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A five-year review of accounting data at a university hospital shows that immediately
following institution of concurrent PSRO admission and length of stay review of Medicare-
Medicaid patients, there was a significant decrease in length of stay and a fall in average
charges generated per patient against the inflationary trend. Similar changes did not occur
for the non-Medicare-Medicaid patients who were not reviewed. The observed changes
occurred even though the review procedure rarely resulted in the denial of services to
patients, suggesting an indirect effect of review.

THE federal government, in an at-
tempt at cost containment, has im-

posed on hospitals caring for patients
covered by Medicare and Medicaid a
requirement for concurrent admission
and length of stay review of each of
these patients by a Professional Stan-
dards Review Organization (PSRO).
The effectiveness of PSRO admission
and length of stay review remains con-
troversial. There are reports indicating
a significant decrease in length of stay
and a reduction of hospital reimburse-
ment following the introduction of
PSRO-type review [1,2,3,], but some of
them have been criticized for failure to
account for other causal factors and for
weaknesses in methodology [4]. Other
authors find little evidence of effec-
tiveness of PSRO review [5,6,7]. De-
spite the controversy, the review proce-
dure has been implemented across the
country.

It is the purpose of this paper to
report that a reduction in average

length of stay and, allowing for infla-
tion, in average charges generated per
patient appeared immediately after the
institution of PSRO review in the ac-
counting records of the teaching hospi-
tal where we conducted our study and
continued during the subsequent three
years. We argue that it is reasonable to
believe that these changes resulted
from an indirect effect of the PSRO
review process. We suggest that the
nature of this indirect effect is worthy
of further study. A secondary goal of
the paper is to demonstrate the useful-
ness of historical controls and cluster
analysis in an area of investigation
where traditional experimental design
is impossible and where analysis of
concomitant variation using the analy-
sis of covariance model is contraindi-
cated because there is interaction be-
tween the treatment and the covariate.

In November 1975 the Medical Uni-
versity Hospital, acting through its Util-
ization Review Committee, initiated
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the mandated program of admission,
length of stay, and discharge review of
all federally funded patients. The Util-
ization Review Committee consists of
16 staff physicians and 4 administra-
tive personnel. It has the assistance of 4
full time coordinators, who conduct the
reviews. The reviews require an annual
expenditure of approximately 360 man-
hours by committee members and
6,500 man-hours by review coordina-
tors. As a part of the review process,
attending physicians and house officers
are required to request and justify in
the patient's chart any extension of
hospitalization beyond the 50th per-
centile of southeastern norms.
The number of patients whose ad-

missions are disallowed by the Utiliza-
tion Review Committee is extremely
small, as is the number of denials of
extension of length of stay. In fact,
during the first year of operation the
committee did not disallow a single
admission or extension of stay. Subse-
quently, no more than two or three
such denials have occurred per year. It
appears, therefore, that the PSRO re-
view process, with its significant use of
manpower, has had little or no direct
effect on patient management.

In a search for evidence of an indirect
effect we turned to the accounting
records of the hospital to find out
whether average length of stay (ALOS)
or average charges generated per pa-
tient (ACH) had changed significantly
following the initiation of PSRO re-
view. ALOS and ACH were determined
monthly for both the Medicare-Medi-
caid (MM) population and the non-
Medicare-Medicaid (NMM) population
for January-June 1974 and for January-
July 1975, just prior to the institution of
PSRO review; and for the same popula-
tions for January-July of 1976, 1977,
and 1978, when PSRO review was in
full operation. The study design al-
lowed us to identify changes in length

of stay and average charges generated
before and after PSRO review in the
Medicare-Medicaid population, and to
see the effects of inflationary pressures
in the non-Medicare-Medicaid popula-
tion, which was not subject to review.

Evaluation of changes in the mix of
patients-that is, in the severity of
their diseases-was not a part of the
design of the study. The data source
was the business records of the hospi-
tal. These had been maintained with
the precision characteristic of accoun-
tants and were made available to us
through computer printout. If we had
included an evaluation of clinical rec-
ords, which are maintained with a
different level of precision by attending
physicians, junior house officers, and
coding clerks, it would have required
major modifications in the design of the
study. We would have had to review
and grade thousands of charts for sever-
ity, a process of limited validity.

Furthermore, the causal relationship
between length of stay and mix of
patients is reversible, and a finding of a
decrease in severity of disease in the
mix of our patients would have had
little effect on our conclusions. It is true
that a lesser severity of disease can
result in a decrease in average length of
stay, but it is also true that a decrease in
average length of stay will increase
available bed space and permit the less
urgent admission of patients with
milder disease. Thus, a factor which
decreases length of stay may also de-
crease severity in the mix; mix of
patients is therefore not a suitable
concomitant variable.
Admissions rather than discharges

were used in the calculations because
the hospital's accounting records are
based on admissions data. Data on
discharges are kept by the patient rec-
ord library in a separate data system
that can be out of phase with the
accounting system.
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Table 1:
Total Number of Beds in the Medical University Hospital as of Each

June 30th, Annual Occupancy Rates, and Percentage of
Medicare-Medicaid Admissions during the Five Study Periods

1974 1975 1976 1977 1978

Total Beds 474 509 522 521 528
Occupancy 77% 73% 72% 76% 75%
Medicare-Medicaid
Admissions 25% 29% 33% 35% 36%

Methods of Analysis
The site of study was the Medical

University of South Carolina. Available
beds, occupancy rates, and percentage
of Medicare-Medicaid admissions for
the study periods are presented in
Table 1. The data available from the
computerized records of the hospital
are monthly totals of admissions,
charges generated, and hospital days,
separated according to financial class
(See Tables 2 and 3). No data were
available on admissions for the month
of July, 1974.
Average length of stay (hospital days

+ admissions) and average charges
generated per patient (total charges
generated . admissions) were calcu-
lated by month for the MM and NMM
populations for the six-month study
period in 1974 and the seven-month
periods in 1975-1978. A three-way
analysis of variance following a 2 x 7 x
5 factorial design was performed ana-
lyzing three factors: type of patient
admitted (MM and NMM), month of the
year (January-July), and nonoccur-
rence and occurrence of PSRO review
(1974-1975 versus 1976-1978 for the
MM population).
Duncan's multiple range test was

performed on the means from the study
periods. Monthly values for number of
MM admissions were paired with cor-

responding monthly values of ALOS
and ACH. Cluster analysis and dis-
criminant function analysis were then
performed to determine whether two
identifiable, essentially exclusive sub-
populations existed among the pairs for
ALOS and ACH.
The cluster procedure we used [8]

was hierarchical cluster analysis, based
on an algorithm outlined by Johnson
[9]. The technique forms one cluster for
each observation in the analysis. The
two closest clusters are then combined
into one cluster, the two closest of the
new set of clusters are combined into a
cluster, and so on. The algorithm com-
putes its own distance matrix. The
metric is Euclidean.
For the discriminant analysis [8] we

used a classification criterion deter-
mined by a measure of generalized
square distance [10]. It was based on
the individual within-group covariance
matrices. It also took into account the
prior probabilities of the groups.

Results
Average length of stay (see Figure 1)

for the Medicare-Medicaid population
was 9.1 days for the two study periods
prior to the institution of review. For
the three study periods following the
initiation of PSRO review, ALOS for
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Figure 1:
Average Length of Stay for the Medicare-Medicaid and Non-Medicare-Medicaid

Populations during the Five Study Periods
Days

Rev iew
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Medicare-Medicaid patients was 7.6,
7.4, and 7.3 days. ALOS for the non-
Medicare-Medicaid population, which
did not undergo review in any of the
study periods, varied between 7.4 and
7.8 days. Table 4 shows that the length
of stay of the MM patients for 1974 and
1975 study periods prior to the initia-
tion of review was significantly differ-
ent from all other values at the 5
percent level.
Average charges per patient for each

study period are shown in Figure 2. Dur-
ing the two study periods prior to the in-
stitution of PSRO reivew, Medicare-

Medicaid ACH rose at roughly the same
rate as ACH for NMM patients. In the
study period following institution of re-
view, MM charges fell sharply while
NMM charges continued to rise. In the
last two study periods, ACH for both the
MM and NMM populations continued
to rise at roughly the same rate, probably
reflecting inflation.
The three-way analysis of variance

for ALOS and ACH (See Tables 5 and 6)
showed a significant (p < 0.01) interac-
tion between the initiation of PSRO
review and the type of patient (MM
versus NMM).
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Figure 2:
Average Charges Generated per Patient for the Medicare-Medicaid and

Non-Medicare-Medicaid Populations for the Five Study Periods.
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There was a significant effect of
month of the year at the 5 percent level.
Month of year did not interact signifi-
cantly with type of patient or with
initiation of PSRO review. Because of
the balanced design of the study, which
used the same seven months of the year
for each study period (six months in
1974), and because of the fixed effects
of month of the year, we decided to
collapse the data over months and
apply Duncan's multiple range test.

Table 7 shows the fall in the ACH of
the MM population in 1976, following
institution of review. Although Dun-
can's multiple range test showed the

difference between the means for 1975
and 1976 not to be significant, the effect
of inflation would obscure a significant
decrease. If a correction for inflation
based onNMM experience is applied to
the data, the 1975-76 difference for the
MM population becomes significant at
the 5 percent level.

Cluster analysis showed that when
the MM population was characterized
by monthly ALOS and number of ad-
missions (See Figure 3), there existed
two separate clusters indentifiable by
the presence and absence of the review
process. In this analysis, there was a

single misclassification. One observa-
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1600+
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Table 4:
Means and Standard Deviations for Monthly Average Length of Stay over the

Five Study Periods

Average Length of Stay
1974 1975 1976 1977 1978

Medicare-Medicaid Mean 9.133 9.129 7.629* 7.400* 7.286*
S.D. 0.528 1.295 0.293 0.707 0.344

Non-Medicare- Mean 7.700 7.429 7.357 7.586 7.771
Medicaid S.D. 0.310 0.214 0.282 0.227 0.403

Duncan's Multiple Range Test

78MM* 76NMM 77MM* 75NMM 77NMM 76MM* 74NMM 78NMM 75MM 74MM
7.286 7.357 7.400 7.429 7.586 7.629 7.700 7.771 9.129 9.133

* Denotes PSRO review. Duncan's Multiple Range Test shows a significant difference (p <
0.05) between the 1974 through 1975 means and all other means.

Table 5:
Analysis of Variance for Average Length of Stay (ALOS)

Source of Variance df M.S. F p

Type MM vs. NMM 1 5.212 19.583 <0.01
Month 6 0.734 2.756 <0.05
Year 4 3.011 11.312 <0.01
Type x Month 6 0.246 0.924 N.S.
Type x Year 4 3.313 12.447 <0.01
Month x Year 24 0.247 0.927 N.S.
Error 24 0.266

Table 6:
Analysis of Variance for Monthly Average Charges Generated per Patient

Admitted

Source of Variance df M.S. F p

Type MM vs. NMM 1 754404.0 48.379 <0.01
Month 6 48661.8 3.121 <0.05
Year 4 1595103.0 102.291 <0.01
Type x Month 6 33839.047 2.170 N.S.
Type x Year 4 78662.500 5.045 <0.01
Month x Year 24 19577.523 1.255 N.S.
Error 24 15593.707
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Table 7:
Means and Standard Deviations for Monthly Average Charges Generated per

Patient Admitted over the Five Study Periods

Average Charges in Dollars
1974 1975 1976 1977 1978

Medicare-Medicaid Mean $1,471 $1,756 $1,643* $2,038* $2,160*
S.D. 54.79 252.28 87.37 285.76 169.05

Non-Medicare- Mean $1,186 $1,333 $1,462 $1,940 $2,110
Medicaid S.D. 78.57 62.60 60.22 68.82 147.47

Duncan's Multiple Range Test

74NMM 75NMM 76NMM 74MM 76MM* 75MM 77NMM 77MM* 78NMM 78MM*
$1,186 $1,333 $1,462 $1,471 $1,643 $1,756 $1,940 $2,038 $2,110 $2,160

*Denotes PSRO review. Means connected by
percent level.

tion, made in July 1975 prior to the
institution of review, fell within the
reviewed cluster. 3
Once the cluster analysis had estab-

lished the presence of two identifiable
clusters, a discrininate function was
generated which, when applied to the
MM population, showed a single mis-
classification (July 1975) for both ALOS
and ACH when the data were classified
by the presence or absence of review. 4
The cluster analysis for ACH and

number of admissions (See Figure 4)
did not group the data by presence or
absence of review, possibly because
inflation exaggerated the distances be-
tween the 1976, 1977, and 1978 values
for ACH. Figures 3 and 4 suggest that
within each year there was an inverse
relationship between number of MM
admissions and both ALOS and ACH.

Discussion
For the design of studies of the

impact of new programs on facets of the
health care delivery system, coincident
controls and double blind treatment,

a bar are not significantly different at the 5

the traditional tools of clinical investi-
gation, are not usually available. The
investigator must turn to historical con-
trols. Stability of the dependent vari-
ables in the pre- and posttreatment
periods, together with significant
change that is coincident with treat-
ment, supports a conclusion that either
the treatment or some other factor
acting simultaneously with the treat-
ment had a causal effect. The probabil-
ity that the treatment we studied, PSRO
review, was a pertinent factor is en-
hanced by the fact that in the similar
though not identical NMM population,
which was subject to the same influ-
ences as the MM population but was
not reviewed, there was no significant
change in the dependent variable
ALOS over the entire five-year period.
An investigator who finds appropri-

ate changes in dependent variables
occurring in the treated population
upon institution of a program, and not
occurring in a parallel untreated popu-
lation, may certainly draw conclusions
from his data, though with somewhat
less assurance than the traditional in-
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Figure 3:
Monthly Average Length of Stay versus Number of Admissions Plotted by Year

for the Medicare-Medicaid Population*
*Cluster analysis identified the two clusters indicated.
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vestigator who reports efficacy of a

treatment based on a p value of less
than 0.05 and who can be confident
that randomization or matching of con-

trols has excluded the influence of
other factors. Rational decision makers
in the field of health services, where
traditional study design is rarely possi-
ble, may, with appropriate reservations
for lack of rigor, accept conclusions
drawn from well-designed studies that
used retrospective controls.

Figures 1 and 2 show that both aver-

age length of stay and average charges
generated per patient fell sharply in the
MM population after the institution of
review, while they showed no similar
changes in the NMM population,
which did not undergo review. These
observations support the hypothesis

that PSRO review had an indirect effect
in the desired direction on the manage-
ment of patients hospitalized in this
South Carolina teaching center. These
are associative findings; they do not im-
ply a causal relationship. The possibil-
ity that other events might have caused
the changes in ALOS and ACH must be
considered. Over a five-year span of
time there are going to be many changes
in personnel, facilities, equipment,
clinical judgment, and other factors.
However, we were unable to find any
such changes which could have influ-
enced the MM population without in-
fluencing the NMM population of pa-
tients. The single identifiable change
which occurred at a specific time-be-
tween the 1975 and 1976 study peri-
ods-and which was applicable to the
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Figure 4:
Monthly Average Charges Generated per Patient versus Number of Admissions

Plotted by Year for the Medicare-Medicaid Population
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MM population only was the institu-
tion of PSRO review. Changes in num-
ber of beds available, occupancy rates,
and number of MM and NMM admis-
sions were not unique to the 1975-76
interval, but the progressive increase
observed in the number of MM admis-
sions over the five study periods does
present a particular problem in the
analysis.

It has been recognized in other
studies that, as the number of MM
admissions increases, there is a de-
crease in the average severity of illness
and a corresponding decrease in the
average length of stay of MM patients.
We considered using the analysis of
covariance to exclude the influence of
changes in number of admissions.
However, in a hospital that consistently

operates at a 75 percent occupancy rate,
any factor that decreases ALOS makes
more bed space available; this allows
the attending physicians to admit more
patients. It follows that if the PSRO
review has a primary effect of decreas-
ing ALOS, it will have a secondary
effect of increaisng number of admis-
sions. This secondary effect of review
on number of admissions is a contra-
indication for the application of the
analysis of covariance. The ACOV
should not be used when the treatment
and the covariate are related [11].

Instead, we used cluster analysis, a
versatile technique [12,131 to deter-
mine whether the MM data points
characterized by the interrelated vari-
ables of monthly ALOS and number of
admissions formed two clusters identi-
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fiable by the presence or absence of the
review process. With a single misclassi-
fication, that of July 1975, our analysis
identified two clusters, one reviewed
and the other not reviewed (Figure 3).
When cluster analysis was applied to

ACH and number of admissions, the
procedure did not form the same
clusters as found for ALOS, probably
because of the confounding effect of
inflation (Figure 4).
A discriminant analysis that used a

generalized squared distance function
was applied to establish a means of
classifying the observed data under the
hypothesis of two populations. This
procedure classified both the ALOS/
number of admissions and the ACH/
number of admissions pairs into sub-
populations that differed by the pres-
ence or absence of review, with a single
misclassification: the unreviewed
ALOS/admissions and the ACH/admis-
sions pairs for July 1975 were classified
with the reviewed population.
The results of the study show that

following institution of review there
was a significant decrease in average
length of stay and a fall in average
charges generated per patient, against
the inflationary trend seen in the data
on the patients who were not subject to
review. These results are consistent
with the hypothesis that PSRO review
can decrease length of stay and charges
generated per patient. We found no
evidence of an organizational or pro-
cedural change which would affect
only the MM population and which
occurred simultaineously with the in-
troduction of review. Increase in num-
ber of MM patients occurred in each of
the study periods and can provide only
a partial explanation for the observed
changes.
These changes occurred even though

the review procedure rarely resulted in
the denial of services to patients. It is
our belief that the attending physicians

and house officers, who were aware of
concurrent review and were forced to
justify in writing lengths of stay beyond
the 50th percentile of southeastern
norms, expedited the process of hospi-
talization and discharged their patients
sooner than they did before review.
The decrease in ALOS and ACH did

not result in a lower overall cost to the
funding agency. As more bed space
became available, more patients were
admitted, and the total cost to the
funding agency rose. The changes in
ALOS did permit the funding agency to
provide necessary hospitalization to
more of its clients. We can expect
reduction in length of stay to reduce the
overall cost of the Medicare-Medicaid
programs only after the need for hospi-
talization, as defined by the PSRO
review committee and by government
regulation, is met.
The literature indicates that the fa-

vorable changes that occurred in ALOS
and ACH following initiation of PSRO
review are not unique to the reporting
institution [3]. Our observation-that
these changes were not the direct result
of the Utilization Review Committee's
disallowing admissions or extensions
of length of stay-has not been widely
discussed. This observation, though
perhaps only a local one, may have
significant implications for planners in
the health service arena.
Length of stay, in ordinary circum-

stances, is under the exclusive control
of the attending physician or the respon-
sible house officer, who must write the
discharge order. If, as we hypothesize,
the institution of PSRO review indi-
rectly brought about a reduction in
ALOS, then the review process must
have introduced stimuli that modified
the behavior of the attending physicians
and house officers, accelerating the pro-
cess of hospitalization. A search for the
specific stimuli which produced this
change in the behavior of a group of
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physicians might provide information which for societal reasons seek to mod-
leading to improved design of the PSRO ify the behavior of groups of health
review process or of other programs professionals.
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