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Outcomes after percutaneous coronary interventions (PCI) in saphenous vein grafts
(SVG) are inferior compared with native coronary arteries, but the mechanisms of SVG
in-stent restenosis (ISR) have not been well-described. Thus, we aimed to evaluate the pat-
terns of SVG ISR using intravascular ultrasound (IVUS) in 54 SVG ISR lesions. Stent
underexpansion was defined as minimum stent area (MSA) <5 mm2. The time from stent
implantation to presentation with ISR (9 BMS, 18 first-generation DES, and 27 second-
generation DES) was 3.7 § 3.0 years. IVUS-defined ISR patterns were categorized as
mechanical (33%) or biological (67%). Mechanical patterns comprised 10 cases of stent
underexpansion (MSA = 4.2 § 0.9 mm2), 6 stent fractures or deformations, and 2 uncov-
ered aorto-anastomotic lesions. Biological patterns comprised 19 cases of neoatherosclero-
sis, 13 excessive neointimal hyperplasia (NIH, 65 § 11%), and 4 thrombi. Compared with
biological patterns of ISR, mechanical patterns were more frequently located at the SVG
anastomosis (72% vs 39%, p = 0.04) and at the SVG hinge motion site (55% vs 21%,
p = 0.02). Although patients with mechanical patterns of ISR presented earlier than those
with biological patterns (2.3 vs 4.4 years, p = 0.009), 61% of them were diagnosed >1 year
after stent implantation. In conclusion, SVG ISR is dominated by biological patterns
including neoatherosclerosis. Mechanical patterns of SVG ISR are associated with earlier
presentation and location at graft anastomosis or hinge motion site. © 2019 Elsevier Inc.
All rights reserved. (Am J Cardiol 2019;123:1052−1059)
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Native vessel percutaneous coronary intervention (PCI)
is the recommended revascularization strategy in patients
with saphenous vein graft (SVG) disease because of peri-
procedural complications and long-term failure associated
with vein graft PCI1,2; however, unfavorable native vessel
anatomy, including a high prevalence of chronic total
occlusions (CTO), despite recent developments of
advanced CTO recanalization techniques, frequently makes
PCI to the SVG the only available revascularization strat-
egy. High rates of target vessel failure (approximately 20%
at 1 year) and no clear benefit of drug-eluting stents (DES)
over bare metal stents (BMS) suggest different response to
stenting of SVGs compared with native coronary arteries.3

Contrary to native coronary in-stent restenosis (ISR), pat-
terns of SVG ISR remain to be clarified. Therefore, the aim
of our study was to use intravascular ultrasound (IVUS) to
assess patterns of SVG ISR.
Methods

This was a retrospective, observational, single-center
study at NewYork-Presbyterian Hospital/Columbia Univer-
sity Medical Center (New York, New York). Between Janu-
ary 1, 2007, and September 30, 2017, IVUS was performed
to 368 SVGs, including 105 ISR lesions, out of which we
identified 54 lesions (51 patients) with analyzable IVUS
images that were obtained before any intervention or after
pre-dilatation with ≤2.0 mm balloon. ISR was defined as
>50% luminal diameter stenosis assessed by angiography
or IVUS minimum lumen cross-sectional area (MLA) <4
mm2 either in-stent or within 5 mm proximal or distal to
the stent edges. The study was approved by the institutional
review board of Columbia University Medical Center.

Quantitative and qualitative angiographic analysis was
performed by 2 experienced analysts blinded to clinical and
IVUS findings (M.I. and Y.F.) using QAngioXA (Medis,
Leiden, the Netherlands) according to standardized method-
ology.4 Angiographic restenosis was classified in the worst
view as: (i) focal, ≤10 mm in length which was further
divided into stent edge or stent body; (ii) diffuse, ≥10 mm
in length within the stent; and (iii) proliferative, ≥10 mm in
length and extending beyond the stent edges.5 The primary
assessment of a hinge motion was qualitative (defined as
presence of any hinge motion within the ISR lesion), done
by agreement of 3 analysts. Additionally, a maximum hinge
motion angle was measured in all lesions by an independent
reader according to the methodology described by Ino
et al.6 Briefly, the maximum and minimum SVG angulation
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Figure 1. Examples of late saphenous vein graft in-stent restenosis at the site of a hinge motion caused by A) stent underexpansion and B) stent

deformation.

(A) Coronary angiogram shows an ISR lesion in the proximal SVG to the right coronary artery 4.5 years postimplantation of a bare metal stent (white dashed

line) at a hinge motion site with corresponding IVUS cross sections (B−E). The red dashed line shows the old stent, and white dashed line shows the lumen

(B0−E0). The MSA measured 4.5 mm2 along with a focal neointimal hyperplasia (red asterisk) (D0) resulting in a minimum lumen area of 2.3 mm2. Stent

cross-sectional area proximal to the MSA measured 6.8 mm2 (Bʹ) and distal to the MSA measured 7.1 mm2 (Eʹ).
(F) Coronary angiogram shows an ISR lesion in the middle SVG to the right coronary artery 4 years postimplantation of a single drug-eluting stent (dashed

line) at a hinge motion site with corresponding IVUS cross-sections (G−J). The red dashed line shows the old stent (Gʹ−Jʹ). In the middle of the stent there is

stent deformation defined as multiple stent strut layers when only a single layer should be seen (Hʹ, Iʹ), the MSA measured 2.8 mm2 (Iʹ). The stent area proxi-
mal and distal to the deformation site measured 9.9 mm2 (Gʹ) and 8.1 mm2 (Jʹ).
(ISR = in-stent restenosis; IVUS = intravascular ultrasound; MSA =minimum stent area; SVG=saphenous vein graft).
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within the ISR lesion during cardiac cycle was measured,
and D angle was calculated (Figure 1).

IVUS was performed using rotational catheters (40-MHz
Atlantis/Opticross, Boston Scientific, Maple Grove, Minne-
sota; 45-MHz Revolution, Philips, San Diego, California;
or 60-MHz Kodama HD, ACIST, Eden Prairie, Minnesota)
and motorized pullback at 0.5 to 1.0 mm/s. Predilation with
a small balloon was required in 12 (22%) lesions before
imaging. IVUS analysis was performed by consensus of 3
experienced readers (R.W., M.M., and A.M.) using planim-
etry software (echoPlaque 4.0, INDEC Medical Systems,
Los Altos, California) and included cross-sectional area
(CSA) measurements of the lumen, stent, and vessel at
MLA and minimum stent CSA (MSA) sites as well as prox-
imal and distal references. Vessel area was defined as the
outer border of the SVG sonolucent zone.7 Reference sites
were defined as mostly healthy cross sections within 5 mm
proximal and distal to the stent. For lesions located at aortic
or distal anastomoses, only 1 (distal) reference segment
was used. The following definitions were applied:

� NIH CSA = stent−lumen CSA.
� Plaque burden = (vessel−lumen)/vessel CSA (in reste-
notic segment the stent area was used instead of lumen
area)

� Vessel remodeling index = vessel CSA at MLA/average
of proximal and distal reference vessel CSA

� Stent expansion =MSA/average reference lumen CSA
� Stent underexpansion: MSA <5 mm2.8

� Neoatherosclerosis: calcified neointima (or calcified
neointima nodule) or attenuated or ruptured neointima.
Calcium was defined as hyperechoic neointima with
acoustic shadowing, calcified nodule as an irregular con-
vex-shaped neointima with underlying calcified plaque,9

attenuated neointima as ultrasound shadowing of the
stent despite the absence of superficial calcium, plaque
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rupture as neointimal cavity communicating with the
lumen,10 and thrombus as either irregular pedunculated
intraluminal mass or microchannels.11

� Complete stent fracture: separation of the stent into 2
pieces by image slices with no visible stent struts.

� Partial stent fracture: absence of stent struts ≥1/3 of the
stent circumference with separation of proximal and dis-
tal fragments or ≥1/3 of stent circumference with double
layer of struts within a single stent.12� Longitudinal stent deformation: multiple layers of stent
struts seen in any single cross section within a single
stent, typically located at the aorto-anastomosis.

Uncovered ostium: an SVG stenosis within 5 mm proxi-
mal to a stent implanted to treat an aorto-anastomotic
lesion, in which MLA is located outside the stent.

The primary patterns of ISR were classified as (1)
mechanical (stent underexpansion, stent fracture or defor-
mation, or uncovered ostium) or (2) biological (NIH, neoa-
therosclerosis, or thrombus). In case of >1 possible cause,
the primary pattern was decided as follows:

� When 2 findings were present, the 1 causing smaller
lumen area was considered primary.

� When neointima was found exclusively at the site of
stent underexpansion, fracture, or deformation, the
mechanical finding was considered primary.

� Stent fracture or deformation was always considered the
primary cause of failure when found within 5 mm proxi-
mal or distal to the MLA site.

� When both homogeneous neointima and any component
of neoatherosclerosis were found, neoatherosclerosis
was considered primary.
Table 1

Clinical characteristics, medication, and symptoms at the time of in-stent restenos

Variable

Overall

(n = 54)

Patient characteristics

Age (years) 72.4 § 10.4

Men 42 (78%)

Hypertension 48 (89%)

Dyslipidemia 54 (100%)

Diabetes mellitus 23 (43%)

Insulin-treated 9 (17%)

Smoker 27 (50%)

Chronic kidney disease* 21 (39%)

Dialysis 3 (6%)

Clinical presentation at the time of ISR

Stable coronary artery disease 25 (46%)

Unstable angina 27 (50%)

STEMI and NSTEMIy 2 (4%)

Medication at the time of ISR

Aspirin 51 (94%)

Thienopyridine 47 (86%)

Angiotensin-converting enzyme

inhibitor/angiotensin II receptor blocker

37 (67%)

Statin 50 (94%)

*Defined as estimated glomerular filtration rate <60 mL/min/1.73 m2 calculated
yOne patient presented with ST-elevation myocardial infarction (STEMI) and on
The analyses were conducted using SPSS version 22.0
(IBM, Armonk, New York). Categorical variables were
presented as count and percentage and compared with the
x2 or Fisher exact test, as appropriate. Normally distributed
continuous variables were compared with the paired Stu-
dent t test, and non-normally distributed continuous varia-
bles were compared with the nonparametric Mann-Whitney
U test. Two-sided p <0.05 was considered statistically sig-
nificant.
Results

Three patients presented at 2 timepoints due to indepen-
dent lesions in different SVGs. Finally, 54 SVG ISR lesions
in 51 patients were included. Mean age was 72.4 §
10.4 years old, 78% were men and 50% presented with
unstable angina. Clinical characteristics at the time of ISR
are summarized in Table 1. SVG age was 16.0 § 7.4 years.
In 19 (35%) lesions the indication for previous PCI was
ISR. Restenotic stents included 9 (17%) BMS, 18 (33%)
first-generation DES, and 27 (50%) second-generation
DES. Duration from stent implantation to presentation with
ISR was 3.7 § 3.0 years and was longest in BMS, followed
by first- and second-generation DES (5.3 § 3.5 years,
4.1 § 3.0 years, and 2.9 § 2.6 years, respectively). Twelve
patients (22%) presented within 1 year from the index PCI.

Most lesions (36, 67%) had a biological pattern of ISR,
including 13 (24%) excessive NIH, 19 (35%) neoathero-
sclerosis, and 4 (7%) thrombi. A mechanical pattern of ISR
was found in 18 (33%) lesions, including 10 (19%) under-
expanded stents, 4 (7%) stent fractures (all with partial strut
overlap), 2 (4%) stent deformations, and 2 (4%) uncovered
aorto-ostia. In 19 (35%) lesions >1 ISR mechanism was
is

Mechanical

cause ISR (n = 18)

Biological

cause ISR (n = 36) p

71.7 § 9.7 72.8 § 11.1 0.91

15 (83%) 27 (75%) 0.73

16 (89%) 32 (89%) 1.00

18 (100%) 36 (100%) 1.00

5 (28%) 18 (50%) 0.15

0 (0%) 9 (25%) 0.02

8 (44%) 19 (53%) 0.77

7 (39%) 14 (39%) 1.00

1 (6%) 2 (6%) 1.00

6 (33%) 19 (53%) 0.25

12 (67%) 15 (42%) 0.15

0 (0%) 2 (6%) 0.55

18 (100%) 33 (92%) 0.54

15 (83%) 31 (86%) 1.00

8 (44%) 28 (78%) 0.03

15 (83%) 34 (94%) 0.32

using the Modification of Diet in Renal Disease equation.

e with non−ST-elevation myocardial infarction. ISR = in-stent restenosis.
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Figure 2. Example of late saphenous vein graft in-stent restenosis caused by (A) Neoatherosclerosis with calcified and attenuated neointima and (B)

Neoatherosclerosis with attenuated and ruptured neointima.

(A) Coronary angiogram shows a proximal ISR lesion in the SVG to the obtuse marginal 8 years post-implantation of a drug-eluting stent (white dashed line)

with corresponding IVUS cross-sections (B−F). The yellow dashed line (Bʹ−Fʹ) shows the old stent, and the white dashed line shows the lumen area (Fʹ).
The calcified nodule (yellow cross, Bʹ−Dʹ) on the top of calcified neointima (white stars, Dʹ and Eʹ) and attenuated neointima (white asterisk, Fʹ) indicate
neoatherosclerosis.

(G) Coronary angiogram shows an ISR lesion in the middle of an SVG to a diagonal branch 4 years postimplantation of 2 bare-metal stents (white dashed

line); H-K are the corresponding IVUS cross sections. Yellow dashed lines show old stents, and white dashed lines show lumen area with a rupture cavity

(yellow dot) within the attenuated neointima (white asterisk) (Hʹ−Jʹ). The old stent (Kʹ) area was 5.3 mm2 and its expansion was 78%.

(ISR = in-stent restenosis; IVUS = intravascular ultrasound; SVG = saphenous vein graft).
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found. Clinical characteristics of patients with mechanical
versus biological patterns of ISR were similar, except for a
higher prevalence of insulin-dependent diabetes mellitus in
the latter group (Table 1). Examples of different IVUS-
defined ISR patterns are shown in Figures 1 and 2.

Patients with mechanical patterns of ISR presented ear-
lier compared with biological patterns of ISR (2.3 § 1.9
years vs 4.4 § 3.2 years, p = 0.009). Seven (39%) patients
with mechanical ISR patterns presented within 1 year from
index PCI compared with 5 (14%) patients with biological
patterns of ISR (p = 0.04). Patients with stent failure due to
uncovered ostium and thrombus presented earliest (1.6 §
0.4 years and 1.7 § 1.7 years, respectively), followed by
ISR due to stent fracture or deformation, stent underexpan-
sion, and NIH (2.3 § 2.0 years, 2.4 § 2.0 years, and 2.4 §
2.4 years, respectively), whereas the latest presentation was
associated with neoatherosclerosis (6.4 § 2.7 years). All
cases of neoatherosclerosis were diagnosed ≥2 years after
stenting. When SVG ISR lesions were categorized accord-
ing to tertile of time to failure, ISR due to NIH was signifi-
cantly more prevalent in the first compared with the third
tertile (37% vs 6%, p = 0.03) (Figure 3A).
There was no difference between the distribution of
BMS, first-generation DES, and second-generation DES
within mechanical versus biological patterns of SVG ISR
(11%, 28%, and 66% vs 19%, 36%, and 45%, respectively;
p = 0.49); however, all 6 cases of stent fracture and defor-
mation were found in DES, as well as all 4 cases of throm-
bus, and all 4 calcified nodules (Figure 3B). Mechanical
and biological patterns of ISR were not significantly differ-
ent in terms of the number (1.3 § 0.5 vs 1.3 § 0.7,
p = 0.82), total length (25.6 § 12.7 mm vs 20.0 § 8.3 mm,
p = 0.12), and maximal nominal stent diameter of previously
implanted stents (Table 2) as well as SVG age (16.7 § 8.2
years vs 15.9 § 7.1 years, p = 0.82, respectively).

Qualitative and quantitative angiographic findings are
summarized in Table 2. Mechanical compared with biologi-
cal patterns of ISR were more frequently located at SVG
anastomosis as well as at an SVG hinge motion site. Maxi-
mal D angle within the lesion was significantly larger in
mechanical compared with biological patterns. Other
angiographic parameters were not significantly different.

Lesions located at the SVG hinge motion site (n = 20,
37%) were characterized by a larger maximal D angle



Figure 3. Intravascular ultrasound-defined in-stent restenosis patterns.

(A) Tertiles of time to presentation with ISR. SVG ISR in the early tertile (<1.8 years) showed more neointimal hyperplasia; and SVG ISR in the late tertile

(>4.6 years) showed more neoatherosclerosis; *p value for a comparison between early (<1.8 years) and late (>4.6 years) tertile. (B) Types of restenotic

stents. SVG ISR in bare metal stents showed numerically more neoatherosclerosis in comparison with drug-eluting stents. (C) Presence of hinge motion at

the lesion. SVG ISR at a hinge motion site showed more stent underexpansion. (ISR = in-stent restenosis; SVG = saphenous vein graft).
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within the lesion (14.3 § 4.1 vs 3.9 § 2.4˚, p = 0.0001), a
higher incidence of stent underexpansion (40% vs 6%,
p = 0.003), less %NIH (45% vs 59%, p = 0.02), and worse
IVUS-defined stent expansion (70% vs 94%, p = 0.01) com-
pared with lesions located at nonhinge motion sites
(Figure 3C). No differences were found between lesions
Table 2

Angiographic findings according to primary pattern of in-stent restenosis

Variable

Overall

(n = 54)

Grafted vessel

SVG to right 29 (54%)

SVG to left circumflex 17 (32%)

SVG to left anterior descending 8 (15%)

Lesion location within SVG

Aorto-anastomosis 24 (44%)

Shaft 27 (50%)

Distal anastomosis 3 (6%)

Nominal stent diameter, mm 3.3 § 0.5

Moderate/severe calcification 4 (7%)

Thrombus 3 (6%)

ISR Pattern

Focal 43 (80%)

Stent edge 10 (19%)

Stent body 33 (61%)

Diffuse 7 (13%)

Proliferative 4 (7%)

Average reference lumen diameter (mm) 3.0 § 0.7

Minimum lumen diameter (mm) 1.2 § 0.5

Diameter stenosis (%) 59.1 § 14.1

Lesion length (mm) 9.6 § 5.4

D Angle within lesion (˚) 7.8 § 5.9

Any hinge motion within lesion 20 (37%)

ISR = in-stent restenosis; SVG = saphenous vein graft.
located at a hinge motion site compared with lesions found
elsewhere in terms of ISR patterns other than stent underex-
pansion, duration to stent failure (3.5 § 2.8 vs 3.9 §
3.2 years, p = 0.68), SVG age (15.5 § 7.2 vs 16.4 §
7.8 years, p = 0.69), MLA (3.0 § 0.8 vs 2.8 § 1.1 mm2,
p = 0.43), and MSA (6.2 § 2.8 vs 7.2 § 2.9 mm2, p = 0.21,
Mechanical

cause ISR (n = 18)

Biological

cause ISR (n = 36) p

10 (56%) 19 (53%) 1.00

3 (17%) 14 (39%) 0.13

5 (28%) 3 (8%) 0.10

11 (61%) 13 (36%) 0.09

5 (27%) 22 (61%) 0.04

2 (11%) 1 (3%) 0.26

3.2 § 0.4 3.3 § 0.5 0.46

1 (6%) 3 (8%) 1.00

0 (0%) 3 (8%) 0.54

16 (89%) 27 (75%) 0.30

5 (28%) 5 (14%) 0.27

11 (61%) 22 (61%) 1.00

1 (6%) 6 (17%) 0.40

1 (6%) 3 (8%) 1.00

2.9 § 0.4 3.1 § 0.8 0.50

1.2 § 0.4 1.3 § 0.5 0.60

59.6 § 12.8 58.4 § 14.9 0.84

8.5 § 5.6 10.1 § 5.3 0.32

10.4 § 6.7 6.5 § 5.1 0.02

11 (61%) 9 (25%) 0.02
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respectively). Examples of mechanical patterns of ISR
found at an SVG hinge motion site are shown in Figure 1.

Overall, lesions identified with mechanical patterns of
ISR compared with biological patterns were characterized
by smaller MSA, worse stent expansion, smaller vessel size
at the MLA site, and less %NIH but larger plaque burden
behind the stent (Table 3).
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Discussion

Key findings of this study are: (1) SVG ISR can be
divided into 6 distinct IVUS-defined patterns: NIH, neoa-
therosclerosis, and thrombosis (biological patterns); and
stent underexpansion, stent fracture or mechanical deforma-
tion, and uncovered ostium (mechanical patterns). (2) Bio-
logical patterns represent the majority of SVG ISR and are
associated with later clinical presentation versus mechani-
cal patterns. (3) Mechanical patterns are associated with
stent implantation at the SVG aorto-ostial or distal anasto-
mosis or at an SVG hinge motion site.

SVG ISR lesions evaluated in the present study were
diagnosed on average 3.7 years after stent implantation—
earlier in lesions with mechanical versus biological patterns
(2.3 and 4.4 years, respectively) and in DES compared with
BMS (3.4 and 5.4 years, respectively). Within dominant
biological ISR patterns, neoatherosclerosis was observed
later than “pure” NIH (6.4 and 2.4 years, respectively).
This observed duration from stenting to ISR presentation
was longer in comparison with reported native coronary
artery ISR, which occurs on average between 1 and 2 years
after DES implantation.13−15 One explanation for later pre-
sentation of SVG ISR (compared with native coronaries) is
that larger SVG diameters allow implantation of larger
stents that can accommodate a greater volume of neointima
before symptom-onset. Another is the common occurrence
of neoatherosclerosis as a cause of SVG ISR.

Two-thirds of studied lesions had a biological pattern of
ISR: NIH, neoatherosclerosis, or thrombosis. This is in line
with previous IVUS analyses of native coronary ISR,
reporting NIH-dominant patterns in 59% and 75%.13,14

Neoatherosclerosis was found in one-third of all lesions
(and in 53% of biological patterns of ISR) both in BMS and
DES. This corresponds to the results of a histopathological
study of native coronary ISR by Nakazawa et al.,16 who
found features of neoatherosclerosis in 31% of DES
(n = 209) and 16% of BMS (n = 197). In a recent OCT anal-
ysis confined to second-generation DES (n = 171),
Song et al.17 reported neoatherosclerosis in 25% of all ISR;
however, OCT is a more sensitive technique to identify
neoatherosclerosis compared with IVUS; therefore, it is
likely that the prevalence of neoatherosclerosis in SVG ISR
is even higher than reported in the current study. In-stent
thrombi were found exclusively in DES, supporting the role
of late stent thrombosis as a cause of SVG stent failure.

Stent underexpansion was a major cause of ISR in <20%
of analyzed lesions. Recently, the reported frequency of
IVUS-defined underexpansion among native coronary ISR
was 29% to 38% in DES and 59% to 62% in BMS.13,18 The
lower observed prevalence of underexpansion in SVG com-
pared with native coronary ISR may be explained by
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smaller extent of calcium, the most potent single factor
inhibiting proper stent expansion.19

Lesions with stent fracture or deformation comprised
11% of analyzed SVG ISR and were found exclusively in
DES. This corresponds to the data by Inaba et al., who
reported IVUS-defined stent fracture or deformation in
9.6% of ISR lesions an average of 1.2 years postimplanta-
tion of second generation DES.12 In the IVUS study by
Goto et al.,13 the frequency of stent fracture was 5% in
first-generation DES and 7.4% in second-generation DES,
with no stent fracture observed in BMS. The fact that frac-
tures and deformations were confined to DES can be
explained by impaired endothelialization and less neointi-
mal hyperplasia leading to reduced mechanical fixation of
the stent within the vessel wall.

The present study revealed an association between stent
implantation at an SVG anastomosis or hinge motion site
and a higher prevalence of mechanical patterns of ISR. Sev-
eral unique features of anastomotic SVG lesions have been
described; graft angulation or scar tissue formation at the
suture line may result in suboptimal stent expansion.20 We
hypothesize that SVG anastomoses are also subject to
chronic mechanical stress leading to late stent recoil, defor-
mation, or fracture. The same can be true for stents
implanted at an SVG hinge motion site. In our study, the
average D angle was 7.9˚, substantially smaller compared
with D angle reported for native coronary arteries (12˚ to
20˚).6,21 The mechanism of hinge motion in SVGs may not
be solely dependent on the cardiac cycle, but also on forma-
tion of fibrotic tissue and vessel adhesion to thoracic struc-
tures. In addition, fewer angiographic views are taken in
SVGs compared with native arteries potentially leading to
underestimation the real D angle.

There are several limitations to our analysis. First, this
was a retrospective, observational study of only patients
with analyzable pre-intervention IVUS; thus, some selec-
tion bias must be considered. Second, there are limitations
of grayscale IVUS in restenotic tissue characterization and
detection of thrombus. Third, BMS were underrepresented
in this cohort. Fourth, the majority of initial SVG PCI pro-
cedures were performed without imaging guidance, pre-
cluding a comparison of procedural and follow-up IVUS
images. Fifth, this analysis did not account for the immedi-
ate PCI results, including presence of residual stenosis.
Sixth, these results should be considered only for SVG and
not for arterial conduits.

Finally, the results of our study reinforce the general rec-
ommendation to opt for the native vessel treatment in case
of SVG failure as well as support the role of routine intra-
vascular imaging guidance in this lesion subset. The use of
more resistant stent platforms should be advised for the
treatment of SVG lesions located at anastomoses or hinge
motion points.
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