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OBJECTIVE — To describe geographic variation in rates of lower-limb major amputation in
Medicare patients with and without diabetes.

RESEARCH DESIGN AND METHODS — This cross-sectional population-based study
used national fee-for-service Medicare claims from 1996 through 1997. The unit of analysis was
306 hospital referral regions (HRRs) representing health care markets for their respective tertiary
medical centers. Numerators were calculated using nontraumatic major amputations and the
diabetes code (250.x) for individuals with diabetes. Denominators for individuals with diabetes
were created by multiplying the regional prevalence of diabetes (as determined using a 5% sam-
ple of Medicare Part B data identifying at least two visits with a diabetes code for 1995–1996) by
the regional Medicare population. Denominators for individuals without diabetes were the re-
maining Medicare beneficiaries. Rates of major amputations were adjusted for age, sex, and race.

RESULTS — Rates of major amputations per year were 3.83 per 1,000 (95% CI 3.60–4.06)
individuals with diabetes compared with 0.38 per 1,000 (95% CI 0.35–0.41) individuals with-
out diabetes. Marked geographic variation was observed for individuals with and without dia-
betes; however, patterns were distinct between the two populations. Rates were high in the
Southern and Atlantic states for individuals without diabetes. In contrast, rates for individuals
with diabetes were widely varied. Variation across HRRs for individuals with diabetes was
8.6-fold compared with 6.7-fold in individuals without diabetes for major amputations.

CONCLUSIONS — Diabetes-related amputation rates exhibit high regional variation, even
after age, sex, and race adjustment. Future work should be directed to exploring sources of this
variation.
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G eographic variation in the rates of
surgical procedures has been de-
scribed (1–7). Although variations

in the rate of amputation of the lower
limb for individuals with diabetes have

been reported for The Netherlands (8),
no such report has been described for
the entire U.S. Consequently, we under-
took this analysis to describe the major
amputation rates in the Medicare pop-

ulation for individuals with and without
diabetes.

RESEARCH DESIGN AND
METHODS — As part of ongoing
work with the Dartmouth Atlas of Health
Care project, we analyzed claims data
during hospitalizations for all nontrau-
matic lower-limb major amputations in
individuals with and without diabetes en-
rolled in Medicare from 1996 through
1997 (6).

Numerators for nontraumatic ampu-
tations were selected from the MEDPAR
file for 1996–1997. Numerators were cal-
culated from hospital discharges using di-
abetes code (ICD-9-CM, code 250.x) and
the highest-level amputation during the
hospitalization. Major amputations were
defined as transtibial (84.15) or trans-
femoral (84.17).

Denominators were calculated using
the Medicare Denominator file (HISKEW)
for 1996–1997. Denominators for indi-
viduals with diabetes were estimated by
multiplying the regional prevalence of di-
abetes by the regional Medicare popula-
tion. The regional prevalence of diabetes
was based on HEDIS 3.0 using Medicare
Part B claims data for 1995–1996. Pa-
tients with diabetes were defined by hav-
ing a diagnosis code (ICD-9-DM 357.2x,
362.x, 648.0x, 250.xx, or 366.41) listed
on at least two outpatient visits or one
inpatient stay evaluation and manage-
ment code (9,10). Denominators for in-
dividuals without diabetes were the
remaining Medicare beneficiaries. To en-
sure that subjects counted in the numer-
ator corresponded to the denominator,
enrollees younger than 65 years of age or
older than 99 years of age were excluded.
Enrollees in risk-bearing health manage-
ment organizations (;11% for 1996)
were excluded from both the numerator
and denominator (11).

The unit of analysis was the hospi-
tal referral region (HRR). The 306 HRRs
represent health care markets for their re-
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spective tertiary medical centers. Individ-
ual regions were created by the zip codes
in which a plurality of patients sought
care. The average Medicare population
for an HRR was 92,600; the smallest was
14,900 enrollees (6). Previous authors
studied 11 surgical procedures and found
90% of the enrollees resided in the same
HRR as the surgical center (7). Mapping of
HRR boundaries by zip code was created
using zip code boundary files from Geo-
graphic Data Technology (Lebanon, NH).

An indirect method was used to ad-
just procedure rates for sex, race (black,
nonblack), and age (65–69, 70–74, 75–
79, 80–84, 851). To assess regional vari-
ation, the ratio from the highest to lowest
HRR rates was calculated (7). HRRs with
rates based on 10 or fewer procedures
were dropped from the analysis to avoid
unstable estimates of regional variation
(7). For individuals without diabetes, two
HRRs were dropped for major amputation.

Minor amputations (i.e., toe, ray re-
section, transmetatarsal, and Chopart’s)
were dropped from this analysis. We found
52,285 minor amputations in our analy-
sis of 1996–1997 Part A data. A separate
analysis of 1997 Part B data found 53,705
minor amputations. It seems that most
minor amputations missed in Part A data
were performed in individuals without
diabetes. This is supported in our analy-
ses, because 35 HRRs had to be dropped
from the measure of extremal ratio and 80
HRRs were found to have rates .25% be-
low the national average for minor ampu-
tation in individuals without diabetes.
There will be future limitations in using
Part B Medicare data for minor amputa-
tion in individuals with diabetes. Claims
are limited to one diagnostic field and will
likely yield low sensitivity for the diabetes
diagnosis because minor amputations are
performed for multiple diagnostic rea-
sons (i.e., gangrene, osteomyelitis, septic
arthritis, diabetes, etc.).

RESULTS — In the Medicare popula-
tion during 1996 and 1997, a total of
44,599 and 39,111 major amputations
were performed in individuals with and
without diabetes, respectively. A total of
6,037,804 Medicare patients with diabe-
tes were identified in 1996; there were
50,416,125 Medicare beneficiaries with-
out the diabetes code in 1996. This re-
sulted in a diabetes prevalence of 12% for
the Medicare population in 1996. Patients
with diabetes were 10 times more likely to

undergo major amputation. The adjusted
rate of major amputation for individuals
with diabetes was 3.83 per 1,000 (95%
CI 3.60 – 4.06) compared with 0.38 per
1,000 (95% CI 0.354–0.406; P , 0.0000)
individuals without diabetes. The overall
rate of major amputation was 3.69 per
1,000 patients with diabetes. For patients
without diabetes, the overall rate was 0.39
per 1,000. Diabetes-related amputations
accounted for 53% of major amputations.

Higher rates of major amputation for
individuals without diabetes were ob-
served in a wide path across the south,
extending from North Carolina to Texas,
and high rates were noted in the Mid-
Atlantic states. However, in individuals
with diabetes, the regions with the highest
rates were more scattered, with pockets
located in California, Texas, New Mexico,
the upper Midwest, and the Mid-Atlantic
states (Fig. 1 and Fig. 2).

Variation (the ratio from highest to
lowest rate) across HRRs for individuals
with diabetes was 8.6-fold compared with
6.7-fold in individuals without diabetes
for major amputations (Table 1). The Pear-
son correlation coefficient was calculated
for major amputation for individuals with
diabetes to major amputation for individ-
uals without diabetes and was found to be
0.56 (adjusted R2 5 0.31).

CONCLUSIONS — Major amputa-
tion rates for individuals with diabetes ex-
hibited 8.6-fold variation compared with
6.7-fold variation for major amputations
for individuals without diabetes. Major
amputation rates exhibited a high degree
of variation when compared with 11
other procedures in the Medicare popula-
tion over the same time period using the
same methods. Only lower-extremity re-
vascularization, carotid endarterectomy,
back surgery, and radical prostatectomy
exhibited higher variation than amputa-
tion in individuals with diabetes (7). In
The Netherlands, rates of diabetes-related
amputation for the 27 health care regions
varied fourfold, whereas nondiabetes-
related amputation varied only twofold (8).
Our study found higher rates of variability
than that observed in The Netherlands
but a similar pattern of higher variability
in individuals with diabetes as compared
with individuals without diabetes.

Certain regions exhibited higher rates
of major amputation in the Medicare pop-
ulation. For individuals without diabetes,
higher rates were generally observed in

the Southern and Atlantic states. How-
ever, for individuals with diabetes, higher
rates of major amputation were much
more varied.

Geographic variations in surgical care
have been ascribed to population charac-
teristics, underlying surgical capacity and
lack of physician agreement on diagnos-
tic or treatment modalities (12). We at-
tempted to control for differences in the
population characteristics by adjusting
for age, sex, and race. Severity of disease
and comorbid conditions may also affect
rates of amputation. Previous authors us-
ing the same data set and methods found
no change in rates of other procedures
after the additional adjustment for comor-
bid conditions using modified Charlson
scores (13). Other important population
characteristics, such as education and so-
cioeconomic factors, that may influence
self-care and access to care (14–16) were
not controlled because those data were
not available.

Amputation rates may also be affected
by lack of access to medical care. Com-
mon barriers include physical barriers of
geography or transportation as well as fi-
nancial and cultural issues. We have no
evidence for geographic variation of these
types of barriers.

Increased surgical capacity has also
been shown to increase procedure rates
(17). We have no data on geographic dis-
tribution of surgeons or providers of pre-
ventive foot care. For this reason, the HRR
was selected as the unit of analysis in the
present study because it is likely that most
tertiary care facilities have a multidisci-
plinary foot clinic.

One of the more intriguing explana-
tions for the differences in variability
across regions involves regional differ-
ences in diagnosis and management,
which develop when physicians do not
agree on the best way to diagnose or man-
age a particular problem (6,7,18). This
theory suggests that in the face of contro-
versy and uncertainty, physicians develop
a local culture or regional “practice style.”
For example, the rates of internal fixation
of hip fracture exhibit little geographic
variation, reflecting a straightforward di-
agnostic process and essentially one treat-
ment option. In fact, the performance of
internal fixation for hip fracture closely
approximates the incidence of hip frac-
ture in each population (7). On the other
hand, radical prostatectomy for prostate
cancer exhibits high regional variation,
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reflecting the plethora of opinions on di-
agnostic and treatment strategies (7). We
suspect that performance of major ampu-
tation, with its dire implications for dis-
ability and mortality, would be used only
in extreme situations and would thus ex-
hibit low regional variation. The correla-
tion of 0.56 (adjusted R2 5 0.31) suggests
that within each region, major amputa-
tion decisions for diabetic and nondia-
betic populations are influenced in a
similar fashion.

The risk of amputation may be af-
fected by management of risk factors lead-
ing to amputation. Preventive measures

provided by multidisciplinary foot care
teams implementing risk assessment,
therapeutic foot wear, and patient educa-
tion have demonstrated a 50–85% de-
creased risk of ulcer and amputation (19).
Management of foot ulcers remains con-
troversial, but effective management
should include adequate assessment and
treatment of infection, the use of debride-
ment, and off-loading of weight during
ambulation to increase the rate of ulcer
healing and minimize amputation (20).
Although there is significant disagree-
ment regarding the most effective way to
provide preventive care and ulcer man-

agement, there is currently no evidence
for geographic variations in preventive
foot care or ulcer management.

Peripheral vascular disease is the ma-
jor cause of amputation in nondiabetic
individuals and contributes to approxi-
mately half of all amputations in individ-
uals with diabetes (21). Controversies
regarding the appropriate assessment and
management of peripheral vascular dis-
ease also exist. Although some centers of
excellence have reported a decrease in
amputation rates after aggressive surgical
revascularization (22–24), population-
based studies have found no change in

Figure 1—Age-, sex-, and race-adjusted rates (number of HRRs by quintiles).

Lower-extremity amputation in Medicare patients
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amputation rates associated with a tri-
pling of the vascular procedure rate
(25,26). Interestingly, large geographical
variations for lower-extremity vascular
bypass procedure have also been de-
scribed (6).

Our analysis has several potential lim-
itations. Hispanic ethnicity is associated
with lower rates of amputation in individ-
uals with diabetes as compared with Afri-
can-Americans or whites (16). We did not
adjust for Hispanic ethnicity; we adjusted
only for race by African-American status,
which might overstate the amputation
rate in regions with large Hispanic popu-

lations. Second, there may be some mis-
classification in ascertaining diabetes in
the numerator and denominator. The
sensitivity for the diabetes diagnosis in
Medicare claims data has been reported to
be 84% (95% CI 81–86%) when com-

pared with chart audit (27). This same
study reported that coding of major pro-
cedures had high sensitivity, ranging from
88 to 100%. A separate study reported
that the diabetes diagnosis based on
claims data in an ambulatory setting was

Figure 2—Age-, sex-, and race-adjusted rates (number of HRRs by quintiles).

Table 1—Measures of regional variation for major amputation

Diabetes Nondiabetes

External ratio (highest to lowest region) 8.64 4.74
Number of regions with high and low rates

Rates .25% below the national average 34 56
Rates .30% above the national average 42 28
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sensitive (.70%), specific (.98%), and
reliable (k . 0.80) (28). That study used
a method very similar to the present
study. Also, estimates of the diabetes de-
nominator in the present study compare
quite favorably with other published
studies (29).

Our analysis provides a glimmer of
hope in reducing amputation rates. If there
truly are differences in prevention and
management that lead to amputation,
these could be identified and adopted by
other areas. If the rest of the country per-
formed amputations at the 10th percen-
tile rates of major amputation, there would
be 6,299 fewer major amputations per
year in Medicare patients with diabetes.

In summary, lower-limb amputation
in individuals with and without diabetes
exhibits high regional variation in the
Medicare population, even after adjusting
for the patient characteristics of age, sex,
and race. We propose that this variation
may be due to systematic differences in pre-
ventive care and treatment decision-
making. Future work should explore
regional variation in preventive care and
identify the discretionary aspects of deci-
sion-making leading to amputation.
Lastly, the observation that amputation
rates are low in some areas suggests that
care practices in those regions might be
adopted on a widespread basis. This po-
tential decrease in the amputation rate for
the entire population should encourage
public health officials, providers, and pa-
tients that there are indeed ways of de-
creasing the amputation risk for all
diabetic individuals.
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