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Peripheral Arterial Testing Before Lower Extremity
Amputation Among Medicare Beneficiaries, 2000 to 2010

Sreekanth Vemulapalli, MD; Melissa A. Greiner, MS; W. Schuyler Jones, MD;
Manesh R. Patel, MD; Adrian F. Hernandez, MD, MHS; Lesley H. Curtis, PhD

Background—Despite mild reductions in rates of lower extremity amputation over the past decade, few data exist on the use

of arterial testing in patients before amputation.

Methods and Results—Using Medicare claims from 2000 through 2010, we examined rates of preamputation arterial

testing between 0 to 12 and 0 to 24 months before amputation. We used multivariable, modified Poisson regression
models to identify patient and clinical predictors of preamputation arterial testing. The main outcome measures were
rates of preamputation arterial testing. Among 17463 patients undergoing nontraumatic amputation, 68.4% underwent
some type of arterial testing. Of these patients, 47.5% underwent ankle-brachial index measurement, 38.7% duplex
ultrasound, 31.1% invasive angiography, 6.7% computed tomographic angiography, and 5.6% magnetic resonance
angiography. Temporal analysis revealed an increase in testing from 65.7% in 2002 to 69.2% in 2010 (P<0.001). The
use of preamputation arterial testing varied significantly by location of amputation and was lowest for foot amputation
(62.5%), followed by above-knee amputation (69.0%) and below-knee amputation (76.7%; P<0.001). After multivariable
adjustment, older age, male sex, black race, renal disease, diabetes mellitus, known peripheral arterial disease, evaluation
by a vascular specialist, and living in the East North Central region were associated with greater rates of preamputation

arterial testing.

Conclusions—Rates of evaluation for peripheral arterial disease before amputation were low, and testing varied by patient,
provider, and regional characteristics. (Circ Cardiovasc Qual Outcomes. 2014;7:142-150.)
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ower extremity peripheral artery disease (PAD) affects
L:S million people in the United States and, in its most
severe form, can require lower extremity amputation.'> Lower
extremity amputation is associated with significant morbid-
ity, mortality, and healthcare costs.** During the past decade,
improved detection, screening, and treatment strategies for
PAD have been associated with a declining rate of lower
extremity amputation among patients with the disease.>® The
possibility of improved revascularization options for patients
facing lower extremity amputation is limited inherently to
patients for whom the diagnosis of PAD has been considered
and the arterial anatomy has been assessed. As a result, cur-
rent guidelines suggest that at-risk patients should be screened
with arterial testing for the diagnosis of PAD.!

Although previous studies have examined the intensity of
vascular care before amputation, these studies were limited to
patients with known PAD and did not address lower extrem-
ity arterial testing.” Consequently, we sought to characterize
the frequency and change over time in arterial testing for the
identification and anatomic characterization of PAD in older
patients undergoing nontraumatic lower extremity amputation.

Methods

Data Sources

We obtained data for a nationally representative 5% cohort of
Medicare beneficiaries from 2000 through 2010 from the Centers for
Medicare and Medicaid Services. The inpatient files contain institu-
tional claims for facility costs covered under Medicare Part A, and the
outpatient files contain claims from institutional outpatient provid-
ers (eg, ambulatory surgery centers, hospital outpatient departments).
The carrier files contain noninstitutional provider claims for services
covered under Medicare Part B. The denominator files contain ben-
eficiary demographic data and information about program eligibility
and enrollment. We restricted the analysis to fee-for-service Medicare
beneficiaries living in the United States.

Study Population

We searched carrier claims submitted between January 1, 2002, and
December 31, 2010, to identify patients who underwent any lower
extremity amputation (see Table I in the Data Supplement for pro-
cedure codes). To ensure that these amputations were not a result of
trauma, we omitted data for patients who had a concurrent diagnosis
of traumatic amputation on the carrier claim. For patients with mul-
tiple claims for lower extremity amputation, we defined the earliest as
the index procedure and required that no amputation was performed
in the 12 months before the index procedure. To assess comorbid
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WHAT IS KNOWN

¢ Improvements in detection, screening, and treatment
strategies for peripheral arterial disease have been
associated with a declining rate of lower extremity
amputation.

e The possibility of improved revascularization in
patients facing lower extremity amputation is lim-
ited to patients for whom a diagnosis of peripheral
arterial disease has been considered and the arterial
anatomy has been assessed. Thus, guidelines suggest
that at-risk patients should be screened with arterial
testing for a diagnosis of peripheral arterial disease.

WHAT THE STUDY ADDS

e Many patients, both with and without known periph-
eral arterial disease, underwent lower extremity
amputation without arterial testing in the year before
amputation.

e Consistent with underrecognition and undertreat-
ment of peripheral arterial disease in women, women
were less likely to receive preamputation arterial
testing.

* Younger patients and patients living in rural areas
also were less likely to receive preamputation arte-
rial testing.

conditions and previous procedures, we required continuous enroll-
ment in fee-for-service Medicare for 24 months before the index pro-
cedure. Because Medicare beneficiaries <65 years of age often have
chronic illnesses that predispose them to PAD, and because current
guidelines suggest that patients >50 years of age with risk factors are
at risk for PAD, this analysis includes beneficiaries of all ages.®

Preamputation Arterial Testing

We searched carrier claims for Current Procedural Terminology
codes for ankle-brachial index (ABI) measurement, lower extremity
arterial duplex ultrasound, lower extremity computed tomographic
angiography, lower extremity magnetic resonance angiography, and
lower extremity angiography performed on the day of amputation
or in the previous 12 months to identify receipt of arterial testing
before nontraumatic lower extremity amputation (Table in the Data
Supplement). In a sensitivity analysis, we extended the preamputa-
tion testing ascertainment period to 0 to 24 months before the index
procedure date.

Predictors of Preamputation Arterial Testing

Patient demographic characteristics included age, sex, race, and state
and zip code of residence. We used the self-reported race categories
black and white and combined all other categories as other. On the
basis of state of residence, we grouped beneficiaries into 9 US cen-
sus regions. We derived a rural indicator variable from rural-urban
commuting area scores based on zip code of residence.”!” For co-
morbid conditions, we used previously validated coding algorithms to
search inpatient, outpatient, and carrier claims in the 12 to 24 months
before the index procedure for evidence of cancer, cerebrovascular
disease, chronic obstructive pulmonary disease, heart failure, isch-
emic heart disease, dementia, diabetes mellitus, hypertension, and
renal disease.!"'> We defined PAD on the basis of any diagnosis code
or procedure code for revascularization.”'* We also searched carrier
claims for outpatient evaluation and management visits with a vascu-
lar specialist, excluding service in an inpatient hospital or emergency
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department (Table in the Data Supplement). We identified vascular
specialists using the Health Care Financing Administration specialty
code on the carrier claim, including cardiologists, peripheral vascular
disease specialists, vascular surgeons, and interventional radiologists
(Table in the Data Supplement).

Statistical Analysis

We present categorical variables as frequencies with percentages and
continuous variables as mean with SDs. We tested for differences in
patient characteristics and use of preamputation imaging by location
(foot, below the knee, or above the knee) using y? tests for categorical
variables and Kruskal-Wallis tests for the continuous age variable,
which had a nonnormal distribution. Similarly, we tested for differ-
ences in the use of preamputation imaging between patients with or
without a diagnosis of PAD in the 12 to 24 months before amputation
and between patients <65 and 265 years of age. We plotted the yearly
rates of preamputation arterial testing stratified by amputation loca-
tion, and we tested for temporal trends using the Cochran—Mantel—
Haenszel test for nonzero correlation. We examined factors associated
with receipt of preamputation arterial testing using univariate and
multivariable, modified Poisson regression models.!* In the multivari-
able models, we adjusted for covariates including age at amputation,
sex, race, US census region, rural location, comorbid conditions in the
previous year, outpatient evaluation and management visit with a vas-
cular specialist in the previous year, and year of the index procedure.

The 2-sided significance level was 0.05. We used SAS version 9.2
for all analyses. The institutional review board of the Duke University
Health System approved the study.

Results
Overall, we identified 17463 patients who underwent nontrau-
matic lower extremity amputation between 2002 and 2010.
These amputations included 7343 (42%) foot amputations,
4804 (27.5%) below-knee amputations, and 5316 (30.4%)
above-knee amputations. Table 1 shows the demographic and
clinical characteristics of the cohort.

Among patients who underwent nontraumatic lower
extremity amputation, the mean age was 73.8 years, 49.1%
were women, and 71.8% were white. In the 12 to 24 months
before amputation, 54.1% of patients had PAD, 47% had isch-
emic heart disease, 35.4% had heart failure, 62.8% had dia-
betes mellitus, and 27.7% had renal disease. About one third
of patients were seen by a vascular specialist and 26.6% were
seen by a cardiologist.

Preamputation arterial testing was performed in 68.4% of all
patients undergoing nontraumatic lower extremity amputation
between 2002 and 2010. The median time from arterial testing
to amputation was 14 days (interquartile range, 4-50). Rates
were significantly different among patients undergoing foot
(62.5%), below-knee (76.7%), and above-knee (62.5%) ampu-
tations (P<0.001; Table 2). The rate of preamputation ABI
measurement was 47.5% overall and was significantly differ-
ent between the groups (46.1%, 52.9%, and 44.5%; P<0.001).
Extending the period of ascertainment for preamputation arte-
rial testing from O to 12 months to O to 24 months before ampu-
tation did not change the relative frequencies of arterial testing.
The use of preamputation arterial testing among patients 265
years of age was higher than among those <65 years of age
(69.2% versus 65.1%; P<0.001; Table 3). The median time
from arterial testing to amputation was 14 days (interquartile
range, 4-57) among patients <65 years of age and 14 days
(interquartile range, 4-49) among patients =65 years of age.
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Table 1. Baseline Characteristics of the Study Population by Location of Amputation
All Patients Foot Below Knee Above Knee
Characteristic (N=17463) (n=7343) (n=4804) (n=5316) PValue*
Age, mean (SD), y 73.8 (12.0) 73.1(11.9) 71.5(12.4) 76.8 (11.3) <0.001
Age group, n (%) <0.001
<50 772 (4.4) 356 (4.8) 286 (6.0) 130 (2.4)
50-54 569 (3.3) 251 (3.4) 210 (4.4) 108 (2.0)
55-59 854 (4.9) 376 (5.1) 313 (6.5) 165 (3.1)
60-64 1108 (6.3) 460 (6.3) 365 (7.6) 283 (5.3)
65-69 2131 (12.2) 946 (12.9) 669 (13.9) 516 (9.7)
70-74 2880 (16.5) 1286 (17.5) 818 (17.0) 776 (14.6)
75-79 3095 (17.7) 1328 (18.1) 819 (17.0) 948 (17.8)
80-84 2871 (16.4) 1181 (16.1) 659 (13.7) 1031 (19.4)
85-89 2003 (11.5) 778 (10.6) 443 (9.2) 782 (14.7)
>90 1180 (6.8) 381 (5.2) 222 (4.6) 577 (10.9)
Women, n (%) 8570 (49.1) 3539 (48.2) 2118 (44.1) 2913 (54.8) <0.001
Race, no. (%) <0.001
Black 3993 (22.9) 1128 (15.4) 1227 (25.5) 1638 (30.8)
White 12535 (71.8) 5835 (79.5) 3289 (68.5) 3411 (64.2)
Other 935 (5.4) 380 (5.2) 288 (6.0) 267 (5.0)
Comorbid conditions, n (%)
Cancer 1887 (10.8) 827 (11.3) 512 (10.7) 548 (10.3) 0.22
Cerebrovascular disease 5033 (28.8) 1790 (24.4) 1317 (27.4) 1926 (36.2) <0.001
Chronic obstructive pulmonary 4920 (28.2) 1999 (27.2) 1335 (27.8) 1586 (29.8) 0.004
disease
Congestive heart failure 6184 (35.4) 2391 (32.6) 1819 (37.9) 1974 (37.1) <0.001
Ischemic heart disease 8249 (47.2) 3349 (45.6) 2390 (49.8) 2510 (47.2) <0.001
Dementia 1397 (8.0) 360 (4.9) 262 (5.5) 775 (14.6) <0.001
Diabetes mellitus 10971 (62.8) 4746 (64.6) 3308 (68.9) 2917 (54.9) <0.001
Hypertension 13933 (79.8) 5841 (79.5) 3852 (80.2) 4240 (79.8) 0.69
Peripheral arterial disease
ICD-9-CM or revascularization 9447 (54.1) 3807 (51.8) 2732 (56.9) 2908 (54.7) <0.001
ICD-9-CM only 9412 (53.9) 3796 (51.7) 2718 (56.6) 2898 (54.5) <0.001
Revascularization only 924 (5.3) 283 (3.9 324 (6.7) 317 (6.0) <0.001
Peripheral vascular disease 7706 (44.1) 2966 (40.4) 2230 (46.4) 2510 (47.2) <0.001
Renal disease 4832 (27.7) 1906 (26.0) 1673 (34.8) 1253 (23.6) <0.001
US Census region, n (%) <0.001
Northeast
New England 763 (4.4) 380 (5.2) 193 (4.0) 190 (3.6)
Middle Atlantic 2310(13.2) 1027 (14.0) 574 (11.9) 709 (13.3)
South
South Atlantic 4070 (23.3) 1489 (20.3) 1162 (24.2) 1419 (26.7)
East South Central 1581 (9.1) 544 (7.4) 410 (8.5) 627 (11.8)
West South Central 2389 (13.7) 917 (12.5) 674 (14.0) 798 (15.0)
Midwest
East North Central 2971 (17.0) 1347 (18.3) 825 (17.2) 799 (15.0)
West North Central 1221 (7.0) 628 (8.6) 302 (6.3) 291 (5.5)
West
Mountain 684 (3.9) 356 (4.8) 213 (4.4) 115(2.2)
Pacific 1474 (8.4) 655 (8.9) 451 (9.4) 368 (6.9)

(Continued)
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Table 1. Continued
All Patients Foot Below Knee Above Knee

Characteristic (N=17463) (n=7343) (n=4804) (n=5316) PValue*
Rural location, n (%) 5092 (29.2) 2065 (28.1) 1392 (29.0) 1635 (30.8) 0.005
Outpatient evaluation and 5477 (31.4) 2437 (33.2) 1627 (33.9) 1413 (26.6) <0.001
management visit, n (%)

Cardiologist 4649 (26.6) 2138 (29.1) 1382 (28.8) 1129 (21.2) <0.001

Interventional radiologist 20 (0.1) . . LT 0.90

Peripheral vascular disease 69 (0.4) 26 (0.4) 21(0.4) 22 (0.4) 0.75

specialist

Vascular surgeon 1421 (8.1) 549 (7.5) 437 (9.1) 435(8.2) 0.006
Year of index amputation, n (%) <0.001

2002 2323 (13.3) 824 (11.2) 693 (14.4) 806 (15.2)

2003 2217 (12.7) 848 (11.5) 658 (13.7) 711 (13.4)

2004 2130 (12.2) 836 (11.4) 633 (13.2) 661 (12.4)

2005 2042 (11.7) 812 (11.1) 582 (12.1) 648 (12.2)

2006 1789 (10.2) 752 (10.2) 493 (10.3) 544 (10.2)

2007 1713 (9.8) 746 (10.2) 436 (9.1) 531 (10.0)

2008 1765 (10.1) 833 (11.3) 437 (9.1) 495 (9.3)

2009 1776 (10.2) 826 (11.2) 437 (9.1) 513(9.7)

2010 1708 (9.8) 866 (11.8) 435 (9.1) 407 (7.7)

ICD-9-CM indicates International Classification of Diseases, Ninth Revision, Clinical Modification.
*We tested for differences by location (foot, below the knee, or above the knee) using y? tests for categorical variables and Kruskal—

Wallis tests for continuous variables.
tData not shown for cells with <11 observations.

To assess changing practice patterns, we examined the fre-
quency of preamputation arterial testing over time (Figure 1).
Although there was a significant increase in arterial testing
overall during the study period (65.7% in 2002 versus 69.2% in
2010; P<0.001), rates remained <80% for both above-knee and
below-knee amputations. Preamputation arterial testing in foot
amputations remained consistent during the study period at
=62%. Specifically, there was a statistically significant increase
in the rate of preamputation ABI measurement (43.8%—-49%),
duplex ultrasound (25.4%-37.5%), and computed tomo-
graphic angiography (0.4%—12.9%). There was no statistically
significant change in invasive angiography (39.3%-39.1%),
and there was a significant decrease in preamputation magnetic
resonance angiography (3.1%—1.9%; Figure 2).

Table 4 summarizes the frequency of preamputation arte-
rial testing by previous PAD diagnosis in patients undergoing

lower extremity amputation. Any arterial testing (73.7% versus
62.1%; P<0.001) and ABI measurement (52.8% versus 41.2%)
were more frequent in patients with known PAD. Among
patients with known PAD, anatomic arterial testing, defined as
duplex ultrasound, computed tomographic angiography, mag-
netic resonance angiography, or invasive angiography, occurred
in 34.8%, 6.8%, 6.3%, and 42.1%, respectively. Extending
the ascertainment period for arterial testing to 2 years before
amputation did not change the frequency of testing substan-
tially in patients without PAD (62.1% versus 62.5%).

Table 5 shows the results of the Poisson models created
to identify clinical predictors of preamputation arterial test-
ing. After multivariable adjustment, younger age, female sex,
dementia, Mountain region, and rural location were associ-
ated with lower likelihoods of undergoing preamputation
arterial testing. Black race, renal disease, diabetes mellitus,

Table 2. Use of Arterial Testing Before Amputation by Location of Amputation

Location of Amputation, n (%)
All Patients Foot Below Knee Above Knee
Test (N=17463) (n=7343) (n=4804) (n=5316) PValue*
Any arterial testing 11945 (68.4) 4589 (62.5) 3686 (76.7) 3670 (69.0) <0.001
Ankle-brachial index 8293 (47.5) 3386 (46.1) 2542 (52.9) 2365 (44.5) <0.001
Duplex ultrasound 5426 (31.1) 1959 (26.7) 1675 (34.9) 1792 (33.7) <0.001
Computed tomographic angiography 1169 (6.7) 406 (5.5) 364 (7.6) 399 (7.5) <0.001
Magnetic resonance angiography 974 (5.6) 391 (5.3) 342 (7.1) 241 (4.5) <0.001
Invasive angiography 6750 (38.7) 2500 (34.0) 2362 (49.2) 1888 (35.5) <0.001
Any arterial testing in the previous 2 y 12512 (71.6) 4853 (66.1) 3820 (79.5) 3839 (72.2) <0.001

*We tested for differences in patient characteristics by location (foot, below the knee, or above the knee) using y? tests.
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Table 3. Use of Arterial Testing Before Amputation by Age

Age, n (%)
Test <65y (n=3303) =65y (n=14160) PValue
Any arterial testing 2151 (65.1) 9794 (69.2) <0.001
Ankle-brachial index 1486 (45.0) 6807 (48.1) 0.001
Duplex ultrasound 950 (28.8) 4476 (31.6) 0.001
Computed tomographic 242 (7.3) 927 (6.5) 0.11
angiography
Magnetic resonance 148 (4.5) 826 (5.8) 0.002
angiography
Invasive angiography 1209 (36.6) 5541 (39.1) 0.007
Any arterial testing in the 2281 (69.1) 10231 (72.3) <0.001

previous 2 y

known PAD, and previous evaluation by a vascular special-
ist were associated with greater likelihoods of preamputation
arterial testing.

Discussion

Treatment options for PAD are expanding but are limited to
patients for whom a diagnosis of PAD has been made. In our
study of Medicare beneficiaries who undergo nontraumatic
lower extremity amputation, only 68.4% received periph-
eral arterial testing of any kind in the preceding 12 months,
including basic testing such as ABI measurement. Pream-
putation testing was associated with age, race, sex, diabetes
mellitus, renal disease, PAD status, geography, and previous
evaluation by a vascular specialist. Despite publication of the
first American College of Cardiology/American Heart Asso-
ciation guidelines for PAD and a concurrent PAD awareness
campaign by the National Heart, Lung, and Blood Institute in
2005 to 2006, rates of preamputation arterial testing improved
only modestly (65.7% versus 69.2%) between 2002 and 2010.

Although declining in incidence, lower extremity amputa-
tion still carries a significant burden of morbidity and eco-
nomic cost for individual patients.'** As a result, current
guidelines state that lower extremity amputation, at least in
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Figure 1. Trends in unadjusted rates of arterial testing before
amputation by amputation location, 2002 to 2010.
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Figure 2. Trends in unadjusted rates of arterial testing before
amputation by testing modality, 2002 to 2010.

part, because of arterial insufficiency is reserved for patients
without medical or revascularization options.' These guideline
recommendations rest on the assumption that clinicians will
identify accurately the presence and pathological contribution
of arterial insufficiency to an extremity under consideration
for nontraumatic amputation.

Previous studies have highlighted the difficulty of rely-
ing on patient history and physical examination alone for the
diagnosis of PAD in patients with or without lower extrem-
ity symptoms.’ In light of its high sensitivity and specific-
ity,'®!7 correlation with disease severity,'® ability to predict
future cardiovascular events," ease of performance, and low
cost, the ABI has long been considered the gold standard for
the diagnosis of PAD. Although not specifically validated as
a screening tool in patients undergoing nontraumatic amputa-
tion, given the cost, morbidity, and decrement in quality of life
associated with lower extremity amputation,”* the threshold
for measurement of the ABI should be low. For these reasons,

Table 4. Use of Arterial Testing Before Amputation by
Peripheral Arterial Disease Status*

Disease Status, n (%)

No Peripheral Peripheral
Arterial Disease Arterial Disease
Test (n=8016) (n=9447) PValue
Any arterial testing 4980 (62.1) 6965 (73.7) <0.001
Ankle-brachial index 3304 (41.2) 4989 (52.8) <0.001
Duplex ultrasound 2139 (26.7) 3287 (34.8) <0.001
Computed tomographic 525 (6.5) 644 (6.8) 0.48
angiography
Magnetic resonance 381 (4.8) 593 (6.3) <0.001
angiography
Invasive angiography 2775 (34.6) 3975 (42.1) <0.001
Any arterial testing in the 5008 (62.5) 7504 (79.4) <0.001

previous 2 y

*Peripheral arterial disease status defined by International Classification of
Diseases, Ninth Revision, Clinical Modification code or revascularization 12 to
24 mo before amputation.
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Table 5. Factors Associated With Arterial Testing Before Amputation

Variable Unadjusted RR (95% Cl) PValue Adjusted RR (95% Cl) PValue
Age group, y
<50 0.80 (0.75-0.86) <0.001 0.78 (0.73-0.83) <0.001
50-54 0.94 (0.88-1.00) 0.07 0.90 (0.84-0.95) <0.001
55-59 0.96 (0.91-1.01) 0.11 0.91 (0.86-0.95) <0.001
60-64 1.02 (0.97-1.06) 0.45 0.95(0.91-0.99) 0.03
65-69 1.03 (0.99-1.07) 0.12 0.99 (0.96-1.03) 0.70
70-74 1.03 (0.99-1.06) 0.13 1.01 (0.98-1.05) 0.39
75-79 1.00 (Reference) 1.00 (Reference)
80-84 0.99 (0.96-1.03) 0.74 1.02 (0.99-1.06) 017
85-89 0.98 (0.94-1.02) 0.30 1.03 (1.00-1.07) 0.09
>90 0.90 (0.85-0.94) <0.001 0.98 (0.94-1.04) 0.54
Women 0.91 (0.89-0.93) <0.001 0.91 (0.89-0.93) <0.001
Race
Black 1.10 (1.07-1.12) <0.001 1.10(1.08-1.13) <0.001
White 1.00 (Reference) 1.00 (Reference)
Other 1.07 (1.03-1.12) 0.002 1.08 (1.03-1.13) <0.001
Comorbid conditions
Cancer 1.04 (1.01-1.07) 0.02 0.98 (0.95-1.01) 0.27
Cerebrovascular disease 1.11 (1.09-1.14) <0.001 1.04 (1.02-1.06) <0.001
Chronic obstructive 1.09 (1.07-1.11) <0.001 1.03 (1.01-1.05) 0.01
pulmonary disease
Congestive heart failure 1.16 (1.13-1.18) <0.001 1.02 (1.00-1.04) 0.08
Dementia 0.90 (0.86-0.94) <0.001 0.87 (0.84-0.91) <0.001
Diabetes mellitus 1.20 (1.17-1.22) <0.001 1.09 (1.06-1.12) <0.001
Hypertension 1.18 (1.15-1.22) <0.001 1.03 (1.00-1.06) 0.07
Ischemic heart disease 1.19(1.17-1.22) <0.001 1.04 (1.02-1.07) 0.001
Peripheral arterial disease 1.19 (1.16-1.21) <0.001 1.10(1.07-1.12) <0.001
Renal disease 1.21 (1.19-1.24) <0.001 1.10 (1.08-1.13) <0.001
Outpatient evaluation and 1.20 (1.18-1.23) <0.001 1.09 (1.06-1.11) <0.001
management visit
Rural location 0.92 (0.90-0.95) <0.001 0.95 (0.93-0.97) <0.001
US Census region
East North Central 1.07 (1.04-1.10) <0.001 1.07 (1.04-1.10) <0.001
East South Central 0.96 (0.92-1.00) 0.03 0.99 (0.95-1.03) 0.65
Middle Atlantic 1.07 (1.03-1.10) <0.001 1.05 (1.02-1.09) 0.002
Mountain 0.82 (0.76-0.88) <0.001 0.85(0.80-0.91) <0.001
New England 0.95 (0.90-1.00) 0.07 0.95 (0.90-1.01) 0.09
Pacific 0.95 (0.91-0.99) 0.01 0.96 (0.92-1.00) 0.045
South Atlantic 1.00 (Reference) 1.00 (Reference)
West North Central 0.94 (0.90-0.99) 0.01 1.00 (0.95-1.04) 0.94
West South Central 1.01 (0.97-1.04) 0.69 1.02 (0.98-1.05) 0.38
Year of index amputation
2002 1.00 (Reference) 1.00 (Reference)
2003 1.01 (0.97-1.05) 0.69 0.99 (0.95-1.04) 0.80
2004 1.03 (0.98-1.07) 0.24 1.02 (0.98-1.06) 0.35
2005 1.07 (1.03-1.12) <0.001 1.05 (1.01-1.10) 0.01
2006 1.06 (1.02-1.11) 0.004 1.04 (1.00-1.09) 0.05
2007 1.04 (1.00-1.09) 0.05 1.03 (0.98-1.07) 0.22
2008 1.05 (1.01-1.10) 0.020 1.04 (1.00-1.09) 0.05
2009 1.07 (1.03-1.12) 0.001 1.05 (1.01-1.09) 0.03
2010 1.05 (1.01-1.10) 0.02 1.03 (0.99-1.07) 0.18

Cl indicates confidence interval; and RR, risk ratio.
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the PAD guidelines recommend ABI as part of the initial man-
agement of patients undergoing amputation.'

The optimal amount of preamputation arterial testing has yet
to be defined based on test characteristics, outcomes studies,
and cost-effectiveness studies. Patients with poor functional
status have had poorer outcomes with surgical revasculariza-
tion??*; however, there is disagreement about what represents
a salvageable 1imb.” Given the proven benefit of revascular-
ization in amputation-free survival and quality of life,”* it
seems that arterial testing should be offered to most patients
facing lower extremity amputation. Indeed, small studies have
demonstrated favorable 1-year survival and amputation-free
survival with the use of aggressive screening and revascular-
ization programs in patients facing amputation.*

Despite these recommendations and data, we observed a
rate of preamputation ABI measurement of only 47.5% and
an overall arterial testing rate of 68.4%. The change in overall
preamputation arterial testing from 2002 to 2010 was clini-
cally negligible, despite a statistically and clinically significant
increase in preamputation ultrasound and computed tomo-
graphic angiography. Given that the magnitudes of increase
in duplex ultrasound and computed tomographic angiography
were greater than the magnitude of change in overall pream-
putation arterial testing, it is likely that a subset of patients
received multiple tests, perhaps indicating attempts at pre-
amputation revascularization. This disproportionate increase
in the rate of preamputation anatomic imaging in the face of
relatively unchanged overall preamputation arterial testing
rates is consistent with previously described differences in the
intensity of vascular care.’

Although patients undergoing above-knee amputation
lose more tissue and have a larger decrement in mobility
than patients undergoing above-knee amputation, the rates
of preamputation arterial testing were lower among patients
undergoing above-knee amputation. The reasons for this dis-
crepancy are unclear. If the observed testing rates in patients
undergoing above-knee amputation correlate with arterial
testing rates in all patients being considered for above-knee
amputation, then the discrepancy may be a reason that above-
knee amputation continues to occur 30% more frequently than
below-knee amputation.’

Stratification of preamputation arterial testing rates by PAD
diagnosis revealed that, even in patients with known PAD,
arterial testing occurs in <75% of patients and anatomic arte-
rial testing occurs in even fewer. Current guidelines suggest
that if a patient facing amputation is considered a candidate
for revascularization, then the patient should undergo ana-
tomic arterial testing.! However, unlike surgical revasculariza-
tion, there is little evidence-based guidance on nonanatomic
predictors of successful endovascular revascularization. Thus,
clinicians who choose not to obtain initial or repeat anatomic
testing in patients with known PAD presenting for consider-
ation of lower extremity amputation may be missing an oppor-
tunity to prevent amputation.

Despite potentially missing opportunities to prevent
amputation, our findings that black patients and patients with
renal disease, PAD, and diabetes mellitus are more likely to
receive preamputation arterial testing imply that clinicians
are indeed focusing testing on patients with the highest pretest
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likelihoods of PAD.*! These same patients are less likely to
receive attempted revascularization,” implying that this dis-
crepancy in care is not because of a lack of recognition of
PAD but rather the extent of disease or procedure-related fac-
tors. Our finding that women are less likely to receive pream-
putation arterial testing is consistent with a recent American
Heart Association scientific statement outlining the under-
recognition and undertreatment of PAD in women.*

We included patients <65 years of age in this analysis
because guidelines suggest an elevated risk of PAD in patients
>50 years of age with risk factors.® Although patients <60
years of age were also less likely to undergo preamputation
arterial testing, this finding should be interpreted with caution.
Because of fee-for-service Medicare eligibility requirements,
enrolled patients <65 years of age are more likely to be per-
manently disabled or be on dialysis. Thus, our findings may
be consistent with clinicians forgoing arterial testing because
of perceived lack of candidacy for revascularization or a lack
of recognition of PAD in younger patients.

Although rates of revascularization and lower extremity
amputation have shown significant regional variation in previ-
ous reports,>’ with the exception of the Mountain region, we
found only minor regional variation in the use of preamputa-
tion arterial imaging after adjustment for other characteristics.
Although receipt of testing was associated with a prior visit
with a vascular specialist, predominately cardiologists, it may
fall to practicing cardiologists to drive national improvements
in this category.

Our study has some limitations. First, the analysis only
includes patients enrolled in fee-for-service Medicare, so
the generalizability to patients not enrolled in fee-for-service
Medicare is unclear. Second, the analysis did not capture data
on unbilled bedside Doppler or ABI exams. It is unlikely,
however, that these tests occur frequently in outpatient set-
tings because of a lack of reimbursement. Furthermore, infor-
mal and nonstandard bedside physiological testing in the face
of impending amputation is fraught with issues of quality
control and ensuring adequate operator qualifications. Third,
we limited our assessment of preamputation arterial testing to
12 months before amputation. However, previous studies have
assessed vascular care during longer intervals before amputa-
tion and found little difference in their effect sizes.* Indeed,
our findings changed little when we increased our ascertain-
ment period to <24 months before amputation.

In conclusion, many patients, both with and without
known PAD, undergo lower extremity amputation without
arterial testing in the year before amputation. Given the mor-
bidity, mortality, and quality of life costs associated with
lower extremity amputation, current guidelines suggest that
ABI measurement should be part of the initial examination of
patients considered for nontraumatic lower extremity ampu-
tation. Consistent with under-recognition and undertreat-
ment of PAD in women, women are less likely to receive
preamputation arterial testing. Given that cardiologists see
the most patients who will go on to need lower extremity
amputation, practicing cardiologists will be responsible for
increasing the frequency of preamputation arterial testing.
Future work should focus on delineating the relationship
between arterial testing and attempted revascularization, as
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well as arterial testing and mortality in patients undergoing
lower extremity amputation.
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