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The effect of undergone bypass surgery on the
percutaneous coronary intervention results / does
previous coronary artery bypass surgery
complicate the subsequent percutaneous
coronary intervention?
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SUMMARY
Obijective: Recurrent revascularization is frequently needed in despite to the modern treatment options of coronary
artery disease. Recurrent revascularization has need special caution in the setting of previous coronary artery bypass
surgery (CABG). There are very few studies to investigate possible adverse effects of prior CABG on percutaneous
coronary interventions (PCI). This study investigated that PCI results of the patients with prior CABG.
Method: Patients who underwent PCI screened retrospectively. Consecutive 100 patients had been prior PCI (group 1),
and 100 patients had been prior CABG (group 2) were enrolled to the study. The patients were not enrolled in the study;
index PCI underwent bypass graft or total occluded lesion or instant lesion or in the setting of ST elevation myocardial
infarction or bifurcation stenting was done.
Results: Group 1 and group 2 were similar in terms of age and gender. No statistically significant difference was
observed between other demographic features. The lesion severity was not significantly different between the groups. In
the CABG group, the intervention was more frequent to the circumflex artery lesion; while in the PCI group,
intervention to the left anterior descending artery lesion was more frequent. Factors that made the procedure difficult
were similar in both groups. There was no significant difference between the two groups regarding lesions longer than
20 mm and diffuse coronary artery disease. Balloon and stenting were more frequent in the CABG group, and direct
stenting was more frequent in the PCI group (p<0.05) Balloon dilatation was found to be more frequent in the CABG
group. The duration of the procedure, number of angiographic frames and films, amount of contrast material used were
significantly higher in the CABG group, as the difference between the two groups was not significant regarding balloon
pressures applied during stenting. Previous CABG history was found to be an independent variable for the duration of
the procedure and the number of angiographic frames. Prior CABG also has a significant correlation with prolonged
intervention duration, radiopaque volume, and cine-angiography film and frame counts when controlling for intervened
artery and prior index intervention time interval.
Conclusions: PCI was associated with prolonged intervention duration, higher radiopaque volume and higher radiation
exposure when implanted in patients with prior CABG. The physician should be alert and precautionary for more
complex PClI in patients with prior CABG.
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INTRODUCTION

Coronary Artery Disease (CAD) is the most
important cause of mortality and morbidity all
over the world *. In the last 60 years, coronary
artery bypass grafting (CABG) surgery is widely
performed to CAD patients. Percutaneous
coronary intervention (PCIl) has been used
clinically for the last 30 years and has become an
alternative for CABG for most lesions 2. Because
atherosclerosis is a dynamic process, some
patients who have been previously revascularized
require re-intervention®. In a large study, CABG
g:onstitutes 17.5% of total amount of interventions

Although CABG is not preferred for the patients
who have the history of CABG, PCI is on the
forefront “. It is reported that CABG increases
mortality and morbidity in the patients who have
the history of PCI %2, The difficulty of performing
PCI to the patients with the history of CABG,
however, has been voiced by many invasive
cardiologists. But only a few studies have been
conducted yet regarding this topic. In this study,
we investigated the effect of performed CABG on
subsequent percutaneous coronary interventions.

MATERIAL AND METHODS
Study Population:
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Patients for whom PCIl was applied between
2016-2018 years by one operator at Firat
University School of Medicine Department of
Cardiology were screened. One hundred patients
(Group 1) who underwent percutaneous coronary
intervention and had a history of PCI were
included in the study. One hundred consecutive
patients (Group 2) who had a history of CABG
and underwent elective PCI in the same period
were included in the study. Patients who
underwent bifurcation stenting, CABG graft
stenting, restenosis PCI, urgent revascularization
or intervention to total occluded vessel were
excluded. Necessary permission was obtained
from local ethics committee for the study.

The essential demographic characteristics of the
patients (age, gender, hypertension, diabetes,
dyslipidemia, smoking and family history) were
determined from patient registry data. It was
determined to which vessel the intervention was
applied. The time between the index intervention
and the previous attempt was determined. The
films from the digital records of the operations
were watched by two experts, and QSA measured
the degree of stenosis. The SYNTAX score was
used to determine the degree of difficulty of the
lesions. The lesions except the target lesion were
ignored, and only the intervention vessel was
calculated (Modified SYNTAX Score).



In addition, as possible factors that make the
intervention difficult; vascular access route,
coronary anomaly (Yes-No), aortic root width
(Normal-Wide), coronary tortuosity (Yes-No) and
calcification (Yes-No), long lesion (>20mm),
diffuse coronary artery disease (target lesion >20
mm or at least two> 50% lesions other than the
target lesion) are defined. Interventions made
were evaluated in three groups as only balloon
angioplasty group, balloon angioplasty plus
stenting group and direct stenting group. AS
indicators of process difficulty, in the first grade;
duration of intervention, the number of
angiographic films and frames recorded, the
amount of contrast agent used, and complications
after the procedure were evaluated. In the second
grade; the number of guide catheters used, the use
of alternative catheters (Amplatz or EBU catheter
requirement), the number of coronary guidewires
used, the use of alternative wires (use of
hydrophilic, intermediate, standard wires other
than floppy), whether coronary balloon dilatation
was performed or not before and after stent
implantation, number of balloons used, amount of
pressure applied to implant the balloon or stent
were evaluated.

Statistical Analysis:

Data were analyzed using SPSS version 20.0
statistics package (SPSS Inc., Chicago, II, USA).
Continuous  variables were reported as
meant+SD(standard deviation) and categorical
variables were reported as percentages and counts.
Student’s t-test was used for comparison of
normally distributed variables and Mann-Whitney

Table 1: Demographic Features of Patients

386

U test was used for non-normally distributed
variables if 2 groups existed. Categorical variables
were compared by x2 test or Fisher’s exact test, as
appropriate. Pearson’s correlation coefficients
were used to assess strength of relationship
between continuous variables and Spearman
correlation analysis was performed for non-
continuous and categorical variables. Logistic
regression analysis was used to determine the
independent risk factors for CABG history. In all
analyses, p value of <0.05 was considered
statistically significant.

RESULTS

Group 1 and group 2 were similar in terms of age
and gender (64.28+7.54 vs. 62.96 + 1348,
p=0.45; 87 male (%87) vs. 75 male (%75),
p=0.09, respectively). No statistically significant
difference  was observed between other
demographic features (Table 1). All interventions
were made from the femoral route. The lesion
severity was not significantly different between
the groups. In the CABG group, the intervention
was more frequent to the circumflex artery(Cx)
lesion; while in the PCI group, intervention to the
left anterior descending artery(LAD) lesion was
more frequent (Table 2). Factors that made the
procedure difficult were similar in both groups
(Table 3). There was no significant difference
between the two groups regarding lesions longer
than 20 mm and diffuse coronary artery disease
(p>0.05).

Group 1 (prior PCI) Group 2 (prior CABG) P value
Age 64.28+7.54 62.96 + 1348 0.45
Gender(male) 87 % 75% 0.09
Hypertension 65% 63% 0.53
Diabets 35% 37% 0.62
Smoking 65% 66% 0.79
Hyperlipidemia 52% 56% 0.85

Abbreviations: PCI: percutaneous coronary intervention, CABG: coronary artery bypass grafting.



Table 2: Coronary Arteries of Intervention

Group 1 (prior PCI) Group 2 (prior CABG) P value
LAD 43% 28% 0.03
Cx 32% 43% 0.04
RCA 25% 27% 0.72
LMCA 0% 1% 0.24
IM 0% 1% 0.28

387

Abbreviations: PCI: percutaneous coronary intervention, CABG: coronary artery bypass grafting, LAD: left

anterior descending artery, Cx:circumflex artery , RCA:right coronary artery, LMCA:left main coronary

artery, Im:intermediate artery.

Table 3: Factors that Difficult Intervention

Group 1(n) | Group 2(n) | P value

Anomalous origin of coronary 1 1 0.12
Aortic root dilatation 11 9 0.25
Calcification 27 29 0.24
Long lesions (>20 mm) 35 37 0.50
Diffuse coronary artery disease (Target lesion>20 mm | 43 49 0.65
or at least two lesions>50% ;except target lesions).

Coronary tortuosity 18 23 0.50

Balloon dilatations and stentings were more
frequent in former CABG group (p<0.05) and
stenting without balloon dilation was more
frequent in former PCI group (p<0.05). Balloon
dilatation was more frequent in CABG group
(p<0.05) (Table 4). The post-dilatation frequency
was not different between the groups. The
difference between the two groups regarding the
number of guide catheters and wires used during
the procedure was not significant. The interval

Table 4: Type of Intervention

between the prior CABG to index PCI was longer
than the prior PCI to index PCI (68.3£50.8 vs.
16.3+23.7 months, p<0.05). Index PCI duration
was longer (18.1+11.2 vs. 12.54+3.8 min, p<0.05),
radiopaque volume was higher (54.4+27.0 vs.
44.6+17.8 mL, p<0.05), cine angiography film
(5.743.1 vs. 4.441.6, p<0.05) and frame
(209.2£107.6 vs. 171.84£62.6, p<0.05) counts were
higher in the prior CABG group (Table 5).

Percutan Coronary Intervention Total
Balloon |P value |Stent P value |Balloon+Stent |P value
Group 1
(prior PCI) o 0 0
I, ) 4 (4%) 74 (74%) 22 (22%) 100
Group 2 0.04 0.02 0.03
(prior CABG) |1 ¢ (1095 58 (58%) 32 (32%) 100
|n, (%)
Total 14 132 54 200

Abbreviations: PCI: percutaneous coronary intervention, CABG: coronary artery bypass grafting.



Table 5: Content of Intervention
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Groups Mean SS P value

Time of Intervention (months) 1 16.13 23.74  0.001%
2 68.29 50.83

SYNTAX Score 1 3.76 2.17 0.993
2 3.69 1.98

Baloon Pressure (atm) 1 14.07 2.90 0.344
2 14.32 2.70

Scoping Time (minute) 1 12.53 3.83 0.001%
2 18.12 11.18

Number of Frame 1 171.75 62.58 0.039%
2 209.20 107.58

Number of Film 1 4.42 1.62  0.012%
2 5.67 3.05

Opague Quantity (mL) 1 44.64 17.78  0.014%
2 54.54 26.99

Patients in Group 1 who underwent elective PCI and had a history of PCI

Patients in Group 2 who had a history of CABG and underwent elective PCI

Prior CABG also has a significant correlation with
prolonged intervention duration, radiopaque
volume, and cine-angiography film and frame
counts when controlling for intervened artery and
prior index intervention time interval (r=0.316
r=0.278 r=0.321 r=0.285, respectively, p<0.01 for
all). When the complications observed after the

Table 6: Complications

procedure were compared according to the
groups, the difference between the two groups
was not significant (Table 6). According to
logistic regression analysis, previous CABG
history was found to be an independent variable
for the duration of the procedure and the number
of angiographic frames.

Group 1 Group 2 P value
Access Hematoma 11 13 0.56
Acute stent thrombosis 4 3 0.45
CoronaryDissection 5 6 0.27
Hypotension 14 11 0.26
Allergy 1 1 0.33
Arrhytmia 13 14 0.54
Embolia 0 0 0.65
Contrast Nephropathy 1 2 0.66

DISCUSSION

In our study, it was found that percutaneous
coronary interventions applied to patients with
CABG were longer, had more contrast agent used
during the procedure, had a more significant
number of angiographic film and frames taken

during the intervention. The risk of need for
reoperation in follow-up continues in patients who
have undergone CABG surgery. Native coronary
artery atherosclerosis, grafting problems, severe
mediastinal adhesions and epicardial scarring



complicate the repetitive surgical procedure by
disrupting the coronary anatomy. The mortality
rates in recurrent surgeries are higher than in the
first operations °. However, no significant
difference was found between the two groups in
our study. But in patients with CABG, the time
from CABG to the index PCI was longer than the
control group. This suggests the possibility that
atherosclerosis has advanced.In the follow-up of
the patients after CABG surgery, approximately
80% of patients after five years and 63% of
patients after ten years remain without angina °. In
our study, the percutaneous coronary intervention
was performed 68 months after surgery on
average to the patients in CABG group.The
percutaneous  coronary intervention  was
completed after 16 months on average to the
patients in PCI group.

The vessel being treated, whether the procedure is
urgent or elective, the degree of occlusion and the
complexity of the lesion are also useful on the
outcomes of the procedures ’. In our study, while
the other factors were similar in both groups, the
vessel being treated was found to be significantly
different. This suggests that it may be due to the
long patency rates of the internal mammary artery
grafts and the preference of CABG for the patients
with left anterior descending artery lesions.
Although this effect was favorable to the control
group, the correlation analysis showed that the
difficulty of the procedure was higher in patients
with CABG. Possible reasons for increased
procedural difficulty in CABG patients may be
the fact that patients with diffuse disease and a
technical problem about PCI were referred to
CABG at the beginning. To limit the effects of
these potential factors; aortic root width, coronary
tortuosity, coronary calcification, 20 mm lesion
length and diffuse coronary artery disease and
additional  difficulties  encountered  during
coronary angiography were evaluated and found
to be not significantly different between the
groups. These findings support that both groups
are similar regarding lesion difficulty, except
CABG factor. Another possible cause is a
progression of atherosclerosis over time. In our
study, the time from the CABG to the index
procedure was found more than the time from PCI
to index procedure. This result is in agreement
with the fact that the need for revascularization
after CABG is less and later than PCI 8. However,
partial correlation analysis to limit the effect of
this difference showed that the relationship of
CABG to the PCI difficulty was independent of
the time factor.
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In our study, direct stenting was more frequent in
patients with PCIl group, whereas patients in
CABG group had more frequent dilatation with a
coronary balloon before stenting during the
procedure. More prevalence of dilatation in the
CABG group has been considered due to the
increase in the difficulty of the lesion for PCI
because of mediastinal adhesions, epicardial scar
tissue and ongoing persistence of atherosclerosis
in native coronary arteries following CABG
surgery. Another possible cause is the potential
adverse effects of CABG on the development of
coronary atherosclerosis. Studies have reported
that atherosclerotic progression, total occlusion,
grade of initial lesion, type of interventional
treatment, and the time after treatment are
essential  determinants  of  atherosclerosis
progression in CABG patients *. After CABG, the
disease progression in native coronary vessels is
20% to 40% within 5 to 10 years *. The rate of
disease progression is 3 to 6 times higher in
grafted native coronary arteries than in ungrafted
ones ° In particular, the progress of
atherosclerotic ~ lesions  proximal to the
anastomotic site after CABG is more frequent
than the lesions of same severity in unoperated
vessels in the first year, whether the graft is open
or not. This is considered to be a consequence of
increased blood supply to the myocardium °. In a
study by Maurer BJ et al. ° the causes of
increased atherosclerosis progression have been
discussed. These are defined as newly formed
atherosclerosis or progression of atherosclerosis in
the old lesions associated with an operation by an
unknown cause. Potential causes are surgical
manipulation,  reduction of blood flow,
predisposition to thrombus formation and
endothelial injury with the retrograde flow to the
proximal coronary arteries from the graft which
causes turbulence flow between the proximal and
distal currents. These possible causes have not
been investigated in our study. Evaluation of
vessel walls, lesion characteristics with
intravascular  ultrasound  (IVUS) or optic
coherence tomography (OCT) may provide more
information about why PCI is more difficult in
CABG patients by showing the possible
mechanisms  like increased fibrosis and
calcification.

There was no difference between the two groups
regarding the number and variety of catheters and
guidewires used during the procedure, which was
an indirect indicator of difficulty. Complications
such as no reflow, coronary perforation and
rupture may be observed in percutaneous coronary
interventions. In our study, there was no



significant difference between the two groups
regarding no-reflow, coronary perforation, and
rupture. And these complications are seen in
limited numbers. SYNTAX scoring system
provides essential data in the evaluation of
coronary artery bed, considering angiographic
features such as some lesions, functional
importance and lesion placement ‘. This scoring
system has been prepared for the study named
"synergy between PCI with TAXUS and cardiac
surgery” (SYNTAX), which is planned to
determine the most appropriate treatment strategy
in patients with three vessels and left main
coronary artery lesions . In our study, the
SYNTAX score was calculated only for the
coronary artery to which percutaneous coronary
intervention was planned. There was no
statistically significant difference between the two
groups regarding the syntax score. Because the
SYNTAX scores were similar between the two
groups, it was thought that intervention made
coronary vessels were identical regarding
percutaneous coronary intervention difficulty.
Further, there was no difference in the balloon
pressures applied while stenting in both groups.
When considered with the more many dilatations
in CABG group, it can be stated that dilatation
facilitates stent implantation, allowing higher
pressures and removes the need for post-
dilatation. Low Modified Syntax Score and low
complication rate are associated with the low
lesion complexity and also pure lesions.

In our study, it is not investigated why PCI
procedure lasted longer in CABG patients.
Possible reasons for this may be the preference of
CABG in patients with more difficult lesions and
the increased complexity of the lesion in the
ongoing atherosclerotic process, as discussed
above. Another possible cause is accelerated
fibrosis and calcification with the opening of the
pericardium. In our study, groups were similar
regarding angiographic observation of
calcification, but further studies with IVUS or
OCT to demonstrate lighter calcification and
fibrosis may be enlightening. Related studies also
support it found that mediastinal adhesions and
epicardial scar development disrupt coronary
anatomy in patients who underwent CABG
surgery .

Limitations:

Our study is a retrospective. It is a limitation that
information is taken from records. Medical
treatments taken by patients in the study, history
of other diseases were not studied. Another
limitation is the low number of samples.
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CONCLUSION

In patients with coronary artery bypass grafting,
percutaneous coronary intervention procedures
take more extended, more contrast medium is
used, and there is more exposure to radiation.
Considering this situation, taking precautions such
as hydration, keeping appropriate, adequate and
alternative materials when performing PCI to the
patients with CABG history may be helpful in
increasing the success of the procedure and
reducing complications.
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