|
a

Z\
i

y Original Contribution

Treatment of Peripheral Artery
Disease and Critical Limb Ischemia:
An Observational Michigan Medicare
Analysis

Jihad A. Mustapha, MD'*; Fadi A. Saab, MD'; William R. Ranger, MD?; Nicolas ]. Mouawad, MD?;
Bynthia M. Gates, PhD% Brad J. Martinsen, PhD% Larry J. Diaz-Sandoval, MD?% Michael Sumners,
MD¢ Carmen Heaney, RN; Thomas P. Davis, MD?

Abstract

Purpose. The selection of endovascular revascularization versus open surgical bypass for an individual patient involves assess-
ment of life expectancy, vascular anatomy, comorbid risk factors, patient preference, and available local skill sets. There are
conflicting data in specific situations on amputation outcomes in patients who receive open or percutaneous revascularization.
We completed an observational Michigan Medicare analysis to investigate the rates of peripheral vascular intervention (PVI)
via endovascular approach or surgical bypass, as well as the amputation rates for potentially informative trends. Methods. The
Medicare 5% sample was analyzed to investigate the amputation rates and PVI rates of various endovascular techniques and
surgical bypass, by hospital, in the State of Michigan over the years 2014 to 2018. To avoid confounding factors, amputation
as the index procedure (primary amputation) was excluded. In addition, only patient outcomes related to PVI (endovascular
or surgical bypass), rather than all institutional amputations, were included. Results. The PVI case count was 570,006 for the
United States and 23,216 for Michigan. Over the period 2014-2018, original Medicare patients represented approximately 65% of
all Medicare enrollees in Michigan. As institutional use of atherectomy increased, the numbers of patients without amputation
increased in the Michigan Medicare population (averaged over five years). Hospitals that used atherectomy at least 57% of the
time had amputation rates under 10%, while those that used atherectomy less than 10% of the time typically had amputation
rates over 30%. Institutions with a notably high rate of amputation had a correspondingly high rate of surgical bypass and low
rate of atherectomy utilization. Conclusion. Extreme differences in treatment preferences at institutions can have dire con-
sequences for CLI patients, resulting in higher amputation rates. Despite the observational nature of this Michigan Medicare
analysis, the data indicate that there is an opportunity to standardize the treatment of CLI patients across institutions. A more
balanced PVI approach to obtain optimal limb salvage rates may help our community reach the American Heart Association

policy statement goal of reducing nontraumatic lower-extremity amputations by 20% by 2030.
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Introduction

During the summer of 2021, to counter misperceptions among
health care professionals and the public, the American Heart
Association (AHA) released a Scientific Statement addressing

treatment of lower extremity peripheral artery disease (LE PAD).

The AHA holds that practitioners typically believe the diagnosis
of PAD to be insignificant, both in terms of the health of their
patients and the practice in their clinics.! LE PAD is defined by
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the AHA/American College of Cardiology (ACC) as atherosclerotic
disease of the arteries supplying the legs,? and the AHA contends
that this disease is both underdiagnosed and undertreated
throughout the world.! Many practitioners stand in agreement
with this contention, along with the idea that a failure to screen
at-risk populations is a major cause of the problem, and the
involvement of a multi-disciplinary team to evaluate patients is
a major part of the solution.*® The devastating consequence of
underdiagnosis and undertreatment is the progression of PAD
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to a more severe and lethal disease, critical limb ischemia (CLI).6

Twenty years ago, 15%-16% of CLI patients in the United
States underwent amputation as their primary procedure, and
the medical community largely accepted this approach, even
though the majority of these patients had not even received a
diagnostic angiogram.*” A decade ago, in an analysis of Medicare
beneficiaries with a CLI diagnosis, it was found that 19% received
primary amputation.® By 2016, the AHA/ACC Guideline on the
Management of Patients with PAD concluded that amputation is
not an acceptable first-line therapy.? Yet, in the AHA 2021 Policy
Statement on Reducing Nontraumatic Lower-Extremity Ampu-
tations, it was reported that there are ~150,000 of such lower
extremity amputations (LEA) performed in the United States
(US) every year, and 25% of patients diagnosed with CLI will
have an amputation within one year of diagnosis.” Most patients
who undergo amputation have diabetes. In these patients, the
amputation rate increased by 50% from 2009 (3.07 procedures
per 1000 diabetic patients) to 2015 (4.62 procedures per 1000
diabetic patients).’ The AHA stated their goal is to reduce the
rate of nontraumatic LEA by 20% by 2030. For patients with
comorbidities such as congestive heart failure, cardiomyopathy,
severe lung disease, and chronic kidney disease, the 2016 guide-
lines had recommended endovascular revascularization for CLL.2
However, proponents of a surgical bypass-first approach suggest
that endovascular interventions are ineffective,'® despite ample,
current evidence to the contrary."V Meanwhile, proponents of
an endovascular-first approach claim that percutaneous inter-
ventions are superior to surgical bypass and should be considered
the primary option.'*

Such a disagreement, it seems, could have been resolved by
the Bypass or Angioplasty in Severe Limb Ischemia (BASIL) trial?°
or the Best Endovascular vs. Best Surgical Therapy in Patients
With Critical Limb Ischemia (BEST-CLI) trial.! Unfortunately,
BASIL suffered from a lack of clinical equipoise, with less than
10% of the eligible patients ultimately being randomized. It
was concluded that “most clinicians exhibit strong preferences
on patient management. The results of the BEST-CLI trial were
just recently published and the results are being fiercely debat-
ed. These preferences appear to be based on specialty and local
experience rather than scientific evidence.”?? In order to address
this bias in clinical practice and dearth of scientific evidence, we
retrospectively analyzed Medicare data over the 5-year period
from 2014 to 2018, to investigate the rates of peripheral vascular
intervention (PVI) via endovascular approach or surgical bypass,
as well as the amputation rates for potentially informative trends
and correlations.

Methods

An observational Michigan Medicare analysis was completed
to investigate the rates of peripheral vascular intervention (PVI)
via endovascular approach (angioplasty, atherectomy, stent,
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TABLE 1. PAD AND CLI ICD-9 AND ICD-10 CODES

Category ICD-9 Code ICD-10 Code

170.201
170.202
170.203
170.208
170.209
170.211
170.212
170.213
170.218
170.219
170.221
170.222
170.223
170.228
170.229
170.231
170.232
170.233
170.234
170.235
170.238
170.239
170.241
170.242
170.243
170.244
170.245
170.248
170.249
170.25
170.261
170.262
170.263
170.268
170.269

PAD 440.20

PAD 440.21

CLI with Rest Pain 440.22

CLI with Ulceration 440.23

CLI with Gangrene 440.24

CLI = critical limb ischemia; ICD = International Classification of Diseases;
PAD = peripheral artery disease

atherectomy + stent) or surgical bypass, as well as the amputa-
tion rates for potentially informative trends. Major amputation
was defined as above-the-knee (ATK) or below-the-knee (BTK)
and minor amputation was defined as below-the-ankle (BTA).
Data was extracted from the 2014-2018 Medicare Inpatient
& Outpatient Hospital SAFs containing inpatient & outpatient
hospital claims for 100% of Medicare claims processed by
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TABLE 1. PAD AND CLI ICD-9 AND ICD-10 CODES (CONT)

MUSTAPHA, ET AL.

TABLE 2. PVI ICD-9 TO ICD-10 PCS CODES.

Category ICD-9 Code ICD-10 Code PVI CATEGORY ICD-9 CoDE ICD-10 CoDE
170.291 Major amputation 84.16 0Y6FO0ZZ to 0Y6G-
170.292 (ATK) 0zz
440.29 170.293 Major amputation 84.17 0Y6C0Z1 to
(ATK) 0Y6D0Z3
170.298
170.299 Major amputation 84.18 0Y670ZZ to
PAD : (ATK) 0Y6802Z
440.4 170.92
Major amputation 84.19 0Y620ZZ to
440.8 170.8 (ATK) 0Y6402Z
440.9 170.90 Major amputation 84.10 0Y6MO0Z0 to
170.91 (BTK) 0Y6J0Z3
443.9 173.9 Major amputation 84.13
CLI = critical limb ischemia; ICD = International Classification of Diseases; (BTK)
PAD = peripheral artery disease Major amputation 84.14
(BTK)
CMS, and from the 2014-2018 Medicare Physician/Carrier Major amputation 84.15
SAF containing physician claims for 5% of Medicare claims (BTK)
processed by CMS.? ICD-9 codes were utilized until October 1, Minor amputation 84.11 0Y6P0Z0 to
2015. ICD-10 codes were implemented on October 1, 2015 and (BTA) 0Y6Y0Z3
used through 2018. Minor amputation 84.12 0Y6MO0Z4 to
A clean period of 1 year was applied to all patients within the (BTA) OY6NOZF
analysis to ensure that peripheral vascular intervention (PVI) Angioplasty 39.50 047C34Z to
rates were not affected by patients that have already undergone 047Y422
treatment. Patients were excluded if they had a diagnosis of PAD Atherectomy 17.56 04CC3ZZ to
or CLI in the 2013 inpatient or outpatient SAFs. Data analyzed 04CY4zz
came from claims with an ICD-9/ICD-10 CM code indicating Stent 00.55 047C34Z to
peripheral artery disease (PAD) or critical limb ischemia (CLI) in 047v442
a primary or secondary position in order to ensure procedures Stent 00.60 047K341 to
were performed to treat PAD or CLI (Table 1). Claims then had to 0471442
include an PVIICD-9/ICD-10 PCS code or PVI CPT* code indicating Stent SRR WA DA
. . . 047Y4DZ
aperipheral vascular intervention took place (Table 2 and Table
3). Patients were excluded if they did not have at least 1 PVI with e 38.40
a primary or secondary diagnosis of PAD or CLI in the 2014-2018 Surgical bypass 38.48 04RKO07Z to
Medicare population. This analysis includes 387,693 patients 04RY4KZ
within 3,195 inpatient and outpatient hospitals utilizing 53,303 Surgical bypass 39.25 0‘(")10104926;0
physicians from the Inpatient Hospital and Outpatient Hospital J
SAFs. Additionally, this analysis includes 6,124 patients utilizing Surgical bypass S ogﬁgig?
1,385 physicians within an office care setting from the 5% sample
. . Surgical bypass 39.49
Physician/Carrier SAF. Data were then parsed for the State of
Michigan only. In the results section/figures the identification Surgical bypass 041C090 to
of Institutions/Hospitals were masked via the use of a series of 041j42Q

alphabetical letter codes.

Major amputation (ATK and BTK), minor amputations (BTA),
and PVI cases without amputations are mutually exclusive. Cases
are classified by the least to most severe, with the severity level
being PVI cases without amputations > minor amputations (BTA)>
major amputation (ATK or BTK). Traumatic amputations were
excluded from this analysis. Additionally, to avoid confounding
factors, amputation as the index procedure (primary amputa-
tion) was excluded from this dataset and from our analysis. This
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ATK = above-the-knee, BTA = below-the-ankle, BTK = below-the-knee, ICD =
International Classification of Diseases, PAD = peripheral artery disease, PVI =
peripheral vascular intervention, PCS = procedure coding system

database specifically included only patient outcomes related to
PVI (endovascular or surgical bypass), rather than all institu-
tional amputations.

PVI categories of angioplasty, atherectomy, stent, atherec-
tomy + stent, and surgical bypass are not mutually exclusive.
A case may include more than one of these PVI categories. The
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TABLE 3. PVI CPT CODES

Category CPT Code

27290
27295
27590
27591
27592
27594
27596
27598
27880
27881
27882
27884
27886
27888
27889
28124
28126
28140
28150
28153

Major amputation (ATK)

Major amputation (BTK)

Minor amputation (BTA)

28160
28800
28805
28810
28820
28825
37220
37222
37224
37228
37232
37221
37223
37226
37230
37234
0238T*
37225
37229
37233

Angioplasty

Angioplasty + Stent

Atherectomy + Angioplasty

ATK = above-the-knee, BTA = below-the-ankle, BTK = below-the-knee, CPT =
current procedural terminology, PVI = peripheral vascular intervention.! Must
also include a CPT code for angioplasty within the claim.
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TABLE 3. PVI CPT CODES (CONT)

Category CPT Code

37227
Atherectomy + Angioplasty + S
Stent

37235

ATK = above-the-knee, BTA = below-the-ankle, BTK = below-the-knee, CPT =
current procedural terminology, PVI = peripheral vascular intervention.! Must
also include a CPT code for angioplasty within the claim.

category of atherectomy + stent is comprised of those cases
where a stent and atherectomy were used during the same
stay. These cases are also be found in the separate categories
of atherectomy and stent.

Within inpatient & outpatient settings, physicians, hospitals,
and cities were included only if they had total intervention counts
of 11 or more for all of 2014-2018. Counts within an office care
setting are multiplied by 20 to account for the physician/carrier
file’s 5% sample size.

Results

The PVI (endovascular or surgical bypass) case count was
570,006 for the United States and 23,216 for Michigan. Over
the period 2014-2018, original Medicare patients represented
approximately 65% of all Medicare enrollees in Michigan. The
5% sample, therefore, represented about 3.25% of the Medicare
population.

The data from the State of Michigan showed (Figure 1) that
as institutional use of atherectomy increased, the numbers of
patients without amputation increased in the Michigan Medi-
care population, averaged over five years. Hospitals that used
atherectomy at least 57% of the time had amputation rates under
10%, while those that used atherectomy less than 10% of the

PVI Patients without Amputation: Rates
Compared with Atherectomy Usage in 2014-
2018 Michigan Medicare Population
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FIGURE 1. As institutional use of atherectomy increased, the number of
patients without amputation also increased. Capital letter code = Masked
identification of institutions/hospitals.
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PVI Patients with Minor Amputation (BTA): Rates
Compared with Atherectomy Usage in 2014-2018

Michigan Medicare Population
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PVI Patients Undergoing Surgical Bypass: Rates
Compared with Patients Undergoing Atherectomy
and Patients without Amputation in 2014-2018
Michigan Medicare Population
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FIGURE 2. As institutional use of atherectomy decreased, minor amputa-
tion (BTA) rates increased. Capital letter code = masked identification of
institutions/hospitals.

PVI Patients with Major Amputation (ATK or BTK):
Rates Compared with Atherectomy Usage in 2014-
2018 Michigan Medicare Population
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FIGURE 3. As institutional use of atherectomy decreased, major amputation
(ATK or BTK) rates increased. Capital letter code = masked identification
of institutions/hospitals.

time typically had amputation rates over 30%. Parsing the data

further, hospital rates of minor amputation (BTA) were investi-
gated. As shown in Figure 2, as institutional use of atherectomy
decreased (trendline), minor amputation (BTA) rates increased.
The data were then studied to compare atherectomy usage rates

with rates of patients who received major amputation (ATK or

BTK). The same inverse correlation was discovered (Figure 3):

as atherectomy use declined, the institutional rate of major

amputation increased.

To compare atherectomy outcomes with those of surgical
bypass, we charted institutional rates of both procedures,
together with the rate of amputation at the corresponding
hospital. We saw, as before, an inverse relationship between
atherectomy usage and rates of amputation, but a direct cor-
relation with surgical bypass usage (Figure 4). As rates of
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FIGURE 4. Institutions with a notably high rate of amputation had a corre-
spondingly high rate of surgical bypass and low rate of atherectomy utiliza-
tion. Capital letter code = masked identification of institutions/hospitals.

surgical bypass increased, the rate of amputation increased.
Further, the inverse relationship between amputation rates
and atherectomy usage was not only generally held, as shown
by the charted trendlines, but was reflected in the specific data
points as well. As revealed in this figure, each institution with
a notably high rate of amputation had a correspondingly low
point of atherectomy usage.

Discussion

This retrospective analysis of Medicare claims data investi-
gated the trends of PVI as they relate to the unwanted outcome of
amputation from 2014 to 2018 in hospitals located in Michigan.
We identified, in the state of Michigan, that as institutional
usage of atherectomy increased, there was a concomitant
decrease in institutional rates of subsequent amputation. This
finding agrees with a previous, nationwide investigation of the
Medicare claims data, which revealed that CLI patients who
underwent atherectomy experienced lower rates of mortality
and major amputation over four years than did patients who
underwent surgical bypass.?

Most studies of surgical bypass versus endovascular inter-
vention suffer from bias, a lack of equipoise. This analysis looked
exclusively at patient-level outcomes based upon the type(s) of
intervention received, in an attempt to circumvent the issue of
selection bias. Given the nature of the data, causality cannot be
determined, but rather an association can be made with lower
amputation rates for those who underwent atherectomy. It is
important to note that this was not a randomized, controlled trial
(RCT) of surgery versus endovascular, but both were considered
as a PVI option based on operator discretion. The recently pub-
lished BEST-CLI trial, an RCT of endovascular versus surgical
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bypass,?2% has provided more information on the differences
in baseline patient characteristics, as well as outcomes. At this
time, however, a recent analysis of diabetic patients presenting
with tissue loss showed that clinical failure was not different
between patients who underwent endovascular intervention
and patients who underwent surgical bypass.*

Vascular disease is the cause of over half of all amputa-
tions performed in the United States,” and nearly half of these
individuals will die within five years of their amputation pro-
cedure.?® Even a minor amputation is not a minor event: 85%
of LEA are preceded by a foot ulcer.?* Amputation is clearly a
negative outcome of PVI treatment, and this Medicare database
provided information both on major amputation (ATK or BTK),
and minor amputation (BTA). A recent study that concluded
surgical bypass to be superior to endovascular intervention
for outcomes relating to amputation did not include atherecto-
my among their recanalization techniques.? In analyzing the
Medicare data for hospitals in Michigan, we looked specifically
at this often-excluded endovascular intervention. Atherectomy
utilization has been scrutinized in recent years,'**° leading to a
decrease in utilization, which likely led to the increase in minor
amputation seen in these data. Minor amputation typically leads
to progressive amputation, and it has similar mortality rates as
major amputation.® In Type 2 diabetics, nearly 60% of patients
with a toe amputation had to undergo further surgery (to revise
the original amputation or to amputate a new site) and only
21% of patients had no complications at one year. The mortality
rate was 7.4%, showing definitively that toe amputation is nota
harmless or minor procedure.

Our study fills a void in the current conversation regarding
appropriate PVI treatment. In addition to the concern of equipoise,
other limitations of many studies are the small, often homogenous
patient populations, the limited number of institutions assessed,
and the unique circumstances borne by those institutions. For
example, Perlander et al reported that at two years, bypass sur-
gery was associated with higher amputation-free survival than
endovascular intervention.? The authors’ conclusion was based
on their study performed at Sahlgrenska University Hospital,
Gothenburg, Sweden and two surrounding district hospitals. All
three of these centers had dedicated vascular surgery units pro-
viding care for CLI patients.” Our study investigated real-world
data from all available hospitals (58) in an entire State and was
not limited to those with specialty centers that may favor one
approach over the other.

Additionally, this retrospective analysis provides an objective
investigation of the treatment factors that may contribute to the
risk of amputation in patients with PAD. This is a critical area of
study, as the consequences of amputation are severe and lethal.
Unfortunately, these consequences are often underestimated
and/or underreported. While risk-prediction tools exist for ob-
jectively assessing some post-amputation outcomes, they tend to
assess populations as a whole rather than consider patient-level
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individual factors. Most focus on operative risk, exclude relevant
comorbidities, and none assess quality of life as an outcome.***

The authors of a novel risk-prediction model that differentiated

between mortality outcomes for patients undergoing trans-
metatarsal, transtibial, or transfemoral amputation stated as

an advantage, rather than a limitation, the fact that their study

“excluded co-morbidities strongly associated with mortality and

a clinical indication for a transfemoral amputation.**” This high-
lights the willful bias against inclusion of at-risk populations and

subsequent reporting of amputation outcomes. For example, it is

known that of patients with PAD, those who have diabetes have

worse treatment outcomes than those without.

However, subjects with diabetes and other comorbidities,
such as older age, advanced ASA grade, and severe renal dis-
ease, are routinely excluded from studies of LEA.* Fortington
et al showed that the very population that typically undergoes
LEA, elderly patients with PAD and diabetes, generally do not
meet the inclusion criteria for LEA studies. They contend that

“difficulties with population sampling are frequent in ampu-
tation research and this impacts our ability to draw accurate
conclusions.” While investigators commonly admit this is a
limitation of their research, nothing is done to actually address
the biased conclusions.* In the study analyzed by Fortington,
they noted that only 27% of all potential patients were referred
to the study and included in the outcome reporting. However,
in the key outcome of one-year survival, which is typically
reported in amputation research, there was a significant dif-
ference between the two groups. The reported 67% survival rate
was for the carefully selected, referred patient population, and
differed significantly from the 40% survival rate of non-referred
patients, who are more representative of the population at large
which undergoes LEA.3®

In reality, subjects with PAD and/or diabetes who undergo
LEA have 1- and 5-year mortality risks (44% and 77%) that
exceed those of most cancers.®* In the UK, patients who also
had typical comorbidities of renal dysfunction, advanced ASA
grade, and older age have a 30-day mortality rate of 9%-17%.¢
Without performing a retrospective analysis, as was done in the
work reported here with the Medicare sample, it is impossible
to delineate the true consequences and correlations of LEA. This
was done with the UK sample. When investigating the impact
of just one of the comorbid factors, (physical status), it was
found that the 30-day mortality rate was 23.2% for subjects
with an ASA grade = 4.38 The impact on amputation outcome
reporting by removing such patients from the studied popula-
tion is obvious and detrimental, generating falsely optimistic
conclusions regarding LEA results.

Further objective investigations, such as the retrospective
analysis reported herein, are critical for properly elucidating and
addressing the causes, effects, and solutions of the amputation
epidemic. It is imperative to look at the rest of the 49 US states
and observe trends. If the national trend is consistent with the
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Michigan data, we must focus on appropriate use criteria for
CLI patients. It is unacceptable to have such a large range of
amputation rates by institution. To achieve the AHA’s goal of
reducing amputation by 20% in the year 2030, institutional
policies must be changed.

Limitations. There are important limitations of this study
to consider. First, the type of PVI performed was identified
using claims codes, so how this decision was made cannot be
discerned. Although use of claims codes to define the primary
exposure can result in misclassification, appropriate and accu-
rate billing is required for reimbursement and likely reduces
this risk. Second, CMS data do not include detailed procedural
information, including lesion characteristics such as length
and severity of disease, degree of calcification, presence of
total occlusion, number of vessels affected, nor location of
the lesions. Thus, any comparisons between endovascular and
surgery should be viewed as observational. In addition, PVI
categories of angioplasty, atherectomy, stent, atherectomy +
stent, and surgical bypass are not mutually exclusive. A case
may include more than one PVI category. Thus, the order of
procedures in those cases (ie, endovascular prior to bypass)
could not be determined, but should be noted as a potential
confounder. Third, other endpoints like repeat revascularization
could not be evaluated due to the ambiguity of claims codes.

This retrospective analysis focused on the state of Michigan
and was observational in nature—no statistical analyses were
completed to adjust for confounding factors. We are planning
an additional analysis and publication that will examine the full
national Medicare database, as well as the completion of statis-
tical analysis to adjust for confounding. Adding 49 states beyond
the scope of Michigan would expand the real-world nature of
such an analysis. Further, our investigation ended in 2018, per
the available data. Although a limitation, it also eliminated the
significant, confounding influence of the Covid-19 pandemic
on hospital procedures. We acknowledge that trendlines do not
always reflect the realities of each data point, and we attempted
to address this by ensuring specific points mirrored the stated
trends; for example, see discussion of Figure 4.

Conclusions

This retrospective analysis of Medicare claims data investi-
gated the trends of PVI as they relate to the unwanted outcome of
amputation from 2014 to 2018 in hospitals located in Michigan.
We identified, in the state of Michigan, that as institutional usage
of atherectomy increased, there was a concomitant decrease
in institutional rates of subsequent amputation. Despite the
observational nature of this Michigan Medicare analysis, the
data indicate that there is an opportunity to standardize the
treatment of CLI patients across institutions. A more balanced
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PVI approach to obtain optimal limb salvage rates may help
our community reach the American Heart Association policy
statement goal of reducing nontraumatic lower-extremity
amputations by 20% by 2030.
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