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ABSTRACT
Background: We intended to evaluate the effects of stent expansion in percutaneous coronary
intervention (PCI) on saphenous vein graft (SVG) lesions and compare over-expansion and
under-expansion between SVG stents in the case of major adverse cardiac events (MACE).
Methods: Totally, 196 SVG lesions were treated with drug-eluting stents. The ratio of the stent
diameter to the diameter of the normal part of the SVG (which was without lesions and
considered the reference part of the SVG) was measured by quantitative coronary
angiography. Subsequently, the patients were divided into 3 groups: Group I (<0.90
expansion: undersized stents), Group II (0.90–1.0 expansion: normal-sized stents), and
Group III (>1.0: oversized stents). MACE rates during PCI, hospitalization length, and
follow-up findings were compared between the groups. Additionally, the effects of the
embolic protection device (EPD) on MACE were assessed.
Results: Oversized stenting was associated with increased cardiac enzymes (P=0.035) during
hospitalization but was not associated with more MACE or restenosis on follow-up.
Statistical analysis demonstrated nonsignificant more revascularization in the oversized
group mainly due to unknown vessel revascularization and non-target vessel
revascularization (P=0.167 and P=0.108, respectively). There were no differences in
other MACE outcomes. The EPD was used in 25% of the patients. By comparison with
the group without the EPD, there was no decrease in MACE components except a higher
incidence of heart failure in the EPD group (P=0.03).
Conclusions: Aggressive stent expansion in SVG lesions resulted in higher myocardial injury;
and unlike native arteries, there was no improvement in target vessel revascularization
rates at follow-up. (Iranian Heart Journal 2022; 23(1): 85-94)
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S

aphenous vein grafts (SVGs) are
typically used for multivessel and
complex coronary artery disease
during coronary artery bypass graft surgery
(CABG). SVGs are, however, susceptible to
both degeneration and occlusion, resulting in
low long-term patentability compared with
arterial grafts. 1 The effectiveness of CABG
relies on the long-term patency of arterial
and venous grafts. 2 Atherosclerotic changes
in aortocoronary SVGs constitute one of the
most common drawbacks after CABG, with
over 50% of SVGs becoming occluded at 10
years after the surgery and 25% showing
significant stenosis at angiographic followups. 3 Late graft failure may result from
early localized stenosis, most likely
associated
with
improper
surgical
techniques; nonetheless, atherosclerosis
appears to be the most common cause. 4
SVG failure is far more problematic than the
progression of native coronary artery disease
in these patients and is also the main
rationale for repeat interventions either by
redo surgery or percutaneous coronary
intervention (PCI). Compared with native
vessel coronary artery disease, vein graft
lesions are more frequently plagued with
intracoronary thrombotic lesions, and there
is a substantial plaque burden, which can
increase the risk of periprocedural adverse
events. 5
Because of the friable, degenerated
atheromatous and thrombotic debris, SVG
PCI is associated with higher rates of
periprocedural myocardial infarction, inhospital mortality, no-reflow phenomenon, 68
restenosis, and distal embolization than
PCI on native coronary arteries. 9-11 Distal
embolization is one of the most frequent
complications of PCI on SVGs, which leads
to enzyme elevation and in some
circumstances myocardial infarction. 10, 12, 13
PCI on native coronary arteries is often
preferable to PCI on SVGs and is
accompanied by higher complications. 14
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In some circumstances, it is not feasible to
perform PCI on native arteries, and PCI on
SVGs is the last resort for the heart team.
Several strategies are used to minimize
distal embolization and the no-reflow
phenomenon in PCI on SVGs. They include
distal embolic protection device (EPD) use,
vasodilator administration, direct stenting,
and recently debated undersized stents. 15-18
Larger postprocedural lumen dimensions
proved by intravascular ultrasound 19, 20 or
quantitative coronary angiography 21, 22 are
associated with less late restenosis in native
coronary arteries. Nevertheless, in the case
of PCI on SVGs, previous studies have
reported that oversizing the stent is
associated with a higher incidence of
myocardial infarction and higher levels of
myocardial damage. 18, 23
In this study, we sought to assess major
adverse cardiac events (MACE), defined as
cardiovascular
mortality,
nonfatal
myocardial
infarction,
cerebrovascular
accident (CVA), and target lesion
revascularization, during the PCI procedure,
hospitalization length, and follow-up in 3
groups of patients with SVG oversized,
undersized,
and
normal-sized
stent
deployment.
METHODS
For the enrollment of eligible patients, the
PCI reports of patients who underwent PCI
on SVGs were reviewed. Primarily, 263
patients with a history of CABG and PCI
with drug-eluting stents on their SVGs were
recruited as the study population, and they
were followed up at Rajaie Cardiovascular
Medical and Research Center for between 6
and 75 months from March 2013 through
April 2019.
For the purposes of level data measurement
and report of genuine results, patients with
PCI on anastomosis sites (n=26); PCI on
native vessels via SVGs (n=25); PCI on 1
SVG lesion with multiple stents, which was



defined as at least 2 stents in 1 SVG (n=4);
and more than 1 SVG PCI procedure such as
patients with simultaneous PCI on native
coronaries and SVGs in 1 session (n=2)
were excluded. Additionally, at the final
stage, 10 more patients were excluded
because of their inaccessibility for follow-up
contact. The patients’ selection process was
based on the following inclusion criteria:
patients not amenable for redo CABG,
patients not amenable for PCI on native
vessels, and patients for whom SVG PCI was
considered more beneficial than native vessel
PCI. 24
The ratio of the stent diameter (after
expansion) to the diameter of the normal
part of the SVG (the part without any lesion
and considered the reference part of the
SVG) measured by quantitative coronary
angiography was regarded as a scale to
compare the stent size and its expansion
ratio in each patient (the stent expansion
size/normal reference part of SVGs). The
size of the reference part of each SVG was
recorded before stent expansion. Afterward,
the study population was divided into 3
groups according to previously defined
ratios to compare the size and expansion of
stents: Group I (<0.90 expansion: undersized
stents, n=45 [22.9%]), Group II (0.90–1.0
expansion: normal-sized stents, n=43
[1.9%]), and Group III (>1.0 expansion:
oversized stents, n=108 [55.1%]).
The thrombolysis in myocardial infarction
(TIMI) grade flow and MACE were
assessed in 3 separate phases: during PCI,
during hospitalization, and during follow-up.
The SPSS software for Windows, version
22, (IBM Corp) was used for all the
statistical analyses. Continuous variables
were presented as the mean ± the standard

deviation (SD) and compared via 1-way
ANOVA models. Categorical variables were
presented as counts (%) and compared
between the groups by using the Pearson χ2
(or the Fisher exact) test. A P value of less
than 0.05 was considered statistically
significant.
The study protocol and conduct were
approved by the institutional ethics
committee.
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RESULTS
The baseline characteristics and frequencies
of cardiovascular risk factors are
summarized in Table 1. Totally, 196 patients
were eligible to be followed up. The mean
age of the patients was 64.4±8.4 years.
Forty-five patients (22.9%) were in the
undersized group (Group I), 43 (21.9%) in
the normal-sized group (Group II), and 113
(57.6%) in the oversized group (Group III).
Systemic hypertension was reported more
frequently in Group III, with 88 patients
(81.4%) (P=0.001).
As is demonstrated in Table 1, more patients
presented with non–ST-segment-elevation
myocardial infarction (NSTEMI), which was
diagnosed in 67 patients (34.1%). The mean
graft age was 12.09±5.2 years. No
significant differences were found in terms
of mean age, clinical presentation, graft age,
or the use of the distal EPD between the 3
groups. Out of the 196 patients, 3 patients
presented with stent thrombosis (1 patient in
Group I and 2 patients in Group II), and instent restenosis was reported in 10 patients
(2 patients in Group I and 8 patients in
Group II), which was statistically
meaningful (P<0.001).
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Table 1. Baseline clinical characteristics and cardiac risk factors
Ratio of the Stent Diameter to the Average QCA Reference Lumen Diameter
<0.89, Group I
0.9–1.0, Group II
>1.0, Group III
Groups
(n=45 pts, 22.8%)
(n=43 pts, 22.3%)
(n=108 pts, 54.9%)
Age (y)
66.7 ± 9.12
66.91± 8.95
67.98 ± 7.9
Sex
Male
39 (86.6%)
39(90.6%)
95 (87.9%)
SIHD
11 (24.4%)
13 (30.2%)
35 (32.4%)
UA
14 (31.1%)
15 (34.8%)
27 (25%)
Clinical Presentation
NSTEMI
17 (37.7%)
11 (25.5%)
39 (36.1%)
STEMI
3 (6.6%)
4 (9.3%)
7 (6.4%)
Systemic hypertension
35 (77.7%)
23 (53.4%)
88 (81.4%)
Diabetes mellitus
21 (46.6%)
21 (48.8%)
60 (55.5%)
Hypercholesterolemia
24 (53.3%)
23 (53.4%)
74 (68.5%)
Smoking
17 (37.7%)
13 (30.2%)
35 (32.4%)
Family history of CAD
9 (20%)
12 (27.9%)
25 (23.1%)
11.59 ±5.49
12.84 ±4.48
11.99 ±5.1
Graft age (y)
In-stent restenosis
2 (4.4%)
8 (9.3%)
0
Ejection fraction (%)
36.8±10.35
34.9±10.12
38.14±10.22
Distal embolic protection device
14 (31.1%)
10 (23.2%)
30 (27.7%)
23.35 ±14.74
34.6±13.36
29.53±15.95
Follow-up duration (mon)

P value

Total
196 pts
67.47 ± 8.4
173 (88.2%)
59 (30.1%)
56 (28.5%)
67 (34.1%)
14 (7.1%)
146 (74.4%)
102 (52.0%)
121(61.7%)
65(33.1%)
46 (23.4%)
(12.09±5.2)
10(5.1%)
(37.12±10.22)
54 (27.5%)
29.16±14.81

0.385
0.833
0.753
0.001
0.540
0.096
0.731
0.677
0.341
<0.001
0.672
0.710
0.902

CAD, Coronary artery disease; CVA, Cerebrovascular accident; HF, Heart failure; NSTEMI, Non–ST-segmentelevation myocardial infarction; SIHD, Stable ischemic heart disease; UA, Unstable angina, QCA, Quantitative
coronary angiography

Table 2. Coronary angiographic findings and procedural results
Groups
Stent diameter (mm)
Reference vessel diameter
Stent length (mm)
Predilation (n.)
Postdilation (n.)

<0.89, Group I
3.37±0.38
4.33±0.85
28.46±0.41
15 (33.3%)
14 (31.1%)

0.9–1.0, Group II
3.29±0.53
3.40±0.78
26.78±0.39
14 (32.5%)
9 (20.9%)

As was previously explained, we assessed
the study results in 3 different chronological
phases, as follows:
1- During the Procedure
In the evaluation of the TIMI flow grade just
after the procedure, there was no change in
this variable in 75.2% of the study
population.
Still,
deterioration
and
improvement in the TIMI flow grade were
detected in 13.1% and 11.7% of the patients
after PCI, respectively. There was no
significant difference between these groups
(P=0.116). No significant differences were
observed in the types of stents and filters, as
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>1.0, Group III
3.59±0.36
2.93±0.93
27.72±0.46
32 (29.6%)
16 (14.8%)

Total
3.41±0.42
3.55±0.8
27.65±0.44
61(31.1%)
39 (19.8%)

P value
0.347
0.759
0.822
0.921
0.735

well as the diameter and length of the stents,
between the 3 groups (Table 2).
Predilation was done in 61 patients (31.1%)
and postdilation in 39 (19.8%), without any
meaningful difference between the groups
(P=0.921 and P=0.735, respectively).
During the procedure, no MACE occurred in
any patient.
2- Hospitalization
MACE during hospitalization is summarized
in Table 3. The rise in the plasma cardiac
troponin level ( an increase in the troponin
level ≥5 times from the baseline according
to the fourth definition of myocardial



infarction) 24 was significantly higher in the
oversized group (P=0.035).
There was only 1 case of in-hospital stent
thrombosis in the undersized group, in
which the patient presented to the hospital
with STEMI several hours after PCI.
Unfortunately, the patient developed
cardiopulmonary arrest immediately after
presentation, and despite resuscitation, he
passed away.
There were also 2 cases of in-hospital
cardiovascular deaths: 1 in the undersized
group and 1 in the normal-sized group. One
of them presented with stent thrombosis, and
the other one with STEMI and cardiogenic
shock due to left ventricular failure, which
resulted in multiorgan failure and
cardiogenic shock.
Heart failure was reported in 7 patients
(3.4%): 1 in the undersized group, 3 in the
normal-sized group, and 3 in the oversized
group; there was no significant difference
between the 3 groups (P=0.733). There was
no report of non-cardiovascular death or
CVA in any group.
3- Follow-up
MACE after discharge is summarized in
Table 4. No significant differences
concerning MACE were found between the
3 groups during the follow-up period. The
difference regarding the rate of composite
MACE (cardiovascular death, myocardial
infarction, heart failure, and CVA) was
statistically insignificant between the 3
groups (P=0.653): 12 patients (26.6%) in
Group I, 14 (32.5%) in Group II, and 26
(24.0%) in Group III.
During the follow-up, 11 patients (5.6%)
died of cardiovascular causes: 3 (6.7%) in
the undersized group, 3 (7%) in the normalsized group, and 5 (4.6%) in the oversized
group. The difference between the groups in
this regard was not statistically significant
(P=0.802).
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After PCI, 162 patients (82.7%) reported an
improvement in their functional class
according to the New York Heart
Association (NYHA) functional class scale:
35 patients in the undersized group (77.8%),
38 in the normal-sized group (88.4%), and
89 in the oversized category (82.4%). These
differences were not statistically significant
(P=0.421) (Table 4).
Twenty-seven (13.8%) events of myocardial
infarction (a composite of STEMI and
NSTEMI) were reported in the patients’
follow-up. Although myocardial infarction
was reported more frequently in the normalsized group, as was expected, the differences
were statistically insignificant (P=0.417).
Five patients (2.6%) suffered CVA, but the
difference between the groups in this regard
was nonsignificant (P=0.455).
Seventy-eight (39.8%) out of the 196
patients, who participated in the follow-up,
were rehospitalized between 1 and 4 times
(mean =1.37 times): 16 patients (35.5%) in
the undersized group, 18 (41.8%) in the
normal-sized group, and 44 (40.7%) in the
oversized group. This difference failed to
constitute statistical significance between
the 3 groups (P=0.797). The most common
cause of admission was unstable angina
(43.6%) and NSTEMI (30.8%), and the
difference between the groups was not
meaningful (P=0.751).
During the follow-up period, 58 patients
(29.6%) underwent coronary angiography.
The
undersized
group
had
more
angiographic procedures (35.5%), but this
difference was not statistically significant
(P=0.567) (Table 5). The statistical analyses
demonstrated
more
revascularization
procedures in the oversized group (8
[26.7%] vs 9 [30%] in the non-target vessel
revascularization (non-TVR) group and 9
[30%]
in
the
unknown
vessel
revascularization group), mainly due to
unknown vessel revascularization and nonTVR (P=0.167and P=0.108, respectively).
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Stented segment analysis showed in-stent
restenosis in 11 patients (19%): 3 (3.3%) in
the undersized group, 2 (4.6%) in the
normal-sized group, and 6 (5.5%) in the
oversized group, with a nonsignificant
difference (P= 0.6).
For the evaluation of the role of the EPD,
the patients were divided into 2 subgroups:
with the EPD and without the EPD, and
MACE was compared between these 2

subgroups. The MACE endpoints were
reported more frequently in the EPD group,
but these differences were statistically
insignificant, except for heart failure. which
significantly increased after EPD use
(P=0.03) (Table 6). Target vessel and lesion
revascularization procedures were not
statistically significantly different between
these 2 subgroups (P=0.182).

Table 3. Hospitalization for major adverse cardiac events
Groups
Myocardial infarction
Cardiac death
Noncardiac Death
Heart failure
CVA
Stent thrombosis
troponin rise >5 ×

<0.89, Group I
1 (2.2%)
1 (2.2%)
0
1 (2.2%)
0
1 (2.2%)
9 (20%)

0.9–1.0, Group II
0
1 (2.3%)
0
3 (6.9%)
0
0
11 (25.5%)

>1.0, Group III
0
0
0
3 (2.7%)
0
0
29 (26.8%)

Total
1 (0.5%)
2 (1.0%)
0
7 (3.5%)
1 (0.5%)
51 (26.0%)

P value
0.449
0.200
0.733
0.449
0.035

0.9–1.0, Group II
18 (41.9%)
38 (88.4%)
8 (18.6%%)
2 (4.7%)
1 (2.3%)
3 (7%)
35 ± 26.53
0

>1.0, Group III
44 (40.7%)
89 (82.4%)
15 (13.9%)
4 (3.7%)
2 (1.9%)
5 (4.6%)
19 ± 17.95
1 (0.9%)

Total
78 (39.8%)
162(82.7%)
27 (13.8%)
9 (4.6%)
5 (2.6%)
11 (5.6%)
22 ± 20.66
1 (0.5%)

P value
0.797
0.421
0.417
0.727
0.455
0.802
0.390
>0.999

CVA, Cerebrovascular accident

Table 4. MACE at the 1-year follow-up
Groups
Admission
FC Improvement
Myocardial infarction
Heart failure
CVA
Cardiac death
PCI -to-death time (mon)
Noncardiac death

<0.89, Group I
16 (35.5%)
35 (77.8%)
4 (8.9%)
3 (6.7%)
2 (4.4%)
3 (6.7%)
12 ± 9.68
0

MACE, Major adverse cardiac events; CVA, Cerebrovascular accident; FC, Functional class
Table 5. Follow-up angiography

Groups
TVR
Non-TVR
CABG
No revascularization
Unknown vessel
revascularization
TLR

Follow-up Angiography
<0.89, Group (16
0.9–1.0, Group II
pts, 35.5%)
(12 pts, 27.9%)
1 (6.3%)
1 (8.3%)
0
2 (16.7%)
0
0
9 (56.3%)
5 (41.7%)

P value
>1.0, Group III
(30 pts, 27.7%)
1 (3.3%)
9 (30%)
1 (3.3%)
5 (16.7%)

Total
(58 pts, 29.5%)
3 (5.2%)
11 (18.9%)
1 (1.7%)
19 (32.8%)

0.589
0.108
>0.999
0.109

0.567

0

2 (16.7%)

8 (26.7%)

10 (17.2%)

0.167

6 (37.5%)

2 (16.7%)

6 (20%)

14 (24.1%)

0.182

CABG, Coronary artery bypass grafting; TLR, Target lesion revascularization; TVR, Target vessel revascularization
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Table 6. Major adverse cardiac events with or without the EPD
Groups
Re-admission
FC improvement
Myocardial infarction
Cardiac death
Heart failure
CVA
PCI-to-death time (mon)
Noncardiac death

With the EPD (49 pts)
25%
23 (46.9%)
40 (81.6%)
10 (20.4%)
3 (6.1%)
5 (10.2%)
2 (4.1%)
12
1 (2.0%)

Without the EPD (147
pts) 75%
55 (37.4%)
122 (83%)
17(11.6%)
8 (5.4%)
4 (2.7%)
3 (2%)
35
0

Total (196 pts)

P value

78 (39.8%)
162 (82.7%)
27 (13.8%)
11(5.6%)
9 (4.6%)
5 (2.6%)
23.5
1 (0.5%)

0.238
0.828
0.120
0.885
0.030
0.433
0.390
0.698
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CVA, Cerebrovascular accident; EPD, Embolic protection device; FC, Functional class

DISCUSSION
Aortocoronary interventions on SVGs are
affected by the chronic degenerative
process, regardless of the bypassed arterial
territory. Indeed, about 10% of SVGs are
occluded before discharge or within the first
30 days, and in 10 years approximately 50%
are occluded. 24-27 In the first year after
CABG, 25% of patients experience stable
angina pectoris. 28 The best predictors of 30day MACE of SVG interventions are SVG
degeneration and plaque volume. 29
Previous studies on native coronary arteries
have demonstrated that larger post-PCI
lumen dimensions are associated with lower
rates of restenosis. 22, 29-33 A previous
investigation reported that oversizing was of
benefit with less future TVR on native
coronary arteries, which is in contrast to our
finding as regards SVG interventions.
However, a study concluded that aggressive
stent expansion in native coronary arteries
could lead to increased rates of in-hospital
myocardial infarction. 23
According to our findings, the oversizing of
the stent in SVG interventions was
associated with a higher troponin rise,
indicating
more
myocardial
injury
(P=0.035); still, we found no significant
difference concerning MACE during
hospitalization or follow-up. A prior
investigation reported the outcomes of SVG
interventions with drug-eluting stents in 3

groups based on intravascular ultrasound
reference lumen diameters, as was the case
with our patient group allocations.
Additionally, an elevation in CK-MB of
greater than 3 times the normal level was
reported in 6%, 9%, and 19%, of the 3
groups, respectively (P=0.03), without any
difference in clinical events. 18
Some studies have concluded that greater
postprocedural lumen dimensions might be
associated with increased myocardial
infarction without decreasing the rate of
restenosis. 23, 34 Previous research has also
indicated that increased rates of cardiac
enzymes after successful PCI on SVGs
could be related to increased mortality. 12
We had a higher rate of revascularization in
the oversized group, mainly due to unknown
vessel revascularization and non-TVR
(P=0.167 and P=0.108, respectively). A
prior study concluded that oversizing was of
no benefit in the case of TVR. 35 It is now
prudent to size balloons and stents no more
than the vessel size with a view to
preventing perforation, especially in older
vein grafts. 36 These findings are in favor of
performing less aggressive PCI on SVG
lesions in order to diminish the rate of target
vessel and target lesion revascularization.
The other unexpected finding of the present
study was that EPD use during SVG
interventions was not associated with a
reduction in MACE, myocardial infarction,
or re-hospitalization, although known
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studies such as SAFER have proven this
benefit. 37-39 In our study, 25% of the graft
procedures were performed with the aid of
the EPD. Only 5% of the patients in the
ISAR-CABG trial underwent interventions
with the aid of the EPD and their MACE
rate was low (4%). 40 We believe that our
rate is in consequence of our small study
population and the number of the EPD used.
We opted to choose drug-eluting stents in our
patients’ PCI procedures since they are
workhorse stents in any catheterization
laboratory. In contrast, the latest meta-analysis
in this regard showed no significant
differences between drug-eluting stents and
bare-metal stents in the long-term incidence of
target lesion revascularization, TVR, stent
thrombosis, MACE, and all-cause mortality. 41
Future trials are needed to prove the benefits
of the underexpansion of graft stenting.
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CONCLUSIONS
SVG interventions are gaining more favor by
the year, and to diminish their undesirable
complications, and in light of the findings of
the present study, we recommend the use of
stents and balloons the same size as the
reference vessel or smaller.
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