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SPECIAL ARTICLE

VARIATIONS IN THE USE OF MEDICAL AND SURGICAJ. SERVICES
BY THE MEDICARE POPULATION

Mark R. CHassiN, M.D.. M.P.P., M.P.H., RoserT H. Brook, M.D., Sc.D., R.E. Parx, Pu.D,,
Joan Keesey, ARLENE FInk, PH.D., JacouveLiNe Kosecorr, Pu.D., KatHErRINE KalN, M.D,
Nancy Merrick, M.D., anp Davip H. Soromon, M.D.

Abstract We measured geographic differences in the
use of medical and surgical services during 1981 by Medi-
care beneficiaries (age =65) in 13 large areas of the Unit-
ed States. The average number of Medicare beneficiaries
per site was 340,000. We found large and significant dif-
ferences in the use of services provided by all medical
and surgical specialties. Of 123 procedures studied, 67
showed at least threefold differences between sites with
the highest and lowest rates of use. Use rates were not
consistently high in one site, but rates for procedures used
to diagnose and treat a specific disease varied together,

EARLY 50 years have passed since Glover re-
.L ported a 10-fold difference in tonsillectomy rates
among various geographic areas in England.! Since
then, other researchers have documented similar vari-
ations in hospital admissions, lengths of stay, and spe-
cific surgical procedures in many parts of the devel-
oped world.?"?* Virtually all these studies, however,
have been limited to a few procedures, to small geo-
graphic areas, or to foreign locations. In the United
States, most work on variations has analyzed care pro-
vided in small hospital-service areas in three rural
northeastern states.

The purpose of this paper is twofold. We will first
present, for 18 percent of the population throughout
the United States that is eligible for Medicare, age-
and sex-adjusted population-based data on the use of
selected specific medical and surgical services. We will
also discuss the use of these data in establishing poli-
cies on health care.

METHODS

To develop population-based use rates, we obtained a complete
file of physician claims for the calendar year 1981 from the Medi-
care part B insurance carriers in Arkansas, Colorado, lowa, Massa-
chusetts, Montana, Pennsylvania, South Carolina, and northern
California. These sites were selected because they represented the
diversity of the population eligible for Medicare and of the medical
system; they contained populations that did not often leave their
own areas to obtain medical care; and their insurance carriers used
sophisticated systems to process claims. All carriers also provided
demographic data on patients from their eligibility files and data on
physician specialty from their provider files.
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as did alternative treatments for the same condition.

These results cannot be explained by the actions of a
small number of physicians. We do not know whether phy-
sicians in high-use areas performed too many procedures,
whether physicians in low-use areas performed too few, or
whether neither or both of these explanations are accu-
rate. However, we do know that the differences are too
large to ignore and that uniess they are understood at
a clinical level, uninformed policy decisions that have
adverse effects on the health of the elderly may be made.
(N Engl J Med 1986; 314:285-90.)

The files of physician claims from these sites contained more than
75 million claims for all services, both inpatient and ambulatory
(office-based), that were billed by physicians for elderly persons
eligible for physician services under Medicare part B (97 percent of
all elderly persons in all the areas). The only services provided to
this population that were not reflected in those files were those
rendered by the small number of salaried, hospital-based physi-
cians whose services are not billed directly to Medicare part B —
mainly hospital-based pathologists, although there were some anes-
thesiologists and radiologists.

We defined clinical procedures that were consistent across the
different coding systems used by the eight insurance companies by
combining detailed procedure codes into aggregates. For example,
one carrier used six codes to describe various inguinal herniorrha-
phies and another used five; we incorporated all these variations
into a single procedure group. In this way, we derived 153 proce-
dure groups, which together accounted for 87 percent of total physi-
cian charges under Medicare part B and which included all proce-
dures that accounted for at least 0.1 percent of those charges.

We edited the data to ensure that even though bills from two or
more physicians were received for a procedure, the procedure per-
formed by them jointly was counted only once. We excluded claims
from anesthesiologists and assistant surgeons and, when appropri-
ate, counted a specific procedure performed on the same patient on
the same day only once. Claims that were denied by the carrier and
carrier adjustments to claims were not counted as separate proce-
dures. To make the populations in the separate sites as comparable
as possible, we excluded Medicare beneficiaries under the age of 65
(those eligible to receive Medicare benefits because of various dis-
abilities, including chronic renal disease).

We report here the frequency with which physicians practicing in
each of the 13 sites provided services to Medicare part B enrollees
who resided in that site. On the basis of studies of the origins of
Medicare patients®® that delineate patterns of migration to obtain
hospital care, we divided both northern California and Pennsylva-
nia into three smaller areas and Massachusetts into two smaller
areas. The boundaries were drawn so as to minimize the number of
patients who crossed borders to receive hospital care.?® We ex-
cluded claims for patients residing outside an area who came into it
for services, primarily because we could not measure the population
at risk from which these patients were drawn. We aiso exciuded
services performed for residents of an area by physicians practicing
outside that area, because such services did not directly reflect
medical practice within given areas, which was the primary focus of
our study.

Using Medicare data,?® we determined the proportion of hospi-
talized patients residing in each of our sites who received their
hospital care outside the site. This proportion was small; it account-
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ed for 10 percent in three sites, 6 to 8 percent in five sites, and 3 to 5
percent in five sites.

The denominator for calculating the rates of use of procedures
was the number of persons 63 years of age or older eligible for
Medicare part B who resided in each area. We adjusted the rates for
age and sex differences among the 13 sites by calculating specific
use rates for age and sex subgroups and applyving these rates to a
standard population distribution (the population of the United
States that was over 65 in 1980). It should be noted, however, that
the age and sex distributions among Medicare beneficiaries who
were 65 or older in the 13 sites were similar enough so that this
adjustment did not substantially change the unadjusted rate in
any site.

We tested the statistical significance of the differences in rates
across sites by use of a chi-square test. The null hypothesis was that
the rate at each site was equal to the standardized rate for all the
sites combined. The test statistic was compared with the critical
value of chi-square with § — | degree of freedom (where S = num-
ber of sites compared) to determine whether the observed differ-
ences in rates across sites were statistically significant.?®

REsuLTs

Selected characteristics of the 13 sites are shown
in Table 1. These sites, which have an average Medi-
care population of 340,000, encompass a wide spec-
trum of geographic location and physician availabil-
ity. If .there are variations in the use of medical
services in large populations — 1i.e., variations that
are not produced by the behavior of a few physicians
or groups of physicians — they should appear in
these data.

Table 2 summarizes the variations among the 13
sites in the rates of use of 30 selected medical and
surgical services. For each procedure, we present the
highest, the mean, and the lowest age- and sex-adjust-
ed rates. The mean rate is the total number of proce-
dures performed in all sites, divided by the total num-
ber of beneficiaries of Medicare part B in all sites,
adjusted for age and sex. Table 2 also shows two sum-
mary measures of variation in the use rates. The
ratio of the highest to the lowest rate has been widely
used in previous studies and is not without interest,
despite its statistical instability and unreliability. The
more statistically appropriate coefficient of variation
(standard deviation divided by the mean) is also pre-

Table 1. Selected Characteristics of Geographic Sites.

1981 MEDICARE Prysicians

ParT B PER 1000 ENROLLEES PER
SITE ENROLLEES ENROLLEES* SQUARE MILE
Arkansas 296,000 9.9 6
Coastal Calif. 671,000 27.8 21
Northern Calif. 178,000 18.9 5
Valley Calif. 127,000 14.9 6
Colorado 236,000 254 2
Iowa 381,000 10.1 7
Western Mass. 182,000 15.7 43
Eastern Mass. 513,000 26.3 145
Montana 83,000 13.2 1
Western Pa. 549,000 12.6 26
Central Pa. 497,000 11.6 23
Philadelphia 437,000 24.4 201
South Carolina 270,000 16.1 9

*Source: A : Medical A iation 27

sented. The standard deviation that we used in calcu-
lating the coefficient of variation was weighted to ac-
count for the unequal size of the 13 sites. Data from all
13 sites on all 123 procedures, including the precise
definitions of procedure groups, are available else-
where.?® Laboratory procedures are excluded because
of their high degree of incomplete representation in
part B claims.

The data presented in Table 2 show large variations
in use rates. Statistically, the probability that these
differences were due to chance alone is very small —
less than 0.001 in each case. Of 123 procedures stud-
ied, 76 had coefficients of variation greater than 0.30,
and 67 had at least threefold differences between the
highest and lowest rates. When we divided 117 proce-
dures (physician visits were excluded) into 67 surgical
procedures and 50 nonsurgical procedures, we found
that the average coefficient of variation (0.44) for the
nonsurgical procedures was greater (P<0.001) than
that for the surgical procedures (0.31).

Tables 3 and 4 present the rates of use of selected
cardiovascular and gastrointestinal procedures in all
13 sites. Several observations emerge from examina-
tion of these data. First, the differences summarized
in Table 2 were not produced simply by one or two
atypical sites: rather, for almost all the procedures,
there was a distribution of rates that spanned the
range between the sites with the highest rates of use
and those with the lowest rates. Second, individual
sites did not exhibit the highest or lowest rates with
any degree of consistency. Instead, the same site often
had a high rate for one procedure and a low rate for
another. For example, site D (Table 3) had low rates
of use of coronary-artery bypass surgery and coronary
angiography but the highest rate of transvenous pace-
maker implantation. Similar examples can be seen in
Table 4. We also observed these patterns in many
other procedures.”®

Third, the use of procedures employed to diagnose
and treat the same disorder usually varied together.
For example, the first three procedures listed in Table
3 — electrocardiographic stress testing, coronary an-
giography, and coronary-artery bypass surgery — are
all used primarily in the diagnosis or treatment of
ischemic heart disease. Thus, geographic areas with
high rates of coronary-artery bypass surgery generally
also had high rates of the related diagnostic proce-
dures, and vice versa. The same was true for cholecys-
tography and cholecystectomy (Table 4). We found
similar patterns for other combinations of diagnostic
and therapeutic procedures, including colonoscopy
and colectomy and skin biopsy and excision of a ma-
lignant skin lesion.?®

The rates of use of procedures that can be employed
as alternative treatments for the same condition also
varied together. Table 4 includes two such proce-
dures — injection of hemorrhoids and hemorrhoidec-
tomy. Geographic differences in the use of either of
these procedures might be interpreted as a simple re-
flection of a preference for one of them by particular
communities of physicians. In fact, however, areas



Table 2. Rates of Use of Selected Medical and Surgical Procedures in 13 Sites
by Medicare Beneficiaries 65 Years Old or Older during 1981.*
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ing coronary-artery bypass surgery
in areas where the procedure had

COEFFICIENT
OF VARIATION

PROCEDURE RATE OF Use

HIGH MEAN Low
per 10,000 beneficiaries

Greatest variation among sites

Injection of hemorrhoids 17 7 0.7 0.79
Hip arthroplasty (not total hip) 18 9 2 0.69
Destruction of benign skin lesion 750 360 94 0.67
Arthrocentesis 1100 390 120 0.66
Skin biopsy 190 95 41 0.58
Humeral fracture repair 21 13 3 0.51
Totai knee replacement 20 9 3 0.47
Lumbar sympathectomy 4 2 0.9 0.44
Mediastinoscopy 7 3 1 0.42
Coronary-artery bypass surgery 23 13 7 0.41
Moderate variation among sites

Carotid endarterectomy 23 14 6 0.39
Hiatus hernia repair 5 2 0.8 0.38
Excision of malignant skin lesion 260 150 77 0.37
Endoscopic retrograde

cholangiopancreatography 6 4 03 0.32
Coronary angiography 51 33 22 0.32
Excision of benign breast lesion 21 13 9 0.31
Craniotomy 8 S 3 0.31
Total hip replacement 24 15 8 0.31
Arterial grafts of lower extremities 19 13 6 0.28
Colles’ fracture repair 34 26 15 0.25

Least variation among sites

Bronchoscopy 78 50 35 0.21
Appendectomy 5 3 2 0.19
Abdominal aortic aneurysm repair 10 7 S 0.17
Mastectomy 21 17 8 0.17
Diagnostic upper gastrointestinal

endoscopy 150 120 94 0.16
Colectomy 42 33 24 0.15
Cholecystectomy 52 41 34 0.14
Prostatectomy 97 82 57 0.12
Lens extraction 180 140 120 0.11
Inguinal hernia repair 53 45 38 0.10

high rates of use.
HIGHEST/LOWEST

RATE RATIO Using similar reasoning, we
looked for correlations between the
rates of cholecystectomy and the
proportion of cases that included
exploration of the common bile

26.0 duct, the rates of colonoscopy and
1.4 the proportion of cases in which bi-
zig opsies or polypecyomi<?s were done,
a8 and the rates of sigmoidoscopy and
79 the proportion of those procedures
6.0 that included biopsies or polypecto-
4.0 mies. The correlations were not sig-
6.7 nificant (P>0.05).
3.1 There was also no significant re-
lation between use rates and the
4.0 proportions of procedures done by
59 physicians in particular specialties.
33 Table 6 shows the proportion of
17.2 patients who had diagnostic up-
2.3 per gastrointestinal endoscopy per-
2.2 formed by physicians in various
26 self-designated specialties. The pro-
3.0 portion of all endoscopies done by
3.5 gastroenterologists varied accord-
23 ing to site, from 5 to 72 percent.
22 The proportion performed by in-
22 ternists varied from 12 to 65 per-
22 cent, and that done by general sur-
2.7 geons varted from 4 to 28 percent.
There was, however, no relation be-
1.6 tween the overall rate of use of en-
1.8 doscopy in a site and the proportion
: : of endoscopies performed by physi-
s cians in a particular specxalty. For
14 instance, the correlation between

the rate of use and the percentage of

*Rates are adjusted for age and sex. Chi-square tests are significant for all procedures at the 0.001 levetl. Rates greater than
nine are rounded to two significant figures. Ratios and coefficients of variation are calculated from raw data.

with a high rate of use of either of these procedures
also had a high rate of use of the other (r = 0.66,
P<0.02). Our investigation of another alternative
treatment combination — lower-extremity arterial re-
construction and amputation — also revealed the
rates of use of these procedures to be positively cor-
related.?®

In general, we found no significant relation between
rates of use and the proportion of simple or complex
procedures. Table 5 shows that neither the percentage
of coronary-artery bypass operations in which one ves-
sel was grafted nor the percentage in which more than
one vessel was grafted was significantly related to the
overall rate of bypass surgery. In fact, the likelihood of
receiving more than one graft varied directly with the
use rate (r = 0.44, P = 0.16). We expected the oppo-
site result because we had hypothesized that people
with less severe disease who required fewer grafts
might have a relatively increased chance of undergo-

endoscopies performed by gastro-
enterologists was 0.26 (P = 0.45);
that between the rate of use and
the percentage done by general surgeons was —0.19
(P = 0.57). We found similar results for colonoscopy,
cholecystectomy, coronary angiography, and carotid
endarterectomy.?®

DiscussioN

Our data document large geographic variations in
the rates of use of many different medical and surgical
services by Medicare beneficiaries during 1981. These

_differences involve procedures performed by physi-

cians in almost all medical and surgical specialties and
subspecialti-‘:s,26 in both outpatient and inpatient set-
tings. Because of the large size of the differences ob-
served and of the geographic areas studied, the vari-
ations cannot have been due to the behavior of a few
physicians or groups of physicians. For instance, if the
site with the highest rate of use of upper gastrointesti-
nal endoscopy had had the rate observed in the site
with the lowest rate of use of that procedure, more



Table 3. Rates of Use of Selected Cardiovascular Procedures by Medicare

Beneficiaries 65 Years Oid or Older during 1981.

gree of variation observed for a par-
ticular procedure is linked directly

PROCEDURE SiTE*

A B C D E F G H 1 J K

rate per 10,000 beneficiaries £

Coronary-artery IS 14 15 ¢ 7 9 10 11 16 8 16
bypass
Coronary angi- 39 37 38 23 NAT 26 26 NAt 51 22 33
ography
Electrocardiographic 148 94 77 49 46 43 69 62 182 63 57
stress test
Implantation of 49 47 52 64 59 53 50 58 48 41 22
transvenous
pacemakers
Carotid endarter- 1 14 20 6 11 10 12 12 20 9 16
ectomy

to the degree of medical consensus

MEAN . . . . .
concerning the indications for its
oM 10,18 :
use.'”'® Our findings are partly
consistent with such observations.
19 23 13 For example, the rates for appen-
dectomy and inguinal hernia repair
4503 — procedures about which consen-
w99 78 sus exists f.havq usually exhxblited
little variation in other studies,
44 50 50 and they followed a similar pattern
in our study. However, some proce-
5 23 14 dures for which a clear consensus

about use is less well developed

*Sites are not necessarily given in the order in which they appear in Table 1.
TNA denotes data not available because procedure codes used in that site were nonspecific.
tAdjusted for age and sex.

than 1500 fewer procedures would have been per-
formed on the elderly Medicare beneficiaries in that
area in 1981. Similarly, if the site with the lowest rate
of electrocardiographic stress tests had experienced
the rate found in the site with the highest rate of use of
that procedure, more than 7000 additional people
would have undergone such tests.

A small proportion of-patients in each site did
receive care elsewhere; 3 to 10 percent were hospital-
ized outside their areas. However, this low level of
migration cannot begin to account for the differences
we measured, many of which were 300 percent or
greater,?®

These differences in rates of use by the elderly popu-
lation in large geographic areas are difficult to com-
pare with those found in other studies, because those
investigations involved only small geographic areas.
For example, McPherson and his colleagues reported
data on seven procedures from small areas of New
England, Norway, and England.'® The coefficients of
variation we observed for the six procedures that we
and McPherson et al. both studied
were similar for hernia repair, ap-
pendectomy, and cholecystectomy,
but were lower for prostatectomy,

(such as bronchoscopy and endos-
copy) also showed low variations
in rates of use in our study. In
addition, the large variations in use
that we observed in other proce-
dures (e.g., repair of humeral fracture) were surely not
related to a lack of consensus regarding treatment but
were presumably due to differences in the occurrence
of the condition that required such treatment.

Our data do not provide evidence that variations
can be explained by differences in physician prefer-
ence for alternative procedures to treat the same clini-
cal problem. We were able to study alternative treat-
ment of two conditions — hemorrhoids and peripheral
vascular disease. In each instance, the rates of use of
the two alternative treatments varied together, with a
positive correlation. '

Our data provide no evidence that physicians in
high-use areas perform procedures less appropriately
than do those in low-use areas. If that were the case,
the rate of use of less complex procedures, such as
one-vessel coronary-artery bypasses or colonoscopy
without biopsy or polypectomy, might be expected to
be higher in high-use areas; however, our data did not
reflect such a pattern. Similarly, a correlation might
be expected between the specialty of physicians per-

Table 4. Rates of Use of Selected Gastrointestinal Procedures by Medicare
Beneficiaries 65 Years Old or Older during 1981.

hysterectomy, and hemorrhoidec-
tomy. We would expect to find less
variation in our data because we
intentionally studied large areas to
avoid variations that were due sole-

PROCEDURE

Diagnostic upper

ly to the actions of a few physicians. endoscopy
However, 62 percent of the proce- Colonoscopy

i : Oral cholecys-
dures we studied had a coefficient tography
of variation that was greater than Cholecystectomy

Hemorrhoidectomy

Injection of hem-
orrhoids

0.30, a level considered “highly
variable” in the study by McPher-
son et al.

SiTe* MEaAN
A B c [ E F G H 1 ] K L M
rate per 10,000 beneficiariest
149 153 100 144 100 139 129 it 94 117 114 107 102 122
62 70 81 104 71 72 95 84 43 S0 76 S2 70 76
197 307 142 74 131 78 67 127 123 212 75 185 83 120
48 50 37 36 40 40 43 40 45 42 52 50 34 41
21 13 16 31 17 23 17 15 18 13 17 20 20 19
14 8 2 17 2 9 2 1 2 07 16 4 8 7

Studies of variations in small
areas have suggested that the de-

*See footnote to Tabie 3.
tAdjusted for age and sex.



Table 5. Relation between Use Rate of Coronary-Artery Bypass
Surgery and Number of Grafts Implanted, According to
Geographic Site.

RATE PER
SITE* 100,000 NUMBER OF GRAFTS
1 2 23
percent

M 231 12 20 68
L 189 4 22 74
I 164 8 22 70
A 151 7 17 76
C 146 7 11 82
B 139 7 15 78
H 108 18 19 62
G 100 7 19 74
F 87 17 32 51
D 87 12 19 69
J 75 9 Il 80
E 74 16 23 60

*Site K is excluded because of the use of nonspecific procedure codes.
tAdjusted for age and sex.

forming a procedure and its rate of use. High rates of
use might reflect performance of a procedure by less
qualified physicians. Again, this was not the case in
our study.

In summary, the available data do not allow us to
explain the wide variations we have observed. In addi-
tion, we cannot establish the “correct” use rates from
these data. For any given procedure, geographic dif-
ferences may reflect substantial inappropriate overuse
in the high-use areas with very little inappropriate use
in the low-use areas. On the other hand, the varia-
tions may have occurred because physicians in the
low-use areas were not providing enough services to
those who needed them, whereas those in the high-
use areas were meeting legitimate
medical needs in an appropriate
manner. A third possibility is that
the rates of use of procedures were

ateness of the use of any particular procedure between
high-use and low-use areas. It is dangerous because
such an assumption will surely result in policies that
restrict access to care. Thus, if the assumption is
wrong, patients will suffer.

Only a concerted effort by the medical community
can bring rationality to the debate about geographic
differences.?® In particular, physicians must resolve
the thorny issue of how to define appropriateness in
both the presence and the absence of clinical studies
that define the efficacy of a procedure. Better use of
consensus techniques?® and decision analysis will be
necessary to address this question.

The best medical wisdom will be required to deter-
mine the indications for which services are provided to
patients and to evaluate the appropriateness of per-
forming procedures for these indications. Interpreta-
tion of the results of such an effort may be difficult and
at times may not favor the medical profession. Never-
theless, if substantial inappropriate overuse of proce-
dures is found, the medical profession will then be in
a position to devise a strategy for correcting it. If
underuse is demonstrated, the medical profession may
constitute the most informed voice in helping to alle-
viate it. Perhaps this endeavor will lead not only to
a fairer reimbursement system for physicians and
hospitals but, more important, to one that protects the
health of everyone in the United States, especially
the elderly.
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