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Assessment of the Relationship of Ankle-Brachial Index With Coronary Artery
Disease Severity

Andrea Mabilde Petracco, Luiz Carlos Bodanese, Gustavo Farias Porcitincula, Gabriel Santos Teixeira, Denise de
Oliveira Pellegrini, Luiz Claudio Danzmann, Ricardo Medeiros Pianta, Jodo Batista Petracco

Hospital Sdo Lucas, da Pontificia Universidade Catdlica do Rio Grande do Sul, Porto Alegre, RS — Brazil

Abstract

Background: Peripheral Artery Disease (PAD) is associated with cardiovascular events and can be diagnosed and
estimated by use of the Ankle-Brachial Index (ABI). ABI is a worsening factor in the stratification of cardiovascular
risk, but its contribution to define the severity of coronary artery disease has not been well established.

Objectives: To compare the ABI value with the coronary atherosclerotic disease severity by use of the Syntax Score
(SS) in patients with Acute Coronary Syndrome (ACS).

Methods: This prospective study measured the ABI of all patients with ACS consecutively admitted to the Sdo
Lucas Hospital of PUCRS from May to September 2016, and compared the ABI values with the SS and ACS types
of those patients. The analyzes were performed considering the 95%confidence interval (o0 = 5%).

Results: This study assessed 101 patients [mean age, 62.6 +12.0 years; 58 men (57.4%)], 74 (82.2%) were hypertensive,
33 (45.8%) had diabetes and 46 (45,5%) had ST-elevation acute myocardial infarction (STEMI). The PAD severity
was not related to the anatomical severity of the coronary artery disease (CAD). We found a significant association
of intermediate SS with non-ST-elevation acute myocardial infarction (NSTEMI), and of low SS with unstable
angina (UA) [OR (95% CI): 1.11 (1.03-1.20) (p = 0.004)], which remained after multivariate analysis adjusted to age,
smoking, family history of CAD and previous CAD [(OR 95%): 1.13 (1.02-1.25) (p = 0.019)].

Conclusions: Patients with ABI < 0.9 showed no association with higher disease complexity determined by the
SS in patients with ACS. Patients with NSTEMI were more associated with an intermediate risk on the SS. (Int J
Cardiovasc Sci. 2018;31(1)47-55)

Keywords: Ankle Brachial Index; Acute Coronary Syndrome, Coronary Artery Disease; Severity of Illness Index;
Atherosclerosis, Peripheral Arterial Disease.

Introduction Different presentations of atherosclerotic disease can

coexist in one single individual.® Peripheral artery disease

Cardiovascular diseases are a major cause of death
and disability in Brazil and worldwide. Stroke and acute
myocardial infarction are the major causes of death
secondary to cardiovascular diseases. The identification of
risk factors for the development of atherosclerotic disease
in the population has received increasing attention,'? and
the prediction of those factors can contribute to preventive

measures and therapeutic strategies.

(PAD) is one of those presentations, usually without clinical
symptoms, its diagnosis being established by calculating
the ankle-brachial index (ABI).*¢ This non-invasive,
easily performed test is considered a worsening factor
for cardiovascular risk.>”?

Acute coronary syndrome (ACS) is the presentation
form of coronary artery disease (CAD), representing
the major cause of death in Brazil. The severity of the
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coronary artery involvement can be obtained by use of
the Syntax Score (SS).10-1¢

Some studies have assessed the association of CAD
with PAD, and the Syntax Score II (SSII) has incorporated
the presence of peripheral vascular disease, among other
variables, into the SS, enabling better stratification.
Some studies have attempted to correlate the severity
of PAD, assessed by use of the ABI, with the complexity
of CAD.!3141721 They have found a negative association
between ABI and the severity of coronary atherosclerosis,
and some of those studies, similarly to ours, have
assessed ACS as the presentation form of CAD.!81522

Our study used the ABI and the SS to quantify
different forms of atherosclerotic cardiovascular disease
impairment in patients with ACS, and assessed whether

the ABI is related to higher or lower disease severity
defined by the SS.

Methods

This is a cross-sectional, descriptive and analytical
study. Data were collected prospectively and
consecutively in the Coronary Care Unit (CCU) of the
Hospital Sdo Lucas of PUCRS (HSL-PUCRS) from all
patients admitted due to ACS from May to September
2016. Data were retrieved from the patients’ medical
records and the measurements taken from each patient.
All patients were invited to participate, and provided
either verbal or informed consent.

During the study period, all patients who sought
the HSL-PUCRS with chest pain accompanied by
changes in their cardiac biomarkers and/or their
electrocardiographic findings compatible with the
diagnosis of ACS, with no other cause for chest pain were
invited to participate in this study. Patients who could
not undergo ABI measurement, such as those with lower
limb lesion, and those who did not undergo coronary
angiography were excluded.

This study research project was submitted to the

Ethics Committee in Research of the HSL-PUCRS, being
approved (1.316.041).

Data Collection Methodology

ACS: All patients who sought the HSL of the PUCRS
due to anginal chest pain and who had enzymatic
and/ or electrocardiographic changes compatible with the
diagnosis of ACS were admitted to the CCU and invited
to participate in this study. The ACS classification was

based on the 2014-updated version of the 2007 Brazilian
Society of Cardiology Guideline on Unstable Angina
(UA) and Acute non-ST-Elevation Myocardial Infarction
(NSTEMI), and on the 2015 Brazilian Society of Cardiology
V Guideline for the Management of Acute ST-Elevation
Myocardial Infarction (STEMI).

ABI: The patient must be placed supine, and systolic
blood pressure (SBP) should be measured in the upper arm
and at the ankle. The SBP in the upper arm was measured
manually with DINAMAP non-invasive technology.
The SBP at the ankle was measured by use of the
auscultatory technique with the Dopplex SD2 Huntleigh
device, an 8-MHz probe at the level of the posterior tibial
artery and an aneroid sphygmomanometer with cuff.
We chose to take the measure at the left side, because most
patients had undergone hemodynamic study via the right
lower limb, which had to be at absolute rest. The ABI was
calculated by dividing the SBP reading in the lower limb
by the SBP reading in the upper limb of each patient.
The diagnosis of PAD was established based on the ABI,
considering the cutoff points < 0.9 as presence of disease,
and those > 0.9 to 1.4 as absence of disease. Neither an
ABI > 1.40 nor a non-compressible ABI were computed.*

Claudication: The diagnosis of claudication was based
on the Edinburgh Questionnaire, which was validated for
the Brazilian population in the study by the Peripheral
Artery Disease Committee of the Brazilian Society of
Cardiology “Projeto Coragdes do Brasil” »

SS: Coronary angiography was performed according
to the Judkins or Sones technique, and analyzed by
two interventional cardiologists blinded to the study
protocol. In case of disagreement, assessment by a third
observer also blinded to the study protocol was requested.
Lesions causing a reduction in coronary diameter > 50%
of vessels with diameters > 1.5 mm were assessed
separately with the SS, and they were added to determine
each patient’s overall SS. The score was calculated by
using the Syntax Score algorithm.*® The cutoff points for
statistical analysis attributed to the SS were: low risk (<22),
intermediate risk (22-32), and high risk (> 32).

Statistical analysis

Data were stored in a Microsoft Excel database
and analyzed with the SPSS software, version 21.0.
Normal distribution of the continuous variables was
confirmed by use of the Kolmogorov-Smirnov test.
On descriptive analysis, categorical variables were
expressed as absolute and relative frequencies, and
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continuous variables, as mean and standard deviation.
The association between the categorical variables was
performed with Pearson’s chi-square and Fisher exact
tests, and the means of the continuous variables were
compared by using Student f test for independent samples
and ANOVA with Bonferroni adjustment. The variables
with a p > 0.2 association were entered into the binary
logistic regression model. The analyses were performed
considering the 95% confidence interval (o = 5%).

Results

This study assessed 101 patients, with a mean age of
62.6 years (31 - 92 years), 57.4% of whom were of the male
sex. Most patients assessed had a low risk according to
the SS (83.2%), being classified as normal regarding the
ABI (45.5%). Of the 101 patients, 4 had non-compressible
ABI, being excluded from the diagnosis of PAD by the
ABI method. Thus, the diagnosis of PAD based on the
ABI could be considered in 97 patients. Peripheral artery
disease was present in 33 patients (30.9%). Regarding the
diagnosis of the clinical presentation of ACS, participants
most frequently had STEMI (45.5%).

The patients’ clinical characteristics are shown in
Table 1. Most patients were ex-smokers (44.6%), had
diabetes mellitus (45.8%), systemic arterial hypertension
(SAH - 82.2%) and family history of CAD (61.9%).
Half of the patients had previous CAD (50.0%) and most
had no intermittent claudication (58.4%). There was
a large number of losses: 1 to smoking, 29 to diabetes
mellitus, 11 to SAH, 17 to family history of CAD, 11 to
previous CAD, and 25 to the symptom of claudication.
The diagnosis of claudication was established by use
of the Edinburgh Questionnaire, and patients with
claudication more often had PAD (p = 0.050) (Table 2).

The association between the categorical variables
was performed with Pearson’s chi-square and Fisher
exact tests, and the means of the continuous variables
were compared by using Student ¢ test for independent
samples and ANOVA with Bonferroni adjustment.
To assess the correlation between the ABI and the
SS, Pearson correlation test was used. The variables
with a p > 0.2 association were entered into the binary
logistic regression model. The analyses were performed
considering the 95% confidence interval (a0 = 5%).
The correlation between ABI and SS was not significant
(r=-0.184; p = 0.070) (Figure 1).

Patients with NSTEMI were older than those with
STEMI (p = 0.021). The SS of patients with NSTEMI was

Table 1 — Characteristics of the patients admitted to
the coronary care unit of the HSL-PUCRS with acute
coronary syndrome from May to September 2016

Characteristics N (%)
Male sex 58 (57.4)
Age in years (meantSD) 62.6 £12.0
Smokers 27 (27.0)
Non-smokers 28 (28.0)
Ex-smokers 45 (44.6)
With diabetes mellitus 33 (45.8)
Without diabetes mellitus 39 (54.2)
History of dyslipidemia 16 (15.8)
Systemic arterial hypertension 74 (82.2)
Family history of coronary artery disease 52 (61.9)
Previous coronary artery disease 45 (50.0)
Claudication 17 (22.4)
Peripheral artery disease 33 (30.9)
Acute coronary syndrome

UA 30 (29.7)
NSTEMI 25 (24.8)
STEMI 46 (45.5)

SD: standard deviation; UA: unstable angina; STEMI: ST-elevation
myocardial infarction; NSTEMI: non-ST-elevation myocardial
infarction. Note: Number of losses: 1 to smoking, 29 to diabetes
mellitus, 11 to systemic arterial hypertension, 17 to family history of
coronary artery disease, 11 to previous coronary artery disease, and 25
to the symptom of claudication.

higher (approximately twice) than that of those with UA
(p = 0.004). According to the SS, intermediate risk was
more frequent among patients with NSTEMI, and low
risk, among patients with UA (p = 0.015). When the SS
was reclassified, isolating patients with zero score, those
with UA more frequently had zero SS, while those with
NSTEMI had an intermediate risk according to the SS
(p =0.004) (Table 3).

Previous CAD was more frequently found among
patients with UA, while patients with no previous CAD
more often had STEMI (p = 0.001) (Table 3).

After adjusting to age, smoking habit, family history
of CAD and previous CAD (variables with p > 0.2 on

univariate and bivariate analysis), only the SS remained
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Table 2 — Clinical characteristics related to peripheral artery disease of patients admitted to the coronary care unit of the

HSL-PUCRS with acute coronary syndrome from May to September 2016

Peripheral artery disease

Variables

Yes (n = 30) N (%) No (n =67) N (%) ’

Male sex 18 (60.0) 36 (53.7) 0.660*
Age in years (mean + SD) 65.0 £12.0 61.6 £12.1 0.212%
Syntax Score (mean + SD) 14.8 +9.2 11.6 +8.13 0.093*
Syntax classification

Low risk 22 (73.3) 58 (86.6)

Intermediate risk 8(26.7) 8 (11.9) 0.133¢

High risk 0(0.0) 1(1.5)
Smoking 8(26.7) 17 (25.8) 0.850*
Diabetes mellitus 11 (47.8) 21 (46.7) 0.928*
Systemic arterial hypertension 22 (81.5) 49 (81.7) 1.000¢
Family history of coronary artery disease 17 (68.0) 33 (60.0) 0.493*
Previous coronary artery disease 12 (46.2) 30 (49.2) 0.796*
Claudication 9(37.5) 8 (16.7) 0.050*

SD: standard deviation. = Chi-square test; *: Student t test for independent samples; *: Fisher Exact test. Note: Number of losses: 1 to smoking, 29 to
diabetes mellitus, 11 to systemic arterial hypertension, 17 to family history of coronary artery disease, 11 to previous coronary artery disease, and 25 to

the symptom of claudication.

associated with ACS for the clinical form of UA as
compared to NSTEMI [OR (95%CI): 1.13 (1.02-1.25);
p =0.019] (Table 4).

When combining UA with STEMI, STEMI with
NSTEMI, and UA + NSTEMI with STEMI, after
adjusting to age, family history of CAD and
previous CAD (variables with p > 0.2 on univariate
and bivariate analysis), the ABI and the SS did
not maintain the association with the type of ACS
clinical presentation.

Discussion

The atherosclerotic disease is multifactorial. The clinical
manifestations of patients with ACS are: UA, NSTEMI
and STEMIL. Peripheral artery disease, an expression of
peripheral atherosclerotic disease, is a more severe form,
defined as a worsening factor in the cardiovascular risk
stratification of patients at intermediate risk.>**

The major objective of this study was to determine
the ABI value of patients with ACS, and to relate ABI to

the severity of coronary lesion by use of the SS. Several
studies have shown the relationship between ABI and
CAD severity, most of them conducted in patients with
suspected CAD or unstable CAD.!"1315202L2526 Gty dies
using the SS II have shown a negative relationship
between the presence of peripheral vascular disease
and the SS, but they included no patient with ACS.111214

In our study, we expected to find a lower ABI value
when compared to the higher SS in ACS. In our sample,
the ABI value was not related to the severity of CAD on
the SS. We found a negative correlation between those
two indices, but without statistical significance. Some
differences between the methodologies might help us
understand the result different from that expected.

Some studies that have not excluded ACS and a
few that have assessed only ACS cases have shown
a strong negative relationship between ABI and SS,
evidencing more severe and/or complex coronary
impairment.'>171820222627 The study by Korkmaz with
150 patients with ACS has found a strong negative
relationship between the scores, but patients with



Int J Cardiovasc Sci. 2018;31(1)47-55
Original Article

Petracco et al.

Ankle-Brachial Index and Syntax Score in ACS

Correlation between ankle-brachial index and Syntax Score

coronary syndrome from May to September 2016.
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Figure 1 — Correlation between ankle-brachial index and Syntax Score of patients admitted to the coronary care unit of the HSL-PUCRS with acute

STEMI and those with previous CAD had been
excluded.'® Our sample had a small number of patients
with STEMI, and those with previous CAD were not
excluded. When stratifying the presentation forms
of ACS, we found no relationship of the SS with the
cases of STEMI, which comprised most of our sample.
However, the comparison of the SS of patients with
NSTEMI and with UA evidenced a relationship of the
intermediate SS with cases of NSTEMI and of the zero SS
with cases of UA. Such aspects can clarify the fact that
there was no significant negative relationship between
the SS and the ABI in ACS. In the study by Benyakorn
with 213 patients, correlating the ABI with the severity
of the coronary artery lesion, patients with ACS who
were known to have PAD were excluded, and the ABI
cutoff point of 0.7 was used. That author found a strong
negative relationship between ABI and SS."

A multicenter study with 1054 patients, assessing the
impact of PAD in patients with ACS and not excluding
STEMI, has suggested that the detection of PAD at the
bedside might be a useful tool to stratify early risk.”

The well-known low diagnostic power of PAD based
on symptomatology was confirmed in our sample
with the use of the Edinburgh Questionnaire.?*?
The prevalence of PAD in our sample was three-times
that described for the general population. This evidence
emphasizes that we assessed patients with diffuse

atherosclerotic disease, and that patients with CAD are
prone to develop PAD. A similar finding was observed
in the study by Korkmaz, in which the frequency of
asymptomatic PAD was higher.”

Although PAD is strongly associated with fatal and
non-fatal cardiovascular event,®* its severity is not
yet used to help stratify the coronary atherosclerotic
complexity. Studies comparing the ABI value with
the severity of stable CAD have found a negative
relationship between them, similarly to the studies on
ACS. 13151718, 2022, 2627 Comparing our results with those
of other studies on ACS, the frequency of patients with
STEMI was the most discrepant finding, because we had
a greater prevalence of STEMI, which might explain the
difference. However, the inverse relationship between
those indices seems to be present and significantly
repeated in several studies, even with the different
methodologies used.

The diagnosis of PAD, as well as its expression of
severity, in patients with ACS awaits better definition
to help stratify severe and / or complex coronary disease,
to allow better management when assessing patients
with CAD and PAD. A randomized study assessing
the time of dual antiplatelet therapy (DAPT) in patients
with and without PAD, submitted to percutaneous
coronary intervention (PCI), has reported that those with
stable CAD or with ACS had worse prognosis after PCI

51
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Table 3 — Clinical characteristics according to the clinical forms of acute coronary syndrome of patients admitted to the
coronary care unit of the HSL-PUCRS with acute coronary syndrome from May to September 2016

ACS
Total sample
Variables N (%) ’ UA (n = 30) NSTEMI (n = 25) STEMI (n = 46) 4
N (%) N (%) N (%)
Male sex 58 (57.4) 14 (46.7) 15 (60.0) 29 (63.0) 0.353*
Age in years (mean + SD) 62.6+12.0 66.1° £10.3 65.00 £13.3 59.0°+11.6 0.021*
ABI (mean + SD) 0.97+0.20 0.96 + 0.26 0.96 +0.21 0.97+0.17 0.996*
ABI classification
Low to intermediate risk 33 (32.7) 10 (33.3) 10 (40.0) 13 (28.3)
Borderline 19 (18.8) 3(10.0) 5(20.0) 11 (23.9) 0.653¢
Normal 46 (45.5) 16 (53.3) 9 (36.0) 21 (45.7)
Non-compressible 3(3.0) 1(3.3) 1(4.0) 1(2.2)
Peripheral artery disease 30 (30.9) 10 (35.7) 11 (24.4) 9 (37.5) 0.434*
Syntax Score (mean + SD) 12.29 + 8.59 8.37°+8.24 15.68* + 8.16 13.01%* + 8.21 0.004*
Syntax classification
Low risk 84 (83.2) 28 (93.3)** 16 (64.0) 40 (87.0)
Intermediate risk 16 (15.8) 2(6.7) 9 (36.0)** 5(10.9) 0.015¢
High risk 1(1.0) 0(0.0) 0(0.0) 1(2.2)
Syntax classification isolating zero
Zero 12 (11.9) 8 (26.7)** 3(6.5) 1 (4.0)
Low risk 72 (71.3) 20 (66.7) 37(80.4) 15 (60.0) 0.004*
Intermediate risk 16 (15.8) 2(6.7) 5(10.9) 9 (36.0)**
High risk 1(1.0) 0(0.0) 1(2.2) 0(0.0)
Smoking 27 (27.0) 4(13.3) 5(20.0) 18 (40.0) 0.093*
Diabetes mellitus 33 (45.8) 12 (46.2) 10 (55.6) 11 (39.3) 0.557*
Systemic arterial hypertension 74 (82.2) 26 (89.7) 18 (85.7) 30 (75.0) 0.291¢
Family history of CAD 52 (61.9) 20 (69.0) 15 (71.4) 17 (50.0) 0.177*
Previous CAD
Yes 45 (50.0) 21 (77.8)** 10 (47.6) 14 (33.3)
0.001*
No 45 (50.0) 6(22.2) 11 (52.4) 28 (66.7)
Claudication 17 (22.4) 6(26.1) 6(33.3) 5(14.3) 0.254¢

ACS: acute coronary syndrome; UA: unstable angina; STEMI: ST-elevation myocardial infarction; NSTEMI: non-ST-elevation myocardial infarction;
SD: standard deviation; ABI: ankle-brachial index; CAD: coronary artery disease. * Chi-square test; *: ANOVA with post-hoc Bonferroni adjustment; :
Fisher Exact test "Analysis of adjusted residues. Note: Number of losses: 1 to smoking, 29 to diabetes mellitus, 11 to systemic arterial hypertension, 17 to
family history of coronary artery disease, 11 to previous coronary artery disease, and 25 to the symptom of claudication.
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Table 4 — Multivariate analysis

Acute coronary syndrome

. UA NSTEMI UA vs. NSTEMI
Variables
(Mean = SD) (Mean = SD)
OR (95%CI) OR (95%CI)
Non-adjusted P Adjusted* P
ABI 0.96 +0.26 0.96 +0.21 1.02 (0.10-10.55) 0.989 1.07 (0.03-44.15) 0.973
Syntax 8.37 £8.24 15.68 + 8.16 1.11 (1.03-1.20) 0.004 1.13 (1.02-1.25) 0.019

UA: unstable angina; NSTEMI: non-ST-elevation myocardial infarction; SD: standard deviation; CI: confidence interval; ABI: ankle-brachial index;
Syntax: Syntax Score. "Adjusted to age, smoking habit, family history of coronary artery disease and previous coronary artery disease.

when they had PAD, requiring a longer DAPT time.”
That study corroborates the importance of the diagnosis
of PAD in patients with CAD submitted to PCL

The several types of clinical stratification for
patients with ACS, such as the GRACE (Global Registry
of Acute Coronary Events) risk score, were related
to hemodynamic severity, risk of death and major
cardiovascular events. So far, we have no definitive
clinical score that helps us assess the risk of the CAD
complexity found in patients with ACS.

Study Limitations

In our study, we valued only the anatomical
presentation of coronary lesions and tried to relate
it to the ABL. A comparison of the complexity of the
anatomical and functional impairment of those two
presentations of atherosclerotic disease might find a more
exuberant negative relationship in patients with ACS.

No assessment of myocardial functional impairment
was performed in our study, because the patients had ACS
according to the diagnostic criteria defined by the guidelines.

Our sample was limited for this initial study, but a
larger one in future studies might be able to establish
a better relationship between the ABI and the SS in
patients with ACS, in addition to contributing to their
cardiovascular risk stratification.

Conclusion

Our study showed that patients with an ABI < 0.9
had no association with higher disease complexity
determined by the SS in patients with ACS. In addition,
patients with NSTEMI were more associated with an
intermediate risk on the SS.
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