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This study examines projected surgical and medical bed needs for 1974
in Connecticut's general hospitals. The federal method for determining
needs, based on fixed occupancy rates,is compared with an alternative based
on probabilities of overcrowding.

Bed needs were equal when the two methods were applied on an indivi
dual hospital basis. For groups of hospitals in health service areas, the
alternative indicated potential reductions in planned beds. Under the Fed
eral plan the 1969 base of 8,976 beds should be increased to 9,578. This
is 765 more beds than estimated as adequate by the alternative approach.
When allowances are made for excess beds already constructed, the federal
plan indicates a need for 469 more beds than does the alternative. Daily
additions to per patient charges attributable to federally planned excess
beds is estimated to lie between $4 and $10. These findings are significant
for people concerned with methods for reducing hospital costs.

1. INTRODUCTION

Hospital planners in the United States are faced with a problem of
meeting increasing demand for hospital services at optimal savings. For
quality health care,more equipment and more personnel--such as specialists,
paramedicals and researchers—are said to be needed. However, resistance
from traditional funding sources--consumers, philanthropists and govern-
ment--is growing. Rising hospital costs convince us that neither the plan
ners nor hospital governing bodies have found an effective means of supply
ing quality care at least cost.

Research to identify specific areas for potential cost savings has
generally focused on the internal organization of hospitals: the relation
ship between outputs and inputs and between revenues and costs. Klarman(133
and Anderson and May (1) cite expensive advances in medical technology,
catch-up increases in labor expenditures, and the inability of personal-
service institutions to take advantage of cost-reducing gains in product
ivity as major reasons for higher hospital costs.

The external organization of hospitals--their location and capacity to
satisfy a population's demands—has been emphasized in research aimed at
measuring overall efficiency in the distribution and utilization of hospit
al services. Milton Roemer (17, 18) who examined the relationship between
the number of hospital beds in an area and the resulting effect on the use
and cost of hospital care, demonstrated the adverse economic effects of ex
cess beds. He showed that often, regardless of medical need, demand for
hospital beds expands to meet the available supply; i.e., another applica
tion of Parkinson's Law.

Long (15) and other researchers have examined cooperation and region-
alization of hospitals as a means of reducing costs. Landgraf (14) demon
strated the economic wastes of excessive duplication of facilities within a
geographical area. He pointed to obsolete "inter-hospital competition" for
"autonomous isolation" and recommended area-wide planning for a geographi
cal-regional approach. Recently, a study of Boston hospitals (4,5,6) showed
how inefficient planning caused an oversupply of beds. These studies have
demonstrated the veracity of a widely held belief: that there has been a
considerable waste of resources in this country in construction and mainte
nance of unnecessary hospital beds (16).

As envisioned by Long, cooperation of hospitals in a defined geograph
ical area could involve one large central hospital with smaller, ancillary
hospitals or a group of several small or large hospitals. Not every hos
pital would need to have the minimum number of personnel, range of skills



for example, not every hospital would be required to maintain a large num
ber of beds in excess of the expected daily patient in-flow. Labor, capit
al and costs of maintaining unused beds thus would be reduced.

In the following analysis, we examine the extent to which federal hos
pital planning encourages a system of cooperation and regionalism and the
cost savings implied in such a system. The necessary conditions for the
analysis are simple: the existence or planned existence of one or more
hospital service areas. Because federal guidelines related to provisions
of Hill-Burton planning and construction funds require that all states have
plans outlining such areas,the geographic framework is generally available.
This study examines Connecticut, which for hospital planning purposes is
divided into 10 health service areas.

2. METHODOLOGY

The measure used by most federal hospital planners to determine whether
a hospital's size adequately provides for expected needs is the hospital's
occupancy rate (OR)> which is the number of beds used as a percentage of
beds available. It may vary according to changing demand conditions, yet
it is usually fairly predictable. A 100-percent OR would imply that all
the hospital's beds were used daily over a given period, usually a year; a
50-percent rate would imply that only half the beds were used. An 80-per-
cent OR is considered a comfortable average, with a 20-percent allowance
for efficient management in bed turnover.

Long (15), Edwards and Doherty (9), Shonick (19) and others have ex
amined alternatives that focus not on the number of beds needed to satisfy
an expected occupancy rate—a method which, in the face of economic losses
associated with empty beds, could encourage overutilization--but on the
number of beds needed to ensure that demand could be satisfied in an emer

gency. The approaches, which focus on hospital cooperation and regionali-
zation, are based on a postulation that the number of hospital beds needed
increases only in proportion to some fraction of the population to be ser
ved. In other words, if a region's population should double, hospital beds
should not be doubled; likewise, if two hospitals in two towns plan to
gether, the number of hospital beds needed to serve both towns together
will be less than the number needed to serve each independently.

Patient arrivals in general hospitals are assumed to be distributed by
a Poisson distribution. Hence, the probability of having n patients on a
given day is:

where m is the mean or expected number or average daily census of patients.
A Poisson assumption is appropriate when arrivals are distributed indepen
dently over time and when one is concerned With the total number of arriv
als during a time interval--that is, when we assume that the probability of
an arrival on one day is the same as the probability on any other day and
is independent of the number of arrivals on a previous day.

The daily variation in a hospital census can be approximated by
the Poisson distribution was initially implied by the Commission on the
Cost of Hospital Care in 1947 (11). Since then, the formula has been used
as the base of several hospital studies, including those of Long, Edwards
and Doherty, and Shonick mentioned previously. Evidence of its justifica
tion as a description of the variation in a hospital's census has been only
partially completed. Blumberg (3) showed its applicability when the case
load is largely of an emergency nature. Cowan and Roth (8) utilized the
formula in examining expected maternity caseloads. More recently, Shonick
(19) used it to develop a distribution of patient arrivals in California
hospitals. The key point here, however, is the recognition that hospitals
can function completely on a daily basis. That is, we assume that in the
interests of economy, the infamous weekend lag can be disposed of.

An illustration of this approach to hospital planning may be useful
before we proceed with the analysis. If an average daily census of 400 pa
tients (m = 400;s = 20) is anticipated for a new hospital, and the hospital



is built with exactly 400 beds, the number of patient arrivals would fall
within plus or minus one standard deviation of the mean two-thirds of the
time—that is, two-thirds of the time the number of patients would range
between 380 and 420. Thus, given the assumptions, we could expect the num
ber of arrivals to exceed 400 with a probability of 33 percent. Such a
rate allows little leeway against overcrowding and,in fact, indicates over
crowding possibly once every third day. Because some risk of overcrowding
is always present, we might want to have enough beds to reduce the risk on
an acceptable level. To ensure that the number of arrivals would not ex
ceed the number of beds on a given day with a probability of one in 1,000,
say, we would want to provide 460 beds, a capacity about three standard
deviations above the mean.^

In the following analysis, Connecticut's 1974 hospital bed needs as
projected by a federal formula are compared with those projected by the
Poisson formula. The federal estimates, which use an optimum occupancy rate
criterion, are included in the 1971 Connecticut Construction Plan for Hos
pital and Medical Facilities (7). These estimates are based on an 80-per-
cent OR, a rate which has been determined largely on an experiential basis
as permitting sufficient leeway for effective management. This managerial
efficiency criterion has not, however, been empirically validated. In fact,
Feldstein (lOj has shown the short run managerial cost curve of a hospital
be relatively horizontal over the usual range of output, and other studies
(2,22) have indicated that an 85-percent OR provides effective functioning.

In the first set of comparisons, the projections assume that Connecti
cut's general hospitals operate independently--except for hospitals in
cities containing more than one hospital. In these cities, the state con
struction plan records the total estimated number of needed beds, rather
than the number needed for each hospital.

In the second set of comparisons, the number of beds projected in the
state plan are again used. This time, the analysis is based not on indivi
dual hospital needs, but on beds needed to serve the population of the
state's health service areas. Our interest is to determine the extent to

which the federal method for determining bed needs in these areas represent
a realistic appraisal of the economies of regionalization.

Included in the analysis are Connecticut's nonprofit, short-term gen
eral hospitals.^ Because the state construction plan recognizes the ex
istence of excess capacity in the pediatric and maternity departments of
these hospitals, we concentrate on the medical and surgical beds—a more
useful indicator of community needs.

3. ALTERNATIVE PROJECTIONS OF BED NEEDS

Independent Hospitals

The Poisson formula used below treats hospital planning from the per
spective of expected patient population demands. It can, therefore, be
applied to a single hospital or to a group of hospitals serving a specific
area, such as an economic region or a trading area.

Table 1 shows the number of beds in Connecticut's hospitals in 1969,
the number needed by 1974 according to federal estimates, the number needed
by our estimates and the difference between the two measures of need.

According to the state construction plan, the expected average daily
census of medical-surgical patients in hospital #06 is 224 in 1974. Feder
al plans, however, call for 286 beds; this number is 4.14 standard devia
tions above the expected average daily census. In Table 2 we show that if
patient arrivals are Poisson distributed, the probability that overflow
will occur in hospital #06 on any given day is less than .0001. Assuming
that a probability level of .001 provides an adequate margin, that hospital
has a very low risk of overcrowding and, technically, could operate inde
pendently. Hospital #07 in the same health service area expects 48 patients
on a daily basis in 1974. Federal estimates project that 62 beds will be
needed. According to Table 2, the probability of overflow with this number
of beds is .0228, or once every 44 days. To allow a safety margin suffi
cient to maintain a .001 level of probable overflow, the hospital should
have 69 beds—assuming, that is, that it operates independently of other
hospitals.
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Table 1. MEDICAL AMD SURGICAL BEDS IN CONNECTICUT'S

GENERAL HOSPITALS IN 1969 AND ALTERNATIVE PROJECTIONS FOR 1974

Federal Poisson

Actual Estimates Estimates Col. 3

Hospital 1969 For 1974 For 1974 vs. Col. 4

01 139 139 149 -10

02 127 147 138 9

03 71 84 90 - 6

04 143 146 148 - 2

05 57 57 64 - 7

06 190 286 269 17

07 75 62 69 7

08 270 293 280 13

09 190 211 207 4

10 323 267 249 18

11 188 217 216 1

12 230 261 258 3

13 117 104 111 - 7

14,15 1,181 1,,215 1,113 102

16-18 1,004 1,,006 896 110

19,20 684 746 674 72

21 355 340 324 16

22 316 360 341 19

23,24® 405 556 509 47

25 0 156 157 - 1

196 190 198 - 8
a

27-30 1,792 1,859 1,706 153

31 271 364 364 0

32 410 353 363 -10

33 91 48 60 -12

34 57 53 66 -13

35 94 58 71 -13

Total 8,976 9;,578 9,090 488

a

Combined data from more than ione hospital in the same town.



Table 2. PROBABILITY OF DEMAND EXCEEDING BED AVAILABILITY IN CONNECTICUT'S

GENERAL HOSPITALS, IF 197A NUMBER OF BEDS EQUALS FEDERALLY PROGRAMMED NUMBER

Probability Probability

Probability is calculated from the normal distribution for m + zs
where:

m = projected average daily census

2 _ F-m ^ F = No. of federally programmed beds.

Hospitals in which the risk of overcrowding is significant (p .0010).



If we look at the statistical data in Table 1 and 2, we might conclude
that according to the federal estimates, hospital #06 could function indep
endently because there is little probability of patient overload. Applica
tion of the Poisson formula, however, shows that the hospital would have an
excess of 15 beds. On the other hand, in hospital #07, where patient over
flow is likely to occur frequently, we might conclude that this hospital
could not function independently. According to the Poisson formula, seven
more beds than the federal estimate of 62 would be needed. If these two

hospitals were to cooperate, however, the need for more beds in the latter
might be taken care of by the excess beds in the former.

In general, the federal estimates and the Poisson estimates compare
favorably for the larger hospitals, all of which are located in urban cen
ters. That is, these hospitals can probably function with the number of
beds federally programmed without a serious risk of overcrowding. For the
smaller, more rural hospitals, however, the Poisson estimates call for more
beds than do the federal estimates.

In terms of total 1974 bed needs, the federal estimates project 488
more beds than do the Poisson formula estimates. The excess, however, is
almost entirely composed of numbers from the five areas where hospitals
have been grouped together. In fact, for hospitals 14-20, 23-24, and 27-30
the number of excess beds is 484. (Table I's listing of hospitals is the
same as that used in the state plan.) Hence, in this part of the analysis
—where theoretically all the hospitals operate independently--there is no
significant difference between the two estimates of total 1974 hospital bed
needs.

But this leads us to the supposition that if several hospitals were to
cooperate, savings in bed needs could be realized. For example, the federal
estimates indicate that a total of 591 beds (353 + 48 + 190) are needed in
1974 for one large hospital (#32) and two small hospitals (#33 and #26),
which are all located in proximity to one another. Our estimates that as
sume these hospitals operate independently show a need for 621 beds (363 +
60 + 198) in 1974. However, if the hospitals cooperate and we consider bed
needs in terms of the region's population, we find that with an average
daily census of 502 patients, 569 beds would suffice--22 fewer beds than
projected by the federal estimates. The probability of overcrowding would
be .001, but this may be too high a risk to consider on a regional basis.
To reduce the risk to .0001--that is, overcrowding possibly occurring once
in 27 years instead of once in 3 years--the number of beds should be 589,
or approximately the number federally programmed on an individual hospital
basis.

This finding suggests that federal planners may be moving from a con
cept of independence to one of cooperation. But it also focuses attention
on the argument that generally the federal method may take insufficient
account of the possible economies of regionalization and cooperation and
lead to an excessive number of beds. To explore this hypothesis further,
we can test federal plans against our alternative, this time assuming that
the hospitals are fully regionalized.

Regional Cooperation of Hospitals

Regional cooperation of hospitals could, as mentioned earlier, reduce
hospital costs because personnel, equipment, and bed needs would be less--
the hospitals would cooperatively own expensive equipment and jointly use
specialized services. Advantages of such a system, offsetting some of the
cost economies that a single large hospital may still enjoy, despite equip
ment sharing, would be in patients' nearness to home and doctors' nearness
to patients. Transfers involving long travel would occur only in compli
cated cases necessitating specialized equipment available in another hos
pital. There is, however, no reason to suggest that more travel would be
involved if this were the case than if there were only one central hospital.

In the following discussion, we assume that the 10 health service
areas into which Connecticut is divided form the geographical base for such
regions. To do this, of course, is no venture. The reason for dividing
states into service areas is, presumably, to take advantage of regional co
operation and its implications for economizing on hospital facilities and
manpower.



Table 3 shows estimates of 1974 hospital bed needs in the 10 areas ac
cording to the federal formula and our Poisson formula. Area totals in the
federal column are the sum of individual hospital projections given in the
state plan and shown in Table 1. Totals in the Poisson formula columns
were calculated by applying the formula with (1) 3.00 standard deviations
to obtain p = .001--that is, a risk of overcrowding once in 1,000 days
method (1) and (2) with 3.88 standard deviations to obtain p = .0001,a risk
of overcrowding once in 1,000 days (method 11), to the average daily census
of hospital patients projected for each service area.

In the previous sections, pur estimates were based on the number of
beds needed to satisfy a risk level selected on the premise than an inde
pendent hospital within its area. Now, however, we are dealing with the
probability of overcrowding on a regional basis. In this case, a p-.OOl
may be unrealistically low because transference across regions would invol
ve uneconomical logistical complexities. A lower risk, e.g., p-.OOOl,
should provide regional planners with sufficient latitude within which to
work.

Compared with the federal estimates, our method 1 estimates (p - .001)
would reduce the number of additional beds by 993, while our method 11 es
timates (p = .0001) would reduce it by 765. Both methods, therefore, yield
significant reductions. Because of its posed greater realism, we shall
concentrate on method 11 for the remainder of the analysis.

The biggest absolute reductions in bed needs estimated by method 11
occur in areas where the expected average daily census is highest, the
state's heavily urbanized areas. This result is to be expected from the
mathematical composition of the formula used. But it supports the suggest
ion that application of the 80-percent optimum occupancy rate by federal
planners as a basis for estimation is rigid.

Table 4 and Figure 1 show that as the expected average daily census
increases from 200 to 2,600 patients, the federal OR increases from 78.3 to
81.0, whereas the OR based on method 11 increases from 78.9 to 93.0. What
these results mean is that federal planners adhere to a relatively rigid
occupancy rate and,when we assume that patient arrivals are Poisson distri
buted, allow risks of overcrowding to vary on any given day--in this case
from one in 10,000 in area E, a rural area, to one in 100,000 in area J, an
urban area. In contrast to the federal approach, the one we use focuses on
risks of overcrowding and allows ojcupancy rates to vary.

The effects of the two approaches are indicated by their results in
terms of bed needs. That a potential reduction of 765 beds, 8 percent,
from the number federally programmed, is not financially insignificant will
be shown. First, however, we want to emphasize that the operational dif
ference between the two methods emerges after an expected daily census of
200 patients. Thus, the standard OR approach may be an acceptable criterion
for judging bed needs in relatively rural areas served by a single hospital
or a group of small hospitals willing to cooperate. It does not, however,
extend these advantages to more densely populated areas.

To emphasize how method 11 of the Poisson formula does capture these
advantages. Table 5 compares the number of beds that should be added to the
1969 number according to that method and according to the federal projec
tions.

The federal estimates indicate a need for 602 additional beds in 1974.

Our method indicates that the 1974 number of beds, rather than being more
than the 1969 number, could be 103 less. The absolute sum of these bed
numbers is 765. The number corresponds with an earlier finding (Table 3)
where a difference of 765 beds between federal and Poisson estimates was

shown. Table 5 is therefore simply another way of examining the same data.
The approach used, however, emphasizes the potential difference between a
regional program based on full hospital cooperation and risk-sharing and
one based on limited cooperation and rigid occupancy rates. It suggests
that the federal approach is constrained from eliminating possibilities for
constructing significantly more hospital beds than an area's population can
be expected to use.

There is, however, a final point to make before considering the cost
implications of these differences. The figures in Table 5 are two measures
of optimum bed requirements. That the number of beds should be reduced be
low the 1969 level in area E in the fedehal estimates and in areas E, F, G



Table 3. ESTIMATES OF 1974 HOSPITAL BED NEEDS IN CONNECTICUT'S

HEALTH SERVICE AREAS ACCORDING TO ALTERNATIVE PLANNING CRITERIA

Projected

Average
Daily

Area Census

Bed Numbers Estimated By—

Poisson

Federal Method 1

Estimates (p=.00l)

Poisson

Method 11

(p°,0001)

Differences Between

Federal and Poisson

Estimates

Col. 4- Col. 5-

Col. 3 Col. 3

Total 8,976 8,585 8,813



Table 4. OPTIMUM 1974 OCCUPANCY RATES FOR HOSPITALS IN CONNECTICUT'S

HEALTH SERVICE AREAS ACCORDING TO ALTERNATIVE PLANNING CRITERIA

Occupancy Rates According to—

Projected Average

Dally Census Federal Estimates

Poisson

Method 11 Estimates

Range 77.5 - 81.0 Range 78.7 - 93.0





and H in our estimates cannot, however, be used to reduce the number of
beds to be constructed in other areas. That is, we cannot balance excess
beds in one area against deficient beds in another. To use this approach,
simply add the positive number in Table 5. The result, shown as new bed
needs at the base of the table, is that according to the federal program,
658 beds should be built and according to our proposal, 189 beds should be
built.

Table 5. ADDITIONAL HOSPITAL BEDS NEEDED IN CONNECTICUT'S

HEALTH SERVICE AREAS IN 197A ACCORDING TO ALTERNATIVE PLANNING CRITERIA

Additional Bed Needs According to—

Federal Estimates

Poisson

Method 11 Estimates

A 266 20 18

B 271 16 13

C 265 83 71

D 460 44 20

E 323 -56 -60

F 1,716 81 -113

G 1,004 2 -83

H 684 62 11

I 1,076 180 56

J 2 ,911 170 -96

Total 602 -163

New Bed Needs 658 189

4. COST IMPLICATIONS

To this point,this analysis has shown the potential saving in hospital
beds that application of our formula allows. Our final step is to transform
these bed savings into dollars.

An estimate of the construction cost per hospital bed in Connecticut
is $63,000.*^ Should plans in Connecticut develop along the lines advocated
in the federal program, 658 additional hospital beds will have been con
structed by 1975 at a cost of $41,454,000. On the other hand, should our
alternative be adopted, 189 additional beds will have been constructed for
a cost of $11,907,000. The difference is 469 beds or $29,547,000. This
figure is presented as a measure of potential excess expenditures on hos
pital construction in Connecticut for a period 1969-74.

To determine the effect of this expenditure on patients, we can trans
form it inot daily hospital service charges. The daily cost of an unused
hospital bed, made up of fixed plus maintenance costs, has been put at
three-fourths the daily cost of a used bed (20). Hospital costs per day in
Connecticut in 1971 were $102 (12); assuming an increase of 10 percent per
year,^ costs will be $135 per day in 1974.

Using $102 (assuming effective price stabilization) and $135 as lower
and upper bounds,we estimate unused bed costs at between $76.50 and $101.25
per day. On an annual basis, the figures amount to $27,923 and $36,956 per
bed, or $13,095,887 and $17,332,364 for 469 beds. With an expected average
daily census of 7,823 patients in Connecticut's hospitals in 1974, the
average daily additional per patient charge attributable to the cost of un
used beds will be between $4.50 and $6.07.



5. CONCLUSIONS

Hospital bed needs in 1974 as determined by a federal formula—based
on optimum occupancy rates—and by an alternative approach--based on as
sumed patient arrivals—showed that when hospitals were considered to oper
ate independently,the two approaches yielded approximately similar results.
When the hospitals were considered in area groupings, however, the federal
plan called fro 765 more beds than did the alternative plan. The 1974 cost
of these extra beds was estimated to be between $7 and $10 per hospitalized
patient per day. When account was taken of additions to the stock of 1969
beds, it was found that whereas the federal plan indicated a need for 658
more beds, the alternative indicated a need for an additional 189 beds. It
was estimated that the difference of 469 beds would cost $29.5 million in
construction expenditures and account for between $4 and $7 of the average
daily hospital charge.

The differences permit us to conclude that: (1) Regionalization plans
for hospitals may not yet have been developed to the point where signifi
cant cost savings in construction and maintenance costs can be realized;
and (2) standard approaches to hospital planning, through understating the
potential for hospital cooperation and overstating the risks of overcrowd
ing, may help maintain the status quo exemplified by undercooperation and
uneconomic duplication rather than encourage greater efficiency.

The method used in this study is not new and is not intended as a
panacea for the problems facing hospital planners. But, besides its simpli
city and objectivity, its advantages are: (1) it focuses attention on re-
gionalization and cooperation among hospitals and (2) it shifts the em
phasis in planning hospital size from one that relies on a fixed excess
capacity specification regardless of the size of the hospital to one that
considers regional demographic characteristics and probable entry patterns.

The principal involved is an aspect of economies of scale: efficien
cies of agglomeration. This is, that a single source of service for all
consumers in an area has economies not available if the market is divided.

In light of the findings of this study and taken from the perspective of
using hospital regionalization to promote economical resource allocation,
it is pertinent to question the validity of the methods adopted by federal
planners. But above this, the question that should be asked is: Is the
provision of bed capacity in hospitals an efficient use of scarce resources
generally and in the health field particularly? Are there not, in fact,
other porgrams presently underfunded to which such resources might more
economically be allocated?



*Assistant Professor and Research Assistant, respectively. Department
of Behavioral Science and Community Health, University of Connecticut
Health Center, Hartford, Connecticut.

^When m is large, the Poisson distribution is approximated by a normal
distribution. Also in the Poisson distribution, the standard deviation(a)
is equal to the square root of the mean.

2
Calculated from the cumulative normal distribution, where the area to

the right of the mean plus three standard deviations equals 0.500-0.499 or
0.001.

T

Individual hospitals and locations are not explicitly identified in
this study solely because to do so could detract from a major objective,
which is to examine the economic implication of alternative methods of
hospital planning.

"^The figure was derived from an average of costs for general hospitals
in New York and Massachusetts as estimated by Hill-Burton (21). Comparable
data for Connecticut were unavailable. The estimate is probably quite con
servative.

^The average annual increase during 1967-71 was 16.1 percent. During
1970-71, the rate was 11.7 percent (23),
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