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Abstract: Peripheral arterial disease is a chronic vascular disease characterized by impaired
circulation to the lower extremities. Its most severe stage, known as critical limb ischemia (CLI),
puts patients at an increased risk of cardiovascular events, amputation, and death. The objective of
this literature review is to describe the burden of disease across a comprehensive set of domains—
epidemiologic, clinical, humanistic, and economic—focusing on key studies published in the last
decade. CLI prevalence in the United States is estimated to be approximately 2 million and is
likely to rise in the coming years given trends in important risk factors such as age, diabetes, and
smoking. Hospitalization for CLI patients is common and up to 60% are readmitted within 6
months. Amputation rates are unacceptably high with a disproportionate risk for certain demo-
graphic and socioeconomic groups. In addition to limb loss, CLI patients also have reduced life
expectancy with mortality typically exceeding 50% by 5 years. Given the poor clinical prognosis,
it is unsurprising that the quality of life burden associated with CLI is significant. Studies
assessing quality of life in CLI patients have used a variety of generic and disease-specific
measures and all document a substantial impact of the disease on the patient’s physical, social,
and emotional health status compared to population norms. Finally, the poor clinical outcomes
and increased medical resource use lead to a considerable economic burden for national health
care systems. However, published cost studies are not comprehensive and, therefore, likely
underestimate the true economic impact of CLI. Our summary documents a sobering assessment
of CLI burden—a poor clinical prognosis translating into diminished quality of life and high costs
for millions of patients. Continued prevention efforts and improved treatment strategies are the
key to ameliorating the substantial morbidity and mortality associated with this disease.

Keywords: critical limb ischemia, peripheral arterial disease, burden, amputation, quality of

life, economics

Introduction

Peripheral arterial disease (PAD) is a chronic vascular disease characterized by
impaired circulation to the lower extremities. While early stages of PAD may be
asymptomatic, the hallmarks of its most severe stage, known as critical limb
ischemia (CLI), are recurring lower extremity rest pain, ulceration, and gangrene
as well as an increased risk of cardiovascular events, amputation, and death.!
Clinical guidelines focus on strategies to promote wound healing and limb salvage
as well as medical therapy to prevent cardiovascular ischemic events.?
Revascularization (either surgical or endovascular) is attempted to provide suffi-
cient blood flow to the extremities in at least 50% of the CLI patients and upwards
of 90% of the patients in certain interventional centers. Minor or major amputation
is utilized when less invasive treatments cannot be used or have failed.
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Numerous published studies have provided informative
CLI overviews focusing on intervention outcomes or
emphasizing one or two elements of disease burden.®'°
However, despite these numerous reviews, a comprehensive
landscape assessment of CLI burden describing contempor-
ary studies is lacking. Therefore, the objective of this lit-
erature review is to describe the burden of disease across
several domains—epidemiologic, clinical, humanistic, and

economic—focusing on key studies published since 2007.

Methods

Literature searches of the PubMed and EMBASE data-
bases were undertaken to identify original research studies
published from January 2007 through October 2018 asses-
sing the epidemiologic burden (ie, incidence and preva-
lence), quality of life burden, and economic burden of
lower extremity CLI. Non-systematic review studies, edi-
torials, letters, commentaries, or posters presented at scien-
tific meetings were excluded. The 12-year time frame was
selected to focus on the most contemporary studies pub-
lished on the burden of lower extremity CLI. Each search
was conducted using controlled vocabulary and limited to
studies published in English and involving humans. The
preliminary literature searches identified 3,254 potentially
relevant studies. Two researchers independently appraised
all of the abstracts from the literature searches for potential
inclusion in the literature review. Additional studies were
identified based on a review of the reference lists from the
full-text studies and a grey search of the internet. The
definition of CLI is not standardized and often varied
across the studies reviewed. Since this was a “pragmatic”
burden of illness review, all studies mentioning lower
extremity CLI were considered for the review. Studies
reporting on related topics such as trends in diagnostic or
revascularization techniques or focusing exclusively on
treatment outcomes associated with specific CLI treat-
ments that did not contain any information on the burden
of CLI were excluded. A total of 73 studies were selected
for inclusion in this literature review.

Results

Epidemiologic and clinical burden
Prevalence and incidence

Disease prevalence and incidence are epidemiologic terms
that define a population at a single point in time (preva-
lence) or as the number of new cases that develop in a
specified time period (incidence). Together, these two

building blocks of epidemiology help to characterize dis-
ease burden in terms of the total numbers of patients,
establish whether that number (or rate of disease develop-
ment) may be growing or diminishing, and provide useful
comparative information across different populations,
whether they be geographically or demographically
diverse.

Several recent studies have reported CLI prevalence
and incidence in the United States (Table 1). CLI preva-
lence in the US adult population aged 40 or older is
estimated to be 1.28%.'” With approximately 156 million
US citizens in this age category,'® this prevalence estimate
translates to approximately 2 million total CLI patients in
the United States. Prevalence estimates in studies of the
US Medicare population range from 0.3% to 2.0%.'"-'92°
With a current beneficiary population of approximately 60
1

million,?! there may be nearly 1.2 million total CLI

patients in the US Medicare program.'’

CLI prevalence in commercial plans—Ilikely being
younger and healthier—are approximately half of
Medicare prevalence.'” This is consistent with an observed
age gradient and prevalence 2 to 3 times higher in older
(age 85+) Medicare patients compared to younger (age
65-69) Medicare patients.'” Annual incidence estimates
of total CLI in these same epidemiologic studies range

from 0.26% to 0.48%.

Readmission rates

Given the poor prognosis and high morbidity and mortality
associated with CLI, patients are commonly hospitalized.
In 2016, Agarwal and colleagues quantified the number of
CLI hospitalizations in the United States based on an
analysis of the US Nationwide Inpatient Sample (NIS), a
database that contained discharge data from approximately
8 million hospitalizations during each year of the study
period (2003—2011).>* The number of CLI hospitalizations
during this time period remained remarkably stable, vary-
ing between 325,000 and 375,000 annually.>? This equates
to nearly 225 CLI admissions per 1,000,000 US persons
aged 40 or older.

Minimizing hospital readmission is an important goal
given the risk hospitalizations pose to patients and the
increasing use of readmission rates as a metric on which
hospitalization performance may be judged. Historically,
readmission rates for CLI patients have been high and,
therefore, clinical studies occasionally use readmission as
an important outcome measure. Recent studies of CLI
readmission rates in the United States (Table 2 and
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Abbreviations: CLI, critical limb ischemia; CPT, Current Procedural Terminology®; ICD-9, International Classification of Diseases 9th Revision.

Figure 1) demonstrate that readmission is common within
30 days (approximately 15-30%) of the index hospitaliza-
tion, with rates approaching 60% at 6 months.
Furthermore, a study by Kolte and colleagues (2017)
using the NIS database shows an increasing likelihood of
readmission with increasing disease severity.?

Amputation rates and mortality

One of the most concerning outcomes for CLI patients is
amputation. Recent studies evaluating amputation rates or
incidence (terminology varies) are presented in Table 3
and Figure S1. Reviewing the methodologic details for
each of these studies demonstrates that there is much
heterogeneity in the contemporary literature related to the
analysis timeframe (annualized, during hospitalization, or
longitudinal evaluation), amputation definition (all types,
major amputation only, or unspecified), and populations
studied (natural history/untreated, Medicare only, under-
going interventions, all CLI, etc.). Therefore, comparisons
and conclusions must be made with caution. Nevertheless,
it is clear that, across all studies, amputation rates are
unacceptably high—typically exceeding 15-20% at 1
year. The study by Agarwal and colleagues (2016) sug-
gests an association between an increasing focus on limb
salvage, greater use of endovascular treatment, and other
factors with a decreasing rate of major amputation since
2003 (through 2011 in their study).”*> However, there
remains ample evidence that there is much room for
improvement in terms of reducing the risk of amputation.

Amputation rates vary primarily by disease severity.
Luders et al (2016) demonstrated that CLI patients have a
much higher risk of amputation relative to less severe PAD
patients (Rutherford 1-3).** Within CLI, a clear gradient
of higher amputation risk with higher disease severity
exists both at initial hospitalization (3.1%, 26.7%, and
55.0% for Rutherford 4, 5, and 6, respectively)® and
through longer-term (4 year) follow-up (12.1%, 35.3%,
and 67.3% for Rutherford 4, 5, and 6, respectively).*®

Amputation rates also vary by the presence of comor-
bid conditions. For example, diabetes is a major risk factor
associated with higher amputation rates. Studies by Baser
(2013) and Spreen (2016) suggest that the probability of
amputation is at least 50% higher in CLI patients with
diabetes versus those without this comorbidity.'**’

Other disparities in amputation risk are apparent that
may have demographic and socioeconomic underpinnings.
While race/ethnicity, income, and insurance status/type
may have some association with diabetes status and/or
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Table 2 CLI readmission rates

Publication Country/ Data source (years) Population details Methods Readmission rate
region ranges (see figure
I for detail)
Reed (2016)° Cleveland, Cleveland Clinic (2011— | CLI patients undergoing | Retrospective analysis of 30-day: 13.9%
OH 2015) endovascular treatment | medical records 6-month: 40.5%

Jones (2016)”"

United States

ACS National Surgical
Quality Improvement
Program (2012-2014)

CLI patients undergoing
open bypass for rest

pain or tissue loss

CPT codes to identify cases

30-day: 16.5-18.8%

Agarwal (2017)%

States of CA,
FL, and NY

State inpatient databases
(2009-2013)

Patients with a principal

diagnosis of CLI

ICD-9 diagnosis and proce-
dure codes used to identify

cases and procedures

30-day: 23.6-29.1%
6-month: 47.7-59.5%

Bodewes (2017)"?

United States

ACS National Surgical
Quality Improvement
Program (2012-2014)

CLI patients undergoing
infrainguinal endovascu-

lar treatment

CPT codes to identify cases

30-day: 16%

Kolte (2017)*

United States

Nationwide
Readmissions Database
(2013-2014)

CLI patients undergoing
open or endovascular

treatment

ICD-9 diagnosis and proce-
dure codes used to identify

cases and procedures

30-day: 14.8-25.0%

Martinez (2018)%*

United States

Nationwide
Readmissions Database
(2013-2014)

CLI patients undergoing
revascularization

procedures

ICD-9 diagnosis and proce-
dure codes used to identify

cases and procedures

30-day: 19.3%
Overall: 40.4%

Masoomi (2018)7

United States

Nationwide
Readmissions Database
(2013)

CLI patients with/with-
out revascularization

procedures

ICD-9 diagnosis and proce-
dure codes used to identify

cases and procedures

30-day: 5%

Notes: *Primary readmission diagnosis of CLI (rather than all-cause).

Abbreviations: ACS, American College of Surgeons; CLI, critical limb ischemia; CPT, Current Procedural Terminology®; ICD-9, International Classification of Diseases 9th

Revision.

disease severity, these factors have been shown to be
important in amputation. For example, in a study by
Henry and colleagues,® statistically significantly higher
odds of amputation during hospitalization were shown for:

e Black and Native American CLI patients (Odds ratios
(OR)=2.15 and 2.00, respectively; reference = white
patients);

e Low-income patients (ORs =1.12-1.34; reference =
highest income quartile); and

e Medicaid patients (OR=1.26; reference = Medicare)
[Note: patients with private insurance were shown to
have lower odds of amputation—OR =0.74].

Similarly, the Baser 2013 study'® also evaluated the annual
incidence of amputation in different races in the US
Medicare program during the years 2007-2008. The
researchers quantified an annual amputation incidence of
20.5% for black CLI patients, approximately double the
incidence observed in white and Hispanic CLI patients.

The finding of racial disparity in amputation frequency
was corroborated in research conducted by Mustapha and
colleagues using more recent (2011-2015) Medicare data.
In their study, blacks more frequently had major amputa-
tion than whites (10% vs 4%; P<0.001), which, according
to the authors, was only partially explained by differences
in patient characteristics (eg, a higher prevalence of gang-
rene in blacks vs whites—36% vs 22%; P<0.001).2°

Not only is amputation a major concern of CLI patients
because of limb loss, but also because of the elevated
mortality associated with amputation. Studies in the
United States and Germany have explored this issue in
patients hospitalized for CLI*® or PAD.** Major amputa-
tion was a statistically significant risk factor for in-hospital
mortality in both studies with odds ratios of 2.81 (relative
to CLI patients without major amputation)*® and 6.69
(relative to any PAD patients without major amputation).*’

Longer-term mortality also appears elevated in patients
undergoing amputation. In a US Medicare population
study, 1-year mortality post-CLI diagnosis was 30.3% in
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***30-DAY READMISSION RA TE***
* AGARWAL 2017 [STATES OF CA, FL, NY]

All-cause readmission after primary CLI admission (2009 - 2013)

271%

Unplanned readmission after primary CLI admission (2009 - 2013)
Allcause readmission after medical therapy alone for CLI (2009 - 2013)

23.6%
29.1%

Unplanned readmission after medical therapy alone for CLI (2009 - 2013)

* JONES 2016 [UNITED STATES]

25.3%

Unplanned readmission in CLI with rest pain after lower extremity bypass (2012 - 2014) I 16.5%

Unplanned readmission in CLI with tissue loss after lower extremity bypass (2012 - 2014)

« KOLTE 2017 [UNITED STATES]

18.8%

Unplanned readmission in CLI with rest pain after revascularization (2013 - 2014) S S 14 8%

Unplanned readmission in CLI with ulcer after revascularization (2013 - 2014)

19.5%

Unplanned readmission in CLI with gangrene after revascularization (2013 - 2014) I 25.0%

« MARTINEZ 2018 [UNITED STATES]
dmission after CLI admi

All-cause r

for revascularization (2013 - 2014)

« BODEWES 2017 [UNITED STATES]

19.3%

Planned readmission after infrainguinal endovascular intervention (2012 - 2014) mm 2.2%

Unplanned readmission after infrainguinal endovascular intervention (2012 - 2014) I 16.0%

* REED 2016 [CLEVELAND CLINIC, OHIO; UNITED STATES]

Readmission after endovascular treatment of CLI (2011 -2015) I — . 13 9%

***6-MONTH READMISSION RATE***
* AGARWAL 2017 [STATES OF CA, FL, NY]

56.6%

All-cause readmission after primary CLI admission (2009 - 2013)

47.7%

Unplanned readmission after primary CLI admission (2009 - 2013)

59.5%

All-cause readmission after medical therapy alone for CLI (2009 - 2013)

Unplanned readmission after medical therapy alone for CLI (2009 - 2013)

* REED 2016 [CLEVELAND CLINIC, OHIO; UNITED STATES]

51.5%

Readmission after endovascular treatment of CLI (2011 - 2015)

0.0%

Figure | US CLI readmission rates.
Abbreviation: CLI, critical limb ischemia.

patients without nontraumatic amputation and 40.4% in
patients with nontraumatic amputation.'” In a study of
elderly (>70 years of age) Dutch CLI patients, mortality
rates at 1, 3, and 5 years were 27%, 49%, and 61%,
respectively, in those treated without amputation.’'
However, in the elderly CLI patients undergoing amputa-
tion, mortality rates at the same timepoints were 44%,
66%, and 85%, respectively, indicating substantially
worse survival outcomes.”!

Long-term mortality rates

As discussed earlier, amputation is associated with poor
survival outcomes; however, the long-term prognosis for
all CLI patients also is unfavorable. Using a variety of
methods and data sources, many researchers have quanti-
fied mortality in CLI patients (Table 4 and Figure 2). One-
year mortality ranges from 15% to 40%, depending on a
variety of factors. In addition to the aforementioned impact
of amputation, increasing disease severity and diabetes are

40.5%

10.0% 20.0% 30.0% 40.0% 50.0% 60.0%

associated with increased mortality. Over time horizons of
4 to 5 years, mortality commonly exceeds 50%, especially
in patients with more severe disease (Rutherford 5 [ulcer]
or Rutherford 6 [gangrene]). However, the evidence sug-
gests that the impact of diabetes is attenuated with longer-
term follow-up. Studies by Spreen (2016) and Freisinger
(2017) in the Netherlands and Germany, respectively,
show no mortality difference by diabetes status®> or

minor differences that are not statistically significant.?’*>

Quality of life burden

The quality of life burden in CLI patients is substantial.
Patients with CLI suffer from ischemic rest pain, non-heal-
ing ulcers, and/or symptomatic gangrene.''? This debilitat-
ing disease causes dependency on caregivers for support,
the need for permanent local wound treatment, and the
chronic use of pain-relieving medications.''** Further, as
discussed earlier, there is a significant risk (and fear) of
major amputation and a high rate of mortality."
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Figure 2 Long-term CLI mortality rates.
Abbreviations: CLI, critical limb ischemia; OXVASC, Oxford Vascular Study.

Additionally, patients with CLI often suffer from one or
more comorbidities such as coronary artery disease, demen-
tia, cerebrovascular disease, and diabetes.!>>* All of these
factors severely impair a patient’s quality of life.

Most of the studies published in the past twelve years
assessing quality of life in CLI patients have examined the
change in quality of life (ie, improvement) after an interven-
tion (ie, endovascular procedures, surgical revascularization,
etc.) in comparison to baseline quality of life scores. Only a
few contemporary studies have directly assessed the quality
of life burden of CLI in a non-interventional setting.'*>
Although these intervention studies were not designed to
compare baseline quality of life scores in CLI patients to
healthy people in the community, they may provide useful

20.0% 30.0% 40.0% 50.0% 60.0% 70.0%

information on the magnitude of quality of life burden in CLI
patients who are candidates for medical intervention. To
determine the quality of life burden in CLI patients, this
review primarily focused on comparing the baseline quality
of life scores of CLI patients reported from interventional
studies to the quality of life scores of healthy people reported
from studies of community-based norms.

Instruments for assessing quality of life in CLI patients

Studies examining the quality of life in CLI patients have used
a combination of generic quality of life questionnaires (ie, SF-
36) and disease-specific measures (ie, VascuQOL) (Table 5).
Generic instruments are applicable to CLI populations because
they address multidimensional domains of quality of life
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Table 5 Commonly used generic and disease-specific quality of life instruments in CLI studies

QOL instrument Abbreviation Domains Scoring
Short-Form 36 or RAND SF-36 or RAND-36 | 36 items assessing 8 health-related concepts including physical 0 to 100
Short-Form 36 functioning, bodily pain, general health, vitality, social functioning,
mental health, and emotional well-being. The measure also yields
psychometrically-based physical and mental health summary scores.
Short-Form 6 Dimension SF-6D The SF-6D health index is designed for calculating Quality Adjusted | 0 to |
Life Years (QALYs), which are used to estimate the cost-effective-
ness of health interventions.
EuroQol-5D (Utility Measure) | EQ-5D A descriptive system of 5 dimensions including mobility, self-care, EQ-5D Items: 01
EuroQol-Visual Analog Scale EQ-VAS usual activities, pain/discomfort, and anxiety/depression. VAS: 0-100
Visual analog scale from 0 to 100.
Nottingham Health Profile NHP 38 statements addressing 6 health-related concepts including energy, | 0-100
pain, emotional reaction, sleep, social isolation, and physical mobility.
FLeQKI [German] FLeQKI [German] 35 items addressing 7 domains including comorbidity, physical pain,
physical functioning, physical state, social functioning, mental health,
and therapy-induced limitations.
Vascular Quality of Life VascuQOL-25 25 questions assessing 5 domains including pain, symptoms, activ- 1-7
Questionnaire VascuQOL-6 ities, social well-being, and emotional well-being. 624
6 items assessing the same 5 domains listed above.
Walking Impairment WIQ 16 questions assessing 4 domains including symptoms, distance, 0-100
Questionnaire speed, and climbing.
World Health Organization WHOQOL-100 100 questions assessing physical health, psychological health, social | 0-100
Quality of Life Assessment WHOQOL-BREF relationships, and environment. 0-100
Instrument 26 questions assessing 4 domains including physical health, psycho-
logical health, social relationships, and environment.

Notes: Data from Alabi 2017,* Lawall 2012,'' Monaro 2016,'? Steunenberg 2016,'® Wohlgemuth 2007.2°

Abbreviations: QOL, quality of life; CLI, critical limb ischemia.

relevant to CLI patients such as mental health, physical func-
tioning, bodily pain, emotional health, commonly performed
daily activities, and social functioning.'' The SF-36 is the most
frequently used generic quality of life assessment tool in CLI
studies. Other generic quality of life measures that have been
used in CLI studies include the Nottingham Health Profile
(NHP), the World Health Organization Quality of Life
Assessment Instrument (WHOQOL-100 and WHOQOL
BREF), and the EuroQol-5D. The EuroQol-5D has been
used in CLI studies to derive health state utilities.
Disease-specific quality of life instruments are applicable
to CLI populations because they address the specific limita-
tions experienced by the patient, making them more sensitive
to detect clinically relevant changes in health status in
response to disease progression or treatment.*® However, a
disease-specific quality of life measure for CLI has yet to be
developed. Consequently, studies examining the quality of
life in CLI patients have relied on disease-specific measures
that have previously been developed for PAD patients. The

Vascular Quality of Life Questionnaire (VascuQOL) is a
PAD-specific measure that has been validated in CLI patients
and used in several CLI studies.’’ Ideally, studies examining
quality of life in patients with CLI should include both
generic and disease-specific measures.

Assessments of quality of life burden in CLI patients
Several studies have reported baseline SF-36 scores in CLI
patients from clinical trials of various revascularization proce-
dures (Table 6)."****® In most of these studies, low quality of
life baseline SF-36 scores were consistently observed in the
physical health domains, including physical functioning, role
physical functioning, and bodily pain compared to US com-
munity-based norms. The population norms in the United
States for each of the SF-36 domains are as follows: physical
functioning, 50.7; role physical, 49.5; bodily pain, 50.6; gen-
eral health, 50.1; vitality, 53.7; social functioning, 51.4; role
emotional, 51.4; mental health, 54.3; physical component

summary, 49.2; and mental component summary, 53.8.%°
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Sprengers and colleagues (2010) assessed quality of
life using the SF-36 in 47 patients with “no-option” CLI
using baseline data from the JUVENTAS trial, a rando-
mized clinical trial examining the effects of bone marrow
mononuclear cells in CLI patients.'* “No-option” CLI was
defined as patients with no surgical or endovascular
options for revascularization.'"* The results of the study
showed that patients with no-option CLI reported baseline
SF-36 quality of life scores well below the general popula-
tion quality of life scores on every health dimension of the
SF-36 (Table 6)."* Similarly, Forbes and colleagues (2010)
examined quality of life in 452 patients with CLI under-
going either angioplasty or bypass surgery from the
BASIL trial and found that baseline SF-36 scores were
well below the general population norms in both treatment
groups for all the physical health domains, including phy-
sical functioning (22.7 and 23), role physical (10.3 and
13.1), and bodily pain (30.4 and 32) reflecting a substantial
quality of life burden in these patients (Table 6).*'

The EuroQol-5D and the EuroQol VAS (visual analog
scale) have been used in several CLI studies to derive health
state utilities (Table 7).>>*"*7°%>% The EuroQol-5D index
population norm in the United States is 0.825 (on a 0 to 1
scale) and the EuroQol VAS population norm is 80 (on a 0 to
100 scale).>* A study by Pisa and colleagues (2012) was one
of the few recently published studies which assessed the

impact of CLI on a patient’s quality of life that was not
derived from an interventional study.®® In this study, 200
patients with CLI were interviewed to assess the impact of
CLI on health status using the EuroQol-5D, VAS, and other
utility measures.>> The mean calculated EuroQol-5D and
VAS scores for CLI patients were 0.56 and 56, respectively,
indicating an impaired health status when compared to US
population norms (Table 7).%

More recently, Steunenberg and colleagues (2018)
assessed quality of life in elderly CLI patients undergoing
endovascular, surgical, or conservative therapy using the
WHOQOL-BREF questionnaire.”®> General population
norms for the four WHOQOL-BREF domains are 73.5
for the physical health domain, 70.6 for psychological
well-being domain, 71.5 for the social relationships
domain, and 75.1 for the environment domain.>® The base-
line WHOQOL-BREF scores for the CLI patients in the
Steunenberg study were well below the general population
norms for all four domains including physical health
(10.9-11.6), psychological well-being (14.0-14.2), social
relationships (15.4-15.5), and the environment (15.4—-15.6)
reflecting a substantial quality of life burden in these
patients.>

Several studies have reported baseline VascuQOL in
CLI patients from clinical trials of various revasculariza-
tion procedures and medical therapies.>”*"**>¢%0 In all of

Table 7 Baseline EuroQol-5D utility scores and VAS scores for patients with CLI

Publication Instrument Baseline score CLI population Procedures
EuroQol-5D
Egberg (2010)°? EQ-5D 0.54 15% Percutaneous transluminal angioplasty
Forbes (2010)*' EQ-5D 0.26 100%* Angioplasty
EQ-5D 0.28 100%"* Bypass surgery
SF-6D 0.53 100%* Angioplasty
SF-6D 0.54 100%* Bypass surgery
Pisa (2012)* EQ-5D 0.56 100% NA
van Hattum (201 1) EQ-5D 0.68 28% Bypass surgery
Szende (2014)>* EQ-5D 0.825 - US population norm
VAS
Bague (2017)*° VAS for EQ-5D | 65.8 13% Endovascular
Brother (2015)°' VAS 45.6 100% Open surgery or endovascular treatment
Forbes (2010)*' VAS for EQ-5D | 53 100%* Angioplasty
VAS for EQ-5D 55 100%* Bypass surgery
Klepanec (2012)% VAS for EQ-5D 51 100% Intramuscular delivery of autologous bone marrow cells
Pisa (2012)% VAS for EQ-5D | 56 100% NA
van Hattum (201 1) VAS for EQ-5D 66 28% Bypass surgery
Szende (2014)>* VAS for EQ-5D | 80 - US population norm

Note: *CLI population defined as “severe lower limb ischemia” for Forbes 2010*' (BASIL trial).

Abbreviations: CLI, critical limb ischemia; EQ-5D, EuroQol-5 Dimension; NA, not applicable; SF-6D,

Short-Form Six-Dimension; VAS, visual analog scale.
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these CLI intervention studies, low baseline VascuQOL
scores were consistently observed indicating that patients
have an impaired quality of life at baseline prior to under-
going an intervention. For example, Forbes and colleagues
(2010) evaluated quality of life using the VascuQOL-25
(scoring from 1 to 7) in 452 CLI patients enrolled in the
BASIL trial and found low pre-operative baseline scores in
both the angioplasty group (2.8) and bypass surgery group
(2.9).*' Similarly, Landry and colleagues (2014) evaluated
quality of life in 18 CLI patients undergoing lower extre-
mity bypass surgery and found a low VascuQOL-25 score
of 2.9 at baseline indicating a substantial quality of life
burden in these patients.**

Economic burden

National CLI cost

A complete understanding of the burden of CLI would
benefit from a comprehensive estimate of the national
cost of the disease. This type of data is lacking in
the contemporary CLI literature. Recent studies estimating
the national economic burden of CLI have focused on the
costs of hospitalized patients, which undoubtedly com-
prises a substantial portion of the CLI economic burden;
however, no comprehensive accounting (beyond hospitali-
zation) of national costs over a longer term has been
published recently. An additional limitation of the data in
the published literature is that estimates often have focused
solely on the hospitalization costs of a subgroup of CLI
patients (those undergoing surgical or endovascular revas-
cularization) likely leaving a large number of CLI-related
hospitalizations unexplored.

Despite these limitations, three studies do report national
cost estimates for CLI.>*"%% Sachs et al (2011) used the NIS
(1999-2007) to estimate the costs of inpatient procedures
(angioplasty or bypass) in CLI patients in the United
States.®! The results of this study showed a 50% increase in
the total inpatient costs from 2001 ($579 million) to 2007
($870 million).°" An analysis by Kolte and colleagues (2017)
using the Nationwide Readmissions Database (2013-2014)
estimated the inpatient costs for open or endovascular treat-
ment of CLI patients to be approximately $4.2 billion with an
additional $625 million spent for 30-day unplanned
readmissions.”® Finally, Malyar and colleagues (2013) exam-
ined all hospitalizations in Germany in 2007 and 2009 to
estimate the inpatient costs for all CLI patients and found that
total hospital reimbursement for CLI patients exceeded €1.1
billion in 2007 and €1.3 billion in 2009.%>

A recent longitudinal analysis by Mustapha and collea-
gues (2018) of US Medicare data over the time period
2011 (for the index CLI diagnosis) to September 2015
offers a more comprehensive accounting of CLI costs
than those studies focused solely on hospitalization.”® In
unmatched and propensity-score-matched patient samples,
Mustapha estimated a cost per CLI patient over the 4-year
follow-up period of $93,800 and $117,800 for the 2 sam-
ples, respectively.”® The majority (~62-68%) of the cost
was attributable to inpatient admissions with the remainder
approximately equally split between hospital outpatient
and physician/supplier costs. Although not an overall
national estimate, the authors did calculate an annual cost
to Medicare of ~$12 billion attributable to incident CLI
cases. If considering other published epidemiologic data as
well as non-Medicare patients, the total US cost of CLI
likely would be several times higher than Mustapha’s
conservative estimate.

Index CLI hospitalization cost

Since hospitalization comprises a large percentage of total
CLI cost, research evaluating hospitalization cost at the
individual patient level is particularly notable. US and
German studies have documented the hospital costs of
index CLI procedures using large national databases
(Table 8). The US studies provide information on the
hospital cost trajectory over a decade, whereas the
German studies explore the impact of disease severity
and co-morbidity on costs.

Agarwal (2016) and Dua (2016) conducted separate
analyses using the NIS over similar time periods.>%
The key difference in the studies was the inclusion criteria
which yielded somewhat different patient populations.
Agarwal included all adult hospitalizations with a CLI
diagnosis whereas Dua excluded any emergent procedures
or primary amputations without a prior revascularization,
focusing only on patients with elective procedures. Over a
9-year period (2003-2011) with over 640,000 CLI admis-
sions, Agarwal found that the mean hospitalization cost
was consistent and unchanged—approximately $23,000 in
each year.”” In patients treated electively for CLI, Dua
reported a very different result—a 63% increase in the
median hospitalization cost from 2001 ($12,568) to 2011
($20,587).> While the median cost would be expected to
be lower than the mean, and the exclusion of costly emer-
gent procedures and amputations also would explain a
lower average cost in the Dua study, the difference in the
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cost trajectories between the two studies is difficult to
reconcile.

More recently, a study by Martinez and colleagues
(2018) extended the hospitalization cost findings to 2013/
2014 wusing the Nationwide Readmissions Database
(NRD), which included data from nearly 15 million admis-
sions in 22 US states.** The results of the study showed a
mean index admission cost for CLI of $29,148, as well as
a 30-day readmission cost of $17,681.°* This latter mean
estimate is greater than the median 30-day readmission
cost of $12,419 reported by Kolte et al (2017) from their
analysis of the 2013/14 NRD.*

German researchers have employed the BARMER GEK
database (the largest public health insurer in the country) to
quantify the index hospitalization cost for CLI patients. In
two studies, both using data from 2009 to 2011, results
documented the higher admission cost associated with
increasing disease severity.”®*? Interestingly, index admis-
sion costs were similar between CLI patients with and with-
out diabetes, although analyses of inpatient follow-up cost
post-discharge noted higher costs for diabetics.*?

Amputation cost

Although evidence suggests that amputation rates may be
declining,”* the cost associated with amputation and its
elevated morbidity and mortality is still an important
component of the overall economic burden of CLI. A
few recent studies have quantified amputation-related
costs. Hospitalization costs for an amputation may be the
easiest to estimate given no requirement for longer follow-
up, yet do not appear to have been studied (published) in
the CLI population since 2012. Mean or median hospital
costs in the 2008/2009 time period have been estimated to
range from approximately $10,000 to nearly $30,000 with
much of the variability due to the level of amputation
required (minor vs major).>%

Given the challenges in studying patients for periods of
time exceeding 1-2 years, especially with the high mor-
tality experienced by this population, the relative lack of
contemporary long-term amputation cost studies is under-
standable. Furthermore, the lone study calculating costs
over a 10-year period relies on economic modeling for
its cost estimation.’® The authors reported a 10-year
expected cost (discounted to net present value) of a pri-
mary amputation strategy in Rutherford 5 CLI patients as
$78,958.%°

The most recent study documenting the costs of amputa-
tion used sophisticated statistical modeling of the US

MarketScan database (2006-2014) to highlight the economic
burden associated with amputation.®’ The analysis evaluated
the monthly cost per patient after the first CLI diagnosis and
compared those costs between patients who underwent a
major amputation and those that did not. The authors
included a broad array of resources (eg, inpatient, outpatient,
labs, etc.) and calculated two incremental costs—one that
included all resources except pharmacy and another that
included pharmacy costs. The results suggested that CLI
patients with a major amputation had costs approximately
$5,000 per month higher than those that did not require a
major amputation. When adding pharmacy costs, the incre-
mental cost increased to approximately $6,000 per month.®’

Documenting the economic burden of amputation con-
tributes to an understanding of the overall cost of CLI
However, drawing definitive conclusions about amputation
costs based on the most recently published studies is
challenging. Differences in study design and robustness,
populations and data sources, medical (and non-medical)
resources considered, and other factors all contribute to a
wide range of cost estimates.

Discussion

CLI is a serious condition that affects millions of patients
globally. Its poor prognosis (in terms of both morbidity
and mortality) suggests the impact of the disease is sub-
stantial. Furthermore, with increasing PAD prevalence and
advancing age in many populations, coupled with the
growth in other CLI risk factors such as diabetes
(globally)®® and smoking (in many countries),’’ there
seems little reason for optimism that the number of CLI
patients will decrease in the near future. Therefore, a
comprehensive understanding of disease burden is
warranted.

The clinical consequences of CLI, especially excess
mortality and the high risk of amputation, are particularly
concerning. That these outcomes appear to have a differ-
ential racial and socioeconomic impact only adds to their
gravity. Other consequences of CLI include ischemic rest
pain, non-healing ulcers, symptomatic gangrene, depen-
dency on caregivers for support, the need for permanent
local wound treatment, and the chronic use of pain-reliev-
ing medications. All of these factors significantly impair
the quality of life for CLI patients by imposing a substan-
tial burden on a patient’s emotional, social, and physical
well-being. In addition to its humanistic impact, CLI mor-
bidity and treatment pose significant financial challenges.
At a national level, the disease results in expenditures of
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billions of dollars and euros in the United States and
European countries annually. These expenses appear to
be driven largely by hospitalization costs and secondarily
by the costs of amputation. Extremely high readmission
rates only serve to compound the economic burden.

Our review of the literature related to the burden of
CLI has several limitations that should be mentioned.
First, many studies, although recently published, utilize
data from large databases that may report results from
over a decade ago. This data lag may reduce the rele-
vance of even contemporarily published research.
Second, our review was not intended to evaluate or
recommend specific CLI treatment strategies or indivi-
dual products or devices and, therefore, non-treatment
specific studies or large database studies were preferred
over individual clinical trials or single-center studies.
This preference, however, was relaxed for the assess-
ment of quality of life burden. The examination of the
quality of life burden in CLI patients was based primar-
ily on baseline data from CLI interventional studies as
there is a scarcity of contemporary quality of life burden
of illness studies in CLI patients. These intervention
studies were not designed to compare baseline quality
of life scores in CLI patients to healthy people in the
community but may provide useful information on the
magnitude of quality of life burden in CLI patients.
Third, a CLI-specific quality of life measure has yet to
be developed. Consequently, studies examining the qual-
ity of life in CLI patients have used a combination of
generic quality of life questionnaires (ie, SF-36) and
disease-specific measures (ie, VascuQOL) that have pre-
viously been used to measure quality of life in PAD
patients. Finally, for a variety of reasons, comprehensive
(in terms of both medical and non-medical/indirect
costs) and long-term economic analyses are lacking in
CLI patients. This necessarily renders our understanding
of the economics associated with the disease as incom-
plete and the economic burden of CLI underestimated.

By necessity, our research effort explicitly focused
on summarizing CLI burden yet the search process
yielded several observations related to the published
literature that should be addressed. For example, despite
our comprehensive search strategies, nearly all recent
peer-reviewed CLI epidemiologic research is limited to
the US perspective. Several abstracts and non-peer-
reviewed presentations were identified that described
CLI epidemiology in other countries, but these lacked
the detail necessary for inclusion in our review. Also,

numerous potentially relevant studies discussed trends in
utilization of diagnostic modalities and revascularization
(or other) treatment approaches, clinical outcomes asso-
ciated with interventions, or potential demographic/
socioeconomic disparities related to the disease without
explicit information pertaining to CLI burden. These
topics are important areas for continued research and
synthesis, warranting a similar comprehensive assess-
ment and literature review.

Conclusion

This literature review is unique in that it provides a broad
perspective of the burden of CLI while focusing on the
most recent key publications. Our summary documents a
sobering assessment of CLI burden—a poor clinical prog-
nosis translating into diminished quality of life and high
costs for millions of patients. Continued prevention efforts
and improved treatment strategies are the key to amelior-
ating the substantial morbidity and mortality associated
with this disease.
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Figure S1 CLI amputation rates.
Abbreviations: CLl, critical limb ischemia; OXVASC, Oxford Vascular Study.
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