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Abstract 

Background: Coronary artery bypass grafting (CABG) is 
recommended as the optimal revascularization strategy in pref-
erence to PCI in patients with multivessel disease and interme-
diate to high SYNTAX scores.However, PCI seems appropriate 
for patients deemed surgically ineligible or refused the opera-
tion. 

Aim of Study: This study aimed to the short-term major 
adverse cardiac and cerebrovascular events (MACCE) in pa-
tients with multivessel complex coronary anatomy, defined as 
SYNTAX score above 22, undergoing non-emergent PCI who 
were indicated for CABG but either they were rejected by the 
surgeons, or they refused it. 

Patients and Methods: Our registry was conducted on 193 
patients throughout a 6-month recruitment period and subse-
quently followed-up for in-hospital and 6- month mortality and 
MACCE. 

Key Words: SYNTAX score – SYNTAX II score – Percutaneous 
coronary intervention – MACCE – Complex coro-
nary anatomy – Complete revascularization. 

Introduction 

ALTHOUGH there has been a significant reduc-
tion in mortality rates from cardiovascular diseas-
es (CVD), they remain the leading cause of global 
mortality among non-communicable diseases, prin-
cipally coronary artery disease (CAD) and stroke 
[1,2]. CAD could affect single or multiple vessels. 
The prevalence of multivessel disease is high, es-
pecially among diabetic individuals. Kesani et al., 
found that in patients with significant CAD, signifi-
cant 2-4-vessel CAD was present in 80% of patients 
with diabetes and 57% without diabetes [3]. 

List of Abbreviations: 
Results: Regarding the in- Hospital study outcomes, the 

mortality was 3%, and the MACCE occurred in 7%, while in 
the 6-month outcomes, the mortality was 4.5%, and the MAC-
CE occurred in 17.5%. When comparing the intermediate to 
high SYNTAX score groups, there was a statistically signifi-
cant increase in both in-h Hospital and short-termmortality and 
MACCE in the high SYNTAX score group but no significant 
difference regarding the incidence of contrast-induced nephrop-
athy. SYNTAX II score ≥41 (OR 3.9, 95% CI 1.7-9.1, p=.001) 
and incomplete revascularization (OR5.4, 95% CI 2.1-13.7, 
p<.001) were independent predictors for short-term MACCE. 

Conclusions: Patients with high SYNTAX scores portend a 
significantly higher in-hospital and 6- month MACCE and mor-
tality. When considering complex multivessel PCI, one should 
consider the benefits of achievement of complete revasculari-
zation and the risks in patients with higher SYNTAX II scores. 
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: Acute coronary syndrome. 
: Bare metal stent. 
: Cardiovascular disease. 
: Chronic coronary syndrome. 
: Chronic kidney disease. 
: Chronic total occlusion. 
: Contrast-induced nephropathy. 
: Coronary artery bypass graft. 
: Coronary artery disease. 
: Coronary heart disease. 
: Diastolic blood pressure. 
: Drug-eluting stent. 
: Dual antiplatelet therapy. 
: European Society of Cardiology. 
: Heart failure. 
: Intravascular ultrasound. 
: Left main. 
: Left ventricular Ejection fraction. 
: Major adverse cardiac and cerebrovascular events. 
: Non-ST elevation myocardial infarction. 
: Percutaneous coronary intervention. 
: ST-elevation myocardial infarction. 
: Systolic blood pressure. 
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Coronary revascularization could be achieved 
either percutaneously or surgically. Coronary artery 
bypass grafting (CABG) has been principally used 
to revascularize complex coronary artery disease 
(CAD) since 1968. When percutaneous intervention 
(PCI) was preliminarily introduced in 1977, it was 
initially regarded as a treatment option for patients 
with single-vessel disease. Although recent tech-
nological and technical advancement in PCI tech-
niques has broadened the treatment scope to include 
patients with multivessel disease, the debate about 
the benefits and risks of each strategy is still ongo-
ing. Although PCI offers favorable short-term out-
comes related to its minimal invasiveness, CABG is 
superior in terms of long-term freedom from myo-
cardial infarction and target vessel revascularization 
(TVR) and myocardial infarction (MI) [4-6]. 

The SYNTAX trial is a landmark study com-
paring CABG with PCI (using first-generation 
drug-eluting stents) in all-comer patients with a 
de-novo three-vessel disease, left main coronary ar-
tery disease, or both. Following the results of the 
SYNTAX trial and subgroup analyses, the Europe-
an Society of Cardiology and European Association 
for Cardio-Thoracic Surgery (ESC/EACTS) guide-
lines on myocardial revascularization adopted an 
algorithm based on the type (three-vessel disease 
or left main coronary artery disease), extent, and 
severity of coronary artery disease, as assessed by 
the anatomical SYNTAX score. In the SYNTAX 
trial, terciles of SYNTAX scores with low, inter-
mediate, and high anatomical complexity stratified 
patients into those with similar outcomes with both 
PCI and CABG and those who derived significant 
benefits from CABG. In patients with the three-ves-
sel disease (whether diabetic or non-diabetic) and 
intermediate or high anatomical complexity (i.e., 
SYNTAX >22), CABG is recommended as the op-
timal revascularization strategy in preference to PCI 
[4,7,8]. However, as noted in the guidelines, these 
subgroup analyses merely provide the heart team 
with an anatomical stratification of treatment rec-
ommendations. Besides, they do not consider major 
clinical characteristics and comorbidities [9]. In ad-
dition, occasionally, CABG wouldn’t be the appro-
priate option because patients are deemed surgical-
ly ineligible (high surgical risk or poor distal target 
vessels) or refused the operation [10]. 

The incidence of major adverse cardiac and cer-
ebrovascular events (MACCE) is considered a clin-
ical endpoint in revascularization trials. It is usually 
defined as cardiac death, recurrent acute coronary 
syndrome (ACS), recurrent coronary revascular-
ization (PCI or CABG, urgent or nonurgent), and 
stroke. Cardiac death includes any death with a car-
diac cause (e.g., myocardial infarction, congestive 
heart failure, low-output failure, and fatal arrhyth-
mia), unwitnessed death, and sudden cardiac death 
[11]. 

Patients and Methods 

This registry aimed to study the short-term 
MACCE after non-emergent PCI in patients with 
multivessel complex coronary anatomy and in-
termediate to high SYNTAX scores indicated for 
CABG, but either they were rejected by the sur-
geons, or they refused it. Our registry comprised 
patients with coronary angiograms showing mul-
tivessel involvement with complex anatomy based 
on a calculated SYNTAX score of 23 or more. All 
eligible patients underwent non-emergent PCI in 
our university Cath lab and were followed-up for 
six months for MACCE. 

Ethical approval and consent to participate: 
The approval was obtained from the university 
ethical committee under registration number (MS. 
661/2021). All participants had informed written 
consent with consideration of adequate privacy and 
confidentiality in accordance with the seventh revi-
sion of the Declaration of Helsinki in 2013. 

Study population: The study included patients 
with multivessel disease, defined as significant lu-
minal stenosis of at least 70% in two or moremajor 
coronary arteries of at least 2.5 mm diameter or a 
single coronary artery plus a 50% or greater luminal 
stenosis of the left main coronary artery [12,13], with 
a calculated SYNTAX score above 22. Patients ei-
ther rejected the option of surgical revascularization 
after informed consent or were deemed surgically 
ineligible or extremely high risk for CABG and sub-
sequently underwent successful non-emergent PCI 
with drug-eluting stents (DES) were included in the 
study. Patients who underwent emergent revascu-
larization for cardiac arrest, cardiogenic shock, or 
ST-segment–elevation myocardial infarction and 
patients with prior CABG were excluded from the 
study. In addition, patients with severe valvular (mi-
tral or aortic) stenosis or regurgitation were exclud-
ed from the study. 

Study tools: 
After written informed consent and before the 

revascularization procedure, all patients were as-
sessed for the type of presentation, either acute 
coronary syndrome or chronic coronary syndrome. 
Relevant history was taken from all cases with par-
ticular emphasis on patient demographics, risk fac-
tors for coronary artery disease (diabetes mellitus, 
hypertension, dyslipidemia, smoking, family histo-
ry of coronary heart disease), relevant medical his-
tory (stroke, heart failure, peripheral vascular dis-
ease, chronic lung disease, chronic kidney disease, 
prior myocardial infarction, or prior PCI. 

Relevant laboratory investigations were docu-
mented, including hemoglobin, renal function tests, 
glycated H.B. (HbA1C), and lipid profile (LDL-cho-
lesterol). The calculated left ventricular ejection 
fraction (LVEF) was documented in the baseline 
transthoracic two-dimensional echocardiography 
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data. All the echocardiographic studies were done 
in the Echocardiography unit of the Cardiology De-
partment at Aim Shams University Hospital, using 
Echo machines GE VIVID S5 or GE VIVID E9, as 
per the recommendations of the ASE (American So-
ciety of Echocardiography) and EACVI (European 
Association of Cardiovascular Imaging) [14]. 

Angiographic characteristics were documented 
for the presence of individual complexity (left main 
disease, CTO, bifurcation, or severe calcification) or 
collectively (SYNTAX score, PCI SYNTAX II), in 
addition to operative scores (EURO score and Euro 
score II). Scores for complexity and risk for inter-
vention were calculated using online calculators(w-
ww.syntaxscore.org, www.euroscore.org) [15,16]. 

Indication for PCI, in preference to CABG, was 
documented whether rejection by surgery or patient 
refusal. The type of periprocedural P2Y12 inhibi-
tor was also documented, whether clopidogrel or 
ticagrelor. The technical aspects of PCI were ob-
served concerning the procedural staging, radial 
access use, IVUS guidance, LM PCI, bifurcation 
PCI, CTO PCI, rotational atherectomy, and eventual 
completeness of revascularization. Complete revas-
cularization was defined as the successful treatment 
of all lesions of anatomical significance, most com-
monly specified as those with diameter stenosis of 
more than 70% in vessels with a reference diameter 
of ≥2.0 mm, during the index procedure (and, if nec-
essary, a planned staged procedure) [17,18]. 

Follow-up: The patients were followed-up 
in-hospital and six months post-intervention re-
garding contrast-induced nephropathy (CIN) and 
MACCE. Contrast induced nephropathy (CIN )was 
defined asthe impairment of kidney function meas-
ured as either a 25% increase in serum creatinine 
from baseline or a 0.5mg/dl increase in absolute 
serum creatinine value within 48-72 hours after in-
travenous contrast administration [19]. MACCE was 
defined as all-cause death, recurrent acute coronary 
syndrome, recurrent revascularization, and cerebro-
vascular stroke. 

Statistical analysis: The collected data was re-
vised, coded, tabulated, and introduced to a P.C. us-
ing the Statistical Package for Social Science (SPSS 
25). Data were presented and analyzed according to 
the type of data obtained for each parameter. Mean, 
and standard deviation were used for parametric 
numerical data, whereas percentage and frequency 
were used to present non-numerical data. Student 
t-test was used to statistically examine the difference 
between the study group’s parametric variables. The 
Chi-Square testexamined the statistical relationship 
between two qualitative variables. A p-value of less 
than .05 was regarded as significant. Since the study 
was nonrandomized, a logistic regression model for 
analysis of patients with and without MACCE at 
six months. The variables used in this model were: 
Serum creatinine, hemoglobin, LVEF, SYNTAX  

score, PCI SYNTAX II, and incomplete revascular-
ization. Univariate and multivariate analyses were 
performed to determine the predictors of 6-month 
MACCE. Receiver-operating characteristic (ROC) 
curve graphics were used to determine the cutoff 
values of SYNTAX and SYNTAX II for the predic-
tion of 6-month MACCE. 

Results 

Our registry comprised 193 patients presented 
during the six-month recruitment period from the 
first of June 2021 till the end of November 2021 
in Ain Shams University Hospitals. The study pop-
ulation had multivessel involvement with coronary 
angiograms deemed complex anatomy based on a 
calculated SYNTAX score of 23 or more. The deci-
sion for PCI for each patient was made individually 
after a heart team discussion and discussion with the 
patient. The patients were declined for CABG due 
to either surgeon rejection in 65.3% of patients or-
refusal by the patient in 34.7%. 

Descriptive data: 
Our registry’s mean SYNTAX score was 32.8± 

8.4 (range 23-68). Based on the SYNTAX score, 
the study population was dichotomized into an in-
termediate SYNTAX group with a SYNTAX score 
of 23-32 (111 patients; 57.5%) and a high SNTAX 
group with a SYNTAX score above 32 (82 patients; 
42.5%). The mean age of the study population was 
60.5±9.6 years, with 69% males and the predomi-
nant presentation being chronic coronary syndrome 
(56%). The distribution of relevant risk factors and 
comorbidities and relevant laboratory results are 
shown in Table (1). No significant statistical differ-
ence was found between both SYNTAX groups re-
gardingpatient demographics, presentation, relevant 
risk factors, comorbidities, and laboratory results 
(Table 1). 

Regarding relevant echocardiographic find-
ings, the mean LVEF in the whole population was 
46±12% (47±13% in the intermediate SYNTAX 
vs. 43±11% in the high SYNTAX group, p=.028) 
(Table 1). 

Regarding angiographic complexity, coronary 
bifurcation was present in 38.3%, CTO in 37.8%, se-
vere calcification in 9.3%, and significant left main 
disease in 31.1%. Only LM disease was significant-
ly higher in the high SYNTAX group (p=0.018). 
Regarding angiographic scores, the mean SYNTAX 
score was 32.8±8.4, and thePCI SYNTAX II scored 
37.6±10.1. Regarding operative scores, the Euro 
SCORE was 4.6±2.5, and the Euro SCORE II was 
2.3±2.3. 

The periprocedural P2Y12 inhibitor was pre-
dominantly clopidogrel (72.5%), with ticagrelor 
used in 27.5% of patients.Regarding the technical 
aspects of PCI, staging of the PCI was planned in 
17.6% of patients, radial access was used in 16.6% 
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of patients, and IVUS guidance was used in 11.9% 
of patients. The CTO PCI was done in 28% of pa-
tients, rotational atherectomy in 2.6%, bifurcation 
PCI in 34.7%, and LM PCI in 29%. The median 
number of used DES was 3 (range 1-7). Comparing  

both SYNTAX groups, the high SYNTAX group 
has significantly higher LM PCI (29% vs. 24.3%, 
p=0.009) and a higher incidence of eventual incom-
plete revascularization (52.4% vs. 40.4%, p=0.022) 
as shown in Table (1). 

Table (1): Descriptive data of the whole study population and comparison between intermediate and high SYNTAX groups. 

All patients 
(n=193) 

Intermediate SYNTAX 
(n=111) 

High SYNTAX 
(n=82) 

p- 
values 

Age (years) 60.5±9.6 59.5±9.2 61.8±10.1 0.103 
Male sex (%) 133 (68.9%) 78 (70.3%) 55 (67.1%) 0.635 

Presentation: 
ACS 84 (43.52%) 51 (45.95%) 33 (40.24%) 0.430 
CCS 109 (56.48%) 60 (54.05%) 49 (59.76%) 

Relevant risk factors and comorbidities: 
Hypertension 122 (63.2%) 74 (66.7%) 48 (58.5%) 0.247 
Diabetes mellitus 118 (61.4%) 68 (61.3%) 50 (61%) 0.868 
Smoking 87 (45.1%) 49 (44.14%) 38 (46.34%) 0.762 
Dyslipidemia 145 (75.1%) 81 (72.97%) 64 (78.05%) 0.420 
Positive family history of CAD 12 (6.2%) 5 (4.50%) 7 (8.54%) 0.252 
Prior myocardial infarction 23 (11.9%) 15 (13.51%) 8 (9.76%) 0.426 
Prior PCI 42 (21.8%) 28 (25.23%) 14 (17.07%) 0.175 
Prior heart failure 16 (8.3%) 9 (8.11%) 7 (8.54%) 0.915 
Stroke 40 (20.7%) 24 (21.62%) 16 (19.51%) 0.721 
PAD 14 (7.3%) 8 (7.21%) 6 (7.32%) 0.977 
Chronic lung disease 7 (3.6%) 4 (3.60%) 3 (3.66%) 0.984 
Chronic kidney disease 37 (19.2%) 16(14.4%) 21(25.6%) 0.051 

Relevant laboratory results: 
Hemoglobin (g/dl) 12.6±2 12.5±2 12.7±2.1 0.523 
Creatinine (mg/dl) 1.1±0.4 1.1±0.5 1.1±0.4 0.817 
HbA1C (%) 7.5±2.4 7.5±2.4 7.6±2.5 0.884 
LDL-C (mg/dl) 112.7±34.8 113.4±34.3 111.7±35.6 0.733 

Relevant echocardiographic data: 
LVEF (%) 45.6±12.4 47.3±13.3 43.3±10.7 0.028 

Angiographic characteristics and scores: 
Left main disease 60 (31.1%) 27 (24.3%) 33 (40.2%) 0.018 
Chronic total occlusion 73 (37.8%) 39 (35.1%) 34 (41.5%) 0.252 
Bifurcation 74 (38.3%) 36 (32.4%) 38 (46.3%) 0.054 
Severe Calcification 18 (9.3%) 9 (8.1%) 9 (11%) 0.648 
PCI SYNTAX II 37.6±10.1 34.3±8.7 41.9±10.2 <0.001 
Euro SCORE 4.6±2.5 4.6±2.4 4.6±2.6 0.918 
Euro SCORE II 2.3±2.3 2.3± 2.3 2.3±2.3 0.597 

Indications of PCI: 
Rejection by surgery 126 (65.3%) 70 (63.06%) 56 (68.29%) 0.098 
Patient refusal 67 (34.7%) 41 (36.94%) 26 (31.71%) 

Type of periprocedural P2Y12 inhibitor: 
Clopidogrel 140 (72.5%) 82 (73.9%) 58 (70.7%) 0.484 
Ticagrelor 53 (27.5%) 29 (26.1%) 24 (29.3%) 

Technical aspects of PCI: 
Staged PCI 34 (17.6%) 19 (17.12%) 15 (18.29%) 0.161 
Radial access 32 (16.6%) 19 (17.1%) 13 (15.9%) 0.816 
IVUS guided PCI 23 (11.9%) 11 (9.9%) 12 (14.6%) 0.317 
Left main PCI 56 (29%) 27 (24.32%) 29 (35.37%) 0.009 
Bifurcation PCI 67 (34.7%) 32 (28.83%) 35 (42.68%) 0.082 
CTO PCI 54 (28%) 31 (27.93%) 23 (28.05%) 0.161 
Rotational atherectomy 5 (2.6%) 2 (1.80%) 3 (3.66%) 0.553 
Incomplete Revascularization 78 (40.4%) 35 (31.53%) 43 (52.44%) 0.022 

ACS: Acute coronary syndrome. IVUS: Intravascular ultrasound. 
CCS: Chronic coronary syndrome. LVEF: Left ventricular ejection fraction. 
CTO: Chronic total occlusion. PAD : Peripheral arterial disease. 
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Study outcomes: 
Out of 193 patients regarding the in-hospital fol-

low-up, CIN occurred in 15.5% of patients, whereas 
MACCE occurred in 14 patients (7.3%), including 
six patients (3.1%) with cardiac death, eight patients 
(4.2%) who experienced recurrent acute coronary 
syndrome (4.15%), five patients (2.5%) who neces-
sitated repeat revascularization and only one patient 
(0.5%) who developed cerebrovascular stroke. 

Regarding the occurrence of MACCE during the 
6-month follow-up, a total of 34 patients (17.6%) 
developed MACCE, including nine cardiac deaths 
(4.67%), 23 patients (11.9%) who developed recur-
rent ACS, six patients (3.1%) who necessitated re-
peat revascularization and only one patient (0.5%) 
who developed stroke. Occurrence of MACCE was 
significantly higher in the high SYNTAX group 
compared to the intermediate SYNTAX group 
whether in-hospital (12.2% vs. 3.6%, p=0.023) or 
during the 6-month follow-up (26.8% vs. 10.8%, 
p=0.004), mainly driven by the significantly higher 
incidence of cardiac deaths during the in-hospital 
and 6-month follow-up respectively (Table 2). 

We dichotomized the whole study population 
according to the occurrence of MACCE during the 
6-month follow-up into two groups: MACCE group 
(34 patients, 17.6%) and MACCE-free group (159 
patients, 82.4%). Regarding demographics, pres-
entation, and relevant risk factors and comorbidi-
ties, there was no significant difference between 
MACCE and MACCE-free groups. Regarding rele-
vant laboratory results, the MACCE group had sig-
nificantly lower hemoglobin levels (p=0.045) and 
significantly higher serum creatinine (p=0.013). 
However, no significant difference existed regard- 

ing HbA1C or LDL-cholesterol. Regarding relevant 
echocardiographic findings, the MACCE group had 
substantially lower LVEF at baseline (41.5±12.2% 
vs. 46.5±12.3%, p=0.032); however no significant 
difference for the presence of concomitant severe 
AS or severe M.R. (Table 3). 

As regards angiographic characteristics and 
scores, although there were no significant differenc-
es between both groups for individual complexity, 
the MACCE group had a significantly higher SYN-
TAX score (p=0.01) and PCI SYNTAX II score 
(p=0.001) (Table 3). 

ROC curve analysis was performed for SYN-
TAX and PCI SYNTAX II scores. A cutoff value 
of SYNTAX of 32.5 yielded an accuracy of 73.8% 
with a negative predictive value of 89.9%. A PCI 
SYNTAX II cutoff value of 41 yielded an accuracy 
of 82.1% with a negative predictive value of 89.9%. 
(Table 4 and Fig. 1). 

There was no significant difference between 
both groups regarding indications of PCI, type of 
periprocedural P2Y12 inhibitor, use of radial access, 
procedural staging, IVUS guidance, use of rotation-
al atherectomy or PCI complexity (CTO, bifurca-
tion or left main). However, the MACCE group had 
a significantly higher incidence of incomplete re-
vascularization (76.5% vs. 32.7%, p<0.001). 

Logistic regression analysis revealed that PCI 
SYNTAX II score ≥41 (OR 3.9, 95% CI 1.7-9.1, 
p=.001) and incomplete revascularization (OR 5.4, 
95% CI 2.1-13.7, p<.001) were the only independ-
ent predictors for the occurrence of 6-month MAC-
CE (Table 5). 

Table (2): In-hospital and short-term outcomes. 

All patients Intermediate SYNTAX High SYNTAX p-values 

In-hospital outcomes: 

CIN 30 (15.5%) 16 (14.6%) 14 (17.1%) 0.614 

MACCE 14 (7.3%) 4 (3.6%) 10 (12.2%) 0.023 

All-cause death 6 (3.1%) 1 (0.9%) 5 (6.1%) 0.04 

Recurrent ACS 8 (4.2%) 3 (2.7%) 5 (6.1%) 0.242 

Repeat revascularization 5 (2.6%) 2 (1.8%) 3 (3.7%) 0.422 

Stroke 1 (0.5%) 0 (0%) 1 (1.2%) 0.243 

Six-month (short-term) outcomes: 

MACCE 34 (17.6%) 12 (10.8%) 22 (26.8%) 0.004 

All-cause death 9 (4.7%) 2 (1.8%) 7 (8.5%) 0.028 

Recurrent ACS 23 (11.9%) 9 (8.1%) 14 (17.1%) 0.057 

Repeat revascularization 6 (3.1%) 3 (2.7%) 3 (2.7%) 0.705 

Stroke 1 (0.5%) 0 (0%) 1 (1.2%) 0.243 

ACS: Acute coronary syndrome. 
CIN : Contrast-induced nephropathy. 
MACCE: Major adverse cardiac and cerebrovascular events. 
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Table (3): Comparison of MACCE and MACCE-free groups regarding demographic data, cardiovascular risk factors, and comor-
bidities. 

MACCE-group 
(n=34) 

MACCE-free group 
(n=159) 

p- 
values 

Age (years) 60.91±9.8 60.40±9.5 0.780 
Male sex (%) 19 (58.82%) 114 (71.07%) 0.070 

Presentation: 
ACS 15 (44.12%) 69 (43.4%) 0.938 
CCS 19 (55.88%) 90 (56.6%) 

Relevant risk factors and comorbidities: 
Hypertension 21 (61.76%) 101 (63.52%) 0.847 
Diabetes mellitus 19 (55.88%) 99 (62.26%) 0.488 
Smoking 16 (47.06%) 71 (44.65%) 0.798 
Dyslipidemia 26 (76.47%) 119 (74.84%) 0.841 
Positive family history of CAD 2 (5.88%) 10 (6.29%) 0.929 
Prior myocardial infarction 4 (11.76%) 19 (11.95%) 0.975 
Prior PCI 6 (17.65%) 36 (22.64%) 0.522 
Prior heart failure 5 (14.71%) 11 (6.92%) 0.135 
Stroke 7 (20.59%) 33 (20.75%) 0.983 
PAD 2 (2.94%) 12 (7.55%) 0.827 
Chronic lung disease 2 (5.88%) 5 (3.14%) 0.438 
Chronic kidney disease 9 (26.47%) 28 (17.61%) 0.234 

Relevant laboratory results: 
Hemoglobin (g/dl) 12±2 12.7±2 0.045 
Creatinine (mg/dl) 1.3 ±0.8 1.1±0.3 0.013 
HbA1C (%) 12±2 12.7±2 0.192 
LDL-C (mg/dl) 110.12±26.7 113.2±36.2 0.646 

Relevant echocardiographic data: 
LVEF (%) 41.47±12.2 46.51±12.26 0.032 

Angiographic characteristics and scores: 
Left main disease 7 (20.6%) 53 (33.3%) 0.145 
CTO 10 (29.4%) 63 (39.6%) 0.298 
Bifurcation 8 (23.5%) 66 (41.5%) 0.136 
Severe Calcification 3 (8.8%) 15 (9.4%) 0.704 
SYNTAX score 36.57±9.68 32.03±7.87 0.010 
PCI SYNTAX II 43.33±12.82 36.32±8.97 0.001 
Euro SCORE 4.88±2.21 4.54±2.49 0.342 
Euro SCORE II 2.38±1.79 2.3±2.36 0.263 

Indications of PCI: 
Rejection by surgery 23 (67.6%) 103 (64.8%) 0.749 
Patient refusal 11 (32.4%) 56 (35.2%) 

Type of periprocedural P2Y12 inhibitor: 
Clopidogrel 21 (61.8%) 119 (74.8%) 0.121 
Ticagrelor 13 (38.2%) 40 (25.2%) 

Technical aspects of PCI: 
Radial access 5 (14.7%) 27 (16.98%) 0.75 
IVUS guided PCI 11 (9.9%) 12 (14.6%) 0.317 
Left main PCI 7 (20.6%) 49 (30.8%) 0.233 
Bifurcation PCI 8 (23.53%) 59 (37.1%) 0.131 
CTO PCI 5 (14.7%) 49 (30.8%) 0.058 
Rotational atherectomy 0 (0.00%) 5 (3.1%) 0.295 
Staged PCI 5 (14.7%) 29 (18.2%) 0.623 
Incomplete 26 (76.5%) 52 (32.7%) <0.001 
Revascularization 

ACS: Acute coronary syndrome. IVUS: Intravascular ultrasound. 
CCS: Chronic coronary syndrome. LVEF: Left ventricular ejection fraction. 
CTO: Chronic total occlusion. PAD : Peripheral arterial disease. 
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Table (4): ROC curve analysis of SYNTAX and SYNTAX II scores for occurrence of six-month MACCE. 

ROC curve between MACCE free and MACCE groups 

Cutoff Sens. Spec. PPV NPV Accuracy AUC 

SYNTAX ≥32.5 67.6 61.6 27.4 89.9 73.8% 0.6560 
PCI SYNTAX II ≥41 64.7 73 33.8 90.6 82.1% 0.6749 

Table (5): Logistic regression analysis for factors associated with MACCE. 

Univariate Multivariate 

Odds ratio 
(OR) 

95% C.I. for OR 
p- 

value 
Odds ratio 

(OR) 

95% C.I. for OR 
p 

value Lower Upper Lower Upper 

Creatinine >1.1 mg/dl 1.400 0.656 2.989 0.346 – – – – 
Hemoglobin <12.5 g/dl 1.531 0.726 3.226 0.263 – – – – 
LVEF ≤40% 2.013 0.949 4.271 0.068 – – – – 
SYNTAX score ≥32.5 3.359 1.530 7.375 0.003 1.929 0.823 4.521 0.131 
PCI SYNTAX II ≥41 4.649 2.136 10.118 <0.001 3.941 1.702 9.124 0.001 
Incomplete revascularization 6.688 2.833 15.786 <0.001 5.361 2.104 13.661 <.001 

1-Specificity 

Fig. (1): ROC curve of SYNTAX and SYNTAX II scores for 
occurrence of six-month MACCE. 

Discussion 

Myocardial revascularization is one of the most 
extensively studied fields in cardiovascular med-
icine. More than 20 randomized controlled trials 
were conducted to test the efficacy and safety of 
CABG versus PCI in approximately 15 000 patients 
to cut the Gordian knot of revascularization [20]. 
Nevertheless, the optimal revascularization strate-
gy for patients with complex CAD is still debated. 
Although CABG is recommended as the optimal 
revascularization strategy in preference to PCI in 
patients with multivessel disease and intermediate 
to high SYNTAX, PCI is appropriate for patients 
deemed surgically ineligible or who declined the 
operation [10]. 

This registry comprised 193 eligible patients 
who represent a relatively high-risk population for 
both patient comorbidities and anatomical com- 

plexity. We aimed to study in-hospital and 6-month 
MACCE in patients with intermediate to high SYN-
TAX scores percutaneously revascularized due to 
surgical ineligibility or patient decline.Our study 
included patients with a mean age of 61 years, co-
morbidities (20% with previous stroke, 7% PAD, 
19% CKD), and impaired LV systolic function with 
a mean LVEF of 46%. It is also worth mentioning 
that 43.5% of patientspresentingwith ACS and 65% 
were surgically ineligible. Regarding anatomical 
complexity, the mean SYNTAX score was 32.8±8.4 
(31% with L.M. involvement, 38% with CTO, 38% 
with bifurcation lesions, and 9% with heavily calci-
fied vessels). 

We find our results comparable to previously 
published studies, considering the anatomical com-
plexity and patient comorbidities of the patients 
assigned to our registry. Regarding the in-hospital 
study outcomes, the mortality was 3%, MACCE 
occurred in 7%, while in the 6-month outcomes, 
the mortality was 4.5%, and MACCE occurred in 
17.5%. These results are concordant with the PCI 
registry in the SYNTAX study, which was conduct-
ed more than a decade ago, and included a simi-
lar number of patients (192 patients) with a mean 
SYNTAX score of 31.6±12.3. The PCI registry 
in the SYNTAX study was analyzed in an inten-
tion-to-treat manner, revealing an in-hospital MAC-
CE was 5.7% and a 6-month MACCE was 14.1%. 

The incidence of contrast-induced nephropathy 
(CIN)in the study population was 15.5%, similar to 
Azzalini et al., who found that CIN developed in 
12.1% of the complex PCI group [21]. It is worth 
mentioning that there was no significant difference 
in CIN incidence between both intermediate and 
high SYNTAX groups. 



958 Short-Term Clinical Outcomes of Complex PCI in Patients Declined for CABG 

In line with the ESC 2018 revascularization 
guidelines to consider the anticipated achievement 
of complete revascularization, 60% of patients 
achieved complete revascularization in our regis-
try, with a median number of three stents implanted 
per patient in the whole study. In the SYNTAX PCI 
registry, complete revascularization was achieved 
in 36.5% only, albeit with a mean number of stents 
of 3.1. This discrepancy in the percentage of com-
plete revascularization may be attributed to the dif-
ferent definitions adopted for complete revascular-
ization, which was defined in the SYNTAX study 
as the treatment of any lesion with more than 50% 
diameter stenosis in at least one angiographic view-
in vessels >-1.5mm as estimated on the diagnostic 
angiogram during the local Heart Team conference. 
However, our registry adopted complete revascular-
izationto treat any lesion with more than 70% diam-
eter stenosis in vessels >-2mm [7]. 

Our study showed that incomplete revascular-
ization is a strong independent predictor of short-
term MACCE. Although no prospective rand-
omized studies compare planned complete versus 
incomplete revascularization, our study is concord-
ant with several observational studies that have con-
cluded that patients who undergo revascularization 
with either CABG or PCI have worse outcomes if 
major epicardial vessels with significant stenoses 
are not revascularized during the index procedure.In 
a systematic review and meta-analysis done by Na-
garaja et al., including 38 publications and 156240 
patients, the occurrence of MACCE was significant-
ly lower in patients who underwent complete revas-
cularization regardless of the definition of complete 
revascularization and regardless of the complexity 
of the vessels, even with CTO intervention [22]. An-
other meta-analysis of 89883 patients by Garcia et 
al., concluded that MACCE decreases significantly 
after complete revascularization. Relative to incom-
plete revascularization, complete revascularization 
was associated with lower long-term mortality, my-
ocardial infarction, and repeat coronary revasculari-
zation [23]. In the ACUITY trial (n=13,819), incom-
plete revascularization after PCI in patients with 
NSTE-ACS with residualone or more untreated 
lesions with diameter stenosis >-50% was an inde-
pendent predictor of MACCE at one year [24]. Our 
study emphasized the evidence in previous studies 
by demonstrating the benefit of complete revascu-
larization over incomplete revascularization for 
MACCE as early as six months. 

When considering the patients’ anatomical 
complexity, comparing both intermediate and high 
SYNTAX score patients, it was found that the high 
SYNTAX group has a significantly higher in-hos-
pital and 6-month MACCE compared to the inter-
mediate SYNTAX group. These findings concord 
with the SYNTAX trial, where the one-year MAC-
CE rates, in either the PCI registry or randomized  

arm, were significantly higher in the high SYN-
TAX group compared to the intermediate SYNTAX 
group [7]. In addition, a retrospective analysis of 
three-vessel disease in ARTS-II (Arterial Revascu-
larization Therapies Study part II) showed an almost 
linear increase in 30-day MACCE for patients with 
an increasing SYNTAX score from low (≤18) to 
intermediate (19–26) to high (>-26), 3% vs. 5% vs. 
12% (p=0.03) [25]. Therefore, our study adds to the 
current data that the MACCE rates in intermediate 
and high SYNTAX groups significantly divert ear-
lier in the in-hospital setting and at six months.This 
adds weight to the discriminative clinical value of 
the SYNTAX score. Thus, higher SYNTAX scores 
that cipher more angiographic complexity portend a 
worse prognosis. 

In our study, the SYNTAX II score (not the SYN-
TAX score) is an independent predictor of 6-month 
MACCE. Compared to the SYNTAX score, the 
SYNTAX score II has two additional anatomical 
(unprotected left main coronary artery disease and 
anatomical SYNTAX score) and six clinical varia-
bles (age, sex, creatinine clearance, left ventricular 
ejection fraction, peripheral vascular disease, and 
chronic obstructive pulmonary disease). Combin-
ing clinical and anatomical variables, rather than 
solely depending on angiographic complexity, has 
possibly contributed to the predictive value.This 
agrees with Farooq et al.,who showed that SYN-
TAX II outperformed SYNTAX score in predicting 
4-year mortality to support more evidence-based 
decision-making by the heart team [26]. Besides, 
Salvatore et al., showed its predictive potential of 
one-year MACCE in patients with acute coronary 
syndrome and severe CAD undergoing PCI [27]. 

Study limitations: 
Although the current study provides informa-

tion about the contemporary percutaneous treat-
ment of complex coronary artery disease declined 
for CABG, it is a single-center registry with a six-
month follow-up period only. Thus, a large-scale 
multicenter study in patients who were declined for 
CABG, with long-term follow-up comparing high-
risk PCI against conservative management, is war-
ranted. 

Conclusions: 
In conclusion, patients with high SYNTAX 

scores portend a significantly higher in-hospital 
and 6-month MACCE and all-cause mortality. In 
addition, in patients with multivessel disease and 
SYNTAX score above 22, both incomplete revas-
cularization and clinical SYNTAX II score are in-
dependent predictors of short-term (6-month) oc-
currence of MACCE after PCI. When considering 
complex multivessel PCI, one should consider the 
benefits of achievement of complete revasculariza-
tion and the risks in patients with higher SYNTAX 
II scores. 
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