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We develop a model for investigating the implications of policies that have encouraged a
shift from inpatient to do-not-admit (DNA) surgery. We use discriminant function analysis
on data for two surgical procedures from the Kaiser Permanente Medical Care Program of
Portland, Oregon. Case attributes found to be significantly associated with the choice of
surgery mode are surgeons' rate of inpatient surgery, number of chronic conditions per
patient, time in surgery, number of procedures performed, and type of anesthesia used. Our
estimates of cost savings provide support on economic grounds for the use of DNA surgery,
for the types of surgery investigated. Our results also suggest that simple evaluation
methods, based on the mean length of stay and on extrapolation of the proportion of DNA
cases from the base year to the current year, may overestimate the cost savings derived
from the shift to DNA surgery.

BECAUSE of the rapidly rising cost of
health care, policy makers and

providers are searching for more effi-
cient ways to deliver medical care
services. Do-not-admit (DNA), or am-
bulatory, surgery is a development
that offers potential savings if it
becomes the standard delivery mode
for appropriate types of surgical cases.
One of the earliest reports on the use

of DNA surgery (for over 7,000 opera-
tions at the Royal Glasgow Hospital
for Children), was published in 1909.
DNA surgery did not receive much
attention in the United States until the
early 1960s. The renewed concern at

that time has been attributed to the
development of safer anesthetic agents
and techniques, high demand for
hospital beds, and increased interest
in early ambulation following surgery
[1]. A number of hospitals in the
United States set up DNA surgery
units in the late 1960s. In 1968, the first
freestanding surgical center was
opened in Providence, Rhode Island.
By 1976 there were an estimated 20
freestanding surgical centers in the
United States, and by 1974, 2,600 of
7,000 hospitals had set up some form of
DNA surgical unit, compared with
only 1,400 in 1973 [2].
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There are several estimates of the
number of surgeries that could be
performed in the DNA mode [3,4,5,6].
These estimates range from 20 to 40
percent of all surgery; this includes
many different procedures and sur-
gical specialities. The diversity of
ambulatory cases is illustrated by
Reed and Ford, who report that 33,000
patients have been treated in the
Phoenix Surgicenter since 1970, over
85 percent of them with general anes-
thesia [7]. The most common DNA
procedure was diagnostic dilation and
curettage, followed by laparoscopy
and myringotomy, inequinal herino-
rahaphy, adenoidectomy, cystoscopy,
and eye muscle operations. In a typical
month with 233 DNA procedures, 106
were gynecological, 54 pediatric, and
52 otolaryngological.
Although a surgical procedure in

itself may not warrant hospitalization,
a patient may nonetheless be admitted.
For example, Barton reports that only
normally healthy patients and pa-
tients with mild systemic disease are
accepted for DNA surgery [8]. Those
who are below average in intelligence,
have severe character disorders, are
unable to get transportation home, or
are uncooperative, hostile, or litigious
are admitted for surgery.

In this article we develop a method
for exploring the medical care cost and
utilization implications of policies that
encourage a shift from inpatient
(INPT) to DNA surgery. We use data
from the Kaiser Permanente Medical
Care Program of Portland, Oregon, a
large prepaid group-practice medical
care system that has been extensively
described in the literature [9]. Specifi-
cally, we do the following:

1. suggest a model for predicting the
choice between DNA and INPT
surgery for surgical procedures
in which both modes are tech-
nically feasible;

2. test the choice model using data
on two surgical procedures, dila-
tion and curettage of the uterus
and excisions of skin lesions;

3. use the choice model to estimate
the medical care cost savings
achieved in 1974 as a result of
policy changes since 1967 that
have encouraged utilization of
the DNA mode; and

4. compare the savings estimate
based on the choice model with
savings estimates obtained by
applying the simple proportions
of DNA cases in the base year
(1967) to cases in 1974.

Choice Model

We propose a methodology capable
of determining the medical care cost
savings achieved by a policy shift from
INPT to DNA surgery between a base
year and any subsequent year. In
analyzing the general case where sur-
gery may have been performed in
either mode during the base year, we
do not assume that all surgery using
the DNA mode in a subsequent year
would have used the INPT mode in the
base year. It is therefore necessary to
study how the attributes of particular
cases were associated with the choice
of surgery mode during the base year.
This approach asserts that the attri-

butes of the case (delineated below)
have some effect on the surgery mode
decision, and that the impact of a
policy change can be determined by
observing how these attributes affect
the decision before and after the policy
change. (An estimate of subsequent-
year cases by mode, made according to
base-year policy and simple base-year
proportions, would give a biased ac-
count of the effect of the policy
change.)
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Case Attributes the comfort of home are more likely to
request the INPT mode.

The choice of DNA or INPT surgery
is influenced by patient factors, pro-
vider factors, and health care system
factors. These factors are not neces-
sarily mutually exclusive; for ex-
ample, provider preferences interact
with patient conditions and system
characteristics to determine surgery
mode. A full development of the path
of this decision process is beyond the
scope of this paper. We consider our
approach to be a first step in modeling
this process.

Patient factors. The most important
patient factors are the patient's phys-
ical condition and the specific condi-
tions of the surgery. Generally, some-
one in poor health status is likely to
have surgery performed in the INPT
mode because of possible complica-
tions. Age may be a proxy for this
factor if more specific data, such as
existence of previous conditions, are
not available. Specific conditions of
the surgery include its extent and
location, the type of anesthesia re-
quired, and the necessary postopera-
tive procedures, such as catheteriza-
tion and frequent change of dressing.
As these factors become more critical,
the likelihood of choosing the INPT
mode should increase.
Economic considerations are another

patient factor. They include the out -of-
pocket price of each surgery mode,
travel time from residence to hospital,
the patient's wage rate, the disability
time required for each mode, and the
home resources available for patient
care. As the relative cost of one mode
rises, the likelihood of choosing that
mode should diminish.
The patient's preferences are the

final patient factor. Patients who pre-
fer the extra security of the hospital to

Provider factors. Provider prefer-
ences for surgery mode have an impact
on patients' surgery mode decisions.
Providers may fail to offer patients one
of the options or may urge that one be
adopted. If providers differ in their
preference for surgery mode, the dis-
tribution of patients among surgeons
will affect the relative proportion of
INPT and DNA surgery. Thus, pro-
vider preference must be controlled
when estimating the effects of other
factors on choice of surgery mode.

System factors. For a given health
care system or facility, the primary
factor affecting the choice of surgery
mode is the number of beds. If a
hospital is operating at or near capac-
ity, there will be pressure to shift cases
to the DNA mode. This is true across
hospitals at a given time a well as
within a hospital over time.
Reimbursement policy is another

important system factor. If care is paid
for under a cost reimbursement fee-
for-service system, rather than a sys-
tem of prospective reimbursement or
prepaid capitation payments, fewer
cases will be shifted to the DNA mode.
Of course, this factor also indirectly
influences choice of surgery mode
since it affects the capacity at which
the hospital operates.

Discriminant Analysis

The choice model is operationalized
by postulating a discriminant function
that includes the choice between DNA
and INPT surgery as the dependent
variable and available measures of the
patient, provider, and system factors
as independent explanatory variables.
This allows us to estimate linear
parameters of the choice model while
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making the two groups as statistically
distinct as possible [10]. As in regres-
sion analysis, the coefficients provide
a means to analyze the relative statis-
tical significance and importance of
the explanatory factors. In addition,
the discriminant function allows us to
classify other cases as to the likelihood
of their being INPT or DNA. The
classification coefficients provide a
means to weight the cases by their
particular characteristics. (This is the
way in which the 1967 surgery policy
will be imposed on the 1974 cases.)
We tested this methodology on a

subset of data from the Portland
Kaiser Permanente Medical Care Pro-
gram's DNA surgery study [11,12]. We
focused on patients who underwent
either of two surgical procedures,
dilation and curettage of the uterus
(D&C)1 or excisions of skin lesions,2
performed as INPT or DNA during
1967 (base year) or 1974. We chose
these procedures for analysis because
of their frequency of occurrence; they
represented over 50 percent of the
DNA surgeries performed during 1974
in the Kaiser Permanente Medical Care
Program. We examined 446 cases,
about 20 percent of the two surgical
procedures for the years 1967 and
1974. The cases were randomly
selected.
Table 1 shows frequency distribu-

tions of the explanatory variables
available to represent factors deline-
ated in the choice model. There is
considerable variation in the data for
several variables, a necessary condi-
tion if these factors are to discriminate
between DNA and INPT surgery. We
obtained these data from chart re-
views of the sample cases.

System variables. Since all patients
and providers were associated with
the Kaiser Permanente Medical Care
Program, there were no direct eco-

nomic motives for choosing one sur-
gery mode over another. This pro-
hibited investigation of an important
policy issue: the effect on surgery
mode choice of prepayment versus
traditional fee-for-service/third party
reimbursement. The system may,
however, have an effect on choice
through the expected availability of
beds at the time of surgery; this is
represented by the occupancy rate
computed on the day of surgery. It is
likely that DNA surgery will increase
as occupancy increases. The frequency
data for 1967 indicate that 67 percent
of the DNA D&C cases were conducted
when the bed occupancy rate was 90
percent or more, compared with 58
percent of the INPT cases. For Skin
Lesions, the comparable figures are 67
percent DNA and 57 percent INPT.
This trend, however, is not apparent
for the 1974 D&C cases.

Provider variables. The only avail-
able indicators of physician prefer-
ences were the proportion of D&Cs and
Skin Lesions performed in the INPT
mode and the proportion of all surgery
performed INPT. We assumed that
physicians who preferred the INPT
mode would have a relatively high rate
of INPT surgery and that the likeli-
hood of using the DNA mode would be
inversely related to a physician's INPT
rate. To avoid building in a tauto-
logical relationship, we calculated sur-
gery rates from a broader experience
than the sample, which constituted
only 21 percent of the cases for the
D&C rates and 32 percent of the cases
for the, INPT rates.

Patient variables. No data were
available on indirect economic factors
such as wage rates, sick leave pro-
visions, and availability of care at
home. In this system, there are no price
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incentives to choose one mode over

another.
Patient characteristics available for

the analysis were age and number of
chronic conditions. The very young

and the very old are more likely to need
the added security and care available
in a hospital. The frequency data
indicate that age is directly associated
with the DNA mode, except for D&Cs
in 1967. For example, 81 percent of the
DNA Skin Lesion excisions were per-
formed on persons 26 years of age and
older, compared with 62 percent for
the INPT mode. The comparable fig-
ures for 1974 were 77 percent DNA and
65 percent INPT.
Because of the greater risk of compli-

cations, persons with one or more

chronic conditions would be more

likely to use the INPT mode. The 1967
frequencies indicate that a substan-
tially greater proportion of INPT
D&Cs than of DNA D&Cs had one or

more chronic conditions (0.43 vs 0.14).
The Skin Lesion cases, however,
showed no differences on this factor.

Additional variables. We analyzed
several additional characteristics of
surgical cases: problems related to the
surgery, time in surgery, use of mul-
tiple surgical procedures, and type of
anesthesia.3 Although these factors
are unspecified before surgery, when
the surgery mode is chosen, they
become useful proxies for case diffi-
culty. It should also be noted that, in a

limited number of cases, the mode is
switched from DNA to INPT during or

after surgery.
With the exception of Skin Lesions

in 1974, the frequency data do not
associate surgical problems with the
INPT mode. The DNA mode is associ-
ated with less time in surgery than is
the INPT mode for both D&Cs and Skin
Lesions in 1967 and 1974.
When more than one surgical pro-

cedure is carried out, the data show
that the surgery mode is more likely to
be INPT; this was expected since
multiple procedures are associated
with the more serious cases. We ex-
pected that general anesthesia and
such methods as spinal, block, and
regional anesthesia would be associ-
ated with the INPT mode, while local
anesthesia would be associated with
the DNA mode. The frequency data
contradict this expectation for D&Cs
while strongly supporting it for Skin
Lesions.

If other case attributes jointly deter-
mine anesthesia and surgery mode,
that is, if anesthesia is endogenous, a
strong correlation between anesthesia
and other case attributes is implied, a
consequence that would distort the
discriminant model described below.
Another concern is that anesthesia
type completely determines surgery
mode. The available evidence, how-
ever, does not indicate problems along
either of these lines. Anesthesia was
not strongly correlated with other
explanatory factors; in no case were
the simple correlations greater than
0.4, and in most cases they were below
0.1. Surgeons report that anesthesia is
but one factor out of the many weighed
in the surgery mode decision [12].

Estimate Equations
We had two related objectives in

developing the choice model for sur-
gery mode. The first objective was to
explain the surgery policy in the base
year with regard to system, provider,
and patient characteristics; we there-
fore estimated a full discriminant
function with all important variables.
The second objective was to obtain the
best predictive model for classifying
the cases; we therefore selected the
discriminant function that classifies
the largest number of cases correctly
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with the fewest variables. We then
used the final equations to estimate the
number of INPT cases diverted to
DNA in 1974 by the policy shift from
INPT to DNA between the base year

(1967) and 1974.
Tables 2 and 3, using 1967 data,

present the full discriminant functions
(model I) and the final discriminant
functions (model II) for D&Cs and Skin
Lesions, respectively. The correct
classification rate and the Chi-square
statistic indicate the overall ability of

the equations to classify the cases

correctly and to discriminate between
the two groups on the basis of their
attributes. The univariate F-ratios in-
dicate the statistical significance of
the differences between means for the
DNA and INPT cases for particular
variables; the standardized coeffi-
cients indicate the importance of each
variable in discriminating between the
two groups.

The results should be considered in
light of certain limitations on the data.

Table 2:
Discriminant Function Estimates for D&Cs, 1967

(N = 96)

Model I

Unstandardized
Coefficients
(Univariate Standardized

Variables* F-ratio)t Coefficients

Hospital Occupancy Rate -0.045 -0.118
0.211)

Surgeon INPT Rate -0.023 -0.387
(3.711)

Age 0.009 0.130
(0.192)

Chronic Conditions -1.495 -0.690
(10.640)

Surgery Problems 0.408 0.196
(0.569)

Time in Surgery (min)
0-10 1.074 0.519

(6.111)
11-30 0.054 0.026

(3.620)
Number of Procedures -1.962 -0.477

(5.375)
Anesthesia

General -1.138 -0.316
Other (1.373)

Constant 4.486
Correct Classification Rate 0.719
X2 18.375

*For the dependent variable, DNA = 1 and INPT = -1.
tThe critical F-value at the 0.05 level of significance is 3.955.
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The sample size (about 100 cases) for
any given discriminant function is
relatively small. In addition, data on

some important patient characteris-
tics-including the wage rate, family
income, and care at home-were not
available. Inclusion of these factors
would probably diminish the impor-
tance of the clinical factors and im-
prove the ability of the equations to
classify cases correctly.
The D&C equation (Table 2) classi-

fied 71.9 percent of the cases correctly.
The factors that were significant at the
0.05 level were chronic conditions,
time in surgery, and number of pro-

cedures. The surgeon INPT rate was

significant at the 0.1 level. All of these
factors had the expected algebraic
signs. The more serious or complicated
cases, as indicated by these factors,
tended to be INPT rather than DNA.
Having a surgeon with a relatively
high rate of INPT cases made the INPT
mode more likely for a patient. Hos-
pital occupancy rate, surgery prob-
lems, and type of anesthesia had no

significant effects. We made several
attempts to obtain a reduced equation
that would predict as accurately as the
full equation, but failed. We therefore
used the full D&C equation for the cost
analysis.
The proportion of misclassified

cases provides information about the
error inherent in the function. Table 4
presents cross-tabulations of the
actual mode of surgery versus the
mode of surgery predicted by the
discriminant functions for D&Cs and
Skin Lesions for 1967. Thirty percent
of the actual INPT cases were pre-
dicted DNA, and approximately 26
percent of the actual DNA cases were

predicted INPT. We discuss these
errors in the next section.
The Skin Lesions equation (Table 3)

classified 90.4 percent of the cases

correctly. With the exception of hos-

pital occupancy rate, chronic condi-
tions, and surgery problems, the vari-
ables were significant at the 0.05 level.
The significant factors had the ex-
pected signs, with the exception of
number of procedures, where a posi-
tive sign indicated that cases with
more procedures tend to be done DNA;
the standardized coefficient of 0.053
for this factor, however, indicates its
small effect in the classification equa-
tion.
This procedure differs from that for

D&Cs in that age is significant where-
as chronic conditions are not, and in
the overwhelming importance of the
type of anesthesia in discriminating
between surgery modes. In contrast to
the D&C equation, only 6 percent of the
actual INPT cases were predicted
DNA, and only 14 pecent of the actual
DNA cases were predicted INPT.

Since anesthesia was such an im-
portant factor, we were able to reduce
the Skin Lesion discriminant model to
that single factor and still correctly
classify the same percentage of cases.
The simplified model (model II) is
presented in Table 3; it was used for
predictive purposes in the cost
analysis.

Cost Analysis

We compare two methods of esti-
mating the medical care cost effects of
the policy change from INPT to DNA
surgery: the discriminant method used
for the choice model, and a proportions
method. The former is preferable be-
cause it is conceptually superior, but it
is also more difficult to implement.
The latter might be recommended for
its efficiency if the two methods
yielded similar estimates. Both of
these methods require estimates of the
average length of stay, the cases
shifted to DNA, the number of cases
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Table 4:
Classification of 1967 Cases Based on

1967 Discriminant Functions

Predicted

DNA INPT N
D&Cs
Actual DNA 32 11 43

INPT 16 37 53
N 48 48 96

Skin Lesions
Actual DNA 31 5 36

INPT 4 59 63
N 35 64 99

shifted, the cost per patient day, and
other cost effects.

Length of stay. The simpler ap-
proach is to use the mean length of stay
for all cases of the same surgery type in
the current year (1974). This yields
estimates of 2.24 days for D&Cs and
3.73 days for Skin Lesions. These
estimates, however, are biased up-
wards to the extent that INPT cases
are more severe or complicated than
cases shifted to DNA. A more con-
servative version of this single-figure
approach was used by Marks et al.
(13]. Estimates of length of stay were
made by the project surgeon from a
sample chart review of each proce-
dure. The surgeon estimated what the
minimum length of stay would have
been had the patients been admitted.
The estimates-1.5 days for D&Cs and
2.0 days for Skin Lesions-were based
on the assumption that patients were
in good health status and that no
complications were expected.
The preferred approach is to specify

a length-of-stay equation for 1974
INPT patients as a function of their
conditions and characteristics. The
equation would predict the length of
stay for each case shifted to DNA. We

specified a length-of-stay equation
that included the same system and
patient variables that appeared in the
full discriminant model. We then re-
duced the models to equations whose
parameters are presented in Table 5.
This yielded average length-of-stay
estimates of 2.04 for D&Cs and 2.60 for
Skin Lesions; these estimates fall
between the extreme values given
above.

Cases shifted to DNA. We used the
1967 discriminant functions (Tables 2
and 3) to classify persons in the 1974
group according to surgery mode.
Persons who were classified as INPT,
but actually received DNA surgery,
constitute an estimate of the shift from
INPT to DNA between the base year
and 1974 (Table 6). The discriminant
function permits identification of the
misclassified cases; individuals' char-
acteristics can be used in conjunction
with the length-of-stay equation to
estimate the length of stay for each
case.
The simpler approach is to assume

that if the 1967 surgery policy existed
in 1974, the proportion of DNA and
INPT cases would be the same. The
estimate of the number of cases shifted
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Table 5:
Final Length-of-Stay Estimates, 1974

D&Cs Skin Lesions
Coefficients Coefficients

Variables (Standard Errors) (Standard Errors)

Time in Surgery (min).
0-10 -2.15

(0.71)
11-30 -2.60

(0.72)
Number of Procedures 1.68

(0.73)
Anesthesia

General -5.00
(1.16)

Other -5.44
(1.52)

Constant 4.40 7.72
(0.65) (1.17)

R2 0.16 0.32

Table 6:
Classification of 1974 Cases Based on

1967 Discriminant Functions

Predicted
DNA INPT N

D&Cs
Actual DNA 60 13 73

INPT 26 32 58

N 86 45 131
Skins Lesions
Actual DNA 49 11 60

INPT 6 54 60

N 55 65 120

from INPT to DNA would be based on
the difference between the actual num-
ber of INPT cases in 1974 and the
number predicted by applying the
1967 proportions to the total number of
1974 surgeries. The problem with this
approach is that it fails to adjust for
possible differences in case character-

istics between current- and base-year
cases.

Cost per patient day. We estimated
the cost per day for inpatient care in
1977 dollars by adding the inpatient
routine labor cost ($41.42) and the
average inpatient routine nonlabor
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cost ($69.60), which includes such
indirect costs as depreciation and
administrative overhead. The total
cost per day ($111.02) excludes pre-
scription drugs and medical supplies
charged to the patient. Hospital costs
are augmented by the cost of daily
physician visits, which are required
for inpatients; our estimate of this cost
was based on the assumption that the
first physician visit would be rela-
tively long and would be valued at 3.0
California Relative Value Studies
(CRVS) units. We assigned each sub-
sequent visit 1.33 units, assuming that
two thirds of all subsequent visits are
routine (1.0 unit) and one third are
nonroutine (2.0 units). We applied a
$12 conversion factor, obtained from
the 1977 Kaiser Permanente fee sched-
ule, to the CRVS units to estimate the
dollar value of the visits.

Other cost effects. Analysis of a
chart review and interviews with
physicians indicated that preoperative
and operative phases are not signifi-
cantly or systematically affected by
surgical mode [13]. However, DNA
patients who have had general anes-
thesia generally require a longer time
in the recovery room. Inpatients are
taken back to their hospital rooms
before they are ambulatory, but DNA
patients must remain in the recovery
room until they are ambulatory. We
based our estimates of extra costs for
DNA cases on a recovery room cost per
minute of $0.438 and the difference in
average recovery time between DNA
and INPT cases. This factor was
relatively low for Skin Lesions be-
cause a large proportion of those cases
are handled with local anesthesia and
do not require time in the recovery
room.

Table 7 presents estimates of cost
savings for D&Cs and Skin Lesions

using the two methods. The estimates
of cases shifted to DNA and of hospital
days saved were converted to dollars
by applying the per diein and physi-
cian visit cost data. These savings
were then reduced by estimating the
cost of the extra recovery room time
required by DNA patients.
The D&C results indicate a close

correspondence between the two
methods for estimates of INPT cases
averted by the shift in policy and for
estimates of the average length of stay.
The total savings estimated by the two
methods differed by 19 percent ($3,252
under the discriminant method versus
$3,858 under the proportions method).

In contrast, the total savings esti-
mated for Skin Lesions differed by
over 100 percent ($3,765 versus
$7,779). This was due to a much lower
estimate of average length of stay
(2.60), using the length-of-stay equa-
tion, than of overall average length of
stay (3.73). In addition, the estimated
number of cases diverted to DNA after
the policy change was 11 using the
discriminant function and 16 using the
simple proportions without adjust-
ment for case characteristics.
Although the discriminant method

is conceptually more appealing be-
cause case characteristics are used to
adjust the estimates, it is not without
problems. Since 1967 discriminant
functions fail to classify all cases
correctly, they are not perfect descrip-
tions of the base-year decision pro-
cess. Thus, when the classification
equations are applied to 1974 data, we
can expect some errors in the classifi-
cations [14]. We are concerned with
the actual DNA cases in the current
year that would have been INPT in the
base year. Errors occur when one of the
cases is misclassified. With the dis-
criminant method, errors in which
INPT is misclassified as DNA result in
an underestimate of the cost savings.
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Conversely, errors in which DNA is
misclassified as INPT result in an
overestimate of the cost savings. Qual-
itatively, the errors are in opposite
directions; to the extent that they
offset each other, the discriminant
method provides an unbiased estimate
of the shift to DNA.

Similarly, the length-of-stay equa-
tions are not perfect predictors of
length of stay, as evidenced by the
adjusted R2s (Table 5). They do, how-
ever, indicate that some case char-
acteristics are significantly associated
with length of stay, and the estimated
average length of stay generated by the
equations can be adjusted for these
characteristics.
Another way to examine the impact

of the policy change between the base
year and the current year is to compare
the full discriminant choice models for
the two time periods: a change in the
choice parameters should reflect the
change in policy. Specifically, if DNA
surgery was generally encouraged by
the surgery department, we should
expect to find that the coefficient
values of the determinants of surgery
choice are lower in subsequent years
than in the base year.
Although we have no statistical test

of the difference in coefficients, sev-
eral of the 1974 coefficient estimates
presented in Tables 8 and 9 are lower
than the 1967 estimates for the same
variable presented in Tables 2 and 3.
For Skin Lesions, age, time in surgery,
and use of general anesthesia are less
strongly correlated with the choice of
surgery mode in 1974 than in 1967. The
reverse is true for number of pro-
cedures. The coefficient comparisons
are more ambiguous for the D&C cases.
Surgeon INPT rate, number of chronic
conditions, and time in surgery are all
less important in 1974 than in 1967, as
expected, but number of procedures
and "other" anesthesia are slightly

more important in 1974 than in 1967.
Interestingly, the discriminant func-
tion correctly classified cases to about
the same degree when applied to either
the 1967 or the 1974 data.

Summary and Conclusions
One of the purposes of the choice

model is to predict the number of
surgical cases shifted from INPT to
DNA given a change in policy between
a base year and any subsequent year.
The choice model permits adjustment
for changes in case attributes; in order
for this to be an improvement over a
simple extrapolation of the proportion
of DNA cases in the base year to the
subsequent year, case attributes have
to be significantly associated with
choice of surgery mode, and the distri-
bution of attributes has to change so
that their effects are not cancelled.

In analyzing data from the Kaiser
Permanente Program, we found sev-
eral case attributes to be significantly
associated with the choice of surgery
mode. For'D&Cs, significant attributes
associated with INPT surgery in-
cluded surgeon INPT rate, chronic
conditions, time in surgery, and num-
ber of procedures. For Skin Lesions,
surgeon INPT rate, age, time in sur-
gery, number of procedures, and anes-
thesia were all significant attributes.
The total distributions of case attri-

butes for 1967 (base year) and 1974,
presented in Table 1, indicate that the
changes tended to offset each other in
the D&C group; for Skin Lesions they
tended to cause a higher prediction for
the DNA mode, leading to a lower
estimate of the number of cases shifted
from INPT to DNA than that obtained
from a simple extrapolation. Estimates
for D&C cases shifted from INPT to
DNA were similar for the discriminant
and proportions methods; estimates
for Skin Lesion cases were lower with
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Table 8:
Discriminant Function Estimates for Skin Lesions, 1974

(N = 120)
Model I

Variables*

Hospital Occupancy Rate

Surgeon INPT Rate

Age

Chronic Conditions

Surgery Problems

Time in Surgery (min.)
0-10

11-30

Number of Procedures

Anesthesia
General

Other

Constant
Correct Classification Rate

Unstandardized
Coefficients
(Univariate
F-ratio)t

0.032
(0.341)
-0.010
(14.20)
0.004
(2.51)
-0.198
(0.567)
-0.243
(1.87)

Standardized
Coefficients

0.099

-0.199

0.080

-0.096

-0.098

0.512
(9.08)
-0.336
(0.827)
-1.20
(20.87)

-2.69
(95.16)
-1.79
(1.07)
-0.765
87.5%

0.128

-0.168

-0.465

-1.35

-0.474

*For the dependent variable, DNA = 1 and INPT = -1.
tThe critical F-value at the 0.05 level of significance is 3.934.

the discriminant method than with the
proportions method.
We estimated medical care cost

savings by applying cost per patient
day and physician visit charge data to
days saved, the latter determined by
averaging 1974 inpatient days and
using an equation for length of stay.
The savings estimate was reduced by
an estimate for the extra recovery
room cost for DNA patients.

Depending on the surgical pro-
cedure, the simple proportions and
mean-length-of-stay approach to cost
savings estimation may seriously
overstate the economic advantages
of DNA surgery. The discriminant
and proportions methods produced
similar cost savings estimates for
D&Cs, but for Skin Lesions, the dis-
criminant-method estimate was only
half that of the proportions method.
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Table 9:
Discriminant Function Estimates for D&Cs, 1974

(N = 131)
Model I

Unstandardized
Coefficients
(Univariate Standardized

Variables* F-ratio)t Coefficients

Hospital Occupancy Rate

Surgeon INPT Rate

Age

Chronic Conditions

Surgery Problems

Time in Surgery (min.)
0-10

10-30

Number of Procedures

Anesthesia
General

Other

Constant
Correct Classification Rate

-0.036
(1.04)
-0.027
(3.73)
0.022
(2.28)
-0.983
(0.929)
0.312
(2.14)

0.757
(13.73)
-0.371
(8.11)
-1.75
(22.79)

-0.587
(0.609)
-1.20
(8.19)
3.52
74.8%

*For the dependent variable, DNA = 1 and INPT = -1.
tThe critical F-value at the 0.05 level of significance is 3.918.

Both methods provide some sup-

port for the DNA mode on eco-

nomic grounds, for D&Cs and Skin
Lesions.
More work is required to understand

the full medical-economic implica-
tions of large-scale shifts from INPT to
DNA surgery. Once the circumstances
under which certain procedures
should be performed in the DNA mode
are identified, our understanding of

the choice mechanism will have to be
improved so that policies that encour-

age appropriate use of DNA surgery

can be adopted. Future studies should
examine patient economic character-
istics such as income, wage rate, and
payment system (i.e., prepayment or

fee-for-service). If fee-for-service is
used, the effect of third party insur-
ance on the choice between DNA and
INPT should be determined. Our re-

-0.126

-0.276

0.279

-0.428

0.136

0.363

-0.171

-0.590

-0.292

-0.519
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sults indicate that the characteristics we determine the social cost implica-
of patients and the preferences- of tions of a shift to DNA surgery,
providers should be controlled when including time lost from work and the
examining policy variables. Finally, a recovery cost imposed on the
full economic evaluation requires that household.

END NOTES
1D&Cs are performed for diagnosis and treatment of various uterine conditions,
including termination of pregnancy and diagnosis of atypical vaginal bleeding.
The cervix of the uterus is gradually dilated to enable insertion of a curette, a
small, loop-shaped blade on a long handle. The curette is then used to scrape
away the lining of the uterus. (In our analysis we excluded D&Cs performed
during normal deliveries. Such D&Cs are not the primary reason for
hospitalization and do not increase the length of stay.)
2Excisions of skin lesions (referred to in the text as Skin Lesions) are most
commonly performed on cysts, tumors, moles, and other benign growths, all of
which require similar surgical treatment. Treatments of traumatic conditions-
chiefly the debridement of wounds, fractures, and burns-are also included in
this category.
3Medical records were examined to determine whether there were problems
related to the surgery or the condition of the patient during the year following
surgery. For Skin Lesions, this included problems such as wound abscess,
abscesses of pilonieal cysts, and ulcerated wounds. Problems were indicated
with the D&C cases when the procedure failed to correct the condition for which
the surgery was performed. These patients often returned for more surgery.
Excess bleeding was another problem associated with some D&C cases.

REFERENCES
1. O'Donovan, T.R. Ambulatory Surgical Centers: Development and Management, p. 4.

Germantown, MD: Aspen Systems, 1976.
2. Anonymous. Reluctance evident in slow growth of same-day surgery. Employment

Benefit Plan Review 30(8):40, Feb. 1976.
3. Ford, J.L. Outpatient surgery: Present status and future projections. Southern Medical

Journal 71(3):312, Mar. 1978.
4. Bale, C. Is "in and out" surgery ready to stay put? Group Practice 11-12, May-June

1977.
5. Beyers, C.K. Surgicenter tells plans for 5th, 6th freestanding surgery clinics. Modern

Health Care 6(3):49, September 1976.
6. O'Donovan, p. 19.
7. Reed, W.A., and J.L. Ford. Development of an independent outpatient surgical center.

International Anesthesiology Clinics 14(12):130, Summer 1976.
8. Barton, M.D. Outpatient surgery and anesthesia. Primary Care (4(1):18, Mar. 1977.
9. Greenlick, M.R., A.V. Hurtado, C.R. Pope, E.W. Saward and S.S. Yoshioka.

Determinants of medical care utilization. Health Services Research 3:296, Winter 1968.
10. Lachenbruch, P.H. Discriminant Analysis, p. 1. New York: Hafner Press, 1975.

395



396 Health Services Research

11. Greenlick, M.R., A.V. Hurtado, J. Johnson and S. Marks. Do Not Admit Surgery Interim
Report, Health Services Research Center, Portland, Oregon, December 1977.

12. Greenlick, M.R., A.V. Hurtado, J. Johnson and S. Marks. Do Not Admit Surgery Final
Report, Health Services Research Center, Portland, Oregon, October, 1979.

13. Marks, S., M.R. Greenlick, A.V. Hurtado, J. Johnson and J. Henderson. Ambulatory
surgery in an H.M.O.: a study of cost, quality of care, and satisfaction. Medical Care
18(2):127, Feb. 1980.

14. Lachenbruch, P.A. and M.R. Mickey. Estimation of error rates in discriminant
analysis. Technometrics 10(1):1, 1968.


