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Octogenarians Develop Infrapopliteal
Arterial Occlusive Disease in the Absence
of Traditional Risk Factors
Jared R. Hylton,1 Caitlin A. Smith,1 Chin-Shang Li,2 and William C. Pevec,1 Sacramento,

California and Davis, California
Background: With increasing longevity, a growing proportion of patients who present with
lower extremity peripheral arterial disease (LE-PAD) are �80 years old. While smoking and dia-
betes mellitus (DM) have traditionally been the main risk factors associated with PAD, we noted
a pattern of severe infrapopliteal PAD in patients �80 years old in the absence of these tradi-
tional risk factors. As recognition of patterns of disease affects decisions regarding diagnostic
and therapeutic approach, we sought to confirm this observation.
Methods: A single-center retrospective review was performed on all patients who underwent
lower extremity arteriography between March 2007 and September 2009. Arteriograms were
scored in a blinded fashion. Any infrapopliteal PAD was defined as one or more infrapopliteal
arteries with either >50% stenosis or total occlusion. Severe infrapopliteal PAD was defined
as 2 or more infrapopliteal arteries with >50% stenosis or total occlusion. Fisher’s exact test
and 2-sample t-test or Wilcoxon rank-sum test were used for analysis.
Results: Two hundred ninety-seven patients comprised the study population. Eighty-two
percent (¼ 145/176) of those �70 years old versus 96% (¼ 46/48) of those �80 years old
had any infrapopliteal PAD (P ¼ 0.02). Thirty percent of patients �80 years old with infrapopliteal
PAD had no history of DM or smoking, while only 5% of younger patients had infrapopliteal PAD
in the absence of DM or smoking (P < 0.0001). A similar pattern was seen for severe infrapo-
pliteal PAD. Tissue loss was an indication for lower extremity arteriography in 45% of those
�70 years of age versus 65% of those �80 (P ¼ 0.022).
Conclusions: A significant proportion of patients �80 years of age with PAD develop arterial
disease in the infrapopliteal pattern in the absence of the traditional risk factors of smoking
and DM. Our data also showed that this pattern of disease is significantly associated with
tissue loss and critical limb ischemia, particularly in patients �80 years of age. Primary
care providers need to be educated to suspect ischemic etiology for foot pain and ulcers in
elderly patients not otherwise thought to have risk factors associated with PAD. Vascular spe-
cialists need to anticipate this pattern of disease when planning interventions. As smoking be-
comes less prevalent and as the population ages, octogenarians with severe infrapopliteal
arterial occlusive disease will become a larger proportion of the patients treated by vascular
specialists.
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INTRODUCTION

Pattern recognition and risk factor assessment are

integral components of managing patients with

atherosclerotic peripheral arterial disease (PAD).

For instance, while diabetes mellitus (DM) and

smoking are both general risk factors for PAD, tradi-

tionally it has been viewed that each of these risk

factors leads to very specific and unique patterns

of disease. The literature supports this dogma as

DM but not tobacco use has been shown to be an in-

dependent risk factor for infrapopliteal and crural

artery disease. DM strongly correlates with the

severity of infrapopliteal PAD, a disease pattern

highly associated with critical limb ischemia

(CLI).1e3 Aortoiliac disease has been shown to be

associated with a history of tobacco use, but not

DM.1e3 Increasing age has been shown to be an in-

dependent risk factor for femoropopliteal andmulti-

segmental PAD.3 These patterns influence how

vascular specialists make decisions regarding the

diagnostic and therapeutic approach to the patient

presenting with lower extremity atherosclerotic

occlusive disease.

Recognition of patterns of arterial disease is even

more important for the primary healthcare pro-

vider, who must be able to determine a diagnosis

from a myriad of possible pathologies for often

similar presenting symptoms. More importantly,

primary care providers act as the first line of defense

in detection and diagnosis of peripheral vascular dis-

ease. A strong understanding of the clinical risk fac-

tors and how these risk factors relate to patterns of

disease is an integral component in the effective

diagnosis and management of peripheral vascular

disease. In patients without a history of DM or to-

bacco use, primary health care providers may be at

risk for failing to make the diagnosis of arterial

occlusive disease, as significant lower extremity

arterial occlusive disease has traditionally been

viewed as uncommon in the absence of at least

one of these risk factors.

Over the last several years, the senior author

noted an increase in the number of very elderly pa-

tients who presented with CLI. It was observed that

these patients had marked arterial calcification with

a high prevalence of infrapopliteal arterial occlusive

disease. Furthermore, a pattern appeared that,

compared with younger patients, very elderly pa-

tients more often developed CLI in the absence of

a history of tobacco use or DM.

The primary hypothesis of this study is that pa-

tients�80 years of age are more likely than younger

patients to develop infrapopliteal PAD in the

absence of a history of tobacco use or DM. If true,
as the population of octogenarians continues to

grow, recognition of this specific pattern of disease

will be important for both the vascular specialist

and the primary health care provider.
METHODS

This study was based on a single-center retrospec-

tive review and was approved by the University of

California (UC), Davis, Institutional Review Board.

A query was performed for Current Procedural Ter-

minology codes for all patients who underwent arte-

riography at the UC Davis Vascular Center from

March 2007 to September 2009. From this query,

a master list of 1695 patients was produced. Using

the UC Davis Medical Center electronic medical re-

cord, all patients from this list were screened for

lower extremity arteriograms. Patients were

included in the final study group if they had lower

extremity arteriography for chronic atherosclerotic

occlusive disease, with complete imaging of the ar-

teries at least to the level of the ankle. Three hun-

dred forty-nine patients who had lower extremity

arteriography between March 2007 and September

2009 were identified. Fifty of these patients did

not have full imaging to at least the level of the ankle

were excluded from the study group. One additional

patient was excluded because of absence of docu-

mentation of the risk factors DM and smoking, and

an additional patient was excluded because of lack

of documentation of any patient history. The

remaining 297 patients comprise the study group.

One or more of the authors, blinded to the demo-

graphic and clinical history of the patient, evaluated

each arteriogram, grading the lower extremity ar-

teries using standards set by the Society for Vascular

Surgery: stenosis �20%, 21e49%, or �50%, or to-

tal occlusion.4 Arteries evaluated included the aorta,

common iliac, external iliac, common femoral, su-

perficial femoral, popliteal, tibioperoneal, anterior

tibial, peroneal, posterior tibial, dorsal pedal, and

plantar arteries. Any infrapopliteal PADwas defined

as one or more infrapopliteal artery with either

>50% stenosis or total occlusion. Severe infrapopli-

teal PAD was defined as 2 or more infrapopliteal ar-

teries with either >50% stenosis or total occlusion.

CLI was defined as the presence of rest pain and/or

tissue loss as an indication for arteriography.

Demographic data were obtained through elec-

tronic chart review (Table I). History of smoking,

DM, myocardial infarction (MI), percutaneous

coronary artery intervention (PCI), dialysis, and hy-

pertension were obtained from inpatient and outpa-

tient history and physical examination notes. For



Table I. Demographics of study population

Study group stratified by age
�70 years
(n ¼ 176)

71e79 years
(n ¼ 73)

�80 years
(n ¼ 48)

P value (comparing
�70 age group versus
�80 age group)

Age

Range 26e70 71e79 80e95 e
Mean [median] 59.1 [61] 75 [75] 85.2 [84.5] e

Sex

Male 117 (66%) 40 (55%) 24 (50%) 0.043

Female 59 (34%) 33 (45%) 24 (50%)

BMI

Range 16.5e45.5 17.0e45 17.7e33.6 <0.0001

Mean [median] 28.7 [28.3] 26.7 [25.8] 24.8 [24.9]

Past medical history

MI 31 (18%) 13 (18%) 11 (23%) 0.53

PCI 26 (15%) 10 (14%) 8 (17%) 0.82

CABG 40 (23%) 24 (33%) 9 (19%) 0.69

Dialysis 21 (12%) 2 (3%) 1 (2%) 0.053

Serum Cr

Range 0.4e10.8 0.6e7.7 0.7e3.7 0.91

Mean [median] 1.8 [1.1] 1.4 [1.2] 1.2 [1.1]

DM 103 (59%) 34 (48%) 19 (40%) 0.02

Patients with DM, medications

Oral hypoglycemic agents 64 (64%) 22 (65%) 13 (68%) 0.8

Insulin 56 (56%) 15 (44%) 4 (21%) 0.006

Insulin + hypoglycemic agents 28 (28%) 7 (21%) 2 (11%) 0.15

HTN 147 (84%) 66 (93%) 44 (92%) 0.25

BMI, body mass index; CABG, coronary artery bypass graft; Cr, serum creatinine (mg/dL); HTN, hypertension.
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each patient in our cohort, these demographic data

points were defined as present if indicated as a

formal diagnosis in history and physical examina-

tion notes. A positive smoking history was defined

as present if the patient was noted to be a current

smoker or have a history of smoking, as noted in

the history and physical examination notes. Indica-

tion for arteriography was obtained from procedure

notes and categorized as claudication, rest pain, or

tissue loss (defined as either ischemic ulceration or

gangrene).

Demographics, risk factors, and imaging were

assessed for age groups �70, 71e79, and �80

years. To more clearly delineate patterns between

younger and older groups, the primary statistical

analysis was performed comparing only the patients

�70 years old with those �80 years old. Additional

subgroup analyses were performed.

Binary outcome variables were compared be-

tween age groups with Fisher’s exact test. Numerical

variables were compared between the age groups

with 2-sample t-test or Wilcoxon rank-sum test

when appropriate. Analyses were performed with

SAS version 9.2 (SAS Institute, Inc., Cary, NC). A

P value of <0.05 was considered statistically

significant.
RESULTS

Among the 297 study subjects, the average age was

67.2 years with 176 (59%) patients 70 years of age

or younger, 73 (25%) between the ages of 71e79,

and 48 (16%) 80 years or older (Table I). The

average body mass index for patients �70 years of

age was significantly greater than for patients �80

(P < 0.0001) years. A history of DM was signifi-

cantly more common in younger patients

(�70 years old) than the older patient subgroup

(�80 years old) (P¼ 0.02). History of MI, hyperten-

sion, PCI, or coronary artery bypass graft was not

significantly different between those �70 years of

age and patients �80 years. For patients with a his-

tory of DM, insulin use was significantly more com-

mon in subjects �70 years of age when compared

with patients �80 (P ¼ 0.006) years. Use of an oral

hypoglycemic agent alone or insulin plus an oral hy-

poglycemic agent were not significantly different

between those �70 years of age and patients �80

years. Hemoglobin A1c levels and cholesterol data

were not analyzed because of inconsistent availabil-

ity of these data points for our cohort.

The clinical indication for the arteriogram was

recorded for each patient (Table II). If multiple



Table II. Indications for arteriography

Age
�70 years
(n ¼ 176)

71e79 years
(n ¼ 73)

�80 years
(n ¼ 48)

P value (comparing �70 age
group versus �80 age group)

Claudication 64 (36%) 28 (38%) 9 (19%) 0.024

Rest pain 22 (13%) 11 (15%) 5 (10%) 0.81

Tissue loss 79 (45%) 28 (38%) 30 (63%) 0.035

No indication documented 11 (6%) 6 (8%) 4 (8%)

Data are expressed as number (percent).

Table III. Demographics of patients with any infrapopliteal PAD, stratified by age

Age
�70 years
(n ¼ 176)

71e79 years
(n ¼ 73)

�80 years
(n ¼ 48)

P value (comparing �70 age
group versus �80 age group)

Patients with any infrapopliteal disease 145 (82%) 60 (82%) 46 (96%) 0.02

Diabetes mellitus 90 (62%) 28 (47%) 18 (39%) 0.01

Smoking 113 (79%) 47 (81%) 24 (52%) 0.001

No diabetes mellitus or smoking 7 (5%) 4 (7%) 14 (30%) <0.0001

Data are expressed as number (percent).

Table IV. Infrapopliteal PAD and absence of traditional risk factors: statistical comparison between

octogenarian and younger patient groups

Age (years)

Patients with any infrapopliteal PAD, without DM
or smoking

Patients with severe infrapopliteal PAD, without DM
or smoking

% OR CI P value % OR CI P value

�80 30 8.6 3.2e23.1 <0.0001 33 11.5 3.8e35.1 <0.0001

�70 5 4

CI, confidence interval; OR, odds ratio.
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indications were present for a single patient, the

most severe indication was recorded (tissue

loss > rest pain > claudication). Claudication was

significantly more common in those �70 years old

relative to patients �80 years of age (P ¼ 0.024).

The incidence of rest pain was not significantly

different between the 2 comparison age groups. Tis-

sue loss was significantly more common in those

�80 years old relative to the younger age group

(P ¼ 0.035).

A significantly higher proportion of the patient

population �80 years of age showed angiographic

evidence of any infrapopliteal PAD compared with

patients �70 (P ¼ 0.02) years (Table III). In patients

with any infrapopliteal PAD, the presence of a his-

tory of smoking or DM was significantly higher in

the �70 years age subgroup compared with those

�80 (P ¼ 0.001 and P ¼ 0.01, respectively) years.

Thirty percent of patients �80 years old with any

infrapopliteal PAD had no history of DM or smok-

ing; only 5% of younger patients had infrapopliteal

PAD in the absence of DM or smoking (odds ratio
(OR) 8.6, P < 0.0001) (Table IV). A similarly signif-

icant pattern was seen for severe infrapopliteal PAD

(OR 11.5, P < 0.0001).

The absence of a history of DM or smoking was

also evaluated for patients with infrapopliteal dis-

ease who were �70 years old versus >70 years

old, and for patients <80 years old versus

�80 years old, with similar results (Table V). In

both analyses, the absence of a history of DM or

smoking was significantly more common in the

older cohort, although the difference was greater

with the age cut-off of 80 years.

To compare a more uniform population, an anal-

ysis was performed of the subgroup of patients with

infrapopliteal disease who presented with CLI. In

these patients, no history of DMor smokingwas pre-

sent in 3% of those �70 years old and 26% of those

�80 years old, a difference that was significant

(P < 0.00001, Table VI).

The age cut-off of 80 years was selected arbitrarily

based on a subjective clinical observation. A receiver

operator characteristic curve analysis indicated that



Table V. All patients with infrapopliteal disease

�70 years �80 years P value

n 145 46

No DM and smoking 7 (5%) 14 (30%) <0.0001

�70 years >70 years P value

n 145 106

No DM and smoking 7 (5%) 18 (17%) 0.0012

<80 years �80 years P value

n 205 46

No DM and smoking 11 (5%) 14 (30%) <0.0001

Table VI. Patients with critical limb ischemia and

infrapopliteal disease

�70 years �80 years P value

n 97 34

No DM and smoking 3 (3%) 9 (26%) <0.0001
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the optimal cut-off point, in this study population,

to predict the absence of a history of DM or smoking

in patients with infrapopliteal arterial disease, was

76.5 years. This was remarkably close to the arbi-

trarily selected cut-off age of 80 years.

In patients without a history DM or smoking, the

infrapopliteal disease was isolated (i.e., no suprage-

niculate arterial disease) in 6 of 11 (55%) patients

<80 years old and in 5 of 14 (36%) patients

�80 years old.
DISCUSSION

Reports of overall prevalence vary, but it is estimated

that Lower extremity peripheral arterial disease

(LE-PAD) is present in 4e30% of those over 40 years

of age.5e9 The prevalence of LE-PAD increases with

age, as illustrated in the National Health and Nutri-

tion Examination Survey that showed a 4.7% preva-

lence in those between the ages of 60e69 years and

23.2% in individuals >80 years.5

Over the next several decades, the older segment

of the US population is projected to grow at a much

faster rate than younger age groups.10 In 2010,

those �65 years of age made up just under 13% of

the US population, but by 2030 that percentage is

projected to rise to nearly 20%, representing over

72 million people. By 2030, it is estimated that 8.7

million Americans will be �85 years of age. These

patients will make up an ever-increasing proportion

of patients seen in adult primary care practice. Given
the strong association between PAD and advancing

age, patients >80 years of age will increasingly

become a major demographic group treated by

vascular specialists. LE-PAD will likely prove to be

a more prevalent clinical problem in the United

States and other developed countries, considering

trends toward an aging population.

Our data showed that claudication was a more

common indication for arteriography in the

younger patients, while tissue loss was a more com-

mon indication in patients �80 years of age. These

data suggest that older patients were evaluated at

more severe, advanced stages of LE-PAD. Multiple

factors may have contributed to this tendency.

There may have been a hesitancy to intervene for

milder symptoms in the very elderly. Claudication

may have been less of concern in the very elderly

because of other conditions that limit mobility,

such as arthritis or obstructive lung disease. The

very elderly may develop more severe lower ex-

tremity arterial disease relative to younger patients.

It is likely that all these factors played a role in pa-

tient selection in this series.

Limb loss in the octogenarian is a potentially

devastating event. It is well known that lower ex-

tremity amputation associated with PAD results in

significant morbidity and mortality. It is rare that a

patient who loses a limb after 80 years is able to suc-

cessfully rehabilitate with a prosthetic limb, and in

general elderly patients have been shown to have

overall poor functional status after lower extremity

leg amputations.11,12

Loss of independent ambulation in the very

elderly often leads to nursing home placement and

is associated with progressive medical complications

for the patient, such as pneumonia, urinary tract in-

fections, and decubitus pressure sores, and an over-

all deterioration in quality of life. All these potential

complications increase costs for the healthcare

system.

Experience has shown that age should not be a

relative contraindication to attempts at limb salvage.

An early study that examined arterial reconstruc-

tion or percutaneous transluminal angioplasty for

limb salvage in patients >80 years of age showed

that, of patients in whom limb salvage was attemp-

ted, 65% livedmore than 1 year andmore than 50%

lived more than 2 years with a functional limb.13 In

addition, of those patients who died within 5 years

of treatment, 76% died with their previously threat-

ened limb intact. Other studies support that those

>80 years of age undergoing limb salvage revascu-

larization procedures have good functional out-

comes with maintenance of independent living in

the majority of patients.14
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Data from this study showed a higher incidence

of infrapopliteal LE-PAD in patients aged �80

years, compared with younger patients, in the

absence of the traditional risk factors of smoking or

DM. In patients <80 years of age, infrapopliteal dis-

ease was seen almost exclusively (95%) in patients

with a history of DM, tobacco use, or both. Howev-

er, almost a third (30%) of octogenarians with infra-

popliteal LE-PAD had no history of DM or tobacco

use. This difference is both clinically and statistically

significant (P < 0.0001). This suggests that age

alone, particularly age �80 years, may be an inde-

pendent risk factor for infrapopliteal LE-PAD. There

is likely a continuum, with older patients more at

risk to develop atherosclerotic lesions in the arteries

of the distal lower extremity in the absence of tradi-

tional risk factors, but our data suggest that there is

something different about senescent arteries that

becomes a significant factor in individuals greater

than 70e80 years old.

The infrapopliteal pattern was commonly a

component of multisegment arterial occlusive dis-

ease. This pattern is a manifestation of more severe

atherosclerosis and often results in critical ischemia

and limb loss. The operative point is that a substan-

tial subpopulation of the elderly may develop limb-

threatening arterial occlusive disease in the absence

of traditional risk factors.

Our findings are clinically relevant, as recognition

of this pattern of disease is important for detection

and screening as well as for planning for subsequent

diagnostic and therapeutic management. For the

vascular specialist, the management of infrapopli-

teal arterial occlusive disease requires different tech-

niques, both open and endovascular, than more

proximal disease. Use of autogenous vein is manda-

tory for arterial bypass procedures to tibial and pedal

arteries. An aggressive search for adequate autoge-

nous vein, including upper extremity vein, should

be part of the preoperative evaluation. Endovascular

intervention requires familiarity with 0.014 inch

systems. Long length, small diameter balloons

should be available. The results of balloon angio-

plasty alone are often very acceptable in these ar-

teries. Upfront recognition of the likely pattern of

arterial occlusive disease is essential for the vascular

specialist to counsel the elderly patient and to devise

an appropriate diagnostic and therapeutic plan.

Recognition of this pattern of disease is even

more important for the primary care provider. Octo-

genarians have a high prevalence of severe infrapo-

pliteal arterial disease, even in the absence of a

history of tobacco use or DM, the traditional risk fac-

tors most commonly associated with lower extrem-

ity arterial occlusive disease. This information needs
to be integrated into the screening and diagnostic

framework of primary care providers. Without an

accurate understanding of the influence of risk fac-

tors and the variations of LE-PAD disease patterns,

primary providers may overlook the possibility of

arterial occlusive disease in their elderly patients

who present with foot pain or ulcers, especially in

the absence of a history of DM and tobacco use.

Early detection is integral to successful limb salvage

and our data support a low threshold for noninva-

sive lower extremity vascular evaluation in elderly

patients. Further research needs to be conducted

to elucidate the cost-effectiveness of this approach

and the impact on patient outcomes.

This study is limited by the small sample size,

which may result in a type 1 error. However, the

large difference in the incidence of the infrapopliteal

disease without DM or smoking between the

younger and older patients makes such an error un-

likely. The single-center experience makes it

possible that selection bias affected the distribution

of disease between age groups. It is likely that

younger patients were more often offered interven-

tion for milder symptoms (claudication) than older

patients. While this likely affected the distribution

of infrapopliteal occlusive disease, which is associ-

ated with CLI, between the 2 age groups, it would

not affect the distribution of DM or smoking relative

to infrapopliteal arterial lesions. The retrospective

nature of the study may have introduced inconsis-

tency in definitions of clinical conditions. However,

it is not likely that the primary factors analyzed, his-

tory of DM or smoking and patient age, were misre-

ported. Additionally, all of the arteriographic images

were reviewed and graded by individuals blinded to

knowledge of the patients’ clinical histories.

CONCLUSIONS

Elderly patients, compared with younger patients,

aremore likely to undergo arteriography for CLI. Pa-

tients�80 years of age are more likely than younger

patients to develop infrapopliteal arterial occlusive

disease in the absence of a history of tobacco use

or DM, a pattern of disease associated with CLI

and potential for limb loss. As the population of

those �80 years of age continues to grow to a

more significant proportion of the population,

recognition of this disease pattern will be important

for both the vascular specialist and the primary

healthcare provider. Understanding how risk factors

relate to specific patterns of disease should guide

clinical practice in screening, detection, and prompt

management to decrease the incidence of the devas-

tating consequences of limb loss.
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