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INTRODUCTION

Peripheral artery disease (PAD) impacts 8.5 million adults in
the United States causing disability, pain, and increased risk of
cardiovascular event and death.' PAD is underdiagnosed and un-
dertreated, potentially underestimating the overall burden of dis-
ease in the population. The patient-reported clinical presentation
of PAD varies, and many individuals have atypical symptoms,
are asymptomatic, and/or have coexisting conditions, which
make it difficult to diagnose by symptom reporting alone.””
The ankle-brachial index (ABI) is a simple diagnostic test
which has also been shown to be a predictive indicator for
future cardiovascular and cerebrovascular disease morbidity
and mortality.°

The standard procedure for measuring the ABI is reported in
2012 American Heart Association’s scientific statement on the
measurement and interpretation of the ABI. The standard method
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for calculating the ABI is to divide the higher of either the dor-
salis pedis (DP) or posterior tibial (PT) arterial pressure by the
higher pressure in either brachial artery. A value of 1.00 < ABI
< 1.4 is considered normal. An ABI < 0.9 is diagnostic for
PAD and predictive of future cardiovascular and cerebrovascular
events.’”” Alternative methods for calculating the ABI have been
examined previously.'”'" Several other research groups have
demonstrated that calculation of the ABI using the lower of the
DP or PT arteries instead of the higher of the 2 identify a
subset of patients at significantly increased risk of all-cause
and cardiovascular mortality compared with those without
PAD. Using the standard method of calculation, these individuals
would be inaccurately assigned as low risk and possibly receive
suboptimal risk factor management.'”'® Le Bivic et al.
investigated various methods for calculating the ABI and how
different methods affect the prognostic value of the ABIL
Furthermore, the authors sought to identify optimal thresholds
for each method of calculation to achieve similar prognostic
predictive value for each method.

Synopsis

Patients undergoing non-urgent coronary bypass grafting
(CABG) at a University hospital in Limoges, France, were
enrolled in the study (n = 1,262). An ABI was assessed according
to standard presurgery protocol for patients undergoing CABG.
Risk factors, comorbid conditions, treatments, and prescribed
medications were obtained before surgery. Factors related to
the CABG procedure were recorded (cross-clamp time, on- or
off-pump CABG, on-pump time, and bypass time). Measurement
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of the ABI was performed using standard procedures.’ Five
different methods of calculation were used to interpret the ABIL.

The following methods were used to determine the numerator
(ankle) pressure used in the ABI calculation:

Highest value between the DP and PT
Average of PT and DP

Lowest pressure between PT and DP
PT artery only

DP artery only

Al S

The participants were separated into 3 groups: clinical PAD
(defined as the presence of intermittent claudication and/or pre-
vious lower limb revascularization), subclinical PAD (ABI <
0.9 or > 1.40), or no PAD. Complete data were obtained for
97% of the study sample. Participants were followed-up by tele-
phone. The primary outcome was all-cause death. Secondary out-
comes included acute coronary syndrome, stroke or transient
ischemic attack, percutaneous coronary intervention, or redo of
CABG or peripheral surgery.

STATISTICAL ANALYSIS

Qualitative data were compared using a one-way analysis of
variance and quantitative data using the chi-square test. The pre-
dictive value of the ABI was analyzed using receiver operating
characteristic curves and area under the curve. Kaplan-Meier
estimator was used to estimate the probability of death or
event-free survival. Cox proportional hazard model was used to
predict cardiac event occurrence. Receiver operating character-
istic curves were used to estimate optimal cutoff.

RESULTS

Frequency of subclinical PAD varied from 22% to 29% using
various calculation methods. Methods 1 and 4 (highest pressure
between DP or PT and PT artery only) resulted in the lowest fre-
quency of subclinical PAD and method 3 (lowest pressure be-
tween DP and PT) the highest. Participants were categorized as
follows: 194 (16%) had clinical PAD, 271 (22%) had subclinical
PAD, and the remainder 758 (62%) did not have PAD. Those
with clinical PAD had more comorbid conditions and were older
compared with those without PAD. Those with subclinical PAD
were older and had higher frequency of diabetes compared with
those without PAD. During the follow-up period (medium
7.6 years), 14% died from cardiovascular causes and 49% had
combined cardiovascular events. Survival and event-free survival
were statistically significantly lower in the clinical and subclini-
cal PAD groups compared with the no-PAD group. Participants
with a borderline ABI (0.91-0.99) or ABI of 1.00 were not at
increased risk of death or cardiovascular event compared with
those with a normal ABI.

Participants in the subclinical PAD group classified by
method 3 (lowest pressure ABI) had significantly lower survival
and event-free survival compared with those without PAD, and
no significant differences than those identified as having subclin-
ical PAD using method 1 (standard method using the higher
ankle pressure ABI). There were no statistical differences in
the predictive value of the ABIs using different calculation
methods (all P > .13). No method produced a statistically

different predictive value using area under the curve to predict
death and cardiovascular events (all P > .15 across methods).

DISCUSSION

The ABI had prognostic value irrespective of the method
used to calculate the pressure index. Individuals not previously
diagnosed with PAD (subclinical PAD group) had poorer survival
and event-free survival. Although using the lowest ankle pressure
to calculate the ABI reduces the specificity of the ABI, it iden-
tifies additional individuals who are at an increased risk of all-
cause mortality and cardiovascular or cerebrovascular events.
Several authors have reported increased sensitivity and overall
accuracy using the lowest ABI (method 3) 2009.°' L4
Whatever the method, there are questions to consider. Should
alternative methods be used to capture a larger segment of the
population at risk for cardiovascular and cerebrovascular risk?
Should the standard method be used to maintain similar
methodologies across studies? This study demonstrates that the
intrinsic prognostic value of the ABI is independent of the
method used to calculate the ratio.

Limitations

All study participants had known cardiovascular disease and
were enrolled immediately before undergoing CABG. The au-
thors state that these methods should be tested in the general pop-
ulation. The authors also caution about the possibility of a type II
statistical error, which may be mitigated with a larger sample
size.

CONCLUSION

The ABI is a simple, noninvasive, and cost-effective diag-
nostic test, which also provides prognostic information about
risk for all-cause mortality and cardiovascular or cerebrovascular
events. Assessment of intrinsic prognostic value should be exam-
ined in the general population.
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