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The Costs of
Critical Limb
Ischemia

Patient prognoses and the economic impact of CLI on vascular practices

and the national health care system.

BY ALVARO ALONSO, MD, AND LAWRENCE A. GARCIA, MD

ymptomatic peripheral arterial disease (PAD) is

caused by an imbalance between the supply of

nutrients to the extremity and the metabolic

demand for these substances at a tissue level. This
balance is typically lost in atherosclerotic PAD when an
arterial stenosis impedes adequate blood flow to the
needs of the skeletal muscle. Unlike individuals with exer-
tional claudication, patients with critical limb ischemia
(CLI) have inadequate perfusion at rest."?

CLl is defined as extremity pain at rest or as impending
tissue loss that is caused by a severe or chronic compro-
mise of blood flow, including ulcers or gangrene attribut-
able to PAD. In its worst instances, CLI leads to limb loss.
Symptoms of CLI persist for longer than 2 weeks, imply-
ing chronicity and distinguishing it from acute limb
ischemia."” The diagnosis of CLI should be confirmed by
ankle-brachial index (ABI), toe systolic pressure, or tran-
scutaneous oxygen tension. Ischemic rest pain most com-
monly occurs below an ankle pressure of 50 mm Hg or a
toe pressure less than 30 mm Hg."? Patients with CLI
would correspond to stages lll and IV of the Fontaine
classification and categories 4 through 6 (grades Il and III)
of the Rutherford classification (Table 1).

EPIDEMIOLOGY AND RISK FACTORS

Although the reported prevalence of PAD depends on
the population studied and the diagnostic modality used
to assess for its presence, PAD, as defined by an ABI < 0.90
in either leg, is likely present between 4% to 10% of
patients in the United States (US) and Europe,*” involving
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an estimated 27 million people in these geographic areas.?
For example, although PAD was present in 0.9% of partici-
pants aged 40 to 49 in the National Health and Nutrition
Evaluation Survey (NHANES),” the reported prevalence of
PAD was as high as 29% of patients in the Peripheral
Arterial Disease Awareness, Risk, and Treatment: New
Resources for Survival (PARTNERS) program, inclusive of
patients older than 70 years, or 50 to 69 years plus dia-
betes or active smoking.®

CLl is the initial clinical presentation in only 1% to 2%
of PAD cases; 40% to 50% of those affected with PAD
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Figure 1. Survival, myocardial infarction, surgical or percuta-
neous revascularization, and major amputation over a 10-
year follow-up in patients presenting initially with intermit-
tent claudication. Reprinted from The Lancet, 358, Ouriel K,
Peripheral arterial disease, 1257-1264, 2001, with permission
from Elsevier.



begin with atypical leg pain, 10% to 35% with intermit-
tent claudication, and 20% to 50% with no symptoms.
Although arteriographic progression has been docu-
mented in up to 60% of PAD patients after 5 years of fol-
low-up, only a further 1% to 2% of PAD cases will result
in CLI and eventual amputation (Figure 1)

The prognosis is not benign after the onset of CLI. At 1
year after the development of CLl, it is estimated that up
to 25% of patients have resolved, 20% have ongoing CLI,
30% have had an amputation, and 25% have died.

It is well known that traditional cardiovascular risk fac-
tors appear to play a similar role in the development of
PAD. In general, PAD is more frequent in males, smokers,
increases with age, in patients of black race and in
patients with diabetes and hypertension. The most
important clinical predictors for CLI progression are
ongoing tobacco abuse and diabetes. Collectively, studies
suggest that approximately 80% of patients with PAD are
current or former smokers.'>'> Smoking cessation, how-
ever, may only modestly decrease the risk of progression.
For example, the Edinburgh Artery Study found that the
relative risk of claudication decreased from 3.7 to 3 in
patients who discontinued smoking for less than 5 years.
Although it is unknown if the risk ever returns to baseline
with smoking cessation,™ what is known is that PAD
deterioration does occur in patients with claudication
who continue to smoke.”® Smoking and diabetes are also
implicated in the risk for amputation. Smoking is associ-
ated with a limb amputation rate of 11% in patients with
claudication, and diabetes is associated with a 21% risk of
amputation as compared with 3% in nondiabetic
patients.”'°

CLINICAL PRESENTATION

Although CLI is usually caused by atherosclerotic PAD,
it can also be caused by atheroemboli, thromboemboli,
vasculitis, hypercoagulable states, thromboangiitis oblit-
erans, cystic adventitial disease, popliteal entrapment, or
trauma. In addition, any factor that contributes to
reduced blood flow to the microvasculature may exacer-
bate CLI (eg, low cardiac output, diabetes, vasospasm).
Furthermore, increases in the demand for blood supply
may also exacerbate CLI (eg, infection, skin breakdown,
trauma).2

Patients with CLI usually present with limb pain at rest,
may have trophic skin changes, or tissue loss. The dis-
comfort is often worse when lying supine and may lessen
when the limb is kept in the dependent position.>'® Table
2 displays the most characteristic clinical features of CLI.

The initial evaluation of patients with CLI should have
four primary objectives: (1) confirmation of the diagno-
sis, (2) localization of the lesion, (3) assessment of the
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Figure 2. Survival of patients with peripheral arterial disease.
IC, intermittent claudication; CLI, critical limb ischemia.
Reprinted from Eur J Vasc Endovasc Surg, 33, Norgren L et al,
Inter-society consensus for the management of peripheral
arterial disease (TASC 1), $1-S75, 2007, with permission from
Elsevier.!

requirements for successful revascularization, and
(4) assessment of the endovascular or operative risk.

In order to achieve these objectives, several tests
have been devised to confirm the diagnosis of threat-
ening ischemia, assess foot perfusion and predict
wound healing (Table 2). For example, an ABl > 1.3 is a
predictor of major amputation. Transcutaneous oxygen
pressure monitoring (an assessment of skin microcircu-
lation) has been shown to predict limb survival. These
parameters can help determine whether patients who
are not candidates for revascularization are better
served by undergoing amputation rather than aggres-
sive local therapy.'® Further imaging tests (eg, ultra-
sound, computed tomography, magnetic resonance,
conventional angiography) should certainly be per-
formed to fully evaluate the patient and determine
candidacy for revascularization.

Remarkably, a recent study showed that only 35% of
patients undergoing limb amputation in the US had an
ABI documented, and only 16% of amputees underwent
peripheral angiography." In any case, CLI patients should
be regarded as having a high risk for cardiovascular mor-
bidity and mortality, a factor that should be taken into
account when considering revascularization or amputa-
tion strategies.

THE FATE OF THE LIMB AND THE FATE
OF THE PATIENT

In general, a peculiarity of PAD is that claudication
symptoms are relatively benign with respect to the
legs, and usually the risk of limb loss is largely over-
shadowed by the risk of morbid cardiovascular
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TABLE 1. CLASSIFICATION OF PAD: FONTAINE’S STAGES AND RUTHERFORD’S CATEGORIES

Fontaine

Rutherford

Stage Clinical Presentation |Grade Category Clinical Presentation
| Asymptomatic 0 0 Asymptomatic
lla Mild claudication | 1 Mild claudication
IIb Moderate to severe | 2 Moderate claudication
claudication 3 Severe claudication
Il Ischemic rest pain I 4 Ischemic rest pain
% Ulceration or gangrene |l 5 Minor tissue loss
6 Major tissue loss

events.” We mentioned, however, that patients with
CLI have much worse survival outcomes when com-
pared to patients with claudication (Figure 2). One-
year CLI outcomes could approximate the following
one-fourth rule: one-fourth of patients would have
resolution of their CLI, one-fourth would have ongoing
CLI, one-fourth would require amputation, and one-
fourth would be dead." Commonly accepted indica-
tions for amputation include the following:

« Necrosis of the weight-bearing portions of the foot

(if patient is ambulatory)

« Uncorrectable flexion contracture

« Paresis of the extremity

- Refractory ischemic rest pain

- Sepsis

« Very limited life expectancy due to comorbid con-

ditions

Amputations, however, not only have devastating
psychological and quality-of-life effects on patients
but also have a tremendous negative impact on their
survival. It is estimated that the perioperative mortali-
ty could be 5% to 10% for below-the-knee amputa-
tions and 15% to 20% for above-the-knee amputa-
tions.? Perioperative morbidity can be as high as 20%
to 30%."” Furthermore, the 1-year mortality rate in CLI
patients requiring amputation can be as high as 45%.°

A second amputation is required in 30% of cases,
and full mobility is achieved in only 50% of patients
who have below-knee amputation and 25% of those
having above-knee amputation.

It is estimated that between 220,000 and 240,000
major and minor lower extremity amputations are
performed for CLI in the US and Europe annually."”
Despite advances in medical and interventional thera-
pies, the amputation rate has in fact increased from 19
per 100,000 to 30 per 100,000 person/year over the
past 2 decades, mainly driven by an increase in dia-
betes and aging of the patient population. In patients
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older than 85 years of age, a primary amputation rate
of 140 per 100,000 persons/year has been reported."”

Successful rehabilitation is achieved in less than two-
thirds and one-half of patients after below-knee and
above-knee amputations, respectively. Fewer than 50%
of amputees ever achieve full mobility."”

TREATMENT STRATEGIES FOR CLI

Medical therapy for CLI patients can be summarized in
pain relief, local ulcer care and pressure relief, treatment
of infection, and aggressive modification of atheroscle-
rotic risk factors.'® These therapies will be discussed else-
where in this edition of Endovascular Today.

ECONOMIC IMPACT OF AMPUTATION FOR CLI

Amputations are also associated with significant
expenses that are very difficult to assess in cost-effec-
tiveness analyses (eg, home health aides, construction
and adaptations at the patients’ homes, influence on
family and productivity economics, long-term health
care costs, etc.) for our patients.

A recent cost-effectiveness analysis of US Medicare
patients revealed that 67% of patients with CLI under-
went primary amputation as a first-line treatment, with
23% of patients undergoing surgical and 10% percuta-
neous revascularization. Remarkably, about 80% of
wound complications, strokes, and myocardial infarc-
tions occurred in the primary amputation patients in
that study."” These findings raise the suspicion that
patients with CLI are not being adequately treated, and
that amputation appears to be overutilized despite
being associated with worse patient outcomes.

Two surgical revascularization series showed signifi-
cant improvements in the prognosis of CLI patients
when compared to limb amputation. In the first,
patient survival was associated with an absolute 34%
increase in 5-year survival in patients undergoing surgi-
cal revascularization for limb salvage.' In the second,
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TABLE 2. FEATURES OF CLI

Physical Examination

- Dry skin, thickened nails, loss of hair, loss of
subcutaneous fat or muscle atrophy

« Coolness to palpation

- Decreased or absent pulses

« Elevation pallor or dependent rubor

- Nonhealing wound or ulcer, especially over bony
prominences, distally, and on the plantar surface of
the foot

Noninvasive Vascular Laboratory
- Ankle-brachial index < 0.4

- Ankle systolic pressure < 50 mm Hg
- Toe systolic pressure < 30 mm Hg

Measures of Skin Microcirculation

- Capillary density <20 mm?

- Absent reactive hyperemia on capillary microscopy
- Transcutaneous oxygen tension < 10 mm Hg

Adapted from Slovut DR, Sullivan TM. Vasc Med.
2008;13:281-291.1

primary amputation was shown to be three times
more costly than surgical revascularization in both dia-
betic and nondiabetic patients.”

In terms of percutaneous therapies, three recent cost-
effectiveness reports show cost reductions of approxi-
mately 30% to 50% in terms of procedure cost and cost-
per-leg-year saved.?*2? For example, the use of laser in
these interventions appears to further improve the cost-
effectiveness of percutaneous revascularization when
compared to surgery or amputation.”’

CONCLUSION

CLl is a condition characterized by the inability to pro-
vide blood supply necessary to fulfill the metabolic
demands of the extremities at rest. It may lead to limb
loss by means of amputation, and it is also associated
with significant cardiovascular and perioperative morbid-
ity and mortality. It appears that CLI is markedly under-
recognized, and an alarming number of patients do not
undergo basic vascular evaluation prior to amputation or
limb loss. It is important to recognize that there is no evi-
dence that primary amputation is an overall cost-effec-
tive treatment strategy for CLI. Furthermore, recent data
suggest that percutaneous intervention could be more
cost-effective than surgical revascularization and amputa-
tion in patients with CLI. m

36 | ENDOVASCULAR TODAY | AUGUST 2011

Alvaro Alonso, MD, is with the Section of Interventional
Cardiology and Vascular Medicine at St. Elizabeth’s Medical
Center in Boston. He has disclosed that he has no financial
interests related to this article.

Lawrence A. Garcia, MD, is Chief of the Section of
Vascular Medicine and Interventional Cardiology at St.
Elizabeth’s Medical Center in Boston. He has disclosed that
he has no financial interests related to this article. Dr.
Garcia may be reached at lawrence.garcia@steward.org.

1. Norgren L, Hiatt WR, Dormandy JA, et al. Inter-society consensus for the management of
peripheral arterial disease (TASC Il). Eur J Vasc Endovasc Surg. 2007;33(suppl 1):S1-S75.
2. Alonso A, McManus DD, Fisher DF. Peripheral Vascular Disease. Sudbury, MA: Jones and
Bartlett Publishers, 2011.

3. Second European consensus document on chronic critical leg ischemia. Circulation.
1991;84:(4 suppl):1-26.

4. Criqui MH, Fronek A, Barrett-Connor E, et al. The prevalence of peripheral arterial disease
in a defined population. Circulation. 1985;71:510-515.

5. Diehm C, Schuster A, Allenberg JR, et al. High prevalence of peripheral arterial disease
and co-morbidity in 6880 primary care patients: cross-sectional study. Atherosclerosis.
2004;172:95-105.

6. Hirsch AT, Criqui MH, Treat-Jacobson D, et al. Peripheral arterial disease detection,
awareness, and treatment in primary care. JAMA. 2001;286:1317-1324.

7. Selvin E, Erlinger TP. Prevalence of and risk factors for peripheral arterial disease in the
United States: results from the National Health and Nutrition Examination Survey, 1999-
2000. Circulation. 2004;110:738-743.

8. Hankey GJ, Norman PE, Eikelboom JW. Medical treatment of peripheral arterial disease.
JAMA. 2006;295:547-553.

9. Ouriel K. Peripheral arterial disease. Lancet. 2001;358:1257-1264.

10. Ruffolo AJ, Romano M, Ciapponi A. Prostanoids for critical limb ischaemia. Cochrane
Database Syst Rev. 2010;(1):CD006544. doi: 10.1002/14651858.CD006544.pub2.

11. Hirsch AT, Haskal ZJ, Hertzer NR, et al. ACC/AHA 2005 Practice Guidelines for the man-
agement of patients with peripheral arterial disease (lower extremity, renal, mesenteric, and
abdominal aortic): a collaborative report from the American Association for Vascular
Surgery/Society for Vascular Surgery, Society for Cardiovascular Angiography and
Interventions, Society for Vascular Medicine and Biology, Society of Interventional Radiology,
and the ACC/AHA Task Force on Practice Guidelines (Writing Committee to Develop
Guidelines for the Management of Patients With Peripheral Arterial Disease): endorsed by the
American Association of Cardiovascular and Pulmonary Rehabilitation; National Heart, Lung,
and Blood Institute; Society for Vascular Nursing; TransAtlantic Inter-Society Consensus; and
Vascular Disease Foundation. Circulation. 2006;113:6463-6654.

12. Meijer WT, Hoes AW, Rutgers D, et al. Peripheral arterial disease in the elderly: the
Rotterdam Study. Arterioscler Thromb Vasc Biol. 1998;18:185-192.

13. Smith GD, Shipley MJ, Rose G. Intermittent claudication, heart disease risk factors, and
mortality. The Whitehall Study. Circulation. 1990;82:1925-1931.

14. Fowkes FG, Housley E, Cawood EH, et al. Edinburgh Artery Study: prevalence of asymp-
tomatic and symptomatic peripheral arterial disease in the general population. Int J
Epidemiol. 1991;20:384-392.

15. Insall RL, Davies RJ, Prout WG. Significance of Buerger's test in the assessment of lower
limb ischaemia. J R Soc Med. 1989;82:729-731.

16. Slovut DP, Sullivan TM. Critical limb ischemia: medical and surgical management. Vasc
Med. 2008;13:281-291.

17. Allie DE, Hebert CJ, Lirtzman MD, et al. Critical limb ischemia: a global epidemic. A crit-
ical analysis of current treatment unmasks the clinical and economic costs of CLI.
Eurolntervention. 2005;1:75-84.

18. Kalra M, Gloviczki P, Bower TC, et al. Limb salvage after successful pedal bypass grafting
is associated with improved long term survival. J Vasc Surg. 2001;33:6-16.

19. Panayiotopoulos YP, Tyrrell MR, Arnold FJ, et al. Results and cost analysis of distal
[crural/pedal] arterial revascularisation for limb salvage in diabetic and non-diabetic patients.
Diabet Med. 1997;14:214-220.

20. Hunink MG, Cullen KA, Donaldson MC. Hospital costs of revascularization procedures
for femoropopliteal arterial disease. J Vasc Surg. 1994;19:632-641.

21. Jansen RM, de Vries SO, Cullen KA, et al. Cost-identification analysis of revasculariza-
tion procedures on patients with peripheral arterial occlusive disease. J Vasc Surg.
1998;28:617-623.

22. Laurila J, Brommels M, Standertskjold-Nordenstam CG, et al. Cost-effectiveness of per-
cutaneous transluminal angioplasty (PTA) versus vascular surgery in limb-threatening
ischaemia. Int J Angiol. 2000;9:214-219.



