales, both because
180-day mortality includes 30-day mor-
tality and because many variables that
influence short-term mortality have
prognostie value over the longer term as
well. Age, prior nursing home residence,
and chronic conditions are important pre-
dictors of longer-term mortality.

Predictive Power of
the Sickness Scales

Table 5 presents conservative es-
timates of .the predictive power of
the RAND sickness-at-admission mea-
sures, and compares them with the
predictive performance of other mea-
sures. In particular, we examined the
APACHE II APS scale, which uses the
same scoring and weighting of its items
for all diseases; the APACHE 11 vari-
ables with rescaled blood pressure, se-
rum urea nitrogen level, coma, and dis-
ease-specific weights (lines 3 and 4 of
Table 5); and the scales used in the Medi-
care Mortality Predictor System
(MMPS).” Age-sex adjustment does not
explain much of the variance in 30-day
mortality in patients aged 65 years and
older. The addition of the generic
APACHE II APS adds to explanatory
power, but the power of the APACHE 11
variables is increased if they are
reweighted specifically for each disease.
The big increases in prediction for acute
myocardial infarction and congestive
heart failure are mainly due to the greatly
increased weight on systolic blood pres-
sure. The complete RAND measures of-
fer further improvement. The RAND
measures explain about one quarter of
the variance in 30-day mortality at the
patient level for patients who have a myo-
cardial infarction, pneumonia, or cere-
brovascular accident.

Table 6 shows the 30- and 180-day post-
admission mortality of those patients who
were rated healthiest and sickest by the
RAND sickness-at-admission scales. The
differences between the healthiest and
sickest quartiles are clinically meaning-
ful. For example, of those patients whose
admission characteristics put them in the
healthiest 25% of patients who had a cere-
brovascular accident, 3% died in the 30
days that followed admission, whereas
55% of patients in the sickest quartile
died (a relative risk of 20; 95% confidence
limits, 13 to 32). The 180-day prognosis
contrasts are almost as large.

Comparisons Between
Pre- and Post-PPS

Sickness at admission increased signifi-
cantly following the introduction of pro-
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Table 3. —Calculation of Predicted Death Probabilities for a Hypothetical Patient With Pneumonia*
]

ltem Score Weight
{From {From
Assumed Characteristics Table 1) Table 2) Product
Heart rate, blood pressure, potassium and white blood cell
abnormalities for an APACHE Il APS score of 10 10 1.0 10.0
88 years old (88 — 78 [mean age] = 10) 10 0.45 45
Systolic blood pressure 80 mm Hg 5 2.0 10.0
BUN and temperature same as sample mean 0 . 0
Recently hospitalized 1 4.0 40
No data about preadmission ambulation 0 0.0
All other characteristics normal S L. 0.0
{30-Day Mortality) Sickness-at-Admission Score . . 285

S

*APACHE indicates Acute Physiology and Chronic Health Evaluation; APS, acute physiology score; and BUN,

. serum urea nitrogen. We use the 1985 to 1986 multiplier and intercept of 0.082 and —4.22 (from Table 2) to

estimate that patient A has a 13.2% probability of dying within 30 days postadmission, assuming average care in

the 1985 to 1986 period as follows: (28.5x 0.082) —4.22 = - 1.88, the logit of dying, and exp (- 1.88)/
[1 +exp(—1.88)] = 13.2%.

Table 4. —Weights for Sickness-at-Admission Variables That Predict 180-Day Postadmission Mortality*

. __________________________________________________ ]
Weightst

Observed
Range CHF AMI PNE CVA HIP

1‘** 1“‘ 1‘** 1’(** 1***
0.15 0.2 0.35*
4 7 10*

Variable

30-d scale

Age (standardized)

APACHE [ CHE

CHF by chest roentgenogram
BUN (standardized)

Male

From nursing home

Mean blood pressure

Serum creatinine
Oxygenation

Coma score

Cardiac diseaset

Serum alburnin

Infarct type

Prior hospitalization

Ditficulty with limbs
Noncompliance

Use of ventricular depressants
Antiarrhythmic medications
Prior CHF

Prior valve disease

Prior diabetes

Malnutrition

Nonambulatory on day 1
Nonambulatory (prior to admission)
Prior cancer score

New lung cancer

Home oxygen

RAND Comorbidity Scale
Prior renal failure

Pneumonia by chest roentgenogram
1985-1986 multiplier
1985-1986 intercept

1985-1986 180-day postadmission

mortality 0.320 0.359 0.313 0.342 0.152
____________________________________________________________________________|]

*APACHE indicates Acute Physiology and Chronic Health Evaluation; CHE, chronic health evaluation; CHF,
congestive heart failure; AMI, acute myocardial infarction; PNE, pneumonia; CVA, cerebrovascular accident; HIP,
hip fracture; and BUN, serum urea nitrogen. Significance is shown by asterisks beside numerals: no asterisk
indicates 2<(tI<3; one asterisk, 3<it|<5; two asterisks, 5<ti<7; and three asterisks, ItI>7.

tLogistic regression coefficients were rounded to simple multiples of the 30-day score coefficient.

tAge, cardiomegaly, pulmonary congestion, and history of ischemia.
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spective payment (Table 7). For all five
diseases combined, the 30-day mortality
to be expected from increased sickness at
admission was 1.0% higher in the period
from 1985 to 1986 (16.4% vs 15.4%,
P<.01; 95% confidence interval [CI] for
difference, 0.3% to 1.7%), and the expect-
ed 180-day mortality was 1.6% higher
(30.1% vs 28.5%, P<.001; 95% CI for
difference, 0.8% to 2.4%). Patients with
pneumonia had the greatest increase
over time in expected mortality from in-
creased sickness at admission. If we had
not adjusted for changes in laboratory
ordering and recording, the increases in
sickness post-PPS in Table 7 would have
been an additional 0.6 percentage points
of expected mortality higher than the in-
dicated values (eg, 1.6 percentage points
of expected 30-day mortality and 2.2 per-
centage points of expected 180-day
mortality).

COMMENT

Apart from the MMPS,’ previous
scales to measure sickness at-admission
(1) have most often been applied to pa-
tients who were hospitalized in the inten-
sive care unit, (2) are based on data col-
lected at any time during the admission,
(3) are not easily generalizable, or (4) are
based on variables and algorithms that
are not in the public domain. The sick-
ness-at-admission scales presented here-
in were developed from a large nationally
representative sample of more than
14 000 patients with one of five diseases at
297 hospitals. They are publicly available,
and could be used at either the individual
patient level or the hospital level. For
example, a physician who treats a patient
with one of our five conditions could com-
pute our sickness-at-admission value to
find whether the predicted death proba-
bility for this patient was 5% or 50%.
Hospitals that differ in their proportion of
healthy and ill patients will have different
outcomes that are independent of the
care they provide; our seales could help to
remove this confounding factor in hospi-
tal comparisons.

Our results have implications for those
who want to use APACHE APS or
MMPS. The APACHE II variables were
important in predicting death for all pa-
tients, but blood pressure and renal fail-
ure needed to be rescaled for our cohort of
elderly patients. In contrast to APACH-
E’ results on patients who were hospital-
ized in intensive care units,’ high values of
blood pressure were more favorable than
normal values, especially for patients
with cardiac diseases, and reweighting
for each disease led to better predictions.
Serum urea nitrogen level was important
even after accounting for serum creati-
nine values. In addition, we identified
additional laboratory findings, eg, serum



Table 5.—Predictive Power of the Sickness-at-Admission Scales for 30-Day Postadmission Mortality:
Percent of Variance Explained*

R, %

Predictors » CHF AMI PNE CVA HIP
Age, sex 1 2 3 2 1
Age, sex, APACHE It APS 3 12 18 17 3
Reweighted APACHE | APST 10 18 21 26 3
Reweighted APACHE 1l APS and Body System Countt 10 18 23 26 5
MMPStHE 15 14 18 25
RAND 30-day scalet 12 22 26 30

*APACHE indicates Acute Physiology and Chronic Health Evaluation; APS, acute physiological score; CHF,
congestive heart failure; AMI, acute myocardial infarction; PNE, pneumonia; CVA, cerebrovascular accident; and
HIP, hip fracture.

1A? computed in conservative way (see text).

$Medicare Mortality Predictor System. Values computed on different but comparable datasets.

Table 6. —Post admission Mortality by Sickness-at-Admission Quartile for Five Diseases*

Postadmission
Mortality Rates, %

Sickness-at-Admission Quartilet CHF AMI PNE CVA HIP Di:t;;Zes
30 Days

Healthiest quartile 5 9 1 3 1 2

Middle quartiles 9 17 9 13 4 10

Sickest quartile 32 55 45 55 10 43

Overalt 14 24 16 21 5 16
180 Days

Healthiest quartile 11 1 4 9 3 7

Middle quartiles 29 28 22 29 14 24

Sickest quartile 61 70 67 72 34 64

Overall 32 34 29 35 16 29

*CHF indicates congestive heart failure; AMI, acute myocardial infarction; PNE, pneumonia; CVA, cerebrovascular
accident; and HIP, hip fracture.

1Sickness-at-admission quartiles were determined by rank ordering patients according to their sickness-at-
admission score.

Table 7.— Sickness at Time of Hospital Admission: PRE-PPS (1981-1982) vs POST-PPS (1985-1986)*

Expected Mortality, %t

Five
Sick at Admissi CHF AMI PNE CVA HIP Diseases
30-day scale
Pre-PPS 136 235 14.2 20.6 46 154
Post-PPS 139 248 17.1 206 52 16.4
Difference (post-PPS — pre-PPS) 0.3 1.3 2.9%** 0.0 0.6** 1.0**
180-day scale !
Pre-PPS 322 332 26.2 349 15.6 285
Post-PPS 328 35.2 307 347 16.8 301
Ditference (post-PPS — pre-PPS) 0.6 2.1* 4.5+ -0.2 1.2* 1.6%**
Sample sizes 2591 2588 2536 2565 2541 12821

*PPS indicates prospective payment system; CHF, Congestive heart failure; AMI, acute myocardial infarction;
PNE, pneumonia; CVA; cerebrovascular accident; and HIP, hip fracture. Significance of pre-PPS and post-PPS
differences is shown by asterisks beside numerals: one asterisk indicates P<.05, two asterisks, P<..01; and three
asterisks, P<.001.

tExpected mortality based on sickness at admission, assuming average in-hospital processes of care over the
entire study.

aspartate aminotransferase and serum
albumin levels, that were important pre-
dictors for particular diseases.

Our scales combine the acute data that
are the focus of the MMPS with an inven-
tory of chronic morbid and comorbid dis-
ease markers. By using additional data,
our predictive results are usually better
than those of the MMPS. These results
confirm earlier findings that chronic co-
morbidity is important for predicting

longer-term outcomes.”®* Considerations
in study design kept us from adjusting for
the assignment of a “do not resuscitate”
order or for metastatic cancer (ie, adjust-
ment for a do not resuscitate order might
have confounded the PPS effect and we
excluded patients with metastatic can-
cer), which in the MMPS were strong
predictors. We could have raised predic-
tive power by including these variables or
patients. If even more explanatory power
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is desired, then a data source other than
the medical record will be required (eg,
data collected prospectively from pa-
tients and/or physicians).

The decision about which sickness-at-
admission measures to use depends on
the level of clinical data an individual is
willing to collect. Whether it is worth the
cost to collect our additional clinical vari-
ables routinely is an important area for
further study. Based on work reported
herein, to strengthen the mortality mod-
els that are used for the annual hospital
mortality reports from the Health Care
Financing Administration”® we would
recommend first adding data on initial
systolic blood pressure, and then on a few
additional laboratory variables.

The number of variables that are avail-
able from the medical record and are im-
portant in measuring sickness at admis-
sion is limited. We began with an average
of 73 sickness variables per disease, but
our final models for sickness measures
that predict 30-day postadmission mor-
tality contained an average of 19. Many
variables that are strongly associated
with death when considered by them-
selves are not part of our final scales.
Usually, such variables are pushed aside
by a better measure of the same problem.
For example, current laboratory mea-
sures of renal failure overshadow a histo-
ry of renal failure, except for patients
with hip fractures.

In this study, we dealt with the prob-
lem of differences in recording and lab-
oratory ordering styles among hospitals
and over time. This problem must be ad-
dressed in any comparative study where
such differences are expected. Each com-
parison requires a study of recording and
laboratory ordering practices and appro-
priate adjustment. We have provided one
(conservative) way to do this.

‘We have shown that patients, especial-
ly those with pneumonia, were more ill at
admission in the period that followed im-
plementation of prospective payment.
This increase in illness must be taken into
account in evaluating the changes in
posthospital death rates over time. Be-
cause hospitals, following introduction of
prospective payment, had financial incen-
tives to hospitalize patients who were not
as ill, the apparent increase in sickness is
initially puzzling. We have adjusted for
increases in the ordering of laboratory
tests and recording of comorbidity, so
they cannot explain the rise. Vital signs
at admission are significantly worse for
patients who have a myocardial infare-
tion, pneumonia, and hip fracture, indi-
cating that these patients unequivocally
were more ill at admission.

So why are hospitalized patients more
ill on average than they used to be? Bet-
ter paramedical services may keep more
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ill people alive to be hospitalized, and
financial incentives to increase admission
of patients who are not as ill may be less
important than are activities of profes-
sional review organizations, increased
external review of appropriateness of
hospitalizations, or shifts from inpatient
to outpatient settings for treatment.
Hospital admissions have fallen,” despite
the financial incentives, and these other
trends may have prevented the hospital-
ization of many patients who were not as
ill, leaving a population with increased
illness in the hospitals.

We have developed sickness-at-admis-
sion measures for five diseases that ac-
count for one third of all hospital deaths in
the Medicare population. These mea-
sures are disease-specific, in the publie
domain, and explain about one fourth of
the variance in death at the patient level
following hospitalization for acute myo-
cardial infarction, pneumonia, or cere-
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Measuring Quality of Care With Explicit
Process Criteria Before and After
Implementation of the DRG-Based
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We developed explicit process criteria and scales for Medicare patients hospital-
ized with congestive heart failure, myocardial infarction, pneumonia, cerebro-
vascular accident, and hip fracture. We applied the process scales to a nationally
representative sample of 14012 patients hospitalized before and after the
implementation of the diagnosis related group—based prospective payment
system. For the four medical diseases, a better process of care resulted in lower
mortality rates 30 days after admission. Patients in the upper quartile of process
scores had a 30-day mortality rate 5% lower than that of patients in the lower
quartile. The process of care improved after the introduction of the prospective
payment system; eg, better nursing care after the introduction of the prospective
payment system was associated with an expected decrease in 30-day mortality
rates in pneumonia patients of 0.8 percentage points, and better physician
cognitive performance was associated with an expected decrease in 30-day
mortality rates of 0.4 percentage points. Overall, process improvements across
all four medical conditions were associated with a 1 percentage point reduction in
30-day mortality rates after the introduction of the prospective payment system.

PROCESSES of care—what we do to
patients—have been considered an es-
sential component of quality of care
measurement for over 50 years.”* Even
if outcomes of care—what happens to
patients—are the most meaningful
measures of quality to the patient, we
will be unable to develop clinical meth-
ods to improve outcomes unless we un-
derstand how processes and outcomes
are related. Assessing quality of care by
process also provides some measure-
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(JAMA. 1990;264:1969-1973)

ment advantages over studying out-
comes, because not all patients who ex-
perience a poor process of care suffer a
poor outcome.

The purpose of this article is twofold.
First, we report on the development ofa
set of validated process criteria for el-
derly patients admitted to the hospital
with one of five conditions. By validated
we mean that process predicts outcome.
Second, we apply the validated process
criteria to patients treated before and
after the implementation of the pro-
spective payment system (PPS) to de-
termine whether the PPS has been asso-
ciated with changes in the processes of
care.

METHODS

We based our analysis on the sample
described in more detail elsewhere in
this series.”

Developing Process Criteria

We used literature review and con-
sultation with experts to develop a set of
process measures for which better pro-
cess was likely to make a difference in
patient outcome. These measures were
then presented to disease-specific pan-
els consisting of five to 12 physicians,
who were selected by our collaborators,
the professional review organizations.
Each panel reviewed the suggested cri-
teria to decide whether they believed
that data to assess these criteria were
reliably recorded in the medical record
and whether the criteria made clinical
sense. Process criteria based on data
whose recording was likely to vary by
year, state, or hospital type were ex-
cluded. We developed disease-specific
abstraction forms*” to collect data on
approximately 100 process criteria for
each disease.

Scoring Process Criteria

In scoring process criteria, we first
applied the criteria only to patients who
were likely to benefit from their use.
Using this kind of conditional logic,
many criteria were applicable to all pa-
tients, some to just a few. For example,
if a patient with congestive heart failure
was considered to be severely ill, then
the intensive care unit should be used.
Second, we used clinical judgment to
assign scores (points) to each process
criterion based on how likely a patient
was to benefit from it. For example, use
of the intensive care unit for very sick
patients was assigned seven points,
whereas use of the intensive care unit
for moderately sick patients was as-
signed three points. Third, the process

Reprinted from JAMA, The Journal of the American Medical Association, October 17, 1990, Vol. 264, No. 15, pp. 1969-1973, © 1990,
American Medical Association. Reprinted by permission.
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Table 1.—Examples of Process Criteria and Performance Levels Before and After Introduction of the PPS*

Patients to Whom Criteria

r Patients to Whom Criteria Were Applicable Who Met
! Were Applicable, % Process Criteria, %
Criteria Disease Before PPS After PPS Before PPS After PPS
Physician Cognitive Scale
Within the initial 2 days of hospitalization the
physician should document each of the following
in the medical record as noted or not noted
Past surgery Congestive heart failure 100 100 61 661
Lung examination on day 2 Congestive heart failure 100 100 58 71t
Alcoholism or smoking habits Acute myocardial infarction 100 100 61 64
Juguiar veins Acute myocardial infarction 100 100 61 68t
Tobacco use or nonuse Pneumonia 100 100 47 521
Lower-extremity edema Pneumonia 100 100 68 75%
Previous cerebrovascular accident Cerebrovascular accident 100 100 48 53t
Gag reflex Cerebrovascular accident 100 100 35 38
Mental status Hip fracture 100 100, 68 70
Pedal or leg pulse Hip fracture 100 100 62 67t
Nurse Cognitive Scale
On day 2 of the hospitalization at least three blood
pressure readings shouid be noted
>3 blood pressure readings noted Congestive heart failure 100 100 78 841
>3 blood pressure readings noted Pneumonia 100 100 69 791
>3 blood pressure readings noted Cerebrovascular accident 100 100 79 861
Technical Diagnostic Scale
Within the initial 2 days of hospitalization an electro-
cardiogram should be obtained .
Electrocardiogram obtained Congestive heart failure 100 100 87 91t
Electrocardiogram obtained Cerebrovascular accident 100 100 82 861
Electrocardiogram obtained Hip fracture 100 100 90 93t
Within the initial 2 days of hospitalization a serum
potassium determination should be performed :
Serum potassium level determined Congestive heart failure 100 100 93 97t
Serum potassium level determined Cerebrovascular accident 100 100 88 941
Serum pc ium level d ined Hip fracture 100 100 89 941
Technical Therapeutic Scale
If po,<60 mm Hg, use oxygen therapy or intubate
Oxygen therapy or intubation done Congestive heart failure 16 20 87 93t
Oxygen therapy or intubation done Pneumnonia 23 31 83 901
Begin antibiotic therapy for patients with pneu-
monia in a timely manner
Within 4 hours of admission for
nonimmunocompromised patients Pneumonia 91 88 28 32t
Within 2 hours of admission for
nonimmunocompromised patients Pneumonia 9 12 3 4
Monitoring With Intensive Care and Telemetry Scale
For patients who are moderately sick$ use the
intensive care unit; telemetry is not sufficient but
is preferable to no cardiac monitoring
Used intensive care unit on day 1 Congestive heart failure 16 16 43 46
Used telemetry on day 1 Congestive heart failure 16 16 8 24t
Used intensive care unit on day 2 Congestive heart failure 6 7 49 41
Used telemetry on day 2 Congestive heart failure 6 7 13 31t
Used intensive care unit on day 1 Pneumonia 17 19 7 9
Used telemetry on day 1 Pneumonia 17 19 4 10t
Used intensive care unit on day 2 Pneumonia 8 8 31 35
Used telemetry on day 2 Pneumonia 8 8 4 12t
For patients who are very sickf use the intensive
care unit; telemetry is not sufficient but is
preferable to no cardiac monitoring
Used intensive care unit on day 1 Congestive heart failure 5 6 61 Al
Used telemetry on day 1 Congestive heart tailure 5 [ 12 17
Used intensive care unit on day 2 Pneumonia 9 1 42 50
Used telemetry on day 2 Pneumonia 9 1" 5 7

*PPS indicates prospective payment system.
1P<.05 compared with before PPS.

$Moderately sick was defined as a score of 5 or 6 and very sick as a score =7 on each hospital day, with points assigned as follows: chest pain, 1 point; shortness of breath,
1 point; confusion, 2 points; heart rate =130 beats per minute, 2 points; respiratory rate =30/min, 2 points; and diastolic blood pressure =105 mm Hg and systolic blood

pressure <90 mm Hg, 3 points.

scores accounted for the use of different
interventions. Very sick patients re-
ceived seven of seven points for use of
the intensive care unit, three of seven
points for use of telemetry, and no
points for no cardiac monitoring.

Process Scales

Using clinical judgment we grouped
process criteria according to what con-
cept we thought they measured and
then tested our groupings by comparing

them with those suggested by a Likert
scaling model.” Use of these methods
yielded five process subscales and one
overall process scale: physician cogni-
tive, nurse cognitive, technical diagnos-
tic, technical therapeutic, monitoring



with intensive care or telemetry, and
overall process.

The physician diagnostic cognitive
scale measures the physician’s perfor-
mance as a gatherer of data about the
patient’s medical history and current
symptoms and the performance of phys-
ical examinations during the hospital
stay, The nurse diagnostic cognitive
scale measures the nurse’s performance
as a gatherer of data about the patient’s
functional status, current symptoms,
and vital signs. The technical diagnostic
process scale measures use of diagnostic

" tests (eg, venous laboratory studies, ar-
terial blood gas tests, roentgenograms,
and electrocardiograms) that are indi-
cated given the patient’s daily burden of
illness. The technical therapeutic pro-
cess scale measures use of treatments
(eg, medication, surgery, and physical
therapy) that are indicated given the
patient’s daily sickness level. The inten-
sive care or telemetry monitoring scale
evaluates the monitoring of patients asa
function of their level of illness. Where-
as both the physician and nurse cogni-
tive scales are somewhat dependent on
styles of documentation in the medical
record, the technical diagnostic, techni-
cal therapeutic, and intensive care or

telemetry monitoring scales are much
less dependent on styles of documenta-
tion.

To produce these scales, we combined
some process measures applicable to all
patients with those applicable to sub-
sets of patients. Sicker patients and
those with longer hospital stays had a
greater number of applicable process
eriteria than did less-sick patients. In
general, compliance with criteria that
were applicable only to sicker patients
was lower than compliance with criteria
that were applicable to all patients. To
avoid a bias when combining criteria to
form scales, we standardized all process
criteria to have a mean of 0 and an SD of
1. The overall process scale represents
an average of the five subscales. A pa-
tient who underwent an average pro-
cess of care has an expected process
score of 0 and an SD of 1.

To validate our process scales we
used logistic regression to examine the
relationship between in-hospital pro-
cess scale scores and mortality 30 and
180 days after admission after adjusting
for disease-specific sickness at admis-
sion." Linear regression was also used
to determine the association of the PPS
with change in process.

Table 2. —Relationships Between Mortality Rates After Admission Adjusted for Sickness at Admission and

Overall Process Scale for Five Diseases

Mortality Rates 30 Days After Relative Risk
Admission, Adjusted for Sick of Adjusted 30-Day

at Admission,* by Overall Death tor Poor

Process Scale Score Category, %* Compared With
Good Care

Disease Good Medium Poor Pt Processt

Congestive heart failure 10.7 12.9 18.6 <.01 1.74 (0.23)
Acute myocardial infarction 239 22.0 30.1 <.01 1.26 (0.11)
Pneumonia 148 15.2 20.2 <.01 1.36 (0.16)
Cerebrovascular accident 18.7 203 255 <. 1.36 (0.14)
Hip fracture 51 5.2 46 >.05 0.90 (0.22)

. ________________________________________ ]
*Patients were rank-ordered according to process scale scores. Patients with process scale scores in the highest
25% were considered to have experienced good process, those with scores in the lowest 25% poor process, and

the remainder medium process.

tFrom tests of the significance of the process coefficients in the logistic regressions of mortality on process and

sickness at admission.
1Values in parentheses are approximate SEs.

RESULTS

Reliability and Validity
of Measures

Compliance was high for most of the
explicitly stated process criteria (Table
1). However, for 21% of our patients
with congestive heart failure, 16% of
our patients with acute myocardial in-
farction, and 24% of our patients with
pneumonia, the presence or absence ofa
heart murmur was not noted in the med-
ical record. For 19% of the patients with
congestive heart failure, 26% of the pa-
tients with pneumonia, and 17% of the
patients with cerebrovascular acci-
dents, fewer than three blood pressure
readings were taken on day 2 of the
hospitalization. Five percent of the pa-
tients with congestive heart failure, 6%
of the patients with acute myocardial
infarction, 9% of the patients with cere-
brovascular accidents, 10% of the pa-
tients with pneumonia, and 10% of the
patients with hip fractures did not have
a serum potassium study done on day 1
or 2 of the hospital stay. One fourth of
the patients sick enough to be hospital-
ized for congestive heart failure did not
have a serum creatinine study done in
the first 2 days, while one third of the
patients with congestive heart failure
admitted in a moderately sick or very
sick condition did not have any creati-
nine phosphokinase enzyme studies
done on day 1 or 2 of the hospitalization
to rule out an acute myocardial
infarction.

For patients hospitalized with con-
gestive heart failure, acute myocardial
infarction, pneumonia, or cerebrovas-
cular accident, better process is signifi-
cantly associated with a lower 30-day
mortality rate. For patients with con-
gestive heart failure, the mortality rate
30 days after admission, adjusted for
sickness at admission, was 11% for pa-
tients who experienced good process of
care, 13% for those who experienced
medium process, and 19% for those who

Table 3.—Relationships Between Mortality Rates 30 Days After Admission Adjusted for Sickness at Admission and Process Scales for Five Diseases

- _________________________________ ]
Mortality Rates 30 Days After Admission, Adjusted for

Sickness at Admission,™ by Process Scale Score Category, %*

Congestive Acute Myocardial Cerebrovascular
Heart Failure Infarction Pneumonia Accident Hip Fracture
Good Poor Good Poor Good Poor Good Poor Good Poor
Process Subscale Process Process Process Process Process Process Process Process Process Process

Physician cognitive 12 16t 23 28t 15 19t 18 241 6 5
Nurse cognitive 1 17¢ 24 27t 15 19t 19 241 4 6
Technical diagnostic " 16¢ 24 29t 14 19t 19 25t 4 5
Technical therapeutic 1 21% 29 21% 15 21t § § 5 5
Monitoring with intensive care and telemetry 18 13 21 28t 19 15 23 21 10 5%
Overall 11 19t 24 30t 15 201 19 26t 5 5

-]
*Patients were rank-ordered according to process scale scores. Patients with process scale scores in the highest 25% were considered to have experienced good process,

and those with scores in the lowest 25% poor process.

1P<.05 using logistic regression of mortality, adjusted for sickness at admission, on process.
tParadoxical P<.05—a better process was associated with a worse outcome.
§The technical therapeutic scale was not measured for cerebrovascutar accident.
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Table 4.—Process Scores Before and After Introduction of the PPS*

Congestive Heart Failure Acute Myocardial Infarction Pneumonia
Expected Change Expected Change Expected Change
in Mortality Rates in Mortality Rates in Mortality Rates
Change in After PPS, Change in After PPS, Change in After PPS,
Process Percentage Pointst Process Percentage Points$ Process Percentage Points}
Score After —_—— Score After — Score After S —
Process Subscale PPSt 30-Day 180-Day PPSt 30-Day 180-Day PPStT 30-Day 180-Day
Physician cognitive +0.31§ -0.5 -07 +0.24§ -07 -0.7 +0.24§ -04 -05
Nurse cognitive +0.36§ -0.8 -0.6 +0.22§ -0.6 -05 +0.42§ -0.8 -1.3
Technical diagnostic +0.26§ -04 -0.0 +0.21§ -0.6 -0.5 +0.23§ -0.4 -05
Technical therapeutic +0.09§ -0.2 -0.1 +0.16§ +0.29 +0.31 +0.15§ -0.3 -04
Monitoring with intensive
care and telemetry +0.21§ —-0.2|f -0.9) +0.05 -0.1 -0.1 +0.08 +0.1) -~ 0.0t
Overall process +0.428§ -1.2 -1.0 +0.27§ -08 -0.7 +0.43§ -1.0 ~1.6

*PPS indicates prospective payment system.

1Scores are rated on a scale with a mean of 0 and an SD of 1.

Mortality rates are adjusted for sickness at admission.

§P<.05 for change in process score after the introduction of the PPS.
|This expected change in mortality rate is included for completeness; however, the process-outcome link was not sufficiently strong for this process scale to accurately predict
a change in the monrtality rate from the change in the process score.

YParadoxical P<.05 for the process-outcome relationship—a better process was associated with a worse outcome.

#The technical therapeutic scale was not measured for cerebrovascular accident.

experienced poor process (P=.0002).
The relative risk of adjusted 30-day
death as process changed from good to
poor ranged from 1.74 for congestive
heart failure to 1.26 for acute myocardi-
al infarction (P<.05, Table 2). We were
unable to demonstrate a process-out-
come link for patients with hip frac-
tures, partly because 5% of patients
with hip fractures died, and this low
death rate limited our power to detect a
process-outcome relationship.

In addition, a significant process-out-
come relationship existed for four of the
five process subscales for congestive
heart failure, acute myocardial infare-
tion, and pneumonia and for three of the
four process subscales for cerebrovas-
cular accidents (Table 3). We found a
clinically sensible process-outcome link
for the monitoring with intensive care
and/or telemetry subscale only for pa-
tients with acute myocardial infarction;
we defined the need for such monitoring
more precisely for acute myocardial in-
farction than we did for the other
diseases.

Process of Care Before and After
Introduction of the PPS

For each process scale, for all five
diseases, we found better process of
care after the introduction of the PPS
(Table 4). In all instances the improve-
ment was significant (P<.05), except
for monitoring with intensive care and/
or telemetry, for which the process
changed significantly (P<.05) only for
congestive heart failure and hip frac-
ture. The improvements in process af-
ter the introduction of the PPS were
apparent both for process measures
that could have been influenced by
changes in documentation in the medi-
cal record (eg, the physician and nurse

cognitive scales) and for process mea-
sures that were unlikely to be affected
by such potential biases (eg, the techni-
cal diagnostic and technical therapeutic
scales).

We used the previously demonstrat-
ed process-outcome link to translate the
better process of care after the intro-
duction of the PPS into mortality reduc-
tions. For example, for patients with
congestive heart failure, the improve-
ment in the process of care of 0.31 SD on
the physician cognitive process scale
was associated with an expected 0.5
percentage point reduction in the 30-
day postadmission mortality rate and an
expected 0.7 percentage point reduc-
tion in the 180-day postadmission mor-
tality rate. Similar improvements in
process on the nurse cognitive scale
were associated with expected de-
creases in mortality of 0.8 and 0.6 per-
centage points at 30 and 180 days, re-
spectively. Except for hip fracture, the
improvements in the overall process
scale after the introduction of the PPS
were associated with an expected re-
duction of 0.1to 1.4 percentage pointsin
the 30-day mortality rate and an expect-
ed reduction of 0.4 to 1.6 percentage
points in the 180-day mortality rate. Ag-
gregating across our four medical dis-
eases, process improvements after the
introduction of the PPS were associated
with a 1.0 percentage point reduction in
the expected 30-day mortality rate (95%
confidence limits, 0.6 to 1.4 percentage
points). Given that the observed raw 30-
day mortality rate for our four medical
diseases was 18.7%, the 1.0 percentage
point change represents a 5.3% decline
in expected mortality associated with
the improvements in process.

The improvements in process scale
scores paralleled those found in individ-

ual items (Table 1). For example, 58% of
patients with congestive heart failure
had documentation of a day 2 lung ex-
amination before the introduction of the
PPS compared with 71% after the intro-
duction of the PPS. Nurses documented
at'least three blood pressure readings
on day 2 for 78% of patients with conges-
tive heart failure before the introduc-
tion of the PPS compared with 84% after
the introduction of the PPS. The use of
oxygen (or intubation) on day 1 for hyp-
oxic patients (ie, po, <60 mm Hg) im-
proved from 87% before the introduc-
tion of the PPS to 93% after the
introduction of the PPS.

COMMENT

We have demonstrated the validity of
our process scales by establishing pro-
cess-outcome links. If our process
scores only reflected recording rather
than what happened to patients, we
would have been unable to find a statis-
tically significant relationship between
better processes of care and lower mor-
tality. In addition, if we were measuring
only improvements in recording after
the introduction of the PPS vs before
the PPS, we would have found improve-
ments in process after the introduction
of the PPS only for those process mea-
sures that depend heavily on recording
(eg, physician and nurse process). How-
ever, we have demonstrated a signifi-
cant process-outcome relationship con-
sistently across diseases and across
types (ie, recording-sensitive and -in-
sensitive) of process measures. We
found the process of care to be better
after the introduction of the PPS.

The lack of a consistent process-out-
come relationship for scales based on
intensive care and telemetry monitor-
ing was disappointing. We believe the



Cerebrovascular Accident

Hip Fracture

Expected Change Expected Change
in Mortality Rates in Mortality Rates
Change in After PPS, Change in After PPS,
Process Percentage Points Process Percentage Pointst
Score After Score After
PPSt 30-Day 180-Day PPSt 30-Day 180-Day
+0.368 -08 -04 +0.16§ +0.1) —0.0}
+0.46§ -0.8 -05 +0.31§ —0.1]| —-0.3|
+0.25§ -0.6 -04 +0.22§ —0.0) -0.2||
# # # +0.29§ —0.1) -0.2|
+0.08 -0.2|| -0.2|| —0.04§ -0.1% -0.29
+0.49§ -14 -1.0 +0.41§ -0.0| -0.4

problem lies in our imperfect measure-
ment of the if in the if-then process
statements. We need to better under-
stand how to identify the group of pa-
tients for whom use of intensive care
and telemetry monitoring makes a
difference.”

It is notable that we found a signifi-
cant process-outcome relationship for
patients with all four of the medical dis-
eases but not for patients with hip frac-
tures. This may be because short-term
mortality occurs less often for patients
with hip fractures than for those with
medical diseases. Alternatively, mor-
tality may not be the best outcome to
study for patients with hip fractures.
Another possibility is that the medical
record does not provide an adequate
data source for evaluating surgical,
particularly intraoperative, processes.
Methods for better evaluating surgical
processes of care are needed.

Our consistent findings across pro-
cess subscales and diseases suggest that
the process of care has improved from
1981 to 1986. The implementation of the
PPS was not associated with a deterio-
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We measured quality of care before and after implementation of the prospective
payment system. We developed a structured implicit review form and applied it to
a sample of 1366 Medicare patients with congestive heart failure, acute myocar-
dial infarction, pneumonia, cerebrovascular accident, or hip fracture who were
hospitalized in 1981-1982 or 1985-1986. Very poor quality of care was associat-
ed with increased death rates 30 days after admission (17% with very good care
died vs 30% with very poor care). The quality of medical care improved between
1981-1982 and 1985-1986 (from 25% receiving poor or very poor care to 12%),
although more patients were judged to have been discharged too soon and in
unstable condition (7% vs 4%). Except for discharge planning processes, the
quality of hospital care has continued to improve for Medicare patients despite, or
because of, the introduction of the prospective payment system with its accom-

panying professional review organization review.

QUALITY of care can be judged either
by implicit or explicit review."* Explicit
review relies on a priori fixed criteria,
while implicit review is dependent on
the practitioner’s opinions. Implicit re-
view of the medical record is the current
community gold standard for making fi-
nal judgments about the quality of care.”
The purpose of this study was to im-
prove the implicit review method, to
determine its reliability and validity,
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Rubenstein).

(JAMA. 1990;264:1974-1979)

and then to use it to evaluate changes in
the quality of medical care for Medicare
patients in the United States between
1981 and 1986.

PATIENTS AND METHODS
Patient Sample

The implicit review sample was ran-
domly selected from the 14 012 Medi-
care patients who were included in the
study.*® One thousand three hundred
sixty-six medical records (10%) were se-
lected to undergo implicit review.
Deaths were oversampled; approxi-
mately 50% of patients whose records
underwent implicit review had died in
the hospital. In the analyses reported
herein, data have been reweighted to
reflect the original 14 012 patients
sampled.

Performing Implicit Review

To perform implicit reviews, review-
ers were instructed to examine the en-
tire medical record with the exception of
nursing notes.” Nursing notes were
available to the reviewer for use as
needed but because of time constraints
were not reviewed in their entirety. Re-
viewers answered 27 questions that
covered the process of physician and
nursing care; the appropriateness of use
of hospital services; patient prognosis;
treatability of the patient’s condition;
preventability of death when it oc-
curred; the quality of the outcome; and
an overall assessment of the quality of
care provided during the hospitaliza-
tion. Ratings were based on Likert
scales; a five-point scale from very poor
to excellent was used for most of the
items. We used the same review form
for patients with congestive heart fail-
ure, myocardial infarction, and pneu-
monia (Figure). We modified the form
slightly for hip fracture and for cerebro-
vascular accident.

Twenty-five physician - reviewers
participated in the study. One reviewer
per disease was selected by each of the
five state professional review organiza-
tions participating in the study, but
each reviewer reviewed records from
all states. We randomly assigned rec-
ords to reviewers. No reviewer re-
viewed patients from more than one of
the five disease groups. All reviewers
were board certified. Internists re-
viewed records of congestive heart fail-

Reprinted from JAMA, The Journal of the American Medical Association, October 17, 1990, Vol. 264, No. 15, pp. 1974-1979, © 1990,
American Medical Association. Reprinted by permission.
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ure, cardiologists reviewed acute myo-
cardial infarction records, pulmon-
ologists reviewed pneumonia records,
neurologists reviewed cerebrovascular
accident records, and orthopedists re-
viewed hip fracture records.

We trained reviewers in the use of a
structured form with its accompanying
written guidelines (Figure).” Reviews
were budgeted at 30 minutes each and
training at 12 hours per physician. In
training, we specifically avoided trying

to change reviewers opinions about
what should have been done in a given
clinical situation, but we encouraged re-
viewers to use a uniform set of rating
terms as applied to predefined aspects
of care.
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Initial training of physician-review-
ers was performed during one 3-hour
small-group session. Following the ses-
sion, each physician reviewed two train-
ing records and participated in a single
half-hour telephone call. Physicians
then reviewed three more records on
their own at home; these records were
discussed during a subsequent 2-hour
conference call involving all five physi-
cians and two study investigators.

Reviewers were taught during train-
ing to anchor their ratings. For most
items, reviewers were asked to use the
lowest response category when the care
given would have been highly likely to
contribute to a bad outcome. For exam-
ple, for the quality of a physician’s histo-
ry or clinical assessment, raters were
instructed to use the lowest response
category (very poor) if the rater, when
asked to see the patient at midnight,
would have to start from seratch in the
evaluation. A judgment of “adequate”
meant that most essential historical and
assessment observations were includ-
ed, but additional data might be re-
quired for optimal diagnosis and treat-
ment. “Excellent” meant that all
necessary data were present.

Reviewers were asked to judge ur-
ban, rural, teaching, and nonteaching
hospitals according to the same stan-
dard. Reviewers were asked to rate
care as inadequate when that care did
not meet a level achievable by most hos-
pitals and not to judge care as inade-
quate solely for failure to perform ex-
traordinary or controversial proce-
dures. Reviewers were asked to take
account of do not resuscitate orders and
not to second-guess the medical record
regarding the level of aggressiveness of
treatment aspired to by the physicians
caring for the patient.

To determine interrater reliability, a
randomly selected sample of 25% of rec-
ords was reviewed by two reviewers,
and 3% were reviewed by all five
reviewers.

Additional Data Sources

We used data from the previously de-
seribed explicit process reviews of qual-
ity of care® and mortality 30 days after
hospitalization’ to study whether two
methods of process review produce sim-
ilar results and to examine the predic-
tive validity of implicit process review.’

Statistical Methods

We developed process scales and an
overall quality-of-care scale. We used
factor analysis to determine whether
our process groupings made sense psy-
chometrically; final scales were quite
similar to our initial, clinically devel-
oped scale groupings. Cases reviewed

by multiple reviewers were assigned
the mean score across reviewers.

The overall quality-of-care scale was
based on answers to two questions: (1)
“Considering everything you know
about the patient, please rate overall
quality of care,” with five response cate-
gories, ranging from extreme, above
standard, to extreme, below standard.
(2) “Would you send your mother to
these physicians in this hospital?” with
four response categories, ranging from
definitely yes to definitely no. Respons-
es to these questions were added to-
gether to form an 8-point overall quali-
ty-of-care scale, ranging from 2 (both
questions answered with the highest
possible rating of 1) to 9 (worst care).
The scale was divided ints feur levels:
(1) “very poor care,” a score of 7.5 to0 9;
(2) “poor care,” a score of 6.5 to 7.4; (3)
“good care,” a score of 3.5 to 6.4; and (4)
“very good care,” a score of 2 to 3.4.
Poor care or very poor care means that
responses to both of the overall quality
questions were in the “below standard”
and “probably would not send my moth-
er” range.

Reliability. ~We hypothesized that
some reviewers might judge care more
harshly and some more leniently. We
tested for the significance of this “re-
viewer effect” using a one-way analysis
of variance. We then adjusted for the
reviewer effect. We used analysis of
variance on the adjusted scores to as-
sess interrater reliability.

Components of Variance. — We
used components of variance analysis to
understand reasons for disagreement
among multiple reviewers of the same
case and to examine the relationship be-
tween this disagreement and the con-
clusions that could be drawn about the
true quality differences between pa-
tients who were assigned particular
quality ratings." The figures generated
by this method provide a conservative
estimate of the amount of care judged to
be inadequate.

Evaluating the Relationship Be-
tween Quality of Care and Death
Within 30 Days.—We used linear re-
gression to evaluate whether poor qual-
ity of care measured implicitly by the
overall quality scale predicted death
within 30 days after adjusting for pa-
tient sickness.” Logistic regression pro-
duced similar results.

RESULTS
Patient Sample

A total of 278 records were reviewed
for congestive heart failure, 275 for
acute myocardial infarction, 273 for
pneumonia, 270 for cerebrovascular ac-
cident, and 270 for hip fracture. This
represented 93% of records selected.”

Table 1. —Comparison of Demographic Character-
istics in Implicit and Explicit Review Samples

Implicit Explicit
Review Review
{n=1366), % (n=14012), %
Patients
Age =80y 43 41
-Female 54 57
Nonwhite 16 19
Hospitals
Rural 20 21
Any teaching 36 35
County 13 14
Serves high
percentage of
Medicaid patients 16 19

Of the 1366 records reviewed, 993 were
reviewed once, 333 were reviewed
twice, 33 were reviewed five times, and
seven hip fracture records were re-
viewed four times. The implicit and ex-
plicit samples from which the implicit
records were drawn did not differ signif-
icantly (Table 1).

Reliability

Process scales and the overall quality
scale, with sample items and reliabili-
ties, are listed in Table 2. Cronbach’s a
or interitem reliabilities were between
0.8 and 0.9. Interrater reliabilities for
scales were mostly between 0.4 and 0.7.

Overall Quality-of-Care Scale

The Pearson correlation coefficient
between the two questions on the over-
all quality-of-care scale (Table 2) was
0.86. The overall quality scale was also
closely correlated with the four process
scales and with the preventable death
item. For example, the high correlation
between the physician’s initial assess-
ment of acute disease and the overall
quality scale (r=.80) indicated that re-
viewers were much more positive in
their assessments of the overall quality
of care when the reviewers perceived
that the patient was properly assessed
by the physician early in the hospitaliza-
tion. The correlation of the overall quali-
ty-of-care scale with nurse assessment,
however, was low (r=.23), indicating
that our overall quality score did not
strongly reflect the reviewers judg-
ment of the initial nursing assessment.
This was as expected, because we did
not require review of all nursing notes.
The correlation with patient prognosis
was also low (r=.01), indicating that
physicians were not confusing quality-
of-care ratings with patient sickness at
admission. Responses to all of the pro-
cess items and scales other than the
overall quality scale accounted for 72%
of the variance in the overall quality
scale.

To validate further our structured
implicit review, we examined the rela-



Table 2. —Reliability of Implicit Review Scales and ltems for Five Diseases
.- - |

Range of No. Cronbach’'s
of items in Interitem Interrater Example Questions
Implicit Review Scale Across Reliability, Reliabliity, From Structured
Scales Five Diseases Mean (Range*) Mean (Range*) P Review Form
Physician's initial assessment of 2-4 .88 (.82-.92) .89 (.65-.74) Rate physician documentation of prior and chronic
function, habit, and chronic disease from “excellent” to “very poor”
disease
Physici initial nent of 24 .88 (.67-.94) .59 (.25-.69) " Rate conpleteness of-iritial physician data
acute disease gathering from “excellent” to “very poor"
Use of !ab_oragory tests during 34 .80 (.74-.88) 53 (.22-74) Rate use of venous blood tests, urinalyses, and
hospitalization sputum analyses from “definitely appropriate” to
“definitely inappropriate”
Initial treatment ptan, orders, and 3-6 .82 (.69-.88) 49 (.36-.65) Rate initial physician's treatment plan and orders
use of medical therapies from “excellent” to “very poor”
Overall quality of care during 2 .92 (.87-.94) .54 (.42-.66) Considering everything you know about this
hospitalization patient, please rate overall quality of care, from

“extreme, above standard” to “extreme, below
standard” and from “definitely would send my
mother to these physicians in this hospital” to
“definitely would not send my mother to these
physicians”

*The range is given across the five diseases.

tionship between the process of care and
mortality and found (Table 3) that, at
each level (quartile) of sickness at ad-
mission, death within 30 days of hospital
admission increased as the quality of
care measured by implicit review de-
creased. For patients in the third quar-
tile of sickness, 13% of people who expe-
rienced good or very good care died,
while 34% who experienced a very poor
care process died. Aggregating across
the admission sickness quartiles, the
relative risk of death within 30 days for
patients with very poor care compared
with all other patients was 2.08
(P<.01). Reviewers did not appear to
lower their implicit judgment of the
quality of care for patients who died in
the hospital compared with patients
who died outside the hospital. After
controlling for day of death, the ratings
of quality of care for patients who died in
and out of the hospital were equivalent
and showed similar trends in relation to
the 30-day mortality rate.

Comparison of implicit
and Explicit Reviews

Explicit process scale scores were
consistently lower (worse) for patients
who received poor or very poor care as
judged by implicit review (Table 4). We
provide as examples the results com-
paring the implicit overall quality of
care ratings with three of the explicit
process scales. These three explicit pro-
cess scales measured whether a physi-
cian recorded specified information
about the history and physical examina-
tion on day 1 or 2 of the hospitalization,
whether a physician recorded such in-
formation on day 3, and whether highly
abnormal laboratory results were ever
rechecked during the hospitalization.
There were 67 possible comparisons be-

Table 3. —Patients Who Died Within 30 Days of Hospitalization

Patients Who Died by Level
of Sickness at Admission, %*
Quality of ‘
Care by 1 (Least 4 (Most All
Implicit No. of Sick) 2 3 Sick) Patients
Review Patients (n=294) (n=301) (n=300) (n=302) (n=1197)
Very good 189 1 5 13 46 17
Good 675 3 6 13 34 14
Poor 164 2 4 8 49 13
Very poor 169 6t 17% 34t 55¢ 30%
Total 1197 3 7 15 M 17
Relative risk of death
within 30 days for
patients with very
poor quality of
care compared
with all other
patients 243t 3.09% 2.79% 1.42% 2.08%

]
*The level of sickness at admission was measured explicitly.'? We constructed severity quartiles for each of the
five diseases by dividing patients into four equal groups, ranging from the least sick 25% to the most sick 25%.

1P<.05.
1P<.01.

tween explicit and implicit scores. In 54
cases (81%), patients rated good or very
good on implicit review had higher ex-
plicit scores than patients rated poor or
very poor on implicit review; in nine
cases (13%), patients had equivalent
scores; and in the remaining four cases
(6%), patients rated good or very good
on implicit review had lower explicit
scores than patients rated poor or very
poor on implicit review (P<.001).

Overall Quality of Care
and Differences After the
PPS Was Introduced

Reviewers judged the quality of care
for our study diseases to be generally
good; 82% of patients (all five diseases
and all years combined) were consid-
ered to have received good or very good
care and 18% to have received poor or
very poor care.

For all diseases, reviewers judged

the quality of care during 1985-1986
more favorably than during 1981-1982
(Table 5). This difference was statisti-
cally significant for acute myocardial in-
farction and cerebrovascular accident
(P<.001) and for congestive heart fail-
ure (P<.01). The trend was not signifi-
cant for pneumonia (P<.1) or for hip
fracture (P<.2). Virtually all scales and
items on the form were rated higher in
1985-1986, after the prospective pay-
ment system (PPS) was introduced, and
most differences between the time peri-
ods were significant at P<.001 when we
aggregated our findings across the five
diseases. The number of patients in un-
stable condition at discharge, however,
was assessed by reviewers as signifi-
cantly worse during 1985-1986 than dur-
ing 1981-1982 (Table 6).

Physicians judged length of stay to be
more appropriate overall in 1985-1986
than in 1981-1982 for three diseases
(acute myocardial infarction, pneumo-



nia, and cerebrovascular accident) and
about equally appropriate for two dis-
eases (congestive heart failure and hip
fracture). The distribution of stays that
were inappropriately too long and inap-
propriately too short changed after the
PPS was introduced, however, with

fewer inappropriate stays during 1985-
1986 due to inappropriately long stays
and more due to inappropriately short
stays. This was particularly true of con-
gestive heart failure, for which 32% of
patients were judged to have been dis-
charged too soon during the later period

Table 4.—Comparison Between Implicit and Explicit Process Scale Scores for Five Diseases

Average Explicit Process Scale Scores*

p=

Was Specified
Information About the Was Specified Information
Overalt History and Physical About the History Were Abnormal
Implicit Examination Recorded and Phy | E inati Lab Y Result
Quality on Days 1 or 2? Recorded on Day 3? Ever Rechecked?
Scale (n=1849)t (n=1316)}§ (n=909)
Very good care 88 76 73
Good care 75 59 68
Poor care 69 48 57
Very poor care 63 47 55

*A higher score (0 to 100) indicates better performance.

1P<.001 for all pairwise comparisons.
1This question was not addressed for hip fractures.

§P<.001 for all pairwise comparisons except for poor vs very poor, which was not significant.
[lP<.01 for very good vs poor or very poor and for good vs very poor.

Table 5.—Patients With Poor or Very Poor Care Before (1981-1982) and After (1985-1986) the Introduction

of the PPS*
Patients Who Received Poor or Very Poor Care, %t
Before PPS After PPS
No. of (1981-1982) (1985-1986) Difference Between
Disease Patients (n=669) (n=697) 1981-1982 and 1985-19863

Congestive heart

failure 278 35 22 - 13§
Acute myocardial

infarction 275 33 13 —20]
Pneumonia 273 17 10 -71
Cerebrovascular

accident 270 36 16 — 20
Hip fracture 270 5 2 -3
All five diseases 1366 25 12 —13)

*PPS indicates prospective payment system.

tReviewer effects were removed (see the “Methods” section).
1P values take into account not only the size of the differences between 1981-1982 (before the PPS) and 1985-
1986 (after the PPS) but also the interitern reliability of the overall quality scaie.

§P<.01.
iP<.001.
P<1.

compared with 24% in the earlier peri-
od, and of hip fracture, for which 23% of
patients were judged to have been dis-
charged too soonin the later period com-
pared with 12% in the earlier period.
For these two diseases, in 1985-1986,
after the PPS was introduced, nearly
half of the patients who were discharged
too soon were judged to have been in
unstable condition. Overall, the fraction
of hospitalizations rated both as too
short and as resulting in patients dis-
charged in unstable condition almost
doubled from after the PPS was intro-
duced (4.0% vs 7.1%, P<.05).

COMMENT

Over the past 20 years, implicit re-
view of the medical record by physieians
has been the community gold standard
for judging medical care.” Research has
demonstrated that this approach to as-
sessment of the quality of care has val-
ue,"*? but few studies have rigorously
evaluated the implicit review tech-
nique.”** We retooled this classic
method for performing quality review
and found that our structured approach
to implicit review is as reliable as many
other clinical measurements physicians
perform, such as determining the pres-
ence or absence of the dorsalis pedis
pulse (39% agreement) or determining
whether an electrocardiogram is abnor-
mal (84% agreement).”* We also dem-
onstrated a process-outcome link with
implicit review (eg, higher scores on im-
plicit review lead to better outcomes).
We used a nationally representative
and therefore diverse sample of physi-
cians and patients.>® Reliabilities were
sufficiently high to allow for meaningful
comparisons between groups of pa-
tients, though a single review may not
be reliable enough to judge accurately

Table 6.—Patients Judged to Have Inappropriate Length of Stay for Five Diseases Before (1981-1982) and After (1985-1986) the Introduction of the PPS*

Patients Who Probably or Definitely Had an Inappropriate Length of Stay, %t

Too Shorta
Stay and in
Too Long or too Unstable Condition
Short a Stay Too Long a Stay Too Short a Stay at Discharge
No. of Before After Before After Before After Before After
Disease Patients PPS PPS PPS PPS PPS PPS PPS PPS
Congestive heart
failure 247 34 35 10 3% 24 32 125 17.3
Acute myocardial
infarction 212 30 1% 16 3t 14 8 21 0.0
Pneumonia 235 16 12 10 5% 6 7 0.6 5.1%
Cerebrovascular .
accident 216 42 253 32 17% 10 8 0.6 1.6
Hip fracture 258 27 28 15 5% 12 23% 3.6 9.4
All five diseases 1168 30 23% 17 7% 13 17 4.0 71%

*PPS indicates prospective payment system.
tincludes only patients discharged alive.
$P<.05.



whether an individual patient received
poor care.

We compared implicit and explicit re-
views to determine whether these two
methods measured the same quality-of-
care constructs or whether they mea-
sured entirely different aspects of the
quality of medical care. Happily, the
two methods appear to measure similar
concepts.

When we used implicit review to
judge the quality of medical care provid-
ed to a nationally representative sample
of patients with five diseases, we found
that, although most care is judged to be
good or very good, a significant propor-
tion of care was judged to be poor or
very poor. Associated with the institu-
tion of prospective payment and implicit
review of medical records by profes-
sional review organizations, the propor-
tion of care rated poor or very poor de-
creased between 1981-1982 and 1985-
1986 from about one fourth of patientsto
about one eighth of patients. A similar
result was reported by Kahn et al° using
explicit review.

Many fewer patients were judged to
have been kept in the hospital too long
during the later period. Of concern,
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Prospective Payment System and
Impairment at Discharge

The ‘Quicker-and-Sicker’ Story Revisited

Jacqueline Kosecoff, PhD; Katherine L. Kahn, MD; William H. Rogers, PhD; Ellen J. Reinisch, MS; Marjorie J. Sherwood, MD;
Lisa V. Rubenstein, MD, MSPH; David Draper, PhD; Carol P. Roth, RN, MPH; Carole Chew, RRA, MPH; Robert H. Brook, MD, ScD

Since the introduction of the prospective payment system (PPS), anecdotal
evidence has accumulated that patients are leaving the hospital “quicker and
sicker.” We developed valid measures of discharge impairment and measured
these levels in a nationally representative sample of patients with one of five
conditions prior to and following the PPS implementation. Instability at discharge
(important clinical problems usually first occurring prior to discharge) predicted
the likelihood of postdischarge deaths. At 90 days postdischarge, 16% of pa-
tients discharged unstable were dead vs 10% of patients discharged stable. After
the PPS introduction, instability increased primarily among patients discharged
home. Prior to the PPS, 10% of patients discharged home were unstable; after
the PPS was implemented, 15% were discharged unstable, a 43% relative
change. Efforts to monitor the effect of this increase in discharge instability on

health should be implemented.

SINCE the introduction in 1983 of the
prospective payment system (PPS),
there has been considerable anecdotal
evidence that patients are leaving the
hospital “quicker and sicker.”"* Howev-
er, there has been a dearth of systemat-
ic evidence to support the assertion
that, post-PPS, patients are discharged
with an increased level of illness.

We do know that changing the way a
hospital was paid was initially associ-
ated with dramatic decreases in length
of stay,” although these decreases have
now stabilized.® The purpose of this arti-
cle is to provide nationally representa-
tive data about the level of impairment
at discharge prior to and following the
implementation of the PPS. In order to
answer correctly the question of wheth-
er patients are inappropriately dis-
charged with an increased level of ill-
ness since the implementation of the
PPS, we must first define a valid mea-
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sure of impairment at discharge and
then determine if patients discharged
from the hospital with an increased level
of illness do worse than expected. If
patients who are discharged with clini-
cal impairments die more frequently
than expected, then increasing the level
of illness at discharge might be unwise.

METHODS

The study methods, including design,
sampling, and analysis strategy, are de-
seribed in another article in this series.”
This report, because it concerns pa-
tients discharged alive from the hospi-
tal, excludes patients who died in the
hospital, who were directly transferred
to other acute care hospitals, or who had
a “do not resuscitate” order written at
some time during the hospitalization,
reducing the maximum sample size
from 14 012 to 10 913.

DISCHARGE IMPAIRMENT:
CONSTRUCTION OF MEASURES

Based on clinical judgment, we con-
structed three measures of discharge
impairment (Table 1): instability at dis-
charge, sickness at discharge, and ab-
normal last laboratory values. Data
used to construct the first two measures
came from the day of discharge or the
day prior to discharge.

Instability variables are designed to
identify patient problems present at

discharge that (1) clinicians generally
agree should be either corrected prior to
discharge or monitored in the postdis-
charge period, and (2) may result in poor
outcomes if not corrected. In general,
instability variables reflect -clinical
problems that were not present at ad-
mission. Sickness variables are de-
signed to measure sickness at discharge
regardless of whether the problem was
present at admission or should or could
have been corrected at discharge. As
seen in Table 1, 8.3% of patients with
acute myocardial infarction had sick-
ness at discharge caused by the pres-
ence of chest pain on at least one of the
last 2 days of hospitalization, but 0.3% of
patients with myocardial infarction had
instability at discharge caused by chest
pain that was not present at admission.
Abnormal last laboratory values reflect
the presence of abnormal findings the
last time a test was performed during
the hospitalization.

ANALYSIS

Virtually all of the analyses present-
ed herein are based on x* tests of signifi-
cance. We did, however, use multivari-
ate techniques (linear and logistic
regression) to adjust for differences in
patient sickness at time of hospital ad-
mission when studying discharge im-
pairment pre- and post-PPS. We also
studied the relationship between dis-
charge impairment and postdischarge
death separately in the pre- and post-
PPS periods and defined death within a
specified number of days either postad-
mission or postdischarge.*® The results
from these analyses are qualitatively
consistent with the analyses reported
herein. In this article, emphasis is given
to the instability at discharge measure
because it is clinically the most appeal-
ing of our three measures.

RESULTS

Considering all study years, one
(17%) of six patients was discharged
with at least one instability, two (39%)
of five patients were discharged with at
least one measure of sickness, and one

Reprinted from JAMA, The Journal of the American Medical Association, October 17, 1990, Vol. 264, No. 15, pp. 1980-1983, © 1990,
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Table 1.—Definition of Measures of Discharge impairment

% of Patients Discharged With a Measure of Impairment*

29

CHF AMI PNE CVA HIP 5 Diseases
Measures of: {n=2348) (n=1946}) (n=2141) (n=1927) {n=2551) (n=10913)
Instability at discharget
Fever, temperature >38.3°C 0.0 0.2 0.2 0.3 0.2 0.2
New incontinance 4.6 . 58 15.6 12.3 9.5
New chest pain 1.4 0.3 t.3 . 28 1.5
New shortness of breath 15 1.1 15 15 . 4 1.4
New confusion 4.5 28 25 ... 5.5 3.9
New heart rate =130 beats/min 0.7 0.2 0.5 0.4 0.2 04
New respiratory rate =30/min 19 0.7 18 1.8 15 16
Diastolic blood pressure =105 mm Hg 15 05 11 29 0.6 13
New systolic blood pressure <90 mm Hg 21 1.6 12 14 07 1.4
New low heart rate <50 beats/min 1.8
New premature ventricular contractions S 0.9 L. L S ..
=1 instability 15.4 95 143 213 21.0 16.5
Mean No. of instabilities 0.18 0.10 0.16 0.24 0.24 0.18
Mean No. of instabilities among
patients with =1 instability 1.2 11 11 11 1.1 1.1
Sickness at discharget
Fever, temperature >38.3°C 0.0 0.2 0.2 0.3 02 0.2
New incontinence 4.6 ... 58 15.6 123 9.5
Chest pain 55 8.3 4.8 . 33 53
Shortness of breath 295 7.8 158 37 R 4 15.0
Confusion 13.2 7.6 1.1 L 10.4 10.7
Heart rate =130 beats/min 1.2 0.4 ) 0.8 0.4 0.2 0.6
Respiratory rate =30/min 5.5 1.3 8.5 3.3 24 4.2
Diastolic blood pressure =105 mm Hg 15 0.5 1.1 29 0.6 13
Systolic blood pressure <90 mm Hg 44 36 1.9 16 09 24
New decubitus 1.2 . 2.1 24 8.6 38
Low heart rate <50 beats/min 41
Premature ventricular contraction 23 S
Parenteral antibiotics S L. 36.1 S S S
=1 sickness 47.6 29.4 60.4 252 30.8 39.0
Mean No. of sicknesses 0.67 0.36 0.88 0.30 0.39 0.52
Mean No. of sicknesses among
patients with =1 sickness 14 1.2 15 1.2 1.3 1.3
Abnormal last laboratory values§
Potassium|| 6.3 38 78 71 6.7 6.3
SodiumT 2.6 22 29 1.8 28 25
Renal distress# 4.1 24 26 1.9 1.6 25
Low hematocrit** 2.8 .. 0.5 21 39 23
High WBCtt 93 L. 127 11.0 138 11.7
Weight increase >1.35 kg 29 22 o o 26
CHF by roentgenographic worsening 4.3 0.9 7.0 .. 4.2 4.1
=1 laboratory abnormality 27.6 10.7 292 20.9 29.1 241
Mean No. of abnormalities 0.32 0.11 0.33 0.24 0.33 0.27
Mean No. of abnormalities among
patients with =1 abnormality 1.16 1.05 1.14 1.14 113 1.13

— ]
*CHF indicates congestive heart failure; AMI, acute myocardial infarction; PNE, pneumonia; CVA, cerebrovascular accident; and HIP, hip fracture.
tAll measures of discharge instability and sickness were evaluated for the presence of symptoms and/or signs on the day prior to discharge and/or the day of discharge.
$For hip fracture, chest pain is defined as chest pain or shortness of breath.
§Each reported value is the last in-hospital value. When comparisons are made, the last value is compared with the most recent prior in-hospital value. If only one value js
available during the hospital stay, that value is counted as the last laboratory value even if it was also the first.
|IAbnormal potassium (milliequivalents per liter) is defined as a value <2.9, a value =6.0, or a value between 5.5 and 5.9 but rising or 3.0 to 3.4 and falling.
YAbnormal sodium (milliequivalents per liter) is defined as a value <119, a value =155, or a value between 120 and 129 but falling or between 150 and 154 but rising.
#Renal distress (milligrams per deciliter) is defined as a creatinine value >6.0, a rise in creatinine >>0.5, a blood urea nitrogen value >100, or a blood urea nitrogen rise =

25

**Low hematocrit (percent) is defined as <24.9 or between 25 and 34.9 with a drop =7.0 (the drop was not measured for pneumonia).
t1High white biood cell count (cells x 1000/mm?) is defined as =12 and rising (the rise was not measured for pneumonia).

(24%) of four patients had an abnormal
last laboratory value (Table 1). The
presence of one or more instabilities at
discharge varied by a factor of 2 across
diseases. Among those patients with
one or more measures of instability,
most had just one. The development of
urinary incontinence contributed most
to labeling a person as unstable at dis-

charge for the four diseases for which it
was measured.

The prevalence of sickness at dis-
charge per 100 patients varied by dis-
ease from 25 to 48. Incontinence con-
tributed most to the sickness measure
for patients with a cerebrovascular acci-
dent and hip fracture, while for heart
failure and pneumonia it was shortness

of breath, and for myocardial infarction
it was chest pain. Finally, the presence
of one or more abnormal last laboratory
values varied from a low of one in nine
patients discharged with myocardial in-
farction to about one in three patients
discharged with pneumonia or hip
fracture.

Discharge to an institution was asso-
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Table 2. —Patients Discharged Home or Institution-
alized With One or More Measures of Impairment
at Discharge
. ]
Discharge Destination
e e,

Measures of
Impairment* Home Institution
Instability
at discharge, %
CHF 141t 224
AMI 9.4 10.8
PNE 12.01 21.3
CVA 14.2% 32.0
HIP 12.8t 26.3
5 Diseases 12.5% 224
. Sickness at
discharge, %
CHF 46.21 578
AMI 28.21 453
PNE 58.01 68.0
CVA 16.81 379
HIP 19.31 38.3
5 Diseases 33.7% 49.5
Abnormat
laboratory, %
CHF 43.5¢ 499
AMI 10.0t 18.7
PNE 27.9% 333
CVA 17.7¢ 26.0
HIP 25.81 313
5 Diseases 25.01 318
Sampie size,
No. of patients
CHF 1966 322
AMI 1736 139
PNE 1596 507
CVA 1121 782
HIP 998 1543
5 Diseases 7417 3293

]

*CHF indicates congestive heart failure; AMI, acute
myocardial infarction; PNE, pneumonia; CVA, cerebro-
vascular accident; and HIP, hip fracture.

1P<.01 for x? test of level of impairment of patients
discharged home vs institution.

$P<.05 for x? test of ievel of impairment of patients
discharged home vs institution.

ciated with a significantly higher likeli-
hood of discharge impairment, accord-
ing to all three of our measures (Table
2). On average, 22% of patients dis-
charged to an institution had one or
more instabilities, while 13% of those
going home were so classified (relative
risk of 1.8). The relative risk was high-
est for hip fracture (2.0) and lowest for
myocardial infarction (1.1). Fifty per-
cent of patients discharged to an institu-
tion had one or more measures of sick-
ness, while 84% of those discharged
home were so affected (relative risk of
1.5). For abnormal last laboratory val-
ues, 32% were discharged to an institu-
tion with an abnormality compared with
25% discharged home (relative risk of
1.3).

For the five diseases studied, pa-
tients discharged with at least one insta-
bility had a higher probability of dying
postdischarge than patients discharged
without any instability (Table 3). Ag-
gregating across diseases, the risk of
death at 90 days following discharge
was 16% for patients discharged unsta-
ble and 10% if instability was not pres-
ent at discharge (relative risk of 1.6).
The highest condition-specific relative
risk of death by 90 days postdischarge
was for patients with hip fractures (2.0)

Table 3. —Relationship of Instability at Discharge to
Likelihood of Dying Postdischarge*
]

Time No Presence of
Interval Instability instability
0to30d,
% deadt
CHF 6.5% 10.0
AMI 431 7.0
PNE 3.3t 8.1
CVA 4.0% 85
HIP 2.5% 58
5 Diseases 4.0§ 7.9
31t0604d,
% dead
CHF 4.4§ 78
AMI 28 25
PNE 3.1 53
CVA 3.1 49
HIP 1.8% 3.7
5 Diseases 3.0t 48
6110904,
% dead
CHF 4.6 51
AMI 23 06
PNE 27 3.2
CVA 27t 6.1
HIP 2.0% 39
5 Diseases 29 3.8
0to90d,
% dead
CHF 14.2¢ 213
AMI| 9.1 9.9
PNE 8.9% 15.8
CVA 8.5 182
HIP 6.31 12.8
5 Diseases 9.61 15.6
Sample size,
0to90d,
No. of
patients
dead
CHF 1831 334
AMI 1620 171
PNE 1716 285
CVA 1315 329
HIP 1868 485
5 Diseases 8350 1604

]

*CHF indicates congestive heart failure; AMI, acute
myocardial infarction; PNE, pneumonia; CVA, cerebro-
vascular accident; and HIP, hip fracture.

tPercent of patients dead within the time interval,
given that they were alive at the beginning of the
interval.

1P <.01 for x* test of differences in death rates among
patients with and without instability.

§P< .05 for x2test of differences in death rates among
patients with and without instability.

and the lowest was for patients with
myocardial infarction (1.1).

Prior to implementation of the PPS,
15% of patients were discharged unsta-
ble (Table 4), while afterward, 18%
were discharged unstable, a 22% in-
crease (95% confidence interval for dif-
ference; 1.9 to 4.7 percentage points).
Most of the increase in instability was
concentrated in those people who were
discharged home. Institutions did not
receive a significantly greater number
of unstable patients (22% pre-PPS and
23% post-PPS). Patients who were dis-
charged home post-PPS, however,
were 43% more likely to be unstable
than prior to the PPS. The largest
change occurred among patients with
hip fractures (9% of those discharged
home were unstable prior to the PPS vs
17% who were discharged after the
PPS—a 93% increase).

The increase in instability post-PPS
was more notable for vital signs (eg, a

heart rate of =130 beats per minute at
discharge was 0.1% pre-PPS and 0.6%
post-PPS, P<.05) than for symptoms
(eg, new incontinence at discharge was
8.5% pre-PPS and 10.4% post-PPS,
P<.05). This suggests that the increase
was not driven only by changes in styles
of recording in the medical record.

COMMENT

Other articles in this series demon-
strate that the introduction of the PPS
was not associated with a rise in either
short-term (30-day) mortality or
6-month mortality. In light of this, how
important is the finding that instability
at discharge has increased since the ad-
vent of the PPS? The answer depends
on one’s vantage point.

From the patient’s and family’s point
of view, it must be comforting to know
that the overwhelming majority of pa-
tients (85% post-PPS) discharged home
leave the hospital in a stable condition.
However, the percentage of patients
discharged home with an instability has
increased. Because the major causes of
these instabilities are clinically impor-
tant, the amount of support needed at
home has increased. Being discharged
home in an unstable condition, with con-
fusion or incontinence, is, at best, an
inconvenience for the family and it may,
at worst, expose the patient to an in-
creased risk of death.

Geriatricians might notice that elder-
ly patients who are being discharged in
an unstable condition suffer from those
conditions that physicians have been
emphasizing for years, namely inconti-
nence and confusion. For example, tak-
ing pre- and post-PPS together, 10% of
patients were discharged with new in-
continence that was not present at ad-
mission and 4% had new confusion.
These findings raise questions such as
“Are increases in instability caused by
inappropriately early discharges, too
many tests in a shortened hospital stay,
incorrect use of new medications, or by
changes in nursing practices (eg, fewer
nurses per patient and less time avail-
able to talk with the patient or monitor
incontinence or disorientation)?” The
answers to these questions require new
data, perhaps clinical trials, and the de-
velopment of valid disease-specific dis-
charge guidelines.

From a hospital or nursing home per-
spective, our results are both encourag-
ing and potentially disturbing. Instabil-
ity among patients who were not
assigned do not resuscitate status and
who were discharged to nursing homes
has not increased post-PPS. On the oth-
er hand, the observation that one quar-
ter of nursing home patients are admit-
ted with an instability is a disquieting



Table 4.—Relationship of Prospective Payment System to Instability at Discharge by Discharge Destina-

tion*t

Discharge Destination

All Pati Home Institution
Unstable at discharge, %
Pre-PPS
CHF 13.6 11.7 239
AMI 85 8.2 19
PNE 126 10.6 18.6
CVA 19.0 12.2 301
HIP 18.8 8.8 25.7
5 Diseases 15.0 103 220
Post-PPS
CHF 171§ 16.3% 21.2§
AMI 10.6 10.8 83
PNE 16.0§ 13.4 234
CVA 23.4§ 16.0 335
HIP 23.1% 17.0% 26.9
5 Diseases 18.3% 14.7% 227
Absolute change, %
Post-PPS — pre-PPS
CHF +35 +4.6 -27
AMI +2.1 +2.6 —-3.6
PNE +34 +2.8 +4.8
CVA +4.4 +38 +34
HIP +4.3 +8.2 +1.2
5 Diseases +3.3 +4.4 +0.7
Relative change, %
Post-pre
CHF +25 +39 -1t
AMI +25 +32 -30
PNE +27 +27 +26
CVA +23 +31 +11
HIP +23 +93 +4
5 Diseases +22 +43 +3

- -]}
*Patients with in-hospital death, do not resuscitate orders, or transfer to acute care hospitals are excluded from

this and ali other analyses in this article.

+CHF indicates congestive heart failure; AMI, acute myocardial infarction; PNE, pneumonia; CVA, cerebrovascular

accident; and HIP, hip fracture.

1P<.01 for x? fest of post-pre differences in instability at discharge for all patients, for those discharged home,

and for those discharged to an ingtitution.

§P<0.5 for x? test of post-pre differences in instability at discharge for all patients, for those discharged home,

and for those discharged to an institution.

finding. Is the hospital discharge plan-
ning process adequate to handle a
smooth transition of these patients to
institutions, and is the nursing home
reimbursement level sufficient to pro-
vide adequate care for them? In particu-
lar, do nursing home physicians know of
these problems, are they noted in the
clinical record sent to the nursing home,
and are nursing home nurses and physi-
cians developing adequate strategies to
address them?

Our data might justifiably be greeted
as an additional burden placed at the
hospital administrator’s doorstep. That
may be the case, but because instability
is linked to subsequent death and re-
sults in decreased quality of life, this
burden needs to be addressed. Learn-
ing at a hospital level what causes insta-
bility at discharge and how to reduce it
should become a major joint activity of
the hospital administration and medical
staff. Either decreasing instability at
discharge to zero or developing postdis-

charge plans to eliminate the effects of
instability at discharge could become
part of a hospital’s continuous improve-
ment effort. It might also receive em-
phasis in an accreditation program such
as that sponsored by the Joint Commis-
sion for Accreditation of Health Care
Organizations.

Finally, from a policy perspective,
these results raise concerns about what
information is needed to monitor a
change in health policy and how often
data on instability at discharge should
be collected. These data are now 4 years
out of date, and during the last 4 years,
hospitals have received less generous
levels of reimbursement. We have pre-
sented a problem that has been appar-
ent since at least 1981; patients dis-
charged home in an unstable condition
have a greater than average expected
risk of dying and probably a need for
more family support. In addition, we
have demonstrated that the risk of be-
ing discharged in an unstable condition
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has increased since the PPS was imple-
mented. Reducing the effect of instabil-
ity may be possible even without in-
creasing hospital length of stay, but this
will require examining, with the aid of
clinical data, the impact of various poli-
cy options on the occurrence and out-
come of instability.
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We compared patient outcomes before and after the introduction of the diagnosis
related groups (DRG)-based prospective payment system (PPS) in a nationally
representative sample of 14 012 Medicare patients hospitalized in 1981 through
1982 and 1985 through 1986 with one of five diseases. For the five diseases
combined, length of stay dropped 24% and in-hospital mortality declined from
16.1% to 12.6% after the PPS was introduced (P<.05). Thirty-day mortality
adjusted for sickness at admission was 1.1% lower than before (16.5% pre-PPS,
15.4% post-PPS; P<.05), and 180-day adjusted mortality was essentially un-
changed at 29.6% pre- vs 29.0% post-PPS (P<.05). For patients admitted to the
hospital from home, 4% more patients were not discharged home post-PPS than
pre-PPS (P<.05), and an additional 1% of patients had prolonged nursing home
stays (P<.05). The introduction of the PPS was not associated with a worsening
of outcome for hospitalized Medicare patients. However, because our post-PPS
data are from 1985 and 1986, we recommend that clinical monitoring be main-
tained to ensure that changes in prospective payment do not negatively affect
patient outcome.

(JAMA. 1990;264:1984-1988)

TO EVALUATE whether patient
outcomes have changed after the im-
plementation of the diagnosis re-
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lated groups (DRG)-based prospective
payment system (PPS) and the profes-
sional review organization system, we
conducted a study in which we com-
pared outcomes before and after the
PPS was introduced. In this article, we
report on in-hospital mortality, mortal-
ity 30 and 180 days after admission, dis-
charge to and prolonged stay in a nurs-
ing home, and readmission to hospitals.

METHODS

We present the study sample, design,
and inclusion criteria elsewhere in this
series.'?

We used the medical record as our
source of in-hospital mortality informa-
tion and Health Care Financing Admin-
istration files to determine mortality
status subsequent to the patient’s dis-
charge. By using the patients last
name, first name, date of birth, and
health insurance claim number from the
medical record, we were able to accu-
rately match 92% of the patients in our
sample to the Health Care Financing
Administration health insurance mas-
ter file.

We assessed short-term mortality by
studying both in-hospital mortality and
death within 30 days of the acute care
admission. We chose death within 180
days postadmission as our indicator of
medium-term mortality. We used the
medical record as the source of both the
patient’s preadmission residence and
discharge destination and Medicare’s
Part B files of physician bills to study
duration of nursing home stay. When a
physician bills a nursing home for a vis-
it, either the place of service is desig-
nated as a nursing home or a special visit
code is used. This information was avail-
able for patients in three of the five
sampled states. In states A and B, we
report the number of patients for whom
a bill was submitted during months 5, 6,
or 7 after hospital admission for a physi-
cian visit to a skilled nursing home or
other (residential) nursing home. In

Reprinted from JAMA, The Journal of the American Medical Association, October 17, 1990, Vol. 264, No. 15, pp. 1984-1988, © 1990,
American Medical Association. Reprinted by permission.



state C, we report the number of pa-
tients for whom a bill was submitted for
a visit to a skilled nursing facility.

To study hospital readmissions, we
matched our patients to Health Care
Financing Administration’s bill retriev-
al file. Of the 92% of patients for whom
we had accurate mortality data, we
matched 96% for an overall success rate
of 88%. We studied hospital readmis-
sion within 180 and 365 days postadmis-
sion and total days of acute care hospi-
talization. We included readmissions to
all acute care hospitals regardless of the
reason for readmission.

ADJUSTING OUTCOMES FOR
SICKNESS AT ADMISSION

For length of stay and discharge des-
tination (eg, home or nursing home),
unadjusted and adjusted results are
similar, and we present unadjusted
data. For 30-day postadmission mortal-
ity, we adjusted pre- vs post-PPS differ-
ences using our 30-day disease-specific
scale.*® For 180-day postadmission mor-
tality, prolonged nursing home stay,
and hospital readmissions, we used the
30- and 180-day scales.** To compute,
for example, pre- and post-PPS 30-day

mortality adjusted for sickness at ad-
mission, we regressed 30-day mortality
on a PPS indicator variable and the
30-day sickness scale and computed ad-
Jjusted mortality rates pre- and post-
PPS.

RESULTS
Length of Stay

For each of the diseases, length of
stay fell: 21% for congestive heart fail-
ure, 18% for acute myocardial infarc-
tion, 14% for pneumonia, 32% for cere-
brovascular accident, and 28% for hip
fracture (Table 1). Overall, we found a
24% reduction in length of stay (from
14.4 to 11.0 days; 95% confidence inter-
val, 3.1t03.8).

Mortality

The adjusted in-hospital mortality
dropped from 16.1% to 12.8% (Table 2).
Unweighted (for our sample design) ad-
justed mortality rates 30 days after ad-
mission for the five diseases combined
were 16.7% pre- and 15.7% post-PPS, a
difference of 1 percentage point (95%
confidence interval, —0.1 to 2.1;
P =.07). After reweighting our sample
to represent the nation, values were

Table 1.—Length of Stay, by Disease, Before and After Introduction of the Prospective Payment

System (PPS)

Mean Length of Stay, d*{

Pre-PPS

Post-PPS
Disease n (1981-1982) {1985-1986) Difference
Congestive heart failure 2824 11.1 8.8 -2.3%
Acute myocardial infarction 2853 12.7 104 -23%
Pneumonia 2749 121 10.4 -1.7%
Cerebrovascular accident 2824 16.2 1.1 —-51%
Hip fracture 2762 20.1 14.5 -5.63
5 Diseases 14012 14.4 11.0 -3.4%

. ___________________________________}
*Results were unadjusted for sickness at admission (unadjusted and adjusted results were similar).
1if the patient was discharged to a nonacute or “swing"” hospital bed, the patient was considered discharged.
$P<.001 for comparison of length of stay pre- vs post-PPS.

16.5% pre- vs 15.4% post-PPS, a differ-
ence of 1.1 percentage points (P=.04;
Table 2).

As of 180 days posthospital admis-
sion, the adjusted mortality rates were
29.6% pre- and 29.0% post-PPS. Thus,
almost one third of Medicare patients
hospitalized with our five study dis-
eases died within 6 months after admis-
sion. For congestive heart failure, cere-
brovascular accident, and hip fracture,
180-day mortality dropped (significant-
ly for hip fracture: 17.9% pre- and 14.8%
post-PPS; P<.05), while for acute myo-
cardial infarction and pneumonia, mor-
tality rose post-PPS (P>.05). The pre-
and post-PPS survival curves are simi-
iar for all conditions (Figure).

Discharge Destination

For the five diseases combined, the
fraction of patients with a preadmission
residence of home and a discharge desti-
nation of home was 77% pre- and 73%
post-PPS (P<.05), with the most im-
portant difference being for hip fracture
(56% pre- and 48% post-PPS, P<.05;
Table 3). Overall, 95% of patients admit-
ted from a nursing home returned to a
nursing home, and this did not vary sig-
nificantly by disease or time period.

Prolonged Nursing Home Stay

In studying prolonged nursing home
stay, we focused on patients whose
preadmission residence was home and
who were still alive 7 months after the
initial hospitalization. For the five
study diseases combined, 8% of such
patients in states A and B were in some
type of nursing home approximately 6
months after the acute hospitalization,
while 2% of such patients in state C
were in a skilled nursing home (Table 4).
In all three states, more, but not signifi-
cantly more, patients had prolonged
nursing home stays during the post-

Table 2.—Adjusted Mortality Rates Before and After Prospective Payment System (PPS), by Disease and Type of Mortality Measure*

Mortality Rates, % Deadt

CHF AMI PNE CVA HIP 5 Diseases
Mortality
Adjusted - Pre- Post- Pre- Post- Pre- Post- Pre- Post- Pre- Post- Pre- Post-
for Sickness PPS PPS PPS PPS PPS PPS PPS PPS PPS PPS PPS PPS
at Admission (n=1359) (n=1465) (n=1416) (n=1437) (n=1341) (n=1408) (n=1382) (n=1442) (n=1358) (n=1404) (n=6856) (n=7156)
In-hospital
mortality 12.3 8.9% 240 21.8§ 15.5 12.6| 22.4 17.8% 57 3.3% 16.1 12.8%
30-day
postadmission
mortality 147 13.0 24.2 24.2 15.9 16.7 213 18.9 5.3 4.6 16.7 15.78%
180-day
postadmission
mortality 33.5 31.7 33.6 348 278 29.2 353 343 17.9 14.8)| 29.6 2%.0

— - __________________________________________________________________________ "
*CHF indicates congestive heart failure; AMI, acute myocardial infarction; PNE, pneumonia; CVA, cerebrovascular accident; and HIP, hip fracture.
tin-hospital and 30-day postadmission mortality rates are adjusted for sickness at hospital admission using scales designed to predict death at 30 days postadmission; 180-
day postadmission mortality rates are adjusted using scales designed to predict death at 180 days postadmission.

$P<.01.
§P=.0510.09.
i|P<.05.

1As noted in the “Methods” section of the text, these data are unweighted. Reweighting for national representativeness changes the 30-day postadmission mortality rates for
the five diseases combined as follows: 16.5% pre-PPS and 15.4% post-PPS (P=.04). This is the only outcome comparison whose significance is affected by the reweighting.
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PPS period. The average increase
across the three states was 1 percentage
point (P>.05; 95% upper confidence
bound, 2.2 percentage points).

Readmissions

As of 180 days after admission, the
number of patients who died or who had
at least one hospital readmission was
unchanged: 57% pre- and 56% post-PPS
(P>.05; Table 5). Results varied slight-
ly by disease, with fewer patients with
congestive heart failure, pneumonia,
and hip fracture post-PPS having either
a death or readmission (P>.05), but
more patients with acute myocardial in-
faretion suffering one of these two out-
comes post-PPS (P<.05).

As of 365 days postadmission, the
proportion of those patients discharged
alive who had at least one hospital read-
mission was lower post-PPS for all dis-
eases except acute myocardial infarc-
tion, and lower for the five diseases
combined (P<.05 for congestive heart
failure and hip fracture, and P>.05 for
the other diseases individually and
overall). Across all diseases except
acute myocardial infarction, the total
number of days spent in the hospital
within 1 year of the study hospitaliza-
tion was significantly lower post-PPS
than pre-PPS (P<.05 for congestive
heart failure, pneumonia, hip fracture,
and the five diseases combined).

Summarizing Comparisons of
Outcomes Pre- and Post-PPS

For the five diseases combined, in-
hospital mortality was 3 percentage
points lower post- vs pre-PPS (P<.01).
However, this post-PPS improvement
in mortality decreased to 1.1 percent-
age points by 30 days postadmission and
to 0.6 percentage point by 180 days
postadmission (Table 6).

For patients admitted to the hospital
from home, for the five diseases com-
bined, we found that 4% more patients
post-PPS were not discharged home
(P<.05; 95% confidence interval for dif-
ference, 2.3 to 5.7 percentage points).
We found that an additional 1% of pa-
tients (0% to 3% depending on the state)
with a preadmission residence of home
had evidence following hospitalization
of a prolonged nursing home stay post-
PPS (P>.05). For the five diseases com-
bined, the proportion of patients with
one or more hospital readmissions with-
in 1 year of the initial hospitalization
was 2 percentage points lower post-PPS
than pre-PPS (P>.05).

COMMENT

Before discussing the relationship be-
tween the introduction of the PPS and
changes in medical outcomes, it is im-

portant to note the severe burden of
illness carried by elderly patients hospi-
talized with one of our five study condi-
tions. By 1 month posthospital admis-
sion, 16% of these patients had died,
with the death rate climbing to 29%
within 6 months of admission. For hip
fracture, the 6-month mortality rate is
16%, but for our other four medical con-
ditions, it is over 33%. Of those patients
who survived the initial hospitalization,
more than half were readmitted in the
next year. This fraction is highest for
patients initially hospitalized with con-
gestive heart failure (66%) and lowest
for patients with hip fracture (44%). In
addition, 25% of patients admitted from
home and discharged alive are dis-
charged to an institution. Forty-one
percent of patients with cerebrovascu-
lar accident and 52% of patients with hip
fracture previously living at home were
discharged to an institution. However,
most such institutional stays are short:
of the patients still alive 7 months after
hospital admission, 6% were in a nurs-
ing home.

Prior to and since the implementation
of the PPS, clinicians, patients, and
families have feared, and in some in-
stances have reported, disasters in out-
comes of care that were thought to be
related to the new financial incentives.
We have measured outcomes pre- and
post-PPS on a nationally representative
sample of more than 14 000 patients who
were hospitalized with one of five dis-
eases that make up 19% of Medicare
admissions and 32% of deaths within 30
days. In contrast to these fears and an-
ecdotal reports, we find no significant
changes for the worse in either mortal-
ity at 30 and 180 days posthospital ad-
mission on the one hand or readmission
and prolonged nursing home stay on the
other.

We did find a significant increase in
the fraction of patients discharged di-
rectly to an institution, but this does not
appear to have resulted in a significant
increase in prolonged nursing home
stay. These last results, based on data
from about 150 hospitals in three states,
are not consistent with the findings of
Fitzgerald et al** of increased pro-
longed nursing home stays post- vs pre-
PPS for hip fracture patients (their find-
ings were developed from two large
hospitals). Our findings are consistent,
however, with the clinical study of
Mayer-Oakes et al' that examined out-
comes of intensive care unit patients in
three hospitals, the study of DesHar-
nais et al” that used secondary data sets
to analyze inpatient mortality, and the
studies of Palmer et al” and Gerety et
al“that examined outcomes for hip frac-
ture patients.
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Survival curves comparing mortality following hos-
pital admission through 180 days pre— and post—
prospective payment system (PPS) for five dis-
eases. CHF indicates congestive heart failure; AMI,
acute myocardial infarction; PNE, pneumonia; CVA,
cerebrovascular accident; and HIP, hip fracture.
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Table 3. —Discharge Destination for Patients, by Disease* and Preadmission Residence

Patients Discharged to Each Destinationt

Admitted CHF AMI PNE CVA HIP § Diseases
From and
Discharged Pre- Post- Pre- Post- Pre- Post- Pre- Post- Pre- Post- Pre- Post-
to PPS PPS PPS PPS PPS PPS PPS PPS PPS PPS PPS PPS

Home, % (n) 90 (1007) 88 (1133) 87 (960) 83$4(990) 92 (B53) 884(875) 60 (922) 58 (1005) 56 (894) 4834(987) 77 (4636)  733(4990)
Nursing
home, % (n) 93 (82) 97 (99) 94 (32) 92 (39) 94 (204) 94 (268) 91 (90) 95 (114) 97 (301) 98 (263) 95 (709) 96 (783)

*CHF indicates congestive heart failure; AMI, acute myocardial infarction; PNE, pneumonia; CVA, cerebrovascular accident; and HIP, hip fracture.

1The entries in this table represent the number of patients discharged to each destination divided by the number of patients discharged alive, among those admitted from
the indicated origin.

1P<.05.

Table 4.—Residence in Nursing Home 6 Months Following Hospital Admission, by State and Disease, Pre— and Post—Prospective Payment System (PPS)

Patients Alive at 7 mo Posthospitalization Who Lived in Nursing Homes, %*

State At State Bt State Ct
Diseaset n§ Pre-PPS Post-PPS n§ Pre-PPS Post-PPS n§ Pre-PPS Post-PPS
CHF 269 5.1 46 260 5.0 5.0 260 0.8 22
AMI 280 14 29 267 16 0.0 269 0.0 20
PNE 240 48 7.8 236 34 43 259 17 2.2
CVA 275 10.9 18.1 265 19.0 18.1 250 6.0 4.5
HIP 302 107 124 263 107 12.0 2n 26 1.9
5 Diseases 1366 6.7 9.2 1291 7.9 8.1 1309 22 25

*The entries in this table represent the number of patients with evidence for physician nursing home bills submitted within months 5, 6, or 7 after admission divided by the
number of patients ative 7 months after admission. This analysis only includes patients with a preadmission residence of home. None of the differences were significant at
P<.05.

1Each fiscal carrier providing data for this analysis offered the data in a different format. For states A and B, the table compares the percentages of patients with evidence for
prolonged nursing home stay indicated by a physician’s bill to a skilled nursing or other (residential) nursing home. For state C, the table compares the percentages with
evidence for prolonged nursing home stay as indicated by a physician's bill to a skilied nursing facility only.

$CHF indicates congestive heart failure; AMI, acute myocardial infarction; PNE, pneumonia; CVA, cerebrovascular accident; and HIP, hip fracture.

§Pre- and post-PPS sample combined.

Table 5.—Hospital Readmissions Pre— and Post—Prospective Payment System (PPS) Adjusted for Sickness at Admission, by Disease*

CHF AMI PNE CVA HIP 5 Diseases
[o - - -
Within Time Pre- Post- Pre- Post- Pre- Post- Pre- Post- Pre- Post- Pre- Post-
After PPS PPS PPS PPS PPS PPS PPS PPS PPS PPS PPS PPS
Adjusted Admission, (n= (n= (n= (n= (n= (n= (n= (n= (n= (n= (n= (n=
Outcomet No. of d 1078) 1247) 1055) 1144) 960) 1123) 1164) 1273) 985) 1045) 5242) 5832)
Patients with death
or readmission within
180 days, %% 180 68 65 60 641 52 50 63 63 42 39 57 56
Patients with readmission
within 1 year, %§ 365 69 651 56 60 52 48 57 57 48 429 56 54
Mean No. of in-hospital days
within 1 year| 365 18 131 1 11 12 91 14 13 " 89 13 119

*CHF indicates congestive heart failure; AMI, acute myocardial infarction; PNE, pneumonia; CVA, cerebrovascular accident; and HIP, hip fracture.
$+Outcomes are adjusted for sickness at admission using scales designed to predict death at 30 and 180 days postadmission.

$Death (in-hospital or postdischarge) or any readmission within 180 days after admission.

§Any readmission within 1 year of admission among patients discharged alive from the initial hospitalization.

|/Mean number of in-hospital days within 365 days after the initial hospitalization for all sampled patients discharged alive regardless of readmission.
9P<.05 for comparison of outcomes pre- and post-PPS.

Table 6.—Summary of Changes in Outcome Rates Post- vs Pre—Prospective Payment System (PPS) We were unable to prove that the

Amount of Change (Post-PPS — Pre-PPS), %* PPS did not have a negative impact on
outcome. Because of the manner in

__Outcome Rates CHF AMI PNE CVA HIP SDiseases  which the PPS was introduced, it was
In-hospital mortalityt . %% 2% -3 5% -2 —3# not possible to do a controlled trial of its
30-day postadmission mortalty} -2 0 0 -t -1 —1# effects, which would have permitted
180-day postadmission mortalityt -2 +1 +1 -1 -3 -1 comparison of actual outcomes in the
Patients admitted from home not s

o e e a e s elfShowderthePSihousme
Prolonged nursing home stay$ 9 a1 *2 *2 . a sencegof the PPS H?/zl?d Iggus;l coflcaiu:
180-day postadmission mortaiity or . ' A

readmissionti] -3 +4# -2 0 -3 -1 sions from the only available data,
365-day postadmission readmissiont a4 +4 -4 0 —6# —2 which are observational in character,

are difficult to achieve; we explore these

'QHF indicates congestive heart failure; AMI, acute myocardial infarction; PNE, pneumonia; CVA, cerebrovascular {ssues in another article in this series.®
accident; and HIP, hip fracture. M PPS d
tAdjusted for sickness at admission. oreover, our post- > a'ta came
gg{nl'y inc;tédes paﬁe:ts adn;ittesi to hosp::; fgom h%mq_ il 10.a skilled nursing faciit ther (reckiontis) from 1985 and 1986, a period in which
olonged nursing home stay is measu y a physician's bill to a skilled nursing facility or other (residenti . .
nursing home within months 5, 6, and 7 postadmission for three states combined, but only for patients admitted to the financial _bases fo_r prospective pay-
hospital from home and alive as of 7 months postadmission. ment were still changing. The rates paid
|| Death or readmission within 180 days postadmission among all sampled patients. g 3 a1
fReadmission within 1 year postadmission among all sampled patients. to hOSpltals at that tlm.e Stﬂ_l included a
#P<.05. component based on historical charges



36

during the cost-plus reimbursement era
prior to the introduction of the PPS. In
addition, the amount of reimbursement
for a patient with a given diagnosis has
been changing since 1986, and hospitals’
financial margins have diminished. Evi-
dence from another study, reported in
this issue, indicates that clinical insta-
bility at discharge has increased post-
PPS.* Last, although on average out-
comes have not worsened, it is possible
that some groups of patients may have
suffered (eg, the old). Analyses ad-
dressing this last issue are ongoing.

In sum, the PPS was implemented in
a manner that did not adversely affect
overall outcomes for hospitalized Medi-
care patients. However, further clinical
monitoring on a national level of the
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In this series we have described changes in the quality of care that have occurred
in the treatment of hospitalized elderly Medicare patients with one of five condi-
tions between 1981-1982 and 1985-1986. In this article we report on a mortality
analysis, patient and hospital subgroup comparisons, and time series studies we
have conducted in an attempt to determine whether changes in quality of care
can be linked causally to the introduction of the prospective payment system.
Based on these analyses we conclude that (1) mortality following hospitalization
has been unaffected by the introduction of the prospective payment system, and
improvements in in-hospital processes of care that began prior to the prospective
payment system have continued after its introduction, but (2) the prospective
payment system has increased the likelihood that a patient will be discharged
home in an unstable condition. We recommend that efforts to correct this
problem be intensified and that clinical monitoring of the impact of the prospec-
tive payment system continue as hospital cost-containment pressures intensify.
(JAMA. 1990;264:1989-1994)

IN 1984, the Health Care Financing Ad-
ministration made a remarkable change
in the Medicare system for financing
hospital care for the elderly in the Unit-
ed States. Instead of paying for hospi-
talization on a cost basis, the Health
Care Financing Administration devel-
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oped a fixed-fee prospective payment
system (PPS) based on diagnosis re-
lated groups. Because the new payment
system contains incentives to reduce
length of stay and substitute lower-cost
services for more expensive ones, con-
cern has arisen that quality may have
declined under the PPS.**

‘We have conducted a nationally rep-
resentative study of the effects of the
PPS on the quality of care given to hos-
pitalized Medicare patients.”® Our
study had two purposes: (1) to evaluate
the quality of care given to the nation’s
Medicare patients before and after the
introduction of the PPS and (2) to com-
pare observed quality after the intro-
duction of the PPS with predictions of

what quality might have been in the
same period in the absence of the PPS
intervention. In previous articles in this
series we have documented significant
differences in sickness at admission,’
processes of care, " unstable condition at
discharge,” and outcomes® for Medi-
care patients hospitalized before and af-
ter the implementation of the PPS. Spe-
cifically, we demonstrated that, during
the 1985-1986 study period, after the
introduction of the PPS, the incidence of
sickness at admission was higher, in-
hospital processes of care were better,
the number of patients discharged in
unstable condition was higher, and mor-
tality rates both 30 and 180 days follow-
ing admission were lower or unchanged
compared with 1981-1982, before the in-
troduction of the PPS. In this report we
attempt to sort out which of these differ-
ences may have been caused by PPS and
which by other changes that occurred
during the same period.*

For instance, in the last 10 years the
number of patients treated in outpa-
tient settings has risen and the average
burden of illness of such patients has
also increased. The use of do-not-resus-
citate (DNR) orders has grown."" Pro-
fessional review organizations were es-
tablished and have been extending their
reach and insisting on better account-
ability. New technologies and medical
knowledge have become available, and
as time passes older physicians are con-
tinually being replaced by younger phy-
sicians who have more thorough train-

Reprinted from JAMA, The Journal of the American Medical Association, October 17, 1990, Vol. 264, No. 15, pp. 1989-1994, © 1990,
American Medical Association. Reprinted by permission.
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ing in the use of newly developed
medical technology.

We report on three types of analyses
that supplement our previous descrip-
tive before-and-after comparisons and
help us determine which of the observed
changes were caused by the PPS. First,
we estimate the impact on mortality
of each of the previously described
changes associated with the PPS. Sec-
ond, for the important changes, we ex-
amine patterns of change among patient
subsets to see whether the changes are
consistent across all patient groups or
are concentrated in particular types of
patients and hospitals. Third, we ex-
tend our before-and-after comparisons
to a time series analysis with multiple
points before and after introduction of
the PPS and examine trends within and
across the 1981-1982 and 1985-1986 pe-
riods to determine whether values after
the introduction of the PPS are consis-
tent with trends before the PPS.

METHODS
Sampling

The sampling design is described
elsewhere in this series.®

Estimating the Impact on Mortality
of Changes After the
introduction of the PPS

We identified 14 variables, each of
which is associated with changes in mor-
tality 30 and 180 days after admission
(Table 1). We conducted a mortality
analysis in which we used linear regres-
sion to estimate how changes in death
rates between 1981-1982 and 1985-1986
were associated with each of the 14 vari-
ables.” We then postulated a sequence
of effects corresponding to the temporal
order in which the 14 variables poten-
tially affect the patient. In this temporal
order, the five demographic variables
came first (introduced simultaneously
into the multivariate analysis), followed
by a 80- and 180-day sickness-at-admis-
sion scale (the admission sickness mea-
sures most highly correlated with death
by 180 days after admission); initial
DNR status; a summary of in-hospital
processes of care; subsequent DNR
status; and four discharge status vari-
ables: unstable condition at discharge,
abnormal last laboratory value, sick-
ness at discharge, and discharge des-
tination.

We then computed, using the method
of indirect effects,”” the expected
change in 80- and 180-day mortality
rates associated with the change in each
variable, adjusting for all earlier vari-
ables in the temporal sequence. These
analyses were designed to tell us which
variables potentially had the most influ-

Table 1.—Variables Used to Study Effects of Prospective Payment on Mortality Following Hospitalization*

]

Age.—Age in years.

Gender.—Female (scored 1) vs mate (scored 0).

Race.—Black (scored 1) vs other (scored 0).

Medicaid. —Patients with Medicaid (scored 1) vs all other patients {scored 0).

Preadmission Nursing Home Residence. — Patients who resided in a nursing home immediately before the study

hospitalization (scored 1) vs all other patients (scored 0). A nursing home was defined as a skilled nursing facility,

intermediate-care facility, extended-care facility, or an unspecified nursing home.

30-Day Mortality Prediction.—A disease-specific weighted sum of variables selected by logistic regression of 30-

day mortality rates on clinical conditions present at the time of the study hospitaiization (see Keeler et al® for details).

180-Day Mortality Prediction.—A disease-specific weighted sum of variables selected by logistic regression of

180-day mortality rates on clinical conditions present prior to admission for the study hospitalization (see Keeler

et al® for details).

Initial DNR Orders.—Patients for whom do-not-resuscitate (DNR) order was written by the physician on day t or 2

of the study hospitalization (scored 1) vs all other patients (scored 0).

Process of Care.—Five standardized process scales summarizing disease-specific process measures, including

physician cognitive diagnostic processes, nurse cognitive diagnostic processes, technical diagnostic processes,

technical therapeutic processes, and intensive care unit/telemetry monitoring, plus an overall summary scale (see

Kahn et al' for details).

Subsequent DNR Orders. —Patients for whom DNR order was written by the physician on day 3 of the study

hospitalization or later (scored 1) vs all other patients (scored 0). .

Unstable Condition at Discharge.—Patients with at least one clinical problem noted at discharge (1) that should

have been corrected prior to discharge and (2) that was likely to be associated with worse patient outcomes (scored

1) vs all other patients (scored 0) (see Kosecoff et al* for details).

Abnormal Last Laboratory Values.—Patients with at least one dangerously abnormal laboratory value the last

time laboratory values were recorded during the-study hospitalization (scored 1) vs all other patients (scored 0) (see

Kosecoff et al'? for details).

Sickness at Discharge.—Patients with either unstable condition at discharge or another measure of clinical

sickness at the time of hospital discharge (scored 1) vs all other patients (scored 0) (see Kosecoff et al’? for details).

Discharge Destination.—Patients discharged to an institution, including nursing homes (skilled, intermediate-

care, or extensive-care facilities or unspecified), retirement homes (sheltered housing, congregate housing, halfway

houses, or board-and-care facilities), psychiatric tacilities {mental hospitals), chronic disease hospitals, or rehabili-

tation hospitals (scored 1) vs all other patients (scored 0) (see Kahn et al® for details).

]
*All variables were abstracted from the medical record.

ence on death. Such analyses can be
used to demonstrate association but not
necessarily causation. Sequencing the
variables in an order different from the
one we chose would produce different
effect estimates for the variables (ex-
cept for demographics, which were en-
tered simultaneously).

We also tested for the ability to pre-
dict death of interactions between the
variables and the experimental variable
before vs after the introduction of the
PPS. If present, such interactions
would signify changes in the relation-
ship between the variables and death in
the two periods. A standard F test was
used.”

Patient and Hospital
Subset Analyses

In our second analysis we examined
whether differences after the introduc-
tion of the PPS occurred globally across
all patient and hospital subsets or were
restricted to certain patient or hospital
groups. Underlying this analysis was
the idea that a large systemic change,
such as Medicare’s movement from ret-
rospective to prospective payment,
should have had pervasive effects that
appear consistently across a wide vari-
ety of patient and hospital types. Less
global changes, such as diffusion of cur-
rent standards of medical practice from
urban to rural hospitals, that took place
at about the same time as the introduc-
tion of the PPS might have had isclated
effects that were concentrated in cer-

tain classes of patients and hospitals.
We examined how the process of in-
hospital care, initial use of DNR orders,
and discharge status changed across pa-
tient subsets. The patient subsets dif-
fered by levels of sickness and function-
ing, and the hospital subsets differed by
urbanicity, state, percentage of Medie-
aid patients, and teaching status. We
computed separately for each of five dis-
eases the changes after the introduction
of the PPS in initial use of DNR orders,
process of care, and unstable condition
at discharge for each of these subsets.
Next, we developed a hospital-level
variable that combined urbanicity and
teaching as follows: (1) rural nonteach-
ing, (2) urban nonteaching, and (3) ur-
ban teaching, because these were the
most interesting distinctions.” We used
linear regression to assess the signifi-
cance of differences in process, initial
use of DNR orders, and discharge sta-
tus for patients in these three subsets.

Trend Analyses

Finally, we made graphic compari-
sons between (1) the actual values of
important quality-of-care variables in
1985-1986 and (2) simple estimates of
what those values might have been if
the PPS had not been implemented. To
do this we used our patient-level data to
calculate quarterly summaries of four
variables: 180-day mortality, adjusted
for sickness at admission; overall in-hos-
pital process of care; unstable condition
at discharge; and initial use of DNR or-



ders. We plotted these quarterly values
on the same graphs as predictions based
on simple extrapolations from the peri-
od before the PPS was introduced. With
only eight quarters of data before the
PPS period was introduced and with the
PPS introduced nonexperimentally, our
ability is limited to definitively say what
the quality of care would have been like
in the period after the introduction of
the PPS in the absence of the PPS (for
example, the confidence bands based on
linear extrapolation models are quite
wide). However, if changes between
1981-1982 and 1985-1986 are consistent
with trends within those two periods, it
would appear that the changes are a
continuation of trends in place histori-
cally and not a specific result of the in-
troduction of the PPS.

RESULTS

Impact on Mortality of Changes
After the Introduction of the PPS

The major effects on 180-day mortal-
ity associated with changes after the
introduction of the PPS are concen-
trated in four variables: sickness at ad-
mission, initial DNR status, in-hospital
process of care, and discharge status.
See Table 2 for effects after adjustment
for temporal sequencing. The effects on
30-day mortality rates are very similar,
so they are not shown. Increases in sick-
ness at admission, adjusting for changes
in demographics, had an especially pro-
nounced predicted effect on mortality
for patients with pneumonia (an ex-
pected rise of 3.0 percentage points in
the 180-day mortality rate) and hip frac-
ture. After adjusting for changes in de-
mographics and sickness at admission,
the rise in the initial use of DNR orders
was associated with a modest increase
(0.2 to 0.7 percentage points) in expect-
ed mortality for all five diseases.

Improvements in in-hospital process
of care after the introduction of the PPS
(after accounting for changes in demo-
graphics, sickness at admission, and ini-
tial DNR orders) were associated with
noticeable decreases in expected mor-
tality for all five diseases (0.5 to 1.3
percentage points). These changes
were significant for all conditions but
hip fracture. There was a statistically
significant rise in expected mortality as-
sociated with adverse changes in one or
more discharge variables in four of the
five diseases. Changes in the number of
patients in unstable condition at dis-
charge and the number of patients with
abnormal last laboratory values were
significant for three of the five diseases.
Taken together, problems at discharge
after the introduction of the PPS have
increased enough to raise expected
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Table 2. —Predicted Change in 180-Day Mortality Rates After the Introduction of the PPS*

Predicted Change in 180-Day Mortality Rates
Atter the Introduction of the PPS, Percentage Pointst

Congestive Acute
Heart Myocardial Cerebrovascular Hip
Variable Faiture Infarction P i Accident Fracture
Patient demographics} 0.7§ 1.2§ 1.4§ 0.3 -0.2
Age 01 0.8§ 0.3 0.2 -01
Gender 0.2 0.0 0.0 0.0 0.3
Race 0.1 - 0.0 0.1 0.0 0.0
Medicaid 0.0 0.0 0.0 0.0 0.0
Preadmission residence 0.3 0.4 1.0§ 0.1 -04|
Sickness at admissionT -0.1 05 3.0§ -1.1 1.1§
Initial DNR orders 0.3 0.7§ 0.5] 0.5| 0.2
Process of care -1.0§ -0.7§ -1.3§ —-1.0 -05
Subsequent DNR order 0.2 0.1 0.2 00 -0.0
Discharge problems# 0.6§ 0.2 0.9§ 0.6§ 0.4
Unstable condition at discharge 0.2 0.0 0.2 0.5 0.1
Abnormal last laboratory value -0.2 - 0.0 0.2 -0.1 0.0
Sickness at discharge 0.4 0.2 0.3 0.1 -0.0
Discharge destination 0.2 - 0.0 0.2) 0.1 0.3}

Total change
accounted for** 0.7 2.0 4.7 -~0.7 1.0

Actual Differences in observed
death rates, per

100 patientstt -11 3.4 58 -1.2 -19
Remaining unexplained
differences -18 14 1.1 -05 -29

]

*PPS indicates prospective payment system; DNR, do not resuscitate.

tExcept for patient demographics, the effect of each variable is the added effect, controlling for variables that
appear higher in the table. The mortality effects displayed in this table are an average of the 1981-1982 period,
when mortality effects were large, and the 1985-1986 period, when mortality effects were somewhat smaller.

1The predicted changes for patient demographics are a sum of the predicted changes for age, gender, race,
Medicaid, and preadmission residence.

§P<.01.

{iP<.05.

fSickness at admission is evaluated using two variables, a scale designed to predict death at 30 days and a
scale designed to predict death at 180 days (see Table 1).

#The predicted changes for discharge problems are a sum of the predicted changes for unstable condition at
discharge, abnormal last laboratory value, sickness at discharge, and discharge destination.

**Sum of the changes accounted for by the variables that appear higher in the table, subject to rounding error.
For example, for congestive heart failure, the sum of the percentages listed above is 0.7%, meaning that mortality
associated with the named factors is estimated to have increased by a total of 0.7 percentage points. The actual
observed change in death rates is 1.1%, and the difference (- 1.1 —0.7) is due to other, unnamed causes.

ttActual 180-day mortality rates were as follows: for congestive heart failure, 33.0% before and 31.9% after the
PPS; for acute myocardial infarction, 32.4% before and 35.9% after the PPS; for pneumonia, 25.6% before and
31.3% after the PPS; for cerebrovascular accident, 35.4% before and 34.2% after the PPS; and for hip fracture,
17.2% before and 15.3% after the PPS. .

death rates by an amount that varies
from a total of 0.2 percentage points for
patients with acute myocardial infare-
tion to 0.9 percentage points for pa-
tients with pneumonia.

Generally, interactions between the
effect of death on the variables in
Table 2 and the period before or after
the introduction of the PPS were statis-
tically insignificant. For unstable condi-
tion at discharge, however, the differ-
ential in mortality rates associated with
discharge in unstable condition in 1985-
1986 was about 60% as large as the dif-
ferential in mortality ratesin 1981-1982.
This interaction effect was insignificant
for individual diseases but significant
(P<.05) when combined across all five
diseases.

At the bottom of Table 2 are the actu-
al changes in death rates between 1981-
1982 and 1985-1986, the total of all ac-
counted-for expected changes, and the
difference between these two figures.

Our analysis explains only a portion of
the actual differences. The discrepan-
cies could be due either to sampling
variability (the SEs for the changes in
death rates are about 2 percentage
points for each disease) or to systematic
effects unaccounted for in our analysis
of the sources of change. For example,
our analysis does not address the contri-
bution of new technology to lower death
rates because we specifically excluded
new technologies from our process
measures.

Patient and Hospital
Subset Analyses

Table 3 presents differences (after
the PPS minus before the PPS) in the
summary in-hospital process of care
score (in SD units), in the percentage of
patients with a DNR order on admis-
sion, and in the percentage of patients
with one or more unstable conditions at
discharge for each of the three levels of
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Table 3.—Differences in Process of Care, Initial DNR Orders, and Unstable Condition at Discharge, by
Urbanicity and Teaching Status of Hospitals After the Introduction of the PPS*

Change After the Introduction of the PPSt

Rural Urban Urban
Characteristic hing Nor hing Teaching
Congestive Heart Failure (n=2812)
Sample size 644 986 .
Process of care, SD units +0.73 +0.38 +0.27 <.01
Initial DNR orders, percentage points +3.1 +0.0 +2.7 NS
Unstable condition at discharge, percentage points +4.3 +3.5 +28 NS
Acute Myocardial Infarction {n =2841)
Sample size 623 1238 980 -
Process of care, SD units +0.40 +0.28 +0.17 <.05
Initiat DNR orders, percentage points +37 +3.0 +24 NS
Unstable condition at discharge, percentage points +1.7 +1.1 +47 NS
Pneumonia (n=2727)
Sample size 600 1169 958 L.
Process of care, SD units +0.56 +0.41 +0.39 NS
Initial DNR orders, percentage points +35 +4.4 +35 NS
Unstable condition at discharge, percentage points +11.6 -03 +25 <.10
Cerebrovascular Accident (n=2810)
Sample size 601 1212 997 L.
Process of care, SD units +0.65 +0.49 +0.39 <.05
Initial DNR orders, percentage points +14 +19 +4.0 NS
Unstable condition at discharge, percentage points +6.3 +37 +2.3 NS
Hip Fracture (n =2746)
Sample size 468 1282 996 ..
Process of care, SD units +0.58 +0.43 +0.33 <.
Initial DNR orders, percentage points -0.4 +0.91 +1.4 NS
Unstable condition at discharge, percentage points +11.31 +3.1 +29 <.10

*PPS indicates prospective payment system.

1Entries are the “raw” differences after the introduction of the PPS. Adjustment for sickness at admission had

little effect.

1NS indicates not significant at the 10% level for differences after the introduction of the PPS among the three

hospital types.

the urbanicity/teaching hospital vari-
able (rural nonteaching, urban non-
teaching, and urban teaching). Across
all five diseases we observed a consis-
tent and significant pattern of differ-
ences by hospital setting in improve-
ments in the process of care after the
introduction of the PPS. Rural non-
teaching hospitals showed the biggest
gains in in-hospital process of care, and
urban teaching facilities showed the
smallest gains. In contrast, the initial
use of DNR orders and the number of
patients in unstable condition at dis-
charge showed consistent increases
across the three hospital types after the
introduction of the PPS (Table 3).

We found some differences in the
magnitude of the increase in use of DNR
orders after the introduction of the PPS
as a function of patient characteristics.
The biggest increase was in patients
with poor function and high levels of
acute sickness at admission. Using the
variables mentioned in the “Methods”
section to define patient and hospital
subgroups, we were not able to find any
types of patients for any of our five
study diseases for whom the rise in the
number of patients in unstable condition
at discharge after the introduction of

the PPS differed significantly from the
average increase in the number of pa-
tients in unstable condition for all pa-
tients with that disease.

Trend Analyses

Figure 1 shows that the quality of the
in-hospital process of care was on the
rise before the introduction of the PPS
(P<.01) and continued to rise after the
introduction of the PPS, although at a
slightly slower rate (the difference be-
tween the rates is not significant). Fig-
ure 2 shows that use of initial DNR or-
ders was increasing in 1981-1982
(P<.05) and that this increase contin-
ued in 1985-1986. The percentage of pa-
tients discharged in unstable condition
was reasonably flat both in 1981-1982
and in 1985-1986, with a jump between
these two periods (Fig 3). Sickness at
discharge and discharge to a nursing
home also had jumps between these pe-
riods (data not shown). Figure 4 pre-
sents quarterly values of 180-day mor-
tality aggregated across five diseases,
after adjusting for sickness at admis-
sion. There was no trend in either peri-
od, and the adjusted mortality values
after the introduction of the PPS were
consistent with values before the PPS.

Overall Care Process Score,
|

s

o

.

1980 1981 1982 1983 1984 1985 1986
Year

Fig 1.—In-hospital processes of care for five dis-
eases (n=14012). Solid line indicates values for
the sample; dotted and dashed line, trends before
and after the introduction of the prospective pay-
ment system; and dotted lines, sample values +2
SEs.

Patients With
Initial DNR Orders, %
o

1980 1981 1982 1983 1984 1985 1986
Year

Fig 2.—Use of do-not-resuscitate (DNR) orders on
day 1 or 2 of hospital stay for five diseases
(n=14012). Solid line indicates values for the sam-
ple; dotted and dashed line, trends before and after
the introduction of the prospective payment system;
and dotted lines, sample values + 2 SEs.

COMMENT

After adjusting for sickness at admis-
sion, mortality was unchanged or lower
in 1985-1986 after the introduction of
the PPS than in 1981-1982. We believe
this was the result of two counterbal-
ancing forces: sharp improvements in
in-hospital process of care from 1981 to
1986 that acted to lower mortality rates,
offset by increases during the same pe-
riod in sickness at admission,’ the use of
DNR orders,”" and patients in unsta-
ble condition at discharge that acted to
raise mortality.” However, most of the
improvements in the process of care we
have documented were probably not
caused by the PPS. Two types of evi-
dence presented herein support this
conclusion: the presence of a significant
upward trend in the process of care in
1981-1982, before the PPS was intro-
duced, and the lack of uniformity of im-
provements in the care process across
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Patients With 1 or More Unstable
Conditions at Discharge, %

Fig 3.—Patients discharged with one or more un-
stable conditions for five diseases (n=7412), Solid
line indicates values for the sample; dotted and
dashed line, trends before and after the introduction
of the prospective payment system; and dotted
tines, sample values =2 SEs.

w
i

w
i

w
o
i

'

Adjusted 180-Day
Mortality, %
[\%]
i

n
(o]
iy

1980 1981 1982 1983 1984 1985 1986
Year

Fig 4.—Mortality rates 180 days after admission,
adjusted for sickness at admission, for five diseases
(n=12823). Solid line indicates values for the sam-
ple; dotted and dashed line, trends before and after
the introduction of the prospective payment system;
and dotted lines, sample values + 2 SEs.

different types of patients and hospitals
after the introduction of the PPS. It is
difficult to understand why, if the PPS
caused the gains in the process of care
we have demonstrated, it did so with
substantially more force in rural non-
teaching facilities than in urban teach-
ing hospitals. Rather, it seems more
plausible that ongoing trends in medi-
cine, such as diffusion of newer methods
into outlying areas, were responsible
for the observed improvement. On this
score the PPS may be judged a success:
the care process did not deteriorate in
the effort to save money.

An increased rate of use of DNR or-
ders at admission after the introduction
of the PPS was associated with some-
what higher death rates. Do-not-resus-
citate orders potentially save the hospi-
tal money and save the patients pain,
but increased usage of DNR orders is
associated with an increase in death

rates. The patient subgroups in which
the biggest changes in use of DNR or-
ders were concentrated—those who
were both acutely ill and functioning
poorly —suggest  that the potential
benefits of medical care are being exam-
ined more closely for these patients.
This makes sense and does not implicate
the PPS.

The number of patients in unstable
condition at discharge and related fac-
tors have risen in temporal association
with the PPS. Furthermore, the num-
ber of patients in unstable condition at
discharge is increasing across the board
rather than in any specific patient or
hospital subgroup and has increased in
ways we believe are not due to changes
in recording.” Both results implicate
the PPS. On the face of it, this problem
needs attention.

There is room, however, for substan-
tial debate about how serious a problem
this is. First, should unstable condition
be defined broadly or narrowly? If un-
stable condition is defined narrowly to
include only factors that are clearly re-
mediable, the increase in the number of
patients discharged in unstable condi-
tion after the introduction of the PPS
may be responsible for a 0.5 percentage
point increase in the mortality rate, de-
pending on the disease. If unstable con-
dition is defined broadly to include sick-
ness at discharge and discharge to a
nursing home, the associated rise in
death rates may be as high as 0.9 per-
centage points. We do not know how
fixable these problems are, but we do
know that we measured only a fraction
of the problems that should be fixed
before discharge.

Second, there is no guarantee that the
hospital would be able to reduce mortal-
ity by holding patients in unstable con-
dition longer. Third, the effects of un-
stable condition might be reduced by
more cost-effective mechanisms than
increasing hospital length of stay. For
example, patients in unstable condition
could be given special consideration
in nursing homes or could be part of
well-designed posthospitalization home
nursing programs. Indeed, the impact
on mortality of discharge in unstable
condition does not appear to be as great
in 1985-1986 as it was in 1981-1982; this
may be a result of improvements in care
after hospitalization. Fourth, the length
of stay has remained relatively constant
since 1986, so any contribution of inap-
propriately short hospital stays to dis-
charge problems has probably stabil-
ized.”

On the other hand, entirely eliminat-
ing discharges of patients in unstable
condition (not just the effect after the
introduction of the PPS) might have a
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large impact on the effectiveness of hos-
pital care. For the five diseases studied,
patients in unstable condition at dis-
charge after the introduction of the PPS
have a mortality rate 30% higher than
that of patients discharged in stable con-
dition. This translates into additional
mortality of 4.4 percentage points in the
90 days following admission for patients
in unstable condition at discharge. An
observational study such as ours cannot
definitely estimate the effects of better
discharge monitoring on patient out-
comes; a controlled experiment with
specific discharge protocols is required.

Between 1981-1982 and 1985-1986
there were also important changes in
the demographics and sickness of pa-
tients. Patients with pneumonia are
much sicker at admission now than be-
fore. For other diseases, the nature of
the change in sickness at admission is
less clear. As we mentioned above and
have documented elsewhere,’ some of
the apparent increase in sickness ap-
pears to be a recording bias. When we
move from recording-sensitive sickness
indicators (such as the functional status
and acute and chronic sickness mea-
sures in Table 1) to the recording-insen-
sitive indicators used in the remainder
of this study’s analyses (such as our 30-
and 180-day scales), the apparent rise in
sickness at admission is smaller. Part of
the rise in severity, however, may be
due to efforts by the professional review
organizations to restrict admissions of
less-sick patients. For two diseases
(acute myocardial infarction and pneu-
monia), admissions of the least-sick pa-
tients appear to be down about 30%.

In conclusion, because the PPS was
not introduced as an experiment, our
observational time series study can pro-
vide only limited answers about the
changes in quality of care that the PPS,
and the PPS alone, caused. As we have
noted elsewhere in this series,” three
other caveats are also worth bearing in
mind when considering our results:
(1) We studied only five diseases, albeit
five important diseases in the Medicare
cohort. (2) Our study design allowed us
only to assess differences in quality of
care once patients are hospitalized, so
that, for example, we cannot comment
on any changes in access to hospital care
the PPS may have caused. (3) Our study
covers the era after the introduction of
the PPS only through June 1986. Since
that time hospital payments under the
PPS have been tightened.’

Even so, two key policy conclusions
appear clear: (1) At least through the
middle of 1986, the PPS did not inter-
rupt an important long-term trend to-
ward better processes of in-hospital
care, a trend that has led to somewhat
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lower death rates. (2) On the other
hand, we believe that the PPS has had
an adverse effect on the condition in
which patients are discharged.

These conclusions lead to three major
policy recommendations: (1) To elimi-
nate any possible problems with pa-
tients in unstable condition at dis-
charge, a more systematic assessment
should be made of the readiness of a
patient to leave the hospital and be
cared for as an outpatient or in an insti-
tution other than an acute-care hospital.
Perhaps our instability-at-discharge
scale would be a good place to start.
(2) If further investigation suggests
that some discharges of patients in un-
stable condition may be acceptable with
suitable follow-up or could be prevented
by a longer hospital stay, we recom-
mend that clinical trials be undertaken
to evaluate the impact of such changes
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