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Abstract  

Background:  The Synergy between PCI with TAXUS and  
Cardiac Surgery (SYNTAX) score is effective for prediction  

of clinical outcome after Percutaneous Coronary Intervention  
(PCI). However, its predictive ability is low because it reflects  

only the coronary characterization.  

Objective:  Evaluation of predictive value of combining  
the Ankle-Brachial Index (ABI) and SYNTAX score for the  
outcome in STEMI patients undergoing primary percutaneous  
coronary intervention.  

Methods: A prospective observational cohort study con-
ducted from June 2016 to May 2017 at Cardiovascular Med-
icine Department, Tanta University Hospitals in Gharbia  
Governorate, Egypt. The study enrolled 90 consecutive adult  
patients of both genders who were diagnosed with definite  
ST-segment elevation myocardial infarction within 12 hours  
from the time of symptoms onset, and were treated by primary  
percutaneous coronary intervention. SYNTAX score was  
calculated based on its results. ABI-SYNTAX score was  
calculated by first reclassifying the ABI and SYNTAX scores  

and then adding them. ABI <0.4 was classified as 2, 0.4 to  
0.9 as 1, >0.9 to 1.3 as 0 points; and SYNTAX score <22 was  

classified as 0, 23 to 32 as 1, and >33 as 2 points. The resulting  
scores were added. Patients were classified into 3 groups:  
ABI-SYNTAX score low (0), ABI-SYNTAX score moderate  
(1 or 2), and ABI-SYNTAX score high (3 or 4).  

Results:  Incidence of MACEs was higher among patients  
with high ABI-SYNTAX score. From the total incidence of  
MACEs in the study population (n=17), 12 were present in  
group III (70.6%), 4 in group II (23.5%) and 1 in group I  
(5.9%). ABI-SYNATX score was more sensitive than SYNTAX  
score alone for detection of occurrence of MACEs in patients  
with high score (group III). Incidence of secondary endpoints,  
defined as stent thrombosis, in stent restenosis, re-
hospitalization with acute coronary syndrome and target lesion  
revascularization, was higher in group III.  

Correspondence to:  Dr. Khaled E. Hamada,  
The Department of Cardiovascular Medicine,  
Faculty of Medicine, Tanta University  

Conclusion:  ABI- SYNTAX score is an independent  
prognostic factor for both in-hospital adverse outcomes, as  
well as, short-term adverse outcomes among STEMI patients  
who underwent primary PCI. It improved the ability of the  
SYNTAX score which assesses the angiographic characteristics  
and complexity of coronary artery lesions by combining the  
SYNTAX score with ABI. The predictive value of ABI-Syntax  
score with respect to MACEs was superior to Syntax score  
alone.  

Key Words:  SYNTAX score – Percutaneous coronary interven- 
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Introduction  

WORLDWIDE , Coronary Artery Disease (CAD),  
including acute myocardial infarction, is the sing1e  
most frequent cause of death accounting for 13.2%  
of deaths [1] . Several recent studies have demon-
strated a fall in acute and long-term mortality  
following ST-Segment Elevation Myocardial Inf-
arction (STEMI) with greater use of reperfusion  
therapy, primary Percutaneous Coronary Interven-
tion (primary PCI), modern antithrombotic therapy  
and secondary prevention treatments [2] .  

The Synergy between PCI with TAXUS and  
Cardiac Surgery (SYNTAX) score is a coronary  

lesion complexity scoring system that is used as  
a prognostic tool in the short and long-term risk  

stratification of patients who undergo Percutaneous  

Coronary Intervention (PCI) [3] . The SYNTAX  
score reflects only the coronary characterization,  
so its ability to predict the prognosis of patients  
who underwent PCI is lower than that of other  
scoring systems, including the patient's clinical  
characteristics [4] .  

The ABI, which is the ratio of systolic pressure  
at the ankle to that in the arm, is quick and easy  
to measure and has been used for years in vascular  
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practice to diagnose and assess the severity of  
peripheral artery disease. However, the ABI is also  

an indicator of generalized atherosclerosis because  

lower levels have been linked to higher rates of  

concomitant coronary and cerebrovascular disease,  
and with the presence of cardiovascular risk factors  

[я . Also, in population cohort studies in the USA  
[6]  and Europe [7] , a low ABI has been related to  
an increased incidence of mortality (total and  
cardiovascular), myocardial infarction and stroke.  

These increased relative risks have been shown to  

occur independent of baseline cardiovascular dis-
ease and risk factors, suggesting that the ABI might  

have an independent role in predicting cardiovas-
cular events [6,7] .  

The goal of the present study was to demonstrate  
the predictive value of combining the ankle-brachial  

index and SYNTAX score for the prediction of  
outcome in STEMI patients undergoing primary  
percutaneous coronary intervention.  

Patients and Methods  

The study was conducted as a prospective ob-
servational cohort study from June 2016 to May  
2017 at Cardiovascular Medicine Department,  

Tanta University Hospitals in Gharbia Governorate,  

Egypt. The study included 90 consecutive adult  
patients of both genders who were diagnosed with  
definite STEMI within 12 hours from the time of  
symptoms onset and were treated by primary PCI.  

An informed consent was taken from all partici-
pants.  

Patients included in this study fulfilled all of  

the following criteria of acute myocardial infarc-
tion:  
- Persistent anginal chest pain lasting for more  

than 20 minutes.  

- ST-segment elevation of >1mm in two or more  
standard leads or 2mm in two or more contiguous  
precordial leads, or the presence of new left  

bundle branch block.  

- Primary percutaneous intervention with clear  

angiographic data enough to enable evaluation  

of the severity of coronary artery disease [8] .  

Exclusion criteria were:  
- Patients who are unable to remain supine for the  

duration of the examination are not candidates  
for an adequate ABI.  

- Patients in whom the use of an occlusive sphyg-
momanometer cuff may worsen the extremity  

injury.  

- Patients with prior history of myocardial infarc-
tion.  

- Patients with prior history of CABG.  

- Patients with prior history of cerebrovascular  

disease.  

All included patients were subjected to detailed  

history taking and clinical examination including  

measurement of vital signs and detection of signs  

of heart failure/hemodynamic instability according  

to Killip classification [9] .  

Measurement of Ankle-Brachial Index [10]  was  
done as follows: Brachial systolic pressures of  
both arms were obtained, and the higher of the 2  

values was chosen as the brachial systolic pressure  

(the difference between them should be less than  

10mmHg). The brachial pulse was best appreciated  

on the medial side of the antecubital fossa. The  

anterior tibial and posterior tibial systolic pressures  

of the extremity in question were obtained, and  

the higher of the 2 values was selected as the ankle  

pressure measurement. The posterior tibial pulse  

was best appreciated just dorsal and inferior to the  

medial malleolus. The dorsalis pedis pulse was  
best appreciated on the dorsum of the foot between  

the proximal section of the first and second meta-
tarsals, usually above the navicular bone. Dividing  
the ankle pressure by the brachial artery pressure;  

the result was the ABI [10] .  

Surface ECG and venous sampling for labora-
tory data, including serum cardiac biomarkers  

(cardiac troponin I and Creatine kinase-MB), com-
plete blood count, lipid profile, random blood  
sugar, urea and creatinine, were done. Full 2-D  

and M- mode echocardiographic study in the stand-
ard views (parasternal long axis, short axis, apical  

four and apical two chambers) was done after  

successful primary PCI using a commercially avail-
able machine in our department (Vivid 7, GE  
Medical System, Horten, Norway) with a 3.5-MHz  

transducer. Left ventricular ejection fraction was  

assessed using modified Simpson method according  
to the guidelines of the American Society of  

Echocardiography [11] .  

All included patients were subjected to primary  

PCI for the Infarct Related Artery (IRA) according  

to the ESC guidelines. Coronary angiography was  
performed under local anesthesia from the femoral  
approach according to the standard technique.  

Reperfusion success was assessed according to  

TIMI blood flow grade. The Infarct Related Artery  

(IRA) was identified according to the culprit lesion  
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on the basis of the infarct location on the admission  
ECG and the angiographic findings (target vessel,  

lesion characteristics). The choice of stents (bare-
metal stent or drug-eluting stent) was left to the  

operator's discretion. The success of primary PCI  

was defined as achievement of the TIMI flow of  

the infarct related artery to grade III. The SYNTAX  

score of patients was calculated by three interven-
tional cardiologists from initial diagnostic angiog-
raphy of AMI using a computed program available  

on the SYNTAX score website [12] .  

ABI-SYNTAX score was calculated by first  
reclassifying the ABI and SYNTAX scores and  
then adding them. ABI <0.4 was classified as 2,  
0.4 to 0.9 as 1, >0.9 to 1.3 as 0 points; and SYN-
TAX score <22 was classified as 0, 23 to 32 as 1,  

and >33 as 2 points. The resulting scores were  

added. Patients were classified into 3 groups: ABI-
SYNTAX score low (0), ABI-SYNTAX score mod-
erate (1 or 2), and ABI-SYNTAX score high (3 or  
4).  

Follow-up period was 6 months. Follow-up  
data were obtained through patient interviews (in  
person or by telephone), their families. The primary  
end points were Major Adverse Cardiac and Cere-
brovascular Events (MACEs), defined as a com-
posite of all-cause death, myocardial infarction,  

and stroke. The secondary end points were stent  

thrombosis, in stent restenosis, re-hospitalization  

with acute coronary syndrome and target lesion  

revascularization.  

Statistical presentation and analysis of the  
present study was conducted, using the mean,  
standard deviation and Chi-square test by SPSS  
V.20. Numerical data was presented as mean and  
Standard Deviation (SD) and categorical data was  
presented as number and percentage. Chi-squared  
test was used for statistical analysis. When the chi-
squared test was not appropriate, the Monte Carlo  

Exact test was applied. The level of significance  
was adopted at p<0.05.  

Subjects were informed about the purpose and  

procedure of the study and benefits of sharing in  

it. Ethical considerations of the study were carried  

out according to that of Declaration of Helsinki.  

Results  

The study sample was divided according to the  

ABI-SYNTAX score into three groups: ABI-
SYNTAX low = 0 (n=32), ABI-SYNTAX moder-
ate: 1-2 (n=31), and ABI-SYNTAX score high: 3-  

4 (n=27). Demographic features of the study pop-
ulation are presented in (Table 1).  

As regard risk factors, systemic HTN and dia-
betes were significant risk factors between the  

study groups. Smoking also showed statistically  

significant difference between groups. However,  

dyslipidemia and family history of premature CAD  
showed no statistically significant difference be-
tween our three study groups (Table 2). Regarding  

left ventricular ejection fraction, it was noticed  
that it gets poorer across the study groups, with  

significant p-value <0.001. Regarding Killip clas-
sification, it was found that number of patients  

with Killip class IV was higher in group III while  
in group I, number of patients with Killip class I  
was the highest among groups with significant p-
value <0.001. (Table 3).  

Biochemical characteristics of the study groups  

are presented in (Table 4) which showed that  

regarding pre-procedural serum creatinine level,  
there was statistically significant difference between  

the three groups (p-value <0.001) with higher level  
of serum creatinine was found in group III. How-
ever, regarding pre-procedural serum hemoglobin  

and cardiac troponin I levels, there was no statis-
tically significant difference between the three  

groups with p-values=0.555 and 0.515 respectively.  

Anterior STEMI was found to be the most  
common site of infarction in the study sample but  
it showed no statistical significant difference be-
tween groups (Table 5). Most of the patients had  

Left Anterior Descending (LAD) as their IRA in  

the three study groups then Right Coronary Artery  

(RCA) came after as the second most common  

IRA and it showed no statistically significant  

difference between the study groups (Table 6).  

It was observed that the number of diseased  

vessels increased among the study groups from  

group I with low ABI-SYNTAX score to group III  
with high ABI-SYNTAX score. Group I included  
26 patients (81.25%) with single vessel disease, 5  

patients (15.63%) with two-vessel disease and only  
1 patient (3.12%) with three-vessel disease. Group  

II included 12 patients (38.71%) with single vessel  

disease, 14 patients (45.16%) with two vessel  

disease and 5 patients (16.13%) with three-vessel  

disease. Group III included 7 patients (25.92%)  

with single vessel disease, 3 patients (11.11%)  
with two-vessel disease and 17 patients (62.96%)  

with three-vessel disease. Comparing number of  

diseased vessels among the studied groups, there  
was a statistically significant difference between  
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the study groups with p-value <0.001. Regarding  
procedural steps such as thrombus aspiration, pre  
dilatation of the lesion and stent utilization, there  

was no statistical significant difference between  

the studied groups with p-values 0.707, 0.106, 0.22  
respectively (Table 7).  

Regarding stent characters, it was found that  
only the type of stent was statistically different  
between the study groups with the observation that  

Drug Eluting Stents (DESs) were mostly used in  

group III and Bare Metal Stents (BMSs) were  

mostly used in group II, p=0.004. However, number  
of stents, stent diameter and stent length didn't  
show statistically significant difference between  
the study groups (p-value 0.33, 22 and 11 respec-
tively) (Table 8).  

Regarding TIMI flow, it was found that TIMI  

flow before revascularization was not statistically  
significant among the studied groups with p=0.297.  
However, it was noticed that TIMI flow after  

revascularization decreased across studied groups.  

In group I, 27 patients (84%) showed TIMI 3 flow,  
while 5 patients (16%) showed TIMI flow 2. In  
group II, 27 patients (87%) showed TIMI 3 flow,  
while 4 patients (13%) showed TIMI flow 2. In  
group III, 14 patients (52%) showed TIMI 3 flow,  
10 patients (37%) showed TIMI flow 2, 3 patients  

(11%) showed TIMI flow 1. TIMI flow after revas-
cularization showed statistically significant differ-
ence with p<0.001 (Table 9).  

Patients with higher SYNTAX score were  
present in group III and values progressively de-
creased in ABI-SYNTAX score low and interme-
diate groups. Group I ranged from 7-22, group II  

ranged from 9-35, group III ranged from 23-34  

with statistically significant difference between  
the study groups, measured  p-value <0.001. Also,  
there was a statistically significant difference  
between groups p 1 <0.001 comparing group I and  
II, p2<0.001 comparing group I and III, and p3  
<0.001 comparing group II and III. Patients with  
lower ABI were found in group III and values  
increased in groups I and II with statistically sig-
nificant difference between the three study groups.  

Also, there was a statistically significant difference  
between groups II & III (p2<0.001), between groups  
I & III (p3<0.001) as shown in (Table 10).  

Table (11) shows that there was a significant  

association between higher ABI-SYNTAX and  

MACEs during 6 months follow-up. Higher inci-
dence of all-cause mortality, myocardial infarction  
and stroke was observed in the high ABI-SYNTAX  

tertile. From the total incidence of MACEs in the  
study population (n=17), 12 were present in group  

III (70.6%), 4 in group II (23.5%) and 1 in group  

I (5.9%). Table (12) shows that that there was a  

significant association between higher ABI-
SYNTAX and secondary outcome including stent  
thrombosis, in stent restenosis, re-hospitalization  

with acute coronary syndrome and target lesion  

revascularization.  

As regard SYNTAX score alone, from the total  

incidence of MACEs in the study population  

(n=17), 7 (41.2%) were present in group of patients  
high SYNTAX score (>33), 8 (47.1%) were in  
patients with intermediate SYNTAX score (23-32)  
and 2 (11.8%) were present in patients with low  

SYNTAX score (<22) with significant p=0.002  
(Table 13). ABI-SYNATX score was more sensitive  

than SYNTAX score alone for detection of occur-
rence of MACEs in patients with high score (group  
III). The Receiver Operating Characteristics (ROC)  

analysis was performed to compare the performance  

and predictive accuracy of ABI-Syntax, and Syntax  

score for predicting MACEs during 6 months fol-
low-up. The Areas Under the Curve (AUC) for  
ABI-Syntax score and Syntax score was 0.807,  

and 0.764 (p<0.001, p=0.01, respectively) as illus-
trated in Fig. (1). The ABI-Syntax score carried  

the highest sensitivity 84% in predicting MACEs  
with cutoff value >1, compared with Syntax score  

that showed sensitivity of 80% with cutoff value  

>20. So, the predictive value of ABI-SYNTAX  
score with respect to MACEs was superior to  

Syntax score alone (Table 14).  

The significant relation between ABI-SYNTAX  
and prediction of outcome (MACEs) continued  
even after adjustment for other variables affecting  

MACEs such as: Age, ejection fraction, stent type,  

stent diameter, and stent length (Table 15).  

Table (1): Demographic features of the study population  

according to Ankle Brachial Index-SYNTAX score  

tertiles.  

ABI-SYNTAX score  

Variables  Group I  
Low  

Group II  
Moderate  

Group III Sig.  

High test  
p- 

value  

(n=32)  (n=31)  (n=27)  

Age:  
Range  25-77  33-78  30-80 F  0.006*  
Mean ±  S.D  50.9± 10.74  59.2± 10.1  58.3±11.6 5.52  

Sex:  
Male  26 (36.6%)  23 (32.4%)  22 (31.0%)  χ2 

 
0.731  

Female  6 (31.6%)  8 (42.1%)  5 (26.3 %)  0.626  

: Statistically significant.  
: Chi square test.  
: One way Analysis of Variance (ANOVA).  
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Sig.  
test  

p- 
value  

Group I  
Low  

(n=32)  

Variables  Group III  
High  

(n=27)  

Group II  
Moderate  

(n=31)  

0.001*  F  
8.400  

χ
2 

 

22.650  
MC

p  

0.001*  

46.97±6.993  
35-64  

p2 
 

0.001  

40.85±8.59  
25-69  

p3  
0.005  

28 (41.2%)  
3 (16.7%)  
0 (0%)  
0 (0%)  

49.19±8.33  
30-69  

p 1  
0.273  

28 (41.2%)  
4 (22.2%)  
0 (0%)  
0 (0%)  

12 (17.6%)  
11 (61.1%)  
3 (100.0%)  
1  (100%)  

• LVEF %:  
Mean±S.D.  
Range  

• Significance  
between  
groups  

• Killip class:  
I 
II  
III  
IV  

Group I  
Low  

(n=32)  

Variables  Group III  
High  

(n=27)  

Group II  
Moderate  

(n=31)  

F p- 
value  

0.001*  7.319  

0.594  0.555  

0.586  0.515  0.6±0.37  
0.06-1.2  

1.41 ±0.501  
1-2  

p3  
0.005  

13.19±1.78  
9-15  

0.7±0.55  
0.07-1.5  

1.19±0.402  
1-2  

p2 
 

0.001  

13.42±2.433  
13-16  

0.55±0.45  
0.06-1.3  

1.03±0.177  
1-2  

p 1  
0.273  

13.72±1.279  
11-16  

• Creatinine  
level:  
Mean±S.D  
Range  

• Significance  
between  
groups  

• Hemoglobin  
(gm./dL):  
Mean±S.D  
Range  

• Troponin I  
(mg/L):  
Mean±S.D  
Range  

*  
MCP  
F  

: Statistically significant. χ2 : Chi square test.  
: Monte Carlo test.  
: One way Analysis of Variance (ANOVA).  

Group I  
Low  

(n=32)  

Group II  
Moderate  

(n=31)  

Group III  
High  

(n=27)  

Site of  
infarction  χ 2 p- 

value  

p- 
valuee  χ

2
2 

 
Group I  

Low  
(n=32)  

Variables  Group III  
High  

(n=27)  

Group II  
Moderate  

(n=31)  

0.695  0.707  

0.106  4.516  

p II. 

0.22  12.634  

Table (2): Comparison between the studied groups as regard  
to risk factors.  

p- 
value  χ

2 
 

Group I  
Low  

(n=32)  

Variables  Group III  
High  

(n=27)  

Group II  
Moderate  

(n=3 1)  

ABI-SYNTAX score  

• DM.  
• Hypertension  
•Hypercholest  

erolemia  
• Smoking  
• Family  

history  

5 (12.2%)  
6 (18.2%)  
19 (31.1%)  

21 (40.4%)  
8 (25.0%)  

14 (34.1%)  
16 (48.5%)  
22 (36.1%)  

16 (30.8%)  
10 (32.3%)  

22  (53.7%)  
11 (33.3%)  
20 (32.8%)  

15 (28.8%)  
8 (29.6%)  

25.610  
7.599  
1.669  

1.345  
0.441  

0.001*  
0.022*  
0.434  

0.015*  
0.813  

*: Statistically significant. χ
2

: Chi square test.  

Table (3): Comparing the clinical features of the study groups.  

ABI-SYNTAX score  

: Left Ventricular Ejection Fraction.  
: Statistically significant.  
: Chi square test. MCP: Monte Carlo test.  
: One way Analysis of Variance (ANOVA).  

Significance between groups by post Hoc LSD.  
p 1 : For comparing between group I and group II.  
p2 : For comparing between group II and group III.  
p3 : For comparing between group I and group III.  

LVEF 
* 
χ2 
F 

Table (4): Biochemical characteristics of the study groups.  

ABI-SYNTAX score  

Significance between groups by post Hoc LSD.  
p 1  
p2 

 

p3  

:For comparing between group I and grou 
: For comparing between group II and group III. 
: For comparing between group I and group III. 

: Left Anterior Descending artery.  
: Right Coronary Artery  
: Left Circumflex Artery.  
: Obtuse Marginal Artery.  
: Statistically significant.  
: Chi square test.  
: Monte Carlo test.  

LAD  
RCA  
LCX  
OM  
*  
χ 2 

 

MCP  

Infarct  
Related  
Artery  
(IRA)  

Group I  
Low  

(n=32)  

Group II  
Moderate  

(n=31)  

Group III  
High  

(n=27)  

χ 2 p- 
value  

15 (46.9%)  
13 (40.6%)  
2 (6.2%)  
1  (3.1%)  
1  (3.1%)  

19 (61.3%)  
6 (19.4%)  
6 (19.4%)  
0 (0.0%)  
0 (0.0%)  

20 (74.1%)  
6 (22.2%)  
1  (3.7%)  
0 (0.0%)  
0 (0.0%)  

LAD  
RCA  
LCX  
OM  
Ramus  

Table (6): Distribution of the studied groups according to the  
infarct related artery.  

12.67  MCp0.711  

Table (5): Distribution of the studied groups according to the  
site of infarction.  

ABI-SYNTAX score  

• Anterior  
• Inferior  
• Lateral  
• Posterior  
• Inferior &  

posterior  
• Inferior &  

right  
• Inferior,  

right &  
posterior  

15 (46.87%)  
7 (21.87%)  
1 (3.12%)  
1 (3.12%)  
2 (6.25%)  

5 (15.62%)  

1 (3.12%)  

19 (61.29.2%)  
3 (9.68%)  
2 (6.45%)  
0 (0%)  
3 (9.68%)  

3 (9.68%)  

1 (3.22%)  

20 (74.07%)  
2 (7.41%)  
1 (3.70%)  
0 (0%)  
1 (3.70%)  

2 (7.41%)  

1 (3.70%)  

*: Statistically significant.  
χ

2
: Chi square test.  

ABI-SYNTAX score  

8.623  0.807  

Table (7): Angiographic and procedural characteristics of the  
study population.  

ABI-SYNTAX score  

• No. of  
affected  
vessels:  

1  
2  
3  

• Thrombus  
aspiration.  

• Pre-
dilatation.  

• Stent  
utilization.  

26 (81.25%)  
5 (15.63%)  
1  (3.12%)  

3 (9.37%)  

28 (87.5%)  

24 (75%)  

12 (38.71%)  
14 (45.16%)  
5 (16.13%)  

5 (16.13%)  

26 (83.87%)  

27 (87.09%)  

7 (25.92%)  
3 (11.11%)  
17 (62.96%)  

4 (14.81%)  

23 (69.69%)  

24 (88.89%)  

: Number.  
: Statistically significant.  
: Chi square test.  

No 
* 
χ

2 
 

0.00 1 **  40.757  
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Table (8): Stent characters among study groups.  Table (11): Primary endpoints and events at 6 months among  
study groups.  

ABI-SYNTAX score  
ABI-SYNTAX  score  p - 

value  
χ 2  Group  I  

Low  
(n=32)  

Group III  
High  

(n=27)  

Group II  
Moderate  

(n=31)  

Variables  
p- 

value  
χ 2  Group I  

Low  
(n=32) 

Group II  
Moderate  

(n=31) 

Group III  
High  

(n=27)  

Variables  Total  
(n=90)  

No of stents:  
1  
2  

Stent type:  
B  
D 
N 

Stent diame-
ter:  

Range  
Mean±S.D  

Stent length:  
Range  
Mean±SD 

χ 2  

14.904  

MCp  

0.33  
22 (31.9%)  
2 (16.7%)  

27 (39.1%)  
4 (33.3%)  

20 (29.0%)  
6 (50.0%)  

MCp  
0.037*  

• In hospital  
mortality.  

• Mortality  
at 6 month  
follow-up.  

• Re-
infarction.  

• Stroke.  

• MACEs.  

1 
(3.12%)  

0 (0%)  

1 
(3.22%)  

0 (0%)  

4 (14.8)  6 (6.66)  6.204  

MCp  
0.001*  

2  2  17.042  χ 2  

14.537 

MCp  
0.004*  

22 (32.4%)  
2 (15.4%)  
8 (88.9%)  

26 (38.2%)  
5 (38.5%)  
0 (0.0%)  

20 (29.4%)  
6 (46.1%) 
1  (11.1%)  

(3.33%)  (11.1%)  

MCp  

0.029*  
0 (0%)  1 (3.22%)  2 (7.4%)  3  

(3.33%)  

6 (6.66)  

17  
(100%)  

9.484  

MCp  2.5-3.5  2.5-3.5  F 2.25-4  
2.132± 1.38  

0.22  0 (0%)  2 (6.44%)  4 (18.5%)  22.124  
2.86±0.33  2.81 ±0.67  6.660 

1 (5.9)  4 (23.5%)  12 (70.6)  0.001*  
0.001*  

17.424  

18-34  
17.13± 10.92  

16-38  
24.06±5.434  

14-34  
24.04±6.84  

F 0.11  
7.413  

* 
χ 2 
F 

: Statistically significant.  
: Chi square test.  
: Analysis of Variance.  

B: Bare  metal.  
D:  Drug eluting.  
N: No stent.  Table (12): Secondary endpoints and events at 6 months  

among study groups.  

Table (9): TIMI flow before and after primary PCI.  
ABI-SYNTAX  score  

ABI-SYNTAX  score  p- 
value  

χ2  Group I  
Low  

(n=32)  

Group II  
Moderate  

(n=31)  

Group III  
High  

(n=27)  

Variables  Total  
(n=90)  

p - 
value  

χ 2  Group I  
Low  

(n=32)  

Group II  
Moderate  

(n=31)  

Group III  
High  

(n=27)  

TIMI  

MCp  

0.001*  
0 (0%)  4  11  • Repeat  

unplanned  
revascula  
rization.  

• Re-
hospitaliz  
ation.  

• Stent  
throm-
bosis.  

• In-Stent  
Resteno  
sis (ISR). 

7  20.055  
Before:  

0 
I 

After:  
I 
II 
III 

(12.9%)  (25.9%)  (12.22%)  
MCp  
0.297  

28 (87%)  26 (84%)  23 (85%)  14.904  
4 (13%)  5 (16%)  4 (15%)  

MCp  

0.001*  
1  8  12  21  26.709  MCp  

0.001*  
0 (0.0%)  
5 (16%)  
27 (84%)  

0 (0.0%)  
4 (13%)  
27 (87%)  

3 (11%)  
10 (37%) 
14 (52%)  

23.210 
(3.125%)  (25.81%)  (44.44%)  (23.33%)  

*: Statistically significant. χ 2: Chi square test.  0 (0%)  1  3  2  9.484  MCp  

0.029*  
(3.22%)  (7.41%)  (3.33%)  

Table (10): Comparison between the three studied groups  

according to Syntax score and ABI.  0 (0%)  3  7  10  25.147  MCp  

0.001*  
(9.7%)  (25.9%)  (11.1%)  ABI-SYNTAX  score  

p - 
value  

Group III  
High  

(n=27)  

Group I  
Low  

(n=32)  

Group II  
Moderate  

(n=31)  

F 
* 
χ 2  
MCp 

: Statistically significant.  
: Chi square test.  
: Mont Carlo for chi square.  

• Syntax  
score:  

Mean±S.D  
Range  

• Significance  
between  
groups  

ABI:  
Mean±S.D  
Range  

• Significance  
between  
groups  

14.91 ±4.15  
7-22 

p 1 
0.001*  

21.35±6.053  
9-35  

p2  
0.001*  

30.67±5.392  
23-34  

p3 
 

0.001*  

0.001*  44.291  

Table (13):  Distribution of MACEs among according to ABI- 
SYNTAX,  SYNTAX and ABI scores.  

ABI-SYNTAX score  

p- 
value  

χ 2  Group I  
Low  

(n=32)  

Group II  
Moderate  

(n=31)  

Group III  
High  

(n=27)  

1.00±0.0  1.00±0.00  0.41 ±0.50  0.001*  66.481  
1-1 1-1  0-1  

p2 
 

p3 
 4 (23.5%)  MACEs  1 (5.9%)  12 (70.6%)  17.424  0.001*  – 

0.001*  0.001* 
Syntax score  

χ 2  p * : Statistically significant.  
F : One way Analysis of Variance (ANOVA).  
Significance between groups by post Hoc  LSD.  

Intermediate  
(n=29)  

High  
(n=17)  

Low  
(n=44)  

MACEs 2 (11.8%)  8 (47.1%)  7 (41.2%)  0.002*  12.852  p 1 
 

p2  
p3  
ABI 

: For comparing between group I and group II.  

: For comparing between group II and group III.  
: For comparing between group I and group III.  

: Ankle-Brachial Index.  
* 
χ 2  

: Statistically significant.  
: Chi square test.  
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Table (14): Agreement (sensitivity, specificity and accuracy)  
for ABI-SYNTAX with MACEs.  

Cutoff  AUC  p  Sensitivity  Specificity  

    

ABI-SYNTAX  1  0.807  0.001*  84%  52%  
Syntax score  20  0.764  0.001*  80%  49%  

Table (15): Multivariate logistic regression analysis of MACEs.  

B  SE  p-value  OR  
95% CI  

LL  UL  

ABI-SYNTAX  0.897  0.309  0.004*  2.451  1.339  4.487  
Age  0.055  0.037  0.140  1.056  0.948  1.065  
EF  –0.158  0.068  0.020  0.854  0.747  0.976  
DM  –0.545  0.839  0.516  0.580  0.112  3.005  
HTN  0.723 0.740  0.328  2.062  0.484  8.788  
Stent type  –9.922- 4.405  5.073  0.057  0.00  1.76  
Stent diameter  2.875  1.223  0.019  17.723  1.614  19.650  
Stent length  0.026  0.068  0.707  1.026  0.897  1.173  

: Un standardized coefficients.  
: Standard Error.  
: Odds Ratio.  
: Confidence Interval.  
: Lower Limit.  
: Upper Limit.  
: Statistically significant at p≤ 0.05.  

ROC Curve  
1.0  

0.8  

Se
ns

iti
vi

ty
 

0.6  

0.4  

0.2  

0.0  
0.0 0.2 0.4 0.6 0.8 1.0  

1-Specificity  
Diagonal segments are produced by ties  

Fig. (1): ROC curve for clinical ABI-SYNTAX score and  
SYNTAX score.  

Discussion  

The first and the only previous study to report  
that adding the ABI score to the SYNTAX score  
improved the prediction of MACEs was conducted  
by Ueki et al., [13]  on January 2016 and was done  
based on the SHINANO registry which was a  
multicenter, prospective, observational registry  
designed to compare the differences in baseline  
characteristics and short-and long-term outcomes  
after initial PCI between elderly and nonelderly  
patients. From August 2012 to July 2013, a total  

of 1,923 consecutive patients with any coronary  
artery disease (stable angina, ST-segment elevation  
myocardial infarction, none ST-segment elevation  
myocardial infarction, and unstable angina) were  
enrolled from 16 institutions in Nagano prefecture,  
Japan [13] .  

In the present study, there was significant cor-
relation between ABI-SYNTAX score and age in  
studied patients. Patients in group III were older  

comparing the other two groups. However, there  
was no significant difference between both genders.  

As regard risk factors, systemic HTN and diabetes  
were significant risk factors between the study  
groups. Smoking also showed statistically signif-
icant difference between groups. It was noticed  
that the number of smokers was lower in the ABI-
SYNTAX high tertile. Smoking was also found to  
decrease with increasing ABI-SYNTAX score, and  
it was explained by many different factors. Smoking  
tendency decreases among the elderly, whereas  
young patients, despite smoking more than the  
elderly, have a lower prevalence of comorbidities.  
Young patients are transferred to the hospital earlier  
and they do not have diffuse coronary artery dis-
ease. Dyslipidemia showed no statistically signif-
icant difference between our three study groups.  
Similarly, Ueki et al., [13]  in their study it was  
found that age was significant in relation to ABI-
SYNTAX groups. Also it was found that dyslipi-
daemia was not significant in relation to the ABI-
SYNTAX groups. In contrast to the present study,  
Ueki et al., [13]  found that smoking; systemic  
hypertension and diabetes mellitus have no signif-
icant correlation with the ABI-SYNTAX groups.  

It can be explained by the different sample size in  
both studies and the prevalence of those risk factors  
among the study population.  

As regard the left ventricular ejection fraction,  
in the present study, it was found that there is a  
significant association between higher ABI-
SYNTAX and worsening of left ventricular ejection  

fraction. It was noticed that it gets poorer across  
the study groups with mean of 49.19±8.33%, 46.97  
±6.99% and 40.85±8.59% in the low, intermediate  
and high groups respectively. Similarly in the study  
conducted by Ueki et al., [13] , lower ejection frac-
tions were recorded in the high ABI-SYNTAX  
group (with a mean of 57.2 ± 14.1%) as compared  
to the intermediate and low groups (with a mean  
of 60.5± 12.5 and 63.7± 11.6% respectively). As  
regard Killip class, the present study demonstrated  

that higher number of patients in Killip class IV  
was observed in the high group compared to the  
intermediate and low groups.  

B  
SE  
OR  
CI  
LL  
UL  
*  
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The present study demonstrated that there was  

a significant association between higher ABI-
SYNTAX and incidence of MACEs during 6  
months follow-up. Higher incidence of all-cause  

mortality, myocardial infarction and stroke was  

observed in the high ABI-SYNTAX tertile. From  

the total incidence of MACEs in the study popula-
tion (n=17), 12 were present in group III (70.6%),  

4 in group II (23.5%) and 1 in group I (5.9%). In  
the study conducted by Ueki et al., [13] , it was  
found that the incidence of MACE was 6.5% over-
all. MACEs, all-cause death, and stroke were sig-
nificantly higher in the ABI-SYNTAX score high  
group. However, there were no significant differ-
ences in the incidence of cardiac death and myo-
cardial infarction across groups.  

As a main result to the present study, it was  
determined that the ABI- Syntax score carried the  

highest sensitivity 84% in predicting MACE with  

cutoff value >1, compared with Syntax score that  

showed sensitivity of 80% with cutoff value >20.  

The predictive value of ABI-Syntax score with  
respect to MACEs was superior to Syntax score  
alone. The reason behind the improved predictive  
ability of the ABI-SYNTAX score is that it reflects  

systemic atherosclerosis better than the SYNTAX  

score alone.  

The present study also demonstrated that there  

was a significant association between higher ABI-
SYNTAX score and secondary outcome including  

stent thrombosis, in stent restenosis, re-
hospitalization with acute coronary syndrome and  

target lesion revascularization. However, in the  
study conducted by Ueki et al., [13]  there was no  
significant difference between the study groups as  

regard target lesion revascularization [13] .  

In the study conducted by Ueki et al., [13] , the  
ABI-SYNTAX score was an independent predictor  
of MACEs, whereas the SYNTAX score was not.  
The Reduction of Atherothrombosis for Continued  
Health (REACH) registry demonstrated that the  

1-year adverse cardiovascular event rates (cardio-
vascular death, myocardial infarction, or stroke)  

increased with the number of symptomatic arterial  

disease locations, ranging from 2.2% to 9.2%.  

Miura et al., [14]  also reported that the incidence  

of MACEs significantly increased with the number  
of polyvascular diseases, such as peripheral artery  

disease, carotid artery disease, renal artery disease,  

and abdominal aorta aneurysm. Although previous  
studies have found that the SYNTAX score corre-
lated with peripheral artery disease [15]  and carotid  
artery disease [15] , the SYNTAX score reflects the  
complexity of coronary artery disease, not systemic  
atherosclerosis.  

In the present study, the SYNTAX score was  

an independent short-term predictor of MACEs  

with p-value 0.002 although it demonstrated lower  
sensitivity compared to the ABI-SYNTAX score.  
However, in the study conducted by Ueki et al.,  
[13]  the SYNTAX score was not a predictor of  
MACEs [13] . Few studies have reported a correla-
tion between the SYNTAX score and the long-
term prognosis of STEMI patients undergoing  
primary PCI. Akgun T et al., [16]  conducted a study  
of 2993 STEMI patients to investigate the value  

of the SYNTAX score in predicting prognosis. The  
investigators reported that a high SYNTAX score  
is a predictor of all major adverse cardiovascular  
events in patients with STEMI who have undergone  

primary PCI. Brown A et al., [17]  demonstrated  
that the SYNTAX score remains an angiographic  

score and therefore fails to account for clinical  

parameters that may be important in guiding treat-
ment strategy, but it may has a role in predicting  

clinical events following primary PCI.  

Limitations:  

The study had some limitations. This is a single-
centre experience and represents a limited number  

of patients. The follow-up period was only 6  
months; longer follow-up periods may show dif-
ferent results. Patients weren't administered new-
generation antiplatelet agents such as prasugrel  

and ticagrelor.  
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