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Abstract. – OBJECTIVE: The CABG SYNTAX 
score (CSS) has been recommended as an ob-
jective and quantitative evaluation tool for coro-
nary anatomic complexity after CABG. We aimed 
at evaluating the long-term prognostic value of the 
CSS and its relationship with the composite cri-
teria of all-cause death, cerebrovascular accident 
(CVA) and/or non-fatal myocardial infarction (MI) in 
patients who underwent percutaneous coronary 
intervention (PCI) of saphenous vein graft (SVG).

PATIENTS AND METHODS: We retrospectively 
evaluated 232 patients who were admitted with MI 
and underwent PCI of SVGs, between 2012 and 2018. 
The study population was divided into two groups 
according to the results of the median pre-PCI CSS.

RESULTS: The composite criteria of all-cause 
death/CVA/non-fatal MI were observed in 107 pa-
tients (46.1%). The incidence of the primary endpoint 
was significantly higher among the patients with a 
high pre-PCI CSS (p < .001). Multivariable Cox re-
gression analyses demonstrated that both pre-PCI 
CSS (HR = 1.678, 95% CI = 1.082-2.602, p = .021) and 
post-PCI CSS (HR = 1.663, 95% CI = 1.066-2.596, p = 
.025) were significantly associated with the primary 
endpoint. The Kaplan–Meier cumulative curves di-
vided by the median of the pre-PCI CSS demonstrat-
ed that, compared with the low pre-PCI CSS group, 
the high-score group was associated at five years 
with higher composite criteria of all-cause death/
CVA/non-fatal MI (low, 40.3%; high, 57.8%; p = .015).

CONCLUSIONS: Pre-PCI CSS is a significant 
prognostic factor for the long-term clinical out-
comes in patients with previous CABG who under-
went PCI of SVG.
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vein graft, The CABG SYNTAX score.

Introduction

Coronary artery bypass graft (CABG) surgery 
is the preferred revascularisation method for pa-

tients with left main coronary artery disease or 
three-vessel disease1. Long-term outcomes after 
CABG are commonly related to the patency of 
the vessels grafted to the coronary arteries2. Sa-
phenous vein graft (SVG) remains widely used in 
patients undergoing CABG due to its easy acces-
sibility and the need for multiple grafts3. Howev-
er, difficulties in maintaining SVG patency and 
interventional complications regarding second-
ary revascularisation options still affect long-term 
clinical outcome4.

The SYNTAX score is a prognostic tool that 
assesses the procedural risk of patients with com-
plex coronary artery disease considered for revas-
cularisation5. The baseline SYNTAX score calcu-
lated before CABG has been reported to be not 
associated with short and long-term prognosis after 
CABG6,7. Therefore, the CABG SYNTAX score 
(CSS) has been recommended as an objective and 
quantitative evaluation tool for coronary anatomic 
complexity after CABG8. A high CSS is associated 
with major adverse cardiac events at 5- and 10-
year follow-ups after CABG8,9.

The effect of percutaneous revascularisation on 
long term clinical outcomes in CABG patients is 
controversial because of paucity of evidence10. In 
particular, it is unclear whether the burden of ath-
erosclerosis and residual ischemia load as assessed 
by the CSS is associated with clinical outcomes in 
patients who underwent SVG intervention which 
was well known to be associated with adverse pro-
cedural and postprocedural characteristics11.

Therefore, we aimed to evaluate the long-term 
prognostic value of the CSS and its relationship 
with the composite criteria of all-cause death, cere-
brovascular accident (CVA) and/or non-fatal myo-
cardial infarction in patients admitted with acute 
myocardial infarction (AMI) who underwent PCI 
of SVG.
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Patients and Methods

Study Design and Population
Between January 2012 and January 2018, re-

cords of 291 consecutive patients with AMI and 
previous CABG who had stenosis or occlusion in 
one of their saphenous grafts deemed as culprit 
lesion of infarct based on electrocardiographic and 
angiographic characteristics and undergone PCI of 
that culprit SVG lesion at a tertiary hospital were 
retrospectively evaluated. 

Patients with a known haematological disease 
(n = 2), a history of chronic inflammatory disease 
(n = 5) or autoimmune disease (n = 6), chronic 
kidney disease (CKD) and end-stage renal disease 
(ESRD) (n = 15), malignancy (n = 5), using oral 
anticoagulants (n = 7) or with missing clinical data 
(n = 12) were excluded from the study. Additional-
ly, seven patients whose prior cardiac surgery was 
for valve disease or structural heart disease were 
also excluded. The patients whose culprit lesion 
was assessed to be on native coronary vessels or 
arterial grafts, or multiple vessels were also ex-
cluded. The final study population consisted of 232 
patients with CABG who underwent PCI of SVG. 
The patients were divided into two groups accord-
ing to the results of the median pre-PCI CSS. This 
retrospective observational study protocol was 
approved by the Local Ethics Committee of our 
hospital.

Angiographic Analyses, PCI Procedures 
and CABG SYNTAX Scores

Coronary angiography was performed with the 
standard Judkins technique via the femoral route 
(Siemens Axiom Artis Zee 2011; Siemens Health-
care, Erlangen, Germany). The exact timing of the 
coronary angiogram was left to the clinical judge-
ment of the primary physician. Two experienced 
interventional cardiologists who were blinded to 
the clinical outcomes retrospectively reviewed the 
angiographic data of all the study patients and cal-
culated the pre-PCI CSS by consensus using a pre-
vious report8. The pre-PCI CSS was analysed on 
the basis of the remaining coronary artery lesions 
before the PCI, and the post-PCI CSS was anal-
ysed on the basis of the remaining coronary artery 
lesions after the PCI12. In cases of inconsistency 
between the two reviewers, a third cardiologist’s 
opinion was sought.

The patients undergoing PCI received 70-100 
U/kg intravenous unfractionated heparin (Polifar-
ma Pharmaceutical Industry, Turkey) before the 
procedure. The PCI procedures were performed 

using the transfemoral approach. The patients with 
AMI received a loading dose of aspirin (Bayer, Tur-
key) and, depending on the operator’s discretion, a 
loading dose of clopidogrel (Sanofi Winthrop In-
dustries, Paris, France) 600 mg, ticagrelor (Astra-
Zeneca, Södertalje, Sweden) 180 mg or prasugrel 
(Accord Healthcare Limited, Middlesex, UK) 60 
mg on admission or after the decision to proceed 
with PCI were taken. Procedural decisions, includ-
ing device selection and adjunctive pharmacother-
apy, such as glycoprotein IIb/IIIa inhibitors, were 
made at the operator’s discretion. The infusion of 
tirofiban (DSM Pharmaceuticals Inc. Greenville, 
NC, USA) (25 mg/kg for 3 minutes, then 0.15 mg/
kg/min for up to 24 hours) was administered if a 
bailout indication, such as high thrombus burden 
within the culprit vessel, acute vascular closure due 
to thrombosis or no reflows after stent implantation, 
occurred. The reperfusion status after the PCI of the 
SVG was evaluated based on the final angiograph-
ic images. Angiographic success was defined as < 
25% diameter residual stenosis with Thrombolysis 
in Myocardial Infarction (TIMI) grade 3 flow13. No 
reflow was defined as the presence TIMI flow grade 
<3 in the infarct related saphenous graft, despite me-
chanical reopening without dissection, stenosis or 
vasospasm. 

Follow-up and Endpoints
The follow-up time began at the first visit and 

ended with either the occurrence of the primary 
endpoint or the last visit. In the cases with rehos-
pitalisation history after saphenous PCI the fol-
low-up data were obtained from hospital records.

The primary endpoint was defined as a com-
posite of all-cause death, CVA or non-fatal MI 
at follow-up time. The cause of death was ascer-
tained from hospital records and death certificates 
obtained from the National Survival Registry. Fur-
thermore, based on records deaths were sub-clas-
sified as cardiovascular and non-cardiovascular 
primary causes.

Cardiovascular death was defined as death 
due to MI, heart failure, malignant arrhythmia or 
sudden cardiac arrest because of unknown causes 
during hospitalisation and after discharge. A CVA 
was defined as an acute episode of neurologic 
dysfunction attributed to a central nervous system 
vascular cause confirmed by imaging modalities. 
A non-fatal MI diagnosis was based on the criteria 
defined by the current European Society of Car-
diology guidelines14. An AMI was defined as the 
presence of cardiomyocyte necrosis detected by 
abnormal cardiac biomarkers in a clinical setting 
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consistent with acute myocardial ischaemia and 
persistent ST segment depression or elevation.

Statistical Analysis
The data were analysed using the SPSS 22.0 

statistical program (SPSS; IBM, Armonk, NY, 
USA). The Kolmogorov-Smirnov test was utilized 
to assess the normality of the distribution. The con-
tinuous variables were presented as mean ± stan-
dard deviation (normal distribution) or median 
with interquartile ranges (non-normal distribution), 
and the categorical variables were presented as the 
numbers of patients and percentages. A compari-
son between groups was made with the Student’s 
t-test for the normally distributed variables and 
the Mann–Whitney U test for the variables with 
non-normal distribution. The categorical data from 
both groups were compared using the χ2 or Fisher’s 
exact tests.

The assessment of the collinearity between the 
pre-PCI CSS and the post-PCI CSS indicated a 
high correlation between them. Therefore, to assess 
the association between both the pre-PCI CSS and 
the post-PCI CSS and the five-year rates of the 
primary endpoint, multivariable Cox regression 
analyses were separately performed. The cumula-
tive event rates at five years were estimated using 

the Kaplan-Meier method, and the comparison 
between the CSSs was made using the log-rank 
test. A p-value < .05 (using a two-sided test) was 
accepted as significant.

Results

A total of 232 AMI patients with previous 
CABG surgery who underwent PCI of SVG con-
stituted the final study population. Based on the 
median of the pre-PCI CSS, the patients were di-
vided into low pre-PCI CSS and high pre-PCI CSS 
groups. The low pre-PCI CSS group comprised 118 
patients (50.8%), and 114 patients (49.2%) com-
prised the high pre-PCI CSS group. The baseline 
characteristics of the study groups were shown in 
Table I. The mean age of the study group patients 
was 66 ± 9.7 years, and most of the patients (78%) 
were male. The mean graft age was 9.9 ± 5.8 years. 
The LVEF was similar in both groups. There were 
no significant differences between the study groups 
regarding a history of HT, DM, HL, CHF and pre-
vious CVA. Similarly, there were no differences 
between the groups concerning smoking habits. 
The proportions of STEMI and NSTEMI were also 
similar between the groups.

Table I. Baseline characteristics of study groups according to pre-PCI CSS.

	 All Group	 Low pre-PCI CSS	 High pre-PCI CSS	 p-value	
	 (n=232)	 (n = 118) 	 (n =114)

Age (year)	 66 ± 9.7	 66 ± 8.2	 66 ± 11.1	 .737
Graft age, year	 9.9 ± 5.8	 10.0 ± 5.6	 9.8 ± 6.0	 .768
Male, n (%)	 181 (78)	 92 (78)	 89 (78.1)	 .985
LVEF, %	 49 ± 19	 50 ± 20	 45 ± 10	 .123
Diabetes mellitus, n (%)	 112 (48.3)	 51 (43.2)	 61 (53.5)	 .075
Hypertension, n (%)	 156 (67.2)	 76 (64.4)	 80 (70.2)	 .430
Hyperlipidemia, n (%)	 54 (23.3)	 27 (22.9)	 27 (23.7)	 .885
History of congestive heart failure, n (%)	 66 (28.4)	 31 (26.3)	 35 (30.7)	 .455
Previous cerebrovascular accident, n (%)	 5 (2.2)	 4 (3.4)	 1 (0.9)	 .370
Smoking, n (%)	 56 (24.1)	 28 (24.6)	 28 (23.7)	 .882
STEMI, n (%)	 20 (8.6)	 6 (5.1)	 14 (12.3)	 .062
NSTEMI, n (%)	 212 (91.4)	 112 (94.9)	 100 (87.7)	 .086
Medications At Discharge n (%)	  	  	  
Aspirin	 224 (96.6)	 112 (94.9)	 112 (98.2)	 .281
Clopidogrel	 192 (82.8)	 99 (83.9)	 93 (81.6)	 .729
Ticagrelor	 34 (14.7)	 18 (15.3)	 16 (14)	 .793
Prasugrel	 7 (3)	 2 (1.7)	 5 (4.4)	 .231
ACEIs or ARBs	 200 (86.2)	 95 (80.5)	 105 (92.1)	 .013
B-blocker	 228 (98.3)	 115 (97.5)	 113 (99.1)	 .330
Statins	 212 (91.4)	 107 (90.7)	 105 (92.1)	 .816
Spironolactone	 22 (9.5)	 13 (11)	 9 (7.9)	 .417

Continuous data are expressed as percentage, mean± standard deviation, or median± interquartile ranges. Categorical data are 
expressed as number (percentage)
LVEF: Left ventricular ejection fraction; STEMI: ST segment elevation myocardial infarction; NSTEMI: Non-ST segment 
elevation myocardial infarction; ACEIs: Angiotensin-converting enzyme inhibitors; ARBs: Angiotensin II receptor blockers
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As shown in Table I, there were no significant 
differences between the study groups in terms of 
prescribed medications at discharge, except for an-
giotensin-converting enzyme inhibitors (ACEIs) 
or angiotensin receptor blockers (ARBs). In the 
high pre-PCI CSS group, ACEIs or ARBs were 
prescribed more frequently than in the low pre-PCI 
CSS group (p = .013) (Table I).

The angiographic and PCI features of the study 
population and the comparison of the two groups 
were shown in Table II. There were no differences 
between the two groups in terms of culprit SVG 
localisation that underwent PCI. Of the 232 pa-
tients in the current study 208 (89.7%) had LİMA 
graft for LAD, remaining 24 patients had saphe-
nous vein graft for LAD. The total numbers of 
bypass grafts per patient were similar in the two 
groups except for patients who had been performed 
3 grafts. The patients who had been performed 3 
grafts were more common in the low pre-PCI CSS 
group (p = .016).

LIMA graft failure was more frequent in the 
high pre-PCI CSS group (p < .001). There were 
no patients who had undergone native LAD inter-

vention in the during the index procedure. There 
were no differences between the groups regard-
ing stent type used during PCI. The use of gly-
coprotein IIb/IIIa receptor antagonists during the 
procedure, the no-reflow rates and the procedural 
success rates also were similar between the two 
groups. In the high pre-PCI CSS group, the post-
PCI CSS was higher compared to the low pre-PCI 
CSS group. The median pre-PCI CSS was 20 ± 
9.5, and the median post-PCI CSS was 17.5 ± 9.5 
(Table II).

The patients were followed up for a median 
time of 48 ± 36 months. The composite criteria of 
all-cause death/CVA/non-fatal MI were observed 
in 107 patients (46.1%) and the composite crite-
ria of all-cause death/CVA in 90 patients (38.8%). 
Taken individually during the follow-up period, 
there were 84 all-cause deaths (36.2%), 51 car-
diovascular deaths (22%), 6 CVAs (2.6%) and 16 
non-fatal MIs (6.9%). The incidence of the com-
posite criteria of all-cause death/CVA/non-fatal MI 
was significantly higher among the patients with a 
high pre-PCI CSS (p < .001). The incidence of all-
cause death (p = .003) and cardiovascular death (p 

Table II. Comparison of angiographic and PCI characteristics according to pre-PCI CSS of the study population.

	 All Group	 Low pre-PCI CSS	 High pre-PCI CSS	 p-value	
	 (n=232)	 (n = 118) 	 (n =114)

Culprit SVG intervention			 
SVG-LAD	 16 (6.9)	 6 (5.1)	 10 (8.8)	 .268
Diagonal artery	 26 (11.2)	 17 (14.4)	 9 (7.9)	 .116
Circumflex artery	 90 (38.8)	 39 (33.1)	 51 (44.7)	 .068
Right coronary artery	 100 (43.1)	 56 (47.5)	 44 (38.6)	 .187
Bypass graft analyze				  
    LIMA-LAD	 208 (89.7)	 113 (95.8)	 95 (83.3)	 .002
    SVG-LAD	 24 (10.3)	 5 (4.2)	 19 (16.7)	 .002
    SVG-D	 110 (47.4)	 54 (45.8)	 56 (49.1)	 .693
    SVG-CX	 196 (84.5)	 102 (86.4)	 94 (82.5)	 .402
    SVG-RCA	 198 (85.3)	 105 (89.0)	 93 (81.6)	 .111
Total no. of grafts				  
   1 Grafts	 4 (1.7)	 1 (0.8)	 3 (2.6)	 .297
   2 Grafts	 38 (16.4)	 14 (11.9)	 24 (21.1)	 .076
   3 Grafts	 104 (44.8)	 62 (52.5)	 42 (36.8)	 .016
   4 Grafts	 86 (37.1)	 41 (34.7)	 45 (37.1)	 .456
LIMA graft failure	 21 (9.3)	 1 (0.9)	 20 (17.5)	 < .001
Bare-Metal stent	 111 (47.8)	 51 (43.2)	 60 (52.6)	 .189
Drug-Eluting Stent	 121(52.2)	 67 (56.8)	 54 (47.4)	 .151
Glycoprotein IIb/IIIa receptor antagonist use	 26 (11.2)	 11 (9.3)	 15 (13.2)	 .408
No-reflow	 48 (20.7)	 20 (16.9)	 28 (24.7)	 .195
Procedural success	 205 (88.4)	 108 (91.5)	 97 (85.1)	 .153
Pre-PCI CSS	 20 ± 9.5	 14.5 ± 6.5	 24.5 ± 5.6	 <.001
Post-PCI CSS	 17.5 ± 9.5	 12.5 ± 6.6	 22 ± 5.1	 <.001

Continuous data are expressed as percentage, mean± standard deviation, or median± interquartile ranges. Categorical data are 
expressed as number (percentage). SVG: Saphenous vein graft; LAD: Left anterior descending artery; LIMA: Left Internal 
mammary artery; D: Diagonal artery; CX: Circumflex artery; RCA: Right coronary artery; CSS: Coronary artery bypass graft 
SYNTAX score; PCI: Percutaneous coronary intervention
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= .005) was higher in the high pre-PCI CSS group. 
In addition, the incidence of CVA and non-fatal MI 
was higher in the group with a high pre-PCI CSS, 
although no statistical difference was found. Table 
III demonstrates that no statistically significant dif-
ference was found between the low pre-PCI CSS 
and high pre-PCI CSS groups for CVA (1.7% vs. 
3.5%, p = .384 and for non-fatal MI 4.2% vs. 9.6%, 
p = .104, respectively).

Multivariable Cox regression analyses were 
performed to assess the association between both 
the pre-PCI CSS and the post-PCI CSS and the 
five-year rates of the primary endpoint. Table IV 
shows that LVEF (HR = 0.980, 95% CI = 0.962–
0.999, p = .035), DM (HR = 1.875, 95% CI = 
1.197–2.938, p = .006), no-reflow (HR = 1.718, 
95% CI = 1.063–2.776, p = .027) and a high pre-
PCI CSS (HR = 1.678, 95% CI = 1.082–2.602, p 
= .021) were significantly associated with the pri-
mary endpoint. As shown in Table V, post-PCI CSS 
was also an independent factor for the composite 
criteria of all-cause death/CVA/non-fatal MI (HR 
= 1.663, 95% CI = 1.066–2.596, p = .025). 

Evaluation of the collinearity between pre-PCI 
CSS and post-PCI CSS indicated a high correlation 
between the two (r = .835; p < .001; Figure 1).

The Kaplan–Meier cumulative curves divided 
by the median of the pre-PCI CSS demonstrated 
that, compared with the low pre-PCI CSS group, 
the high-score group was associated at five years 
with higher composite criteria of all-cause death/
CVA/non-fatal MI (low, 40.3%; high, 57.8%; p = 
.015), and the composite criteria of all-cause death/
CVA (low, 29.5%; high, 47.2%; p = .027) (Figures 
2 and 3).

Discussion 

This study demonstrated that patients with a 
high pre-PCI CSS had higher rates of the com-
posite criteria of all-cause death/CVA/non-fatal MI 
compared to the patients with a low pre-PCI CSS. 
To our knowledge, this is the first study which 
evaluates the long-term prognostic value of the 
pre-PCI CSS and its association with the compos-

Table III. Comparison of follow up time and major adverse cardiac events according to the pre-PCI CSS.

	 All Group	 Low pre-PCI CSS	 High pre-PCI CSS	 p-value	
	 (n=232)	 (n = 118) 	 (n =114)

Follow-up time, months	 48 ± 36	 48 ± 36	 48 ± 24	 .589
Composite criteria all cause death/CVA/nonfatal MI	 107 (46.1)	 40 (33.9)	 58.8 (67)	 <.001
Composite criteria all cause death/CVA	 90 (38.8)	 34 (28.8)	 56 (49.1)	 .002
All cause death	 84 (36.2)	 32 (27.1)	 52 (45.6)	 .003
Cardiovascular death	 51 (22)	 17 (14.4)	 34 (29.8)	 .005
Cerebrovascular accident	 6 (2.6)	 2 (1.7)	 4 (3.5)	 .384
Nonfatal myocardial infarction	 16 (6.9)	 5 (4.2)	 11 (9.6)	 .104

Table IV. Cox regression analysis for prediction of composite of all-cause death, cerebrovascular accident and nonfatal 
myocardial infarction.

LVEF: Left ventricular ejection fraction; STEMI: ST segment elevation myocardial infarction; NSTEMI: Non-ST segment 
elevation myocardial infarction; IMA: Left Internal mammary artery; CSS: Coronary artery bypass graft SYNTAX score.

	 Hazard ratio (95% CI)	 p-value		

Age	 1.008 (0.986- 1.031)	 .472
LVEF	 0.980 (0.962- 0.999)	 .035
STEMI 	 1.504 (0.757- 2.990)	 .244
NSTEMI	 0.814 (0.515- 1.288)	 .380
Smoking	 1.246 (0.741- 2.095)	 .407
Diabetes mellitus	 1.875 (1.197- 2.938)	 .006
Hypertension	 1.070 (0.689- 1.662)	 .763
Hyperlipidemia	 1.118 (0.690- 1.812)	 .651
LIMA graft failure	 0.730 (0.367- 1.542)	 .370
Glycoprotein IIb/IIIa receptor antagonist use	 1.201 (0.649-2.224)	 .560
No-reflow	 1.718 (1.063-2.776)	 .027
Procedural success	 0.616 (0.324-1.173)	 .141
High pre-PCI CSS (>20)	 1.678 (1.082-2.602)	 .021
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ite criteria of all-cause death/CVA/non-fatal MI in 
patients who underwent PCI of SVG.

SVG is widely used in patients undergoing 
CABG due to its easy accessibility and the need 
for multiple grafts3. SVG’s low 10-year patency 
rate limits the long-term success of surgical cor-

onary revascularisation15. SVG failure has been 
commonly observed due to complex coronary 
pathology such as remodelling, progressive in-
timal hyperplasia and atherosclerosis in the long 
term16,17. SVG PCIs constitute approximately 
5.7-6.1% of the total PCI cases18,19, but its ef-

Table V. Cox regression analysis for prediction of composite of all-cause death, cerebrovascular accident, and nonfatal myocardial infarction.

LVEF: Left ventricular ejection fraction; STEMI: ST segment elevation myocardial infarction; NSTEMI: Non-ST segment 
elevation myocardial infarction; IMA: Left Internal mammary artery; CSS: Coronary artery bypass graft SYNTAX score.

	 Hazard ratio (95% CI)	 p-value		

Age	 1.008 (0.986-1.031)	 .486
LVEF	 0.979 (0.961-0.998)	 .027
STEMI 	 1.375 (0.757-2.990)	 .372
NSTEMI	 0.814 (0.683-2.769)	 .380
Smoking	 0.799 (0.502-1.272)	 .344
Diabetes mellitus	 1.782 (1.133-2.802)	 .012
Hypertension	 1.082 (0.692-1.690)	 .730
Hyperlipidemia	 1.097 (0.674-1.785)	 .710
LIMA graft failure	 0.821 (0.420-1.604)	 .563
Glycoprotein IIb / IIIa receptor antagonist use	 1.107 (0.590-2.079)	 .751
No-reflow	 1.713 (1.055-2.780)	 .029
Procedural success	 0.541 (0.285-1.028)	 .061
High post-PCI CSS (>18)	 1.663 (1.066-2.596)	 .025

Figure 1. Correlation Between pre-PCI CSS and post-PCI CSS.
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ficacy remains controversial in relation to their 
long-term clinical outcomes20. It was shown that 
the complex coronary pathology as assessed by 
the SYNTAX score is not predictive for long-
term adverse events in prior CABG patients6,7. 
Conventional powerful predictors of cardiovas-
cular outcomes after CABG surgery include age, 
diabetes, LVEF and renal failure21-23, which are 
not included in the SYNTAX score. Therefore, 
it has been suggested that the CSS could be used 
to evaluate complex coronary pathology and re-
vascularisation status in patients who have un-
dergone previous CABG24. This study investi-
gated the prognostic value of the pre-PCI CSS 
in previous CABG patients who underwent PCI 
of SVG. Patients with a high pre-PCI CSS had 
a higher prevalence of the composite criteria of 
all-cause death/CVA/non-fatal MI compared to 
patients with a low CSS, despite similar baseline 
clinical and demographic characteristics.

Mortality increases significantly as SVGs lose 
their patency in patients with a previous CABG25. 
PCI is generally preferred as the revascularisation 

method, considering the concomitant comorbidities 
and high risk of reoperation in prior CABG patients9. 
In the present study, 232 patients had undergone PCI 
of SVG, and in 88.4% of cases angiographic success 
was achieved. As shown in Table II, it was observed 
that the patients with a high pre-PCI CSS group were 
more frequently associated with LIMA graft failure. 
The pre-PCI CSS may be a sign of more extensive 
atherosclerosis in both native coronary artery and 
progression of venous graft failure. Recent studies 
have reported that both the CSS and the post-PCI 
CSS have prognostic value in patients with prior 
CABG9,12. Considering previous data showing that 
residual myocardial ischaemia after PCI was associ-
ated with clinical outcomes26,27, the CSS may be used 
to evaluate the prospective risk for previous CABG 
surgery patients who underwent PCI.

Miyagi et al12 reported that patients with a high 
CSS had lower LVEF and a higher prevalence of 
heart failure, peripheral artery disease, CKD and 
older bypass grafts. On the contrary, in our study, 
the patients with a high pre-PCI CSS had similar 
comorbidities. This suggests that the pre-PCI CSS 

Figure 2. Kaplan-Meier Curve Showing Composite criteria all cause death/CVA/MI Rate through follow-up time.
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might help predict long-term prognosis, regardless 
of accompanying comorbidity.

Farooq et al8 found that the CSS was associated 
with adverse events in 115 patients who underwent 
coronary angiography 15 months after surgery. In 
the present study, the evaluation time of the CSS 
after CABG was longer and CSS was calculated 
from angiographic images of patients taken per-
formed after admission with AMI.

The patients with a high pre-PCI CSS had a 
higher prevalence of LIMA graft failure compared 
to the patients with a low pre-PCI CSS; howev-
er, this was not a significant predictor of clinical 
outcomes in the long term. The long-term patency 
of the grafts used during CABG is a major factor 
in the estimation of clinical outcomes2. The shear 
stress of the arterial lumen is a reason for the re-
lease of nitric oxide and prostaglandins and the 
inhibition of constricting mechanisms28. These bio-
chemical factors make the arterial wall more resis-
tant to high arterial pressure and atherosclerosis29. 

CSS represents the native coronary athero-
sclerotic burden as well as the incompleteness of 

coronary revascularization in patients with prior 
CABG.

The long-term clinical outcomes of patients 
treated with surgical revascularisation have been 
associated with the high prevalence and severity of 
traditional risk factors30. Our findings are similar to 
other studies showing that other risk factors, such 
as DM and LVEF in particular, play an important 
role in long-term prognosis23,30.

This study has several limitations. The small 
number of patients limited the power of the 
study. Our trial has a reduced sample as part of 
a retrospective observational study, and this is a 
significant limitation. The CSS does not describe 
the type of graft anastomosed or the type of graft 
disease. In addition, the CSS does not include 
compliance with discharge medication, which 
affects patients’ long-term outcomes. The pres-
ent study was a retrospective, non-randomised 
study in which unmeasured confounders may 
have influenced the outcomes. More extensive 
studies are needed to confirm these observational 
results.

Figure 3. Kaplan-Meier Curve Showing Composite criteria all cause death/CVA Rate through follow-up time.
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Conclusions

The present findings indicate that the pre-PCI CSS 
denoting burden of atherosclerotic is a significant prog-
nostic factor for the long-term composite criteria of 
all-cause death/CVA/non-fatal MI in patients with pre-
vious CABG who underwent PCI of SVG.
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