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Influence of an abnormal ankle-brachial index on ischemic and bleeding
events in patients undergoing percutaneous coronary intervention

Patients Outcome Result
9 < 100
N2 3
B
£ g0 R
Primary 4 ‘"--------..‘__f‘_;""'
- endpoint £ i =,
Patients undergoing percutaneous § 60 | — womanm
coronay ineiventon) (ie4iAq) Primary endpoint ey | = Abnomal ABI Log-rank test, p<0.001
Composite of all-cause death, o 365 730 1095 1460 1825
myocardial infarction, stroke, and —~ 100
major bleeding 5 R —— it
/ \ (Bleeding Academic Research Secondary § 20 T
Consortium type 3 or 5 bleeding) endpoint % 80 ’11%
3
Secondary endpoint g
A 5 60| _ womana
Ankle-brachial index(ABI) Individual components of the @ 50/ |- Abnormal ABI Log-rank test, p<0.001
Normal range: > 0.9 and < 1.4 primary endpoint G oo = T o O

An abnormal ABl is a risk factor for both ischemic and bleeding events after PCI. Diagnostic approach

Conclusion for peripheral artery disease and intensive management is warranted to improve long-term outcomes.

Background/Aims: Bleeding events after percutaneous coronary intervention (PCl) have important prognostic implications.
Data on the influence of an abnormal ankle-brachial index (ABI) on both ischemic and bleeding events in patients undergo-
ing PCl are limited.

Methods: We included patients who underwent PCl with available ABI data (abnormal ABI, < 0.9 or > 1.4). The primary
endpoint was the composite of all-cause death, myocardial infarction (M), stroke, and major bleeding.

Results: Among 4,747 patients, an abnormal ABI was observed in 610 patients (12.9%). During follow-up (median, 31
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months), the 5-year cumulative incidence of adverse clinical events was higher in the abnormal ABI group than in the normal
ABI group: primary endpoint (36.0% vs. 14.5%, log-rank test, p < 0.001); all-cause death (19.4% vs. 5.1%, log-rank test,
p < 0.001); MI (6.3% vs. 4.1%, log-rank test, p = 0.013); stroke (6.2% vs. 2.7%, log-rank test, p = 0.001); and major bleed-
ing (8.9% vs. 3.7%, log-rank test, p < 0.001). An abnormal ABI was an independent risk factor for all-cause death (hazard
ratio [HR], 3.05; p < 0.001), stroke (HR, 1.79; p = 0.042), and major bleeding (HR, 1.61; p = 0.034).

Conclusions: An abnormal ABI is a risk factor for both ischemic and bleeding events after PCl. Our study findings may be
helpful in determining the optimal method for secondary prevention after PCI.

Keywords: Percutaneous coronary intervention; Ankle-brachial index; Peripheral artery disease; Ischemic event; Bleeding

event

INTRODUCTION

Peripheral artery disease (PAD) is associated with systemic
atherosclerosis and is one of the leading causes of athero-
sclerotic cardiovascular (CV) morbidity and mortality [1].
Among patients with coronary artery disease (CAD), approx-
imately 13% to 22% have PAD, which increases the risk for
future ischemic events [2,3]. Likely CAD, PAD is managed
through lifestyle modifications, medical treatment, endovas-
cular repair, or surgery. Of these, lifestyle modifications and
pharmacological treatment are recommended to improve
clinical outcomes [4]. The diagnostic approach for PAD is im-
portant because risk stratification may provide evidence for
determining the manner and intensity of treatment [5,6]. In
general, patients with both CAD and PAD require more in-
tensive medical management, including potent antithrom-
botic or lipid-lowering therapy, for secondary prevention
[7-9]. Recently, interest in the role of PAD and the progno-
sis of bleeding events in patients with CAD has increased.
The COMPASS (Cardiovascular Outcomes for People Using
Anticoagulation Strategies) trial suggested that low-dose
novel oral anticoagulants as an adjunct to aspirin compared
with aspirin alone reduce ischemic events but increase major
bleeding events in patients with PAD [10].

The ankle-brachial index (ABI) is a well-established modal-
ity for assessing PAD, and current guidelines recommend
specific criteria for an abnormal ABI (ABl of < 0.9 or > 1.4)
[11,12]. Earlier research has reported that an abnormal ABI
was associated with an increased risk of ischemic events
[13,14]. However, an abnormal ABI has not been well in-
vestigated as a risk factor for ischemic and bleeding events
in patients undergoing percutaneous coronary intervention
(PCI). Therefore, we performed this study to evaluate the in-
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fluence of an abnormal ABI on both ischemic and bleeding
events in patients undergoing PCI.

METHODS

Study population

Atotal of 5,160 patients who underwent PCl at the Gyeo-
ngsang National University Hospital between January 2011
and December 2016 were enrolled (Fig. 1). The exclusion
criteria were as follows: 1) prior evidence of PAD treatment
(n = 105), 2) no ABI measurement (n = 138), 3) use of oral
anticoagulants at discharge (n = 87), and 4) missing fol-
low-up data after discharge (n = 83). Finally, 4,747 patients
were included in the study. Clinical characteristics, presen-
tation, angiographic and procedural findings, discharge

5,160 Patients undergoing PCI from GNUH registry

413 Exclusion
105 Prior PAD
— 138 Absent ABI data
87 Anticoagulation at discharge
83 Follow-up loss

4,747 Final study cohort

610 Abnormal ABI (< 0.9 or > 1.4) 4,137 Normal ABI group
group (12.9%) (87.1%)

Figure 1. Flow diagram of the study. Patients who underwent
percutaneous coronary intervention (PCl) were eligible for this
study. GNUH, Gyeongsang National University Hospital; PAD, pe-
ripheral artery disease; ABI, ankle-brachial index.
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medication, and clinical outcome data were prospectively
collected by the research coordinators. The patients were
routinely followed up at 1, 6, and 12 months after the in-
dex procedure and annually thereafter. Further information
was collected from medical records or telephone interviews,
when necessary. The Institutional Review Board of Gyeong-
sang National University Hospital approved the study proto-
col (No. GNUH 2018-07-012) and waived the requirement
for written informed consent for access to an institutional
registry. The study was performed in accordance with the
Good Clinical Practice Guidelines and the principles of the
Declaration of Helsinki.

Measurement of the ABI and definition of an
abnormal ABI

Using a Doppler ultrasound device (VP-1000; Colin Co.,
Ltd., Komake, Japan), we measured the ABI for each leg
before PCl (in emergent cases, before discharge). The se-
quence of limb pressure measurements was as follows:
the first arm, first posterior tibial artery, first dorsalis pedis
artery, second posterior tibial artery, second dorsalis pedis
artery, and second arm. Each pressure was measured twice,
and the average of each pressure was used in the calcula-
tions. The ABI of each leg was calculated by dividing the
posterior tibial or dorsalis pedis pressure, whichever was
higher, by the systolic blood pressure of the right or left arm,
whichever was higher. The lowest ABI in the left and right
legs was selected. The ABI threshold for detecting PAD was
<0.90, showing > 80% sensitivity and > 90% specificity in
earlier studies; an ABI of > 1.40 was defined as abnormal,
predicting the incidence of PAD with 60% to 80% accuracy
[15,16].

Endpoints and definitions

The primary endpoint was the composite of adverse clinical
events, including all-cause death, myocardial infarction (M),
stroke, and major bleeding. All endpoints were described
according to the Academic Research Consortium (ARC)
definitions [17,18]. The individual components of the pri-
mary endpoint were analyzed as the secondary endpoints.
All-cause death included death from cardiac and non-cardi-
ac causes during follow-up. We also evaluated deaths due
to fatal bleeding. Ml was defined as increased cardiac tro-
ponin values with ischemic symptoms or ischemic changes
on electrocardiography or imaging evidence of recent loss
of viable myocardium or a new regional wall motion abnor-
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mality. Stroke, indicated by a rapid onset of a focal or global
neurological deficit with signs or symptoms, was confirmed
by a neurologist based on the neuroimaging results. Major
bleeding was defined as Bleeding ARC type 3 or 5 bleeding.

Statistical analysis

The Kolmogorov-Smirnov test was performed to analyze
the normal distribution of continuous variables. Continuous
variables were presented as means + standard deviations or
as medians (interquartile ranges [IQRs]), as appropriate, and
categorical variables as frequencies and percentages. Stu-
dent’s unpaired t-test was used for parametric continuous
variables and the Mann-Whitney U test for non-parametric
continuous variables. Categorical variables were compared
using Pearson’s chi-square test or Fisher's exact test, as
appropriate. Receiver-operating characteristic (ROC) curve
analysis was performed to find optimal cutoffs of contin-
uous variables, which then were changed into the dichoto-
mous covariates. We compared the area under curve (AUC)
and calculated discrimination improvement using identified
risk factors of adverse clinical events.

All demographic characteristics and laboratory measure-
ments were evaluated using a univariate analysis to predict
adverse clinical events. Variables with a p value of < 0.1 in
the univariate analysis were then entered into the multivari-
ate Cox proportional hazard analysis to identify independent
correlates of ischemic and bleeding events. According to the
ABI, survival curves were constructed using Kaplan-Meier
estimates and compared using the log-rank test. A p val-
ue of < 0.05 was considered statistically significant, and all
statistical analyses were performed using SPSS version 24.0
(SPSS Inc., Chicago, IL, USA) and Medcalc version 13.3.3.0
statistical software (Medcalc, Ostend, Belgium).

RESULTS

Patient characteristics

Among the 4,747 patients, an abnormal ABI was observed
in 610 patients (12.9%) (594 patients with an ABI of < 0.9
and 16 patients with an ABI of > 1.4). Compared with the
normal ABI group, the abnormal ABI group showed unique
clinical characteristics, including older age, lower body mass
index, hypertension, diabetes, prior ischemic stroke, and
chronic kidney disease (CKD) (Table 1). The clinical presenta-
tion of acute coronary syndrome (ACS), especially acute MI,
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Normal ABI (n = 4,137; 87.1%) Abnormal ABI (n = 610; 12.9%) p value
Clinical characteristic
Age, yr 64 + 11 711 < 0.001
Body mass index, kg/m2 244 +64 229+4.4 < 0.001
Female gender 1,268 (30.7) 223 (36.6) 0.002
Hypertension 2,075 (50.2) 385 (63.2) <0.001
Diabetes 1,183 (28.6) 263 (41.5) < 0.001
Dyslipidemia 1,974 (47.7) 265 (43.5) 0.052
Current smoking 1,253 (30.3) 189 (31.0) 0.727
Previous PCl 653 (15.8) 106 (17.4) 0.308
Ischemic stroke 239 (5.8) 79 (13.0) < 0.001
Chronic kidney disease 393 (9.5) 170 (27.9) <0.001
Clinical presentation
Acute coronary syndrome 2,595 (62.7) 419 (68.7) 0.002
Acute myocardial infarction 2,098 (50.7) 358 (58.7) < 0.001
Laboratory finding
WBC count, x10%/mm? 8735 9.2+36 0.001
Hemoglobin, g/dL 135+ 1.8 126 +2.0 < 0.001
eGFR, mL/min/1.73 m? 90 + 31 72 32 < 0.001
NT-pro BNP (pg/mL) 1,103 + 2,972 3,319 £ 5,758 <0.001
hs-CRP, mg/dL 3.6+93 74147 < 0.001
Hemoglobin Alc, % 6.4+13 6.5+13 0.005
LDL cholesterol, mg/dL 116 £ 42 115+ 42 0.772
HDL cholesterol, mg/dL 451+ 13 441 £ 13 0.112
LVEF, % 56+8 51+ 11 < 0.001
Angiographic and procedural finding
Femoral access 1,137 (27.5) 160 (26.2) 0.168
Multivessel disease 1,974 (47.8) 391 (64.1) <0.001
Multivessel PCI 687 (16.6) 126 (20.7) 0.010
PCl method
Drug eluting stent 4,075 (98.5) 598 (98.1) 0.375
Bare metal stent 12 (0.3) 4(0.5) 0.450
POBA 50 (1.2) 8 (1.4) 0.410
Discharge medication
Aspirin 3,977 (96.1) 578 (94.7) 0.572
P2Y12 inhibitor 3,744 (90.5) 548 (89.8) 0.492
Beta-blocker 2,600 (62.8) 412 (67.5) 0.021
Angiotensin blocker 2,951 (71.3) 462 (75.7) 0.017
Statin 3,850 (93.1) 558 (91.5) 0.487

Values are presented as mean = standard deviation or number (%).

ABI, ankle-brachial index; PCl, percutaneous coronary intervention; WBC, white blood cell; eGFR, estimated glomerular filtration
rate; NT-pro BNP, N-terminal of the prohormone brain natriuretic peptide; hs-CRP, high sensitivity C-reactive protein; LDL, low den-
sity lipoprotein; HDL, high density lipoprotein; LVEF, left ventricle ejection fraction; POBA, plain old balloon angioplasty.
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was associated with a higher rate of an abnormal ABI. The
abnormal ABI group had a higher white blood cell (WBC)
count and high-sensitivity C-reactive protein (hs-CRP) lev-
el than the normal ABI group. The incidence of anemia,
renal dysfunction, and reduced left ventricle (LV) function

100 —

Log-rank test, p < 0.001
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was also higher in the abnormal ABI group than in the nor-
mal ABI group. The angiographic and procedural findings
showed that multivessel CAD occurred more frequently and
that PCI was performed more commonly in the abnormal
ABI group than in the normal ABI group.

Log-rank test, p < 0.001
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stroke, and major bleeding. (B) All-cause death. (C) Myocardial infarc-
tion. (D) Stroke. (E) Major bleeding. ABI, ankle-brachial index.
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Association between an abnormal ABI and
clinical outcomes
The median follow-up time was 31.0 months (IQR, 15.3—
49.7). The number of events estimated cumulative inci-
dence rate based on Kaplan-Meier curve were following;
211 all-cause deaths, 170 MiIs, 112 strokes, and 153 major
bleeding events. The median ABI of the entire population
was 1.07 (IQR, 0.99-1.13). The ABI was significantly lower
for each composite of clinical outcome (primary endpoint,
0.96 + 0.19 vs. 1.04 + 0.13, p < 0.001; all-cause death,
0.91 +£0.20vs. 1.04 £ 0.13, p < 0.001; MI, 1.00 = 0.17 vs.
1.04 £0.14, p=0.011; stroke, 0.99 £ 0.16 vs. 1.04 £ 0.14,
p = 0.010; major bleeding, 0.98 £ 0.18 vs. 1.04 + 0.14,
p =0.001).

The number of adverse clinical events increased steadily
throughout the follow-up period (Fig. 2). The Kaplan-Meier

Table 2. Risk factors for primary endpoint and major bleeding

KJIM™

curves showed an increasing divergence between the two
groups. The abnormal ABI group had a higher 5-year cumu-
lative incidence of the primary endpoint (36.0% vs.14.5%,
log-rank test, p < 0.001), all-cause death (19.4% vs. 5.1%,
log-rank test, p < 0.001), Ml (6.3% vs. 4.1%, log-rank
test, p = 0.013), stroke (6.2% vs. 2.7%, log-rank test, p =
0.001), and major bleeding (8.9% vs. 3.7%, log-rank test,
p < 0.001) (Fig. 2). In the multivariate analysis, an abnormal
ABI was found as an independent risk factor for the primary
endpoint (hazard ratio [HR], 2.21; 95% confidence inter-
val [Cl], 1.74-2.80; p < 0.001), all-cause death (HR, 3.05;
95% Cl, 2.17-4.31; p < 0.001), stroke (HR, 1.79; 95% (|,
1.02-3.14; p = 0.042), and major bleeding (HR, 1.61; 95%
Cl, 1.03-2.51; p = 0.034) (Table 2). In predicting a primary
endpoint, an abnormal ABI increased predictive value (AUC
0.674 vs. AUC 0.656, p < 0.001) compared to reference

Univariate analysis

Univariate analysis

Variable
HR 95% Cl p value HR 95% Cl p value

Primary endpoint
Old age (> 65 years) 1.99 1.64-2.42 < 0.001 1.31 1.05-1.65 0.016
Acute coronary syndrome 1.23 1.02-1.48 0.028 1.28 1.04-1.57 0.019
Hypertension 1.34 1.11-1.62 0.002 1.06 0.86-1.31 0.529
Diabetes 1.62 1.34-1.96 < 0.001 1.25 1.01-1.55 0.043
Dyslipidemia 1.39 1.15-1.68 0.001 117 0.96-1.44 0.117
Previous PCl 1.72 1.38-2.15 < 0.001 1.67 1.04-2.14 < 0.001
Previous stroke 1.55 1.12-2.14 0.007 117 0.83-1.66 0.350
Renal dysfunction® 2.84 2.30-3.80 < 0.001 1.67 1.30-2.15 < 0.001
Anemia® 217 1.75-2.70 < 0.001 1.36 1.01-1.67 0.045
Reduced LVEF (< 50%) 1.80 1.47-2.21 < 0.001 1.35 1.08-1.68 0.007
Abnormal ABI (< 0.9 or > 1.4) 3.22 2.59-4.00 < 0.001 2.21 1.74-2.80 < 0.001

Major bleeding
Old age (> 65 years) 2.21 1.55-3.15 < 0.001 1.16 0.78-1.75 0.447
Acute coronary syndrome 1.50 0.99-2.26 0.050 1.45 0.99-2.12 0.055
Current smoking 1.51 1.04-2.28 0.048 1.32 0.85-2.04 0.206
Dyslipidemia 1.97 1.36-2.85 < 0.001 1.61 1.09-2.36 0.015
Renal dysfunction® 2.72 1.87-3.96 < 0.001 1.64 1.07-2.50 0.022
Anemia® 3.06 2.12-4.42 <0.001 1.82 1.22-2.71 0.003
Reduced LVEF (< 50%) 1.66 1.14-2.41 0.008 1.25 0.84-2.41 0.256
Abnormal ABI (< 0.9 or > 1.4) 2.31 1.54-3.46 < 0.001 1.6 1.03-2.51 0.034

HR, odds ratio; Cl, confidence interval; PCl, percutaneous coronary intervention; LVEF, left ventricle ejection fraction; ABI, an-

kle-brachial index.
Defined by glomerular filtration rate, < 60 mL/min/1.73 m?.
bDefined by hemoglobin < 13 g/dL in men, < 12 g/dL in women.
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variables (age > 65 years, diabetes, ACS, previous PCl, LV
ejection fraction < 50%, renal dysfunction, and anemia)
(Fig. 3). Combination of abnormal ABI and reference vari-
ables (dyslipidemia, renal dysfunction, and anemia) had
more powerful predictive value for major bleeding (AUC
0.597 vs. AUC 0.569, p = 0.014).

DISCUSSION

This study reports the long-term (5-year) influence of an
abnormal ABI on both ischemic and bleeding events in pa-
tients undergoing PCl. The main findings were as follows:
1) approximately one eighth of the patients (12.9%) who
underwent PCl had a newly identified abnormal ABI (ABI
of < 0.9 or > 1.4); 2) compared with the normal ABI group,
the abnormal ABI group had known baseline risk factors for
CV and bleeding events; 3) an abnormal ABI was associ-
ated with worse clinical outcomes, including major bleed-
ing events after PCl; and 4) an abnormal ABI was an in-
dependent risk factor for the primary endpoint (HR, 2.21),
all-cause death (HR, 3.05), non-fatal stroke (HR, 1.79), and

The Korean Journal of Internal Medicine Vol. 38, No. 3, May 2023

major bleeding (HR, 1.61).

CV disease is the leading cause of mortality and morbidity
worldwide. The prognosis worsens as the number of arterial
disease locations increases. Patients with PAD have shown
more widespread atherosclerosis, which is related to an in-
crease in the number of ischemic events, including CV death
[7,8]. In this study, an abnormal ABI was observed in 12.9%
of the patients, and the abnormal ABI group had a higher
5-year incidence of all-cause death (19.4% vs. 5.1%, log-
rank test, p < 0.001) with more than a threefold hazard risk,
which is consistent with earlier data [19,20]. The 5-year in-
cidence of the primary endpoint and major bleeding events
was higher in the abnormal ABI group than in the normal
ABI group (36.0% vs.14.5%, log-rank test, p < 0.001; 8.9%
vs. 3.7%, log-rank test, p < 0.001, respectively). Nakahashi
et al. [21] reported a significantly higher 30-day incidence of
major bleeding events in patients with a decreased ABI than
in those with a normal ABI (21.9% vs. 6.0%, p < 0.001).
Although it is thought that the bleeding event rate in their
study was higher owing to the different clinical conditions
(e.g., rate of oral anticoagulant use, femoral approach, me-
chanical cardiac support, or presence of ACS), the clinical

100 — 100 —
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Z Z
2 60 2 60
@ Il
[ = <
v (%
%] (%]
40 40
20 20
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T T T T T T T T T T T T
0 20 40 60 80 100 0 20 40 60 80 100
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AUC 95% Cl pvalue AUC 95% Cl pvalue
—— Reference variables® 0.656 0.642-0.670 - —— Reference variablest 0.569 0.555-0.584 -
—— Reference variables 0.674 0.660-0.688 < 0.001 —— Reference variables 0.597 0.583-0.611 0.014

+ abnormal ABI

+ abnormal ABI

Figure 3. Predictive discrimination model for primary endpoint and major bleeding. (A) Primary endpoint. (B) Major bleeding. AUC, area
under curve; Cl, confidence interval; ABI, ankle-brachial index. *Age > 65 years, diabetes, acute coronary syndrome, previous percutane-
ous coronary intervention, left ventricle ejection fraction < 50%, renal dysfunction (estimated glomerular filtration rate [eGFR] < 60 mL/
min/1.73 m?), and anemia (hemoglobin < 13 g/dL in men, < 12 g/dL in women). *Dyslipidemia, renal dysfunction (eGFR < 60 mL/min/1.73

m?), and anemia (hemoglobin < 13 g/dL in men, < 12 g/dL in women).
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insights are in line with those of our study.

Bleeding events in patients undergoing PCl have import-
ant prognostic implications. Patients with a high bleeding
risk (HBR) should be assessed in terms of their thrombotic
risk [22]. Anemia (moderate or severe), oral anticoagulation,
malignancy, end-stage CKD, planned surgery, and throm-
bocytopenia have recently been proposed as the major
ARC-HBR criteria (by prevalence order) [23]. Age of > 75
years, moderate CKD, anemia (mild), prior stroke, and pri-
or bleeding were minor ARC-HBR criteria. An HBR is more
frequently observed among East Asians, and relevant evi-
dence suggests the optimization of pharmacologic therapy
for patients with an HBR [24,25]. Sotomi et al. [26] report-
ed a practical method for assessing the tradeoff between
thrombotic and bleeding risks according to the ARC-HBR
criteria. In our study, anemia (HR, 1.84), renal dysfunction
(HR, 1.64), dyslipidemia (HR, 1.61), and an abnormal ABI
(HR, 1.61) were significant predictors of major bleeding
after PCl. Based on these data, it would be reasonable to
include abnormal ABIs in the risk stratification for bleeding.

This study showed that an asymptomatic newly identified
abnormal ABI was associated with long-term ischemic and
bleeding events in patients undergoing PCl. The prevalence
of ACS, increased levels of inflammatory biomarkers (WBC
count and hs-CRP level), anemia, renal dysfunction, LV
dysfunction, and multivessel CAD or PCl was higher in the
abnormal ABI group than in the normal ABI group. These
variables may contribute to worse clinical outcomes [27,28].
Prior data showed that an abnormal ABI might cause critical
limb ischemia, which could be related to increased all-cause
mortality [14,29]. In our study, the all-cause death rate was
4.0% (194 cases) in the total population. Of these cases,
more than half (54.1%) were from cardiac causes and al-
most a tenth (9.8%) from bleeding events. This implies that
not only CV morbidity, but also major bleeding can be an
important cause of death after PCI. Accordingly, an abnor-
mal ABI influences bleeding events and all-cause death after
PCI [21]. Given these perspectives, patients with PAD are
at a high risk for future ischemic and bleeding events, and
screening and stratifying the risk in patients undergoing PCI
would be reasonable.

The role of PAD and the prognosis of major bleeding
events in patients with CAD have recently been highlighted
[10]. The goal of secondary prevention strategies using an-
tithrombotics and high-intensity statins is to reduce future
ischemic events that balance bleeding events and all-cause
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mortality. The important issues are that the risk factors for
ischemic and bleeding events overlap and that efforts to
reduce ischemic events using potent or maintenance anti-
thrombotics are closely related to increases in the number of
bleeding events. In this study, asymptomatic PAD diagnosed
based on an abnormal ABI was also a strong risk factor
for the occurrence of ischemic and bleeding events. These
findings suggest that various efforts, including appropriate
antithrombotic therapy and other CV risk factor control,
are needed in these high-risk patients. Recent studies have
shown that inflammation or thrombogenicity could be tar-
gets for pharmacological treatment of PAD in patients with
CAD [30,31]. Translational research may contribute to im-
proving individualized medicine. Prospective studies involv-
ing these basic clinical insights are required in the future.

The current study had several limitations. First, the study
was a single-center study that used observational cohort
data, which may limit the generalizability of the findings.
This may have led to an unintended underestimation or
overestimation of the ABI, prevalence of clinical events, and
hidden confounding variables, which could have resulted
in biased outcomes. However, we attempted to minimize
any errors in the estimation of incidence by standardizing
the inclusion criteria using available resources and by per-
forming a detailed review of all available medical records
or telephone interview data. Second, there were significant
differences in several factors, including age, presentation of
disease entity, hypertension, CKD, and LV systolic function,
which may contribute as independent cofounders among
the patients with PAD. In the multivariate analysis, adjust-
ments were performed to reduce unexpected bias. Never-
theless, the log-rank test used to compare the Kaplan-Meier
survival curves may fail to account for other potential vari-
ables, such as lifestyle modifications and medical treatment
changes during follow-up, which may have affected the re-
sults of the study. Follow-up information of ABI was limited
that might affect the long-term clinical outcomes. However,
our observational study has strengths in terms of the large-
scale study population (n = 4,747) and the evaluation of an
abnormal ABI considering the difficulties in performing ran-
domized trials to investigate the influence of this parameter
on long-term clinical outcomes.

This study suggests that an abnormal ABI is a risk factor
for both ischemic and bleeding events after PCI. In patients
undergoing PCl, a diagnostic approach for PAD following
intensive management is warranted to improve the long-
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term clinical outcomes. Our study findings may be helpful in
determining the optimal method for secondary prevention
after PCI.

KEY MESSAGE

1. An abnormal ankle-brachial index (ABI) was an
independent risk factor for the primary endpoint
(composite of all-cause death, myocardial infarc-
tion, stroke, and major bleeding) and major bleed-
ing.

2. Combination of abnormal ABI and reference vari-
ables increased predictive value for primary end-
point and major bleeding.

3. Patients with abnormal ABI are at a high risk for
both ischemic and bleeding events, and screening
and stratifying the risk in patients undergoing per-
cutaneous coronary intervention would be neces-
sary.
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