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A b s t r a c t

Introduction: The long-term outcomes of percutaneous coronary interven-
tions (PCIs) within coronary artery bypasses are still poor as compared to 
those within native coronary arteries. Thus, we aimed to assess predictors 
of long-term clinical outcomes after PCIs of coronary bypasses.
Material and methods: We enrolled 194 patients after PCIs of coronary artery 
bypasses at the mean age of 69.5 ±8.3 years (73.2% male). The primary study 
endpoint was a combination of target-vessel revascularization (TVR), target-le-
sion revascularization (TLR), myocardial infarction (MI), stroke, coronary artery 
bypass grafting (CABG) and death. The mean follow-up was 964 ±799.1 days and 
was completed among 156 patients. Multivariate analysis was used to assess 
determinants of study endpoints during follow-up. Moreover, we compared sur-
vival curves according to the type of PCI and presence of anti-embolic protection.
Results: The primary endpoint of the study occurred in 59.7% of patients 
after the mean time of 669.6 ±598.7 days. The TVR occurred in 37.9% of 
individuals, TLR in 24.2%, MI in 26.3%, stroke in 4.2%, CABG in 2.1% and 
death in 30.5% of patients. In Cox multivariate analysis, PCI of two or more 
bypasses (p < 0.01), post-dilatation (p < 0.05) and no-reflow (p < 0.05) were 
the independent determinants of the primary study endpoint. No significant 
impact of anti-embolic protection devices on long-term outcomes was ob-
served. 
Conclusions: Percutaneous coronary interventions of two or more bypasses, 
post-dilatation and no-reflow are predictors of worse outcome in patients 
undergoing PCI within coronary artery bypass grafts. 

Key words: percutaneous coronary intervention, coronary artery bypasses, 
long-term follow-up, clinical outcomes, determinants.

Introduction

The long-term success of surgical coronary revascularization is limit-
ed, as at 1 year, the incidence of one or more total saphenous vein graft 
(SVG) occlusions after on-pump bypass surgery has been reported to be 
as high as 41% [1]. Due to the very high risk of cardiac surgery re-oper-
ations, percutaneous coronary intervention (PCI) is considered to be the  
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preferred revascularization method of treatment in 
patients with SVG stenoses or occlusions [2]. How-
ever, PCI of SVGs remains technically challenging 
and is characterized by higher rates of periproce-
dural adverse events as compared to PCI of native 
coronary arteries [3]. Several typical complications 
of SVG interventions have been observed and in-
vestigated. One of the most common and influen-
tial consequences of SVG intervention on future 
outcomes is distal embolization. The incidence 
of distal embolization presented as the slow- or 
no-reflow phenomenon was estimated at 10% to 
15% among patients with periprocedural angina 
and ischemic ST-segment changes [4]. Among the 
many factors, periprocedural complications were 
found to be associated with worse long-term out-
comes in this group of patients [5]. Other well-stud-
ied factors likely to affect the outcomes of coro-
nary artery bypass graft interventions include type 
of vessel, PCI, balloon and stent, anticoagulation in 
the periprocedural period and after PCI or the pres-
ence and type of anti-embolic protection devices 
against distal embolization. These predictors seem 
to be mostly preponderant. However, several other 
periprocedural indices related to technical aspects 
and maneuvers appear to be at least similarly in-
fluential for outcomes after coronary artery bypass 
graft interventions [6–10]. 

Therefore, we aimed to investigate the impact 
of the often overlooked and underrated factors 
associated with outcomes in patients undergoing 
PCIs within bypass grafts. 

Material and methods

Retrospectively, we collected data on 194 con-
secutive patients undergoing PCI within coronary 
artery bypass grafts at our department from 2008 
to 2016. At that time, about 1200–1400 PCI pro-
cedures were performed in our department every 
year. Follow-up data were collected from outpa-
tients’ clinic documentation and by phone calls. 
The primary study endpoint included target-lesion 
revascularization (TLR), target-vessel revascular-
ization (TVR), myocardial infarction (MI), cerebral 
stroke, coronary artery bypass grafting (CABG) 
and death. 

Statistical analysis

Kaplan-Meier analysis was used for the prima-
ry endpoint assessment. Mantel-Cox and Breslow 
analyses were used for comparison between Ka-
plan-Meier curves. The data are expressed as 
means with standard deviations (SD), medians 
and interquartile ranges, and the percentage 
distribution, as appropriate. Both univariate and 
multivariate Cox proportional hazards models for 
study endpoints were constructed. Among the 

factors assessed in multivariate analysis, we in-
cluded the number of bypasses treated with PCI, 
type of artery bridged by graft, bypass age, type 
of the lesion treated with PCI, thrombectomy, 
type of anti-embolic protection device and its use, 
presence of thrombus, location of the lesion in 
the graft (proximal, medial, distal), calcifications, 
type of stent, number of implanted stents, stent 
diameter and length, direct stenting, pre-dilata-
tion, post-dilatation, maximal pressure of inflated 
balloon, residual stenosis > 10%, TIMI flow after 
the procedure, no-reflow phenomenon, PCI of the 
second vessel, treatment with glycoprotein IIb/IIIa 
inhibitor, and treatment with oral anticoagulants. 
Since the model could not achieve convergence 
for all the introduced predictors, following the rel-
atively low number of events and data deficiencies 
concerning selected indices in the database, the 
analysis was limited to those potential predictors 
where there were fewer than eight missing results. 
This was done to increase test strength. For this 
reason, we excluded some factors with potentially 
less predictive impact for bypass restenosis in-
cluding family history of cardiovascular events, the 
Global Registry of Acute Coronary Events (GRACE) 
score at admission, body mass index or Killip class 
stage. The log-rank test (Mantel-Cox) and Breslow 
test (generalized Wilcoxon) were used for compar-
ison of major adverse cardiac and cerebrovascular 
event (MACCE) rates between particular types of 
PCI which included PCI with drug-eluting balloon 
(DEB), PCI with drug-eluting stent (DES) implan-
tation, bare-metal stent (BMS) implantation and 
plain old balloon angioplasty (POBA) or failed PCI. 
Additionally, those tests were used for comparison 
of the MACCE rates between patients treated with 
distal protection devices and without them. 

Statistical analysis

Statistical significance was accepted at a 0.05 
level of probability. The statistical analyses were 
performed using Statistica 10.0 software (Dell 
Software, Inc, Round Rock, TX, USA) and SPSS Sta-
tistics 24 (IBM, USA).

Results

The clinical characteristics of the overall group 
are presented in Table I. Data regarding the length 
of hospitalization were available for 175 (90.2%), 
of whom hospitalization time < 7 days was found 
in 93 (53.1%) patients, and ≥ 7 days in 82 (46.8%) 
patients. The causes of prolonged hospitalization 
should be mainly sought as a greater burden of 
risk factors for cardiovascular disease expressed 
as EuroSCORE II, which was statistically signifi-
cantly higher in the group of patients hospitalized 
longer (13.2 ±14.3% vs. 11.1 ±15.1%, p = 0.02) 
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and greater impairment of the left ventricular sys-
tolic function expressed as left ventricular ejection 
fraction (41.6 ±14.0% vs. 46.7 ±13.3%, p = 0.02). 
Additionally, patients with prolonged hospital-
ization were admitted to hospital insignificantly 
more often with myocardial infarction (42.6% vs. 
34.8%, p = 0.28), kidney failure (32.1% vs. 19.8%, 
p = 0.11), Killip class II–IV (22.8% vs. 14.3%, p = 
0.45) and heart failure expressed as New York 
Heart Association (NYHA) class III–IV (14.8% vs. 
8.7%, p = 0.21). The clinical presentation of coro-
nary artery disease and cardiovascular risk indices 
are presented in Table II. Pharmacological treat-
ment at discharge from the hospital and peripro-
cedural treatment with glycoprotein IIb/IIIa inhibi-
tors are presented in Table III.

Due to the fact that some of the patients in-
cluded in the current study were sent to our center 
from tertiary catheterization laboratories, we did 
not repeat full coronary angiography, and primary 

Table I. Clinical characteristics

Variable Overall group  
of patients
(n = 194)

Age [years] 69.5 ±8.3

Gender, male 142/194 (73.2)

Hospitalization duration [days] 7.2 ±3.8

Body mass index [kg/m2] 28.1 ±4.6

Time from the coronary artery 
bypass grafting to bypass 
angioplasty [years]

12.8 ±5.4

Obesity 41/170 (24.1)

Smoking 100/162 (61.7)

Anemia 16/173 (9.2)

Hypertension 177/182 (97.2)

Dyslipidemia 176/181 (97.2)

Lung diseases 16/177 (9.0)

Diabetes mellitus 91/180 (50.5)

History of cancer 6/182 (3.3)

Family history of coronary arteries 
disease

78/158 (49.3)

Kidney failure, GFR < 60 ml/min 44/173 (25.4)

History of:

Percutaneous coronary 
intervention

112/175 (64)

Myocardial infarction 144/179 (80.4)

Carotid artery atherosclerosis 23/180 (12.7)

Lower-limb artery atherosclerosis 39/180 (21.7)

Data are expressed as mean ± SD or numbers (percentages). GFR – 
glomerular filtration rate. 

Table II. Clinical presentation of coronary artery 
disease before percutaneous coronary intervention 

Variable Overall group 
of patients
 (n = 194)

Clinical presentation of coronary 
artery disease:

Stable angina 66/186 (35.5)

Unstable angina 49/186 (26.3)

Non-ST segment elevation 
myocardial infarction

57/185 (30.8)

ST-segment elevation myocardial 
infarction

14/185 (7.6)

CCS class:

I 2/186 (1.1)

II 58/186 (31.2)

III 59/186 (31.7)

IV 67/186 (36)

Chronic heart failure: 72/183 (39.3)

NYHA class:

I  3/183 (1.6)

II 48/183 (26.2)

III 59/183 (32.2)

IV 67/183 (36.6)

Killip class:

I 58/71 (81.7)

II 6/71 (8.4)

III 1/71 (1.4)

IV 6/71 (8.4)

Left ventricle ejection fraction (%) 43.9 ±13.8
45 (35–55)

Elevated markers of myocardial 
necrosis at admission

74/174 (42.5)

Cardiac arrest 6/177 (3.4)

EuroSCORE II (%) 12.0 ±14.5
6.5 (3.4–13.2)

GRACE score 124.5 ±31.8  
121 (105–136)

Systolic blood pressure [mm Hg] 130.6 ±22.8 
130 (120–140)

Heart rate [beats per minute] 71.7 ±13.3 
70 (60.5–80)

Data are expressed as mean ± SD and median with IQR or numbers 
(percentages). CCS – Canadian Cardiovascular Society, GRACE – 
Global Registry of Acute Coronary Events, NYHA – New York Heart 
Association. 

recordings of coronary angiography were returned 
to the patient at discharge, which made it diffi-
cult to obtain data in the follow-up period. For this 
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reason, complete coronary artery angiography 
performed before PCI was available in 182 individ-
uals and it revealed single-vessel disease (SVD) in 
1 (0.5%) patient, two-vessel disease in 14 (7.7%) 
patients and multi-vessel disease (MVD) in 167 
(91.7%) patients. The radial access (RA) served 
for PCI in 10.8% of procedures. The target lesion 
treated with PCI was a de-novo lesion in 80.6% of 
patients, in-stent thrombosis in 2.1% of individ-
uals and restenosis in 17.3% of patients. The in-
ternal mammary artery (IMA) was used as a graft 
in 37.1% of patients, one saphenous vein graft in 
1.7%, two in 49.1% of patients, three in 34.6% 
and four venous grafts in 14.5% of patients. The 
PCI was performed in the saphenous graft to the 
left anterior descending (LAD) artery in 43.9% of 
patients, the circumflex (Cx) artery in 37.7%, the 
right coronary artery (RCA) in 23%, the left/right 
IMA in 4.7% and finally, the saphenous vein jump 
bypass graft in 4.7% of patients. Two or more by-
passes were treated in 6.8% of patients while PCI 
of the second vessel (bypass or native artery) was 
done in 14.2% of patients. The culprit lesion was 
located in the proximal segment in 36.5% of cas-
es, medial in 21.8%, distal in 23.5% and unknown 
location in 18.2% of individuals. Unknown loca-
tion meant that in the available medical records 
considering the description of the PCI procedure, 
there was no information regarding which graft 
segment was treated with angioplasty. Among the 
thirteen patients in the POBA/failed PCI group, 
stent crossing/deployment was not obtained in 
eight patients with graft stenosis, of whom there 
were three patients with stable angina (SA) at 
admission, seven with non-ST-segment elevation 
myocardial infarction (NSTEMI) and one with un-
stable angina (UA). One patient with SA devel-
oped MI in the follow-up period, one patient with 
NSTEMI died, another had MI and another cere-
bral stroke. The remaining 4 patients did not have 
MACCE. Ineffective opening of the occluded graft 
caused by thrombus was found in 5 patients. Two 
of the patients had ST-segment elevation myocar-
dial infarction (STEMI), one of whom died during 
the procedure, and another one did not present 
MACCE during the follow-up period. Of the re-
maining three patients, all had NSTEMI at admis-
sion, one of them had MI in the follow-up period, 
and the others did not develop MACCE during the 
follow-up. Other procedural indices are presented 
in Table IV. 

The overall incidence of periprocedural com-
plications was 29 (14.9%) out of 194 individuals. 
We noted 6 (3.1%) SVG dissections, 20 (10.5%) 
no-reflows, 1 (0.5%) perforation, 3 (1.6%) cardiac 
arrests, 2 (1%) acute left ventricle failures demand-
ing intra-aortic balloon pump, 2 (1.1%) acute in-
stent thromboses, 2 (1%) bleedings requiring blood 

transfusion, 2 (1%) respiratory insufficiencies re-
quiring intubation and mechanical ventilation. 

Long-term follow-up data were available for 
156 (80.4%) patients and were limited to ve-
nous grafts, also in patients treated at baseline 
simultaneously with PCI of SVG and IMA or an-
other native artery. The mean follow-up was 964 
±799.1 days (ranging from 0 to 3,200 days). The 
study endpoints were observed in 94 (59.7%) in-
dividuals from among all patients with complet-
ed follow-up. Among study endpoints, we noted 
23 (24.2%) patients with TLR, 36 (37.9%) with 
TVR, 25 (26.3%) individuals with MI, 2 (2.1%) 
with CABG, 4 (4.2%) with cerebral stroke and 29 
(30.5%) deaths. The mean time to the primary 
study endpoint was 669.6 ±598.7 days (from 0 to 
2,307 days). The mean follow-up in patients with-
out observed study endpoints (62 individuals) was 
1,326.8 ±859.3 days (from 271 to 3,200 days). The 
Kaplan-Meier survival curve for all patients is pre-
sented in Figure 1. 

The significant predictors of clinical endpoints 
for all variables entered, simultaneously assessed 
by Cox regression analysis, were in-stent thrombo-
sis of previously implanted stent (hazard ratio (HR) 
= 6.97, 95% confidence interval (CI): 1.75–27.7,  
p < 0.01), anti-embolic protection (HR = 0.53,  
95% CI: 0.29–0.96, p < 0.05), direct stenting (HR = 
0.27, 95% CI: 0.07–0.96, p < 0.05), pre-dilatation 
(HR = 0.27, 95% CI: 0.08–0.84, p < 0.05), no-reflow 
(HR = 10.26, 95% CI: 2.82–37.26, p < 0.001), max-
imal pressure (HR = 1.023, 95% CI: 1.002–1.045, 
p < 0.05), and number of implanted stents per pa-
tient (HR = 0.36, 95% CI: 0.15–0.83, p < 0.05). Due 

Table III. Pharmacological therapy

Pharmacological therapy Overall group 
of patients 
(n = 194)

Aspirin 185/188 (98.4)

Clopidogrel 168/188 (89.4)

β-Blocker 177/187 (94.6)

Angiotensin converting enzyme 
inhibitor

156/188 (83.0)

Angiotensin receptor blocker 19/188 (10.1)

Statin 184/188 (97.9)

Nitrates 32/188 (17.0)

Calcium channel blockers 49/188 (26.1)

Oral anticoagulants/new oral 
anticoagulants

25/188 (13.3)

Prasugrel/ticagrelor 17/188 (9.0)

Periprocedural glycoprotein receptor 
IIb/IIIa inhibitors

21/190 (11.0)

Data are expressed as numbers (percentages).
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Table IV. Procedural indices

Variables Overall group of 
patients 
(n = 194)

Embolic protection devices: 89/186 (47.8)

Filter Wire EZ (Boston Scientific, Natick, MA, USA) 74/89 (83.1)

Proxis (St. Jude Medical, Maple Groves, MN, USA) 9/89 (10.1)

SpideFX (Covidien, Mansfield, MA, USA) 4/89 (4.5)

Defender Embolic (Medtronic Inc., Minneapolis, MN, USA) 2/89 (2.2)

Thrombus 32/190 (16.8)

Thrombectomy 18/190 (9.5)

Type of implanted stent:

Plain old balloon angioplasty/unsuccessful PCI 21/191 (10.1)

Drug-eluting balloon 8/191 (4.2)

Bare-metal stent 50/191 (26.2)

Drug-eluting stent 111/191 (58.1)

Bioresorbable stent 1/191 (0.5)

Number of implanted stents during single PCI:

Bare-metal stent, n: 48/191 (25.1)

1 41/48 (85.4)

2 6/48 (12.5)

3 1/48 (2.1)

4 0/48 (0)

Drug-eluting stent, n 112/191 (58.6)

1 89/112 (79.5)

2 20/112 (17.8)

3 0/112 (0)

4 3/112 (2.7)

Bioresorbable scaffold, n 1/190 (0.5)

Mean stent diameter [mm] 3.4 ±0.6 
3.5 (3–4)

Mean stent length [mm] 19.3 ±7.3
18 (15–24)

Direct stenting 53/186 (28.5)

Postdilatation 122/186 (65.6)

Maximal pressure [atm] 16.3 ±9.6
16 (14–19.5)

Percentage of stenosis before PCI 90.8 ±9.5
90 (90–99)

Residual stenosis > 10% after PCI 14/188 (7.4)

TIMI flow grade after PCI:

0 6/189 (3.2)

1 3/189 (1.6)

2 8/189 (4.2)

3 172/189 (91)

Number of stents per patient:

1 122/190 (64.2)

2 32/190 (16.8)

3 4/190 (2.1)

4 3/190 (1.6)

Data are expressed as mean ± SD and median with IQR or numbers (percentages). TIMI – thrombolysis in myocardial infarction,  
PCI – percutaneous coronary intervention. 
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to the fact that there are many non-significant 
variables that may interfere with the estimation 
of relevant predictors, it is difficult to interpret 
the results. Therefore, a model based on the retro-
grade correction method was constructed (where 
the predicate reject criterion) was the fact that 
its significance was above 0.10). The factors that 
significantly affected the incidence of endpoints 
were PCI of two or more bypasses (HR = 2.89, 95% 
CI: 1.37–6.00, p < 0.01), post-dilatation (HR = 1.76, 
95% CI: 1.05–2.95, p < 0.05) and no-reflow (HR = 
2.16, 95% CI: 1.06–4.43, p < 0.05) (Figure 2). 

The results of the Mantel-Cox test compar-
ing MACCE rates between particular types of PCI 
showed that PCI with DEB had significantly short-
er survival times free of MACCE from PCI with DES 
implantation (p < 0.01), BMS implantation (p < 
0.05) and POBA or failed PCI (p < 0.05) (Table V). 
The Breslow test (generalized Wilcoxon) results 
comparing MACCE rates between particular types 
of PCI revealed that PCI with DEB had significant-
ly shorter survival times free of MACCE from pa-
tients treated with DES implantation (p < 0.05) 
and POBA or failed PCI (p < 0.05) (Table V). There 
was no significant difference in survival times 
free of MACCE between DES and BMS groups  
(p = 0.73) (Figure 3). 

Due to the fact that MACCE occurred earlier in 
patients treated with DEB PCI when compared to 
non-DEB PCI, we compared the groups. In contrast 
to the non-DEB group, among the 8 patients in-
cluded in this group, two of them presented SA 
at baseline, the other five UA and one patient 
NSTEMI. Seven patients were treated because of 
in-stent restenosis (87.5%) and one patient due 
to in-stent thrombosis. All patients in this group 
were diagnosed with MACCE during the follow-up 
period. Although the mean time to onset of the 
first MACCE was insignificantly shorter in pa-
tients in the DEB group compared to the non-DEB 
group (633.1 ±602.6 days vs. 673.0 ±605.4 days,  

p = 0.96), in the non-DEB group it was observed in 
58.5% of patients for whom follow-up was com-
pleted compared to 100% in the DEB group. This 
was observed despite the fact that patients in 
the DEB group had lower cardiovascular risk (5.6 
±2.4% vs. 13.0 ±15.8%, p = 0.48) and statistically 
significantly shorter hospitalization time (3.6 ±1.2 
days vs. 7.6 ±4.0 days, p < 0.01) when compared 
to the non-DEB group.

Results of the Mantel-Cox test and Breslow test 
comparing MACCE rates between PCI with and 
without anti-embolic protection were not signifi-
cant in either estimation (p = 0.22 and p = 0.41) 
(Figure 3, Table V). 

Discussion

In the present study, we demonstrated that 
PCI of two or more bypasses, post-dilatation and 
no-reflow are negative predictors of outcomes in 
patients undergoing PCI of coronary artery by-
passes. The second finding worth mentioning is 
that patients treated with PCI with DEB had worse 
long-term outcomes as compared to PCI with DES, 
BMS, and even POBA and/or failed PCI. The third is 
that the anti-embolic protection did not improve 
outcomes during follow-up. 

It was reported that periprocedural necrosis 
during SVG PCI is associated with increased mor-
tality at 1 year [10]. Also a major CK-MB release 
after SVG intervention is a powerful independent 
predictor of late mortality. Moreover, lesion length, 
greater angiographic degeneration of SVGs, and 
larger estimated plaque volume were shown to be 
predictors of 30-day MACE after SVG intervention 
[11]. We did not confirm that the extent of myo-
cardial necrosis is related to poorer outcomes in 
follow-up. However, we were not able to include 

Figure 1. Kaplan-Meier survival curve in the overall 
group of patients

Figure 2. Kaplan-Meier survival curves according to 
type of PCI
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continuous variables of troponin level in the anal-
ysis because of the different methods of testing 
used over the years. The univariate analysis of 
the association between continuous variables of 
myocardial creatine kinase (CK-MB) with study 
endpoints revealed no significance (p = 0.17). 

Also, dichotomous variables considering elevated 
markers of myocardial necrosis including troponin 
and CK-MB levels were not significantly associ-
ated with the study endpoints. We also did not 
find any relationships between gender and study 
endpoints in univariate analysis (p = 0.97). In con-
trast to our study, some authors have found that 
female gender and renal failure are also predictors 
of poorer clinical outcomes after PCI of SVG [12, 
13]. The univariate analysis did not confirm a sig-
nificant relationship between serum creatine level 
(p = 0.89), glomerular filtration rate assessed by 
the Cockcroft-Gault formula (p = 0.61) and dichot-
omous variables defining kidney failure as GFR  
< 60 ml/min (p = 0.95). Previously reported stud-
ies revealed that poorer clinical outcomes after 
initial SVG intervention most frequently resulted 
from disease progression at untreated non-sig-
nificant stenosis [14]. The results of the VELETI 
trial suggested that moderate stenoses should be 
initially treated with DES implantation [15]. In the 
current study, we noted TLR in 39 patients, TVR in 
46 patients and re-PCI in 59 patients. Based on 
this, we could conclude that 20 (33.8%) patients 
with TLR demanding re-PCI were not subjected 
to the procedure. We are not able to introduce 
lesions from patients demanding a  CABG oper-

Table V. Indications and type of primary end-points according to type of PCI and protection status

Selected indices Patients with follow-up

POBA/failed 
PCI

BMS DES DEB Protection 
(+)

Protection 
(–)

Completed follow-up 13/21 (61.9) 39/50 (78) 95/111 (85.6) 8/8 (100) 75/97 (77.3) 81/97 (83.5)

Time to primary  
end-point [days]

524.7 ±519.7
528.5

(0.75–961)

697.8 ±688.1
503.5

(108.5–1150)

677.8 ±578.7
569.5

(128–1186.5)

633.1 ±602.6
425.5

(86.7–1159.7)

659.5 ±613.5
550.5

(123.7–1110.2)

678.0 ±598.1
519.5

(112.5–1185)

Type of primary end-point:

All MACCE 6/13 (46.1) 28/39 (71.8) 52/95 (54.4) 8/8 (100) 44/75 (58.7) 50/81 (61.7)

TLR 0/13 (0) 11/39 (28.2) 11/95 (11.6) 1/8 (12.5) 15/75 (20) 8/81 (9.9)

TVR 0/13 (0) 14/39 (35.9) 19/95 (20) 3/8 (37.5) 20/75 (26.7) 16/81 (19.7)

MI 3/13 (23.1) 6/39 (15.4) 13/95 (13.7) 3/8 (37.5) 9/75 (12) 16/81 (19.7)

Cerebral stroke 1/13 (7.7) 2/39 (5.1) 1/95 (1) 0/8 (0) 1/75 (1.3) 3/81 (3.7)

CABG 0/13 (0) 0/39 (0) 2/95 (2.1) 0/8 (0) 1/75 (1.3) 1/81 (1.2)

Death 2/13 (15.4) 6/39 (15.4) 6/95 (6.3) 2/8 (25) 14/75 (18.7) 15/81 (18.5)

Type of target lesion:

De-novo lesion 18/21 (85.7) 47/48 (97.9) 86/110 (78.2) 1/8 (12.5) 83/94 (88.3) 71/97 (73.2)

In-stent 
thrombosis

0/21 (0) 0/48 (0) 3/110 (2.7) 1/8 (12.5) 2/94 (2.1) 2/97 (2.1)

Restenosis 3/21 (14.3) 1/48 (2.1) 23/110 (20.1) 6/8 (75) 8/94 (8.5) 25/97 (25.8)

Data are expressed as mean ± SD and median with IQR or numbers (percentages). BMS – bare-metal stent, CABG – coronary artery bypass 
grafting, DEB – drug-eluting balloon, DES – drug-eluting stent, MACCE – main adverse cardiac and cardiovascular event, MI – myocardial 
infarction, PCI – percutaneous coronary intervention, POBA – plain old balloon angioplasty, TLR – target lesion revascularization,  
TVR – target vessel revascularization. 

Figure 3. Kaplan-Meier survival curves according to 
the use of embolic protection devices
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ation into that comparison, but there were only 
two individuals in this group. Also, the 32 cases 
of death noted during follow-up were mostly not 
preceded by coronary angiography or re-PCI, and 
only in two cases were they followed by TVR, and 
in one case, TLR. Despite the use of DES, the rate 
of TLR remains very high and it reaches above 
60% within 18 months of follow-up in the group 
of patients with occluded SVG [16]. Unfortunately, 
the addition of antithrombotic medications such 
as glycoprotein IIb/IIIa inhibitors to filter embolic 
protection did not bring satisfactory results [17]. 
We also did not observe any effects of pre-proce-
dural treatment with either oral coumarin deriv-
atives or new oral anticoagulants (p = 0.91) and 
periprocedural treatment with glycoprotein IIb/
IIIa inhibitors (p = 0.89) on study endpoints in 
univariate analysis. So far, the published studies 
have revealed significant differences in long-term 
outcomes between POBA and stents; however, the 
difference between the particular type of stents 
is not so clear. The SAVED trial proved the superi-
ority of BMS implantation over POBA in terms of 
outcomes [18]. In our study, we revealed no statis-
tically significant differences in clinical outcomes 
between PCI with DES and BMS implantation, and 
they were significantly better when compared to 
PCI with DEB. The results in the POBA/failed PCI 
group of patients should be treated with great 
caution, due to large deficiencies in the analy-
sis and suspicion of bias in these findings. The 
other aspect is that in the SAVED report, the 
majority of SVG interventions were performed 
with stents. The other method of treatment is 
the use of covered stents. However, previously 
published studies did not confirm the superiority 
of covered stents over regular BMS implantation 
in SVG bypass stenoses [19]. Also, the RECOV-
ERS trial did not confirm this relationship [20]. 
The use of mesh-guard stents in this group of 
patients is promising, as demonstrated in a  re-
cently published study [21]. The BARRICADE trial 
demonstrated that the TLR rate was even high-
er in patients treated with covered stents than 
those treated with BMS [22]. The superiority of 
DES stents over BMS was demonstrated in the 
RRISC trial during the 6-month follow-up and the 
SOS trial in 3-year follow-up [23]. However, other 
studies did not confirm those findings [24]. Other 
published meta-analyses confirmed the positive 
effects of DES stents on TLR, while there was no 
significant effect on mortality [25]. The effective-
ness of PCI with DEB in patients with coronary 
bypasses is less investigated. Nonetheless, it was 
demonstrated that PCI with DEB brings better 
long-term outcomes when treating patients with 
BMS in-stent restenosis than DES in-stent rest-
enosis [26]. Also, poorer outcomes were noted 

in patients with DEB PCI of SVG than the native 
arteries [26]. 

Despite the recommendation of international 
guidelines, the use of embolic protection devic-
es is relatively rare. Previously published studies 
demonstrated that the use of embolic protection 
reached only 23% of patients undergoing PCI of 
SVG [27]. This could be explained by several dis-
advantages of those devices, including the need 
to cross the lesion before adequate protection, 
temporary cessation of blood flow, limiting visu-
alization, inability to obtain full evacuation, and 
possible traumatic injury to the SVG during bal-
loon occlusion [28]. Some trials did not reveal 
the superiority of embolic filters in comparison 
to the control group in terms of better clinical 
outcomes, and they were even associated with 
higher periprocedural complication rates in pa-
tients treated with filter embolic protection [29]. 
We also did not confirm the superiority of embol-
ic protection filter devices used compared to the 
patients without protection. Additionally, similarly 
as in other studies, we did not find advantages 
of any embolic protection devices over the other 
ones [30].

Considering the results published so far and re-
sults of the current study, clinical outcomes in pa-
tients undergoing PCI of coronary artery bypasses 
depend on several periprocedural indices inter-
acting with one another and leading to slow- or 
no-reflow. It seems that the differences between 
the particular stents and the use of anti-embolic 
protection devices are less relevant in this interac-
tion compared to the procedure technique, which 
most influences the amount of debris released to 
the distal part of the vessel. The need for balloon 
post-dilatation after coronary stent deployment 
in native coronary arteries has been demonstrat-
ed in several studies [31], and in the case of SVG 
stenting, it becomes important due to the release 
of larger amounts of pro-embolic material, which 
increases the probability of slow-flow and no-re-
flow occurrence or strengthens it. In the present 
analysis, we did not find a  relationship between 
graft age (which is indirectly associated with the 
amount of debris) and MACCE, as well as each of 
the individual components of MACCE separately. 
Previously published studies demonstrated that 
direct stenting was associated with lower peripro-
cedural complication rates [32]. We also noted 
similar benefits of direct stenting in terms of long-
term outcomes. However, it was only significant 
in the multivariate analysis model with simulta-
neous data assessment, and was not confirmed 
in a  model based on the retrograde correction 
method. Hong et al. did not confirm a relationship 
between the ratio of the implanted stent diam-
eter and the average intravascular ultrasound 
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reference lumen diameter and clinical outcomes 
[33]. In the current study, we did not confirm a re-
lationship between stent dimensions and clinical 
outcomes. 

In conclusion, we demonstrated that PCI of 
two or more bypasses, post-dilatation and no-re-
flow are predictors of poorer clinical outcomes 
expressed as higher rates of TVR, TLR, MI, stroke, 
CABG, and deaths during long-term follow-up in 
patients undergoing PCI within bypasses. Also, PCI 
with DEB was associated with poorer outcomes in 
patients after bypass PCI during follow-up com-
pared to PCI with stent implantation. However, the 
several limitations regarding this issue should be 
considered, and it would be advisable to carry out 
studies including much larger numbers of partici-
pants with the purpose of corroborating this rela-
tionship. The use of embolic protection filters has 
no statistically significant effect on clinical out-
comes in patients treated with PCI of SVG during 
long-term follow-up. 

The most critical limitation of the current study 
is the relatively low percentage of completed fol-
low-ups and the lack of clinical data in some cases 
(80.6%). This was mostly caused by the participa-
tion of patients from small towns located in re-
mote village areas or secluded areas, as well as 
changes in place of residence. The consequence of 
this may be misrepresentation of results, especial-
ly those regarding the comparison of treatment 
depending on the use of distal protection and the 
type of PCI. In the presented analysis, the percent-
age of patients with implanted LIMA grafts was 
only 37%, which is related to the period during 
which the material was collected (2008–2016), 
and in some sense includes the population of pa-
tients from the previous era. Nowadays, the pro-
portion of patients with IMA grafts is much larger, 
which certainly has a  significant impact on the 
results.
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