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IMPORTANCE Use of intravascular ultrasound (IVUS) promotes better clinical outcomes for
coronary intervention in complex coronary lesions. However, randomized data demonstrating
the clinical usefulness of IVUS are limited for lesions treated with drug-eluting stents.

OBJECTIVE To determine whether the long-term clinical outcomes with IVUS-guided
drug-eluting stent implantation are superior to those with angiography-guided implantation
in patients with long coronary lesions.

DESIGN, SETTING, AND PARTICIPANTS The Impact of Intravascular Ultrasound Guidance on
Outcomes of Xience Prime Stents in Long Lesions (IVUS-XPL) randomized, multicenter trial
was conducted in 1400 patients with long coronary lesions (implanted stent �28 mm in
length) between October 2010 and July 2014 at 20 centers in Korea.

INTERVENTIONS Patients were randomly assigned to receive IVUS-guided (n = 700) or
angiography-guided (n = 700) everolimus-eluting stent implantation.

MAIN OUTCOMES AND MEASURES Primary outcome measure was the composite of major
adverse cardiac events, including cardiac death, target lesion-related myocardial infarction, or
ischemia-driven target lesion revascularization at 1 year, analyzed by intention-to-treat.

RESULTS One-year follow-up was complete in 1323 patients (94.5%). Major adverse cardiac
events at 1 year occurred in 19 patients (2.9%) undergoing IVUS-guided and in 39 patients
(5.8%) undergoing angiography-guided stent implantation (absolute difference, −2.97%
[95% CI, −5.14% to −0.79%]) (hazard ratio [HR], 0.48 [95% CI, 0.28 to 0.83], P = .007). The
difference was driven by a lower risk of ischemia-driven target lesion revascularization in
patients undergoing IVUS-guided (17 [2.5%]) compared with angiography-guided (33 [5.0%])
stent implantation (HR, 0.51 [95% CI, 0.28 to 0.91], P = .02). Cardiac death and target
lesion–related myocardial infarction were not significantly different between the 2 groups.
For cardiac death, there were 3 patients (0.4%) in the IVUS-guided group and 5 patients
(0.7%) in the angiography-guided group (HR, 0.60 [95% CI, 0.14 to 2.52], P = .48). Target
lesion–related myocardial infarction occurred in 1 patient (0.1%) in the angiography-guided
stent implantation group (P = .32).

CONCLUSIONS AND RELEVANCE Among patients requiring long coronary stent implantation,
the use of IVUS-guided everolimus-eluting stent implantation, compared with
angiography-guided stent implantation, resulted in a significantly lower rate of the composite
of major adverse cardiac events at 1 year. These differences were primarily due to lower risk of
target lesion revascularization.
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T he introduction of the drug-eluting stent (DES) has con-
tributed to a significant reduction in in-stent resteno-
sis and repeat revascularization.1,2 However, despite the

use of the DES, percutaneous coronary intervention (PCI) of
diffuse long coronary lesions still remains challenging be-
cause the prevalence of in-stent restenosis and stent throm-
bosis remains high compared with short-length coronary
lesions.3,4

During the PCI procedure, intravascular ultrasound (IVUS)
may be a useful tool for providing information on preinter-
vention lesion characteristics, including vulnerable plaques,
lesion severity, length, and morphology; on postintervention
optimal stent implantation for stent expansion, extension,
and apposition; and on possible complications after stent
implantation.5-7

Four meta-analyses showed that IVUS-guided DES im-
plantation was associated with a significant reduction in ma-
jor adverse cardiac events, stent thrombosis, and target le-
sion revascularization (TLR).8-11 Even though recent guidelines

recommend the use of
IVUS to optimize stent im-
plantation for select pa-
tients, the effect of IVUS-
guided DES implantation
on clinical outcomes re-
mains uncertain because

of the limited number of properly powered randomized
trials.12-15 In addition, first-generation DESs were commonly
used in most studies for investigating the IVUS-guided DES
implantation.5-7,12 However, second-generation DESs are now
exclusively used for PCI in current clinical practice, and de-
termining the clinical usefulness of IVUS guidance in the im-
plantation of these DESs is needed.

The Impact of Intravascular Ultrasound Guidance on
Outcomes of Xience Prime Stents in Long Lesions (IVUS-
XPL) randomized, multicenter trial was conducted to evalu-
ate the clinical benefits of IVUS in patients who underwent
everolimus-eluting stent implantation for long coronary
lesions.

Methods
Study Design
The IVUS-XPL trial was an investigator-initiated, random-
ized, multicenter study conducted at 20 centers in Korea with
patients who received an everolimus-eluting stent (Xience
prime, Abbott Vascular) implantation for long coronary le-
sions. The detailed rationale and design of this study have been
previously described.16 We hypothesized that the long-term
clinical outcomes of patients undergoing IVUS-guided evero-
limus-eluting stent implantation would be superior to pa-
tients undergoing angiography-guided everolimus-eluting
stent implantation for long coronary lesions. Study coordina-
tion, data management, and site management services were
performed at the Cardiovascular Research Center, Seoul, Korea.
The designated trial monitors reviewed the investigational data
at appropriate intervals for accuracy and completeness and en-

sured compliance with the protocol.16 A data and safety moni-
toring board, composed of independent physicians with ac-
cess to the unblinded data, monitored the safety of the study.

Study Population
Patients with typical chest pain or evidence of myocardial is-
chemia were eligible for enrollment if implantation of an evero-
limus-eluting stent for long coronary lesions (implanted stent
≥28 mm in length) was indicated based on angiographic
estimation.14,16 The detailed information for inclusion and ex-
clusion criteria has been previously described.16 The study pro-
tocol was approved by the institutional review boards or eth-
ics committees at each participating center, and all participants
gave written informed consent. The trial protocol appears in
Supplement 1.

Randomization and Study Procedures
Using an interactive web-based response system, study par-
ticipants were randomly assigned in a 1:1 ratio (Figure 1) to
receive either IVUS-guided or angiographic-guided stent
implantation immediately after the pre-PCI angiogram with
the use of a block size of 4 for the 2 study groups. Concealed
randomization was stratified based on enrolling sites, multi-
vessel PCI, and diabetes mellitus.

The detailed information regarding the study procedures
according to either IVUS-guided or angiography-guided stent
implantation is described in Supplement 1. Neither the
patients nor the treating physicians were blinded to the treat-
ment procedures performed. Everolimus-eluting stent
implantation was performed according to standard tech-
niques. In the angiography-guided stent implantation group,
stent size and length were chosen by visual estimation, and
adjunct high-pressure dilation was performed if an optimal
result, defined as angiographic residual diameter stenosis of
less than 30% by visual estimation and the absence of angio-
graphically detected dissection, was not achieved.16

In the IVUS-guided stent implantation group, stent size
and length were selected by online IVUS measurements,
and adjunct high-pressure dilation was performed accord-
ing to the discretion of the physicians, based on the IVUS
findings. Use of IVUS was allowed at any step of PCI (before,
during, or after PCI). IVUS examination before and during
PCI was not mandatory; however, IVUS examination was
mandatory after PCI.16 In the present study, IVUS criteria for
stent optimization after PCI was defined as a minimal
lumen cross-sectional area greater than the lumen cross-
sectional area at the distal reference segments.

After stent implantation, aspirin (at a dose of 100 mg/d)
was prescribed indefinitely. Clopidogrel (at a dose of 75 mg/d)
was administered for more than 6 months following stent im-
plantation for all patients according to the study protocol
(Supplement 1).

Study End Points and Follow-up
The primary end point was a composite of major adverse car-
diac events, including cardiac death, target lesion–related myo-
cardial infarction, or ischemia-driven TLR at 1 year. Clinical
events were defined according to the Academic Research Con-

DES drug-eluting stent

IVUS intravascular ultrasound

PCI percutaneous coronary
intervention

TLR target lesion revascularization
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sortium and were previously described.16,17 All deaths were
considered cardiac deaths unless a definite noncardiac cause
could be established. Target lesion–related myocardial infarc-
tion during the 1-year follow-up after hospital discharge was
defined as the presence of clinical symptoms, electrocardio-
graphic changes, or abnormal imaging findings of myocardial
infarction, combined with an increase in the creatine kinase
MB fraction above the upper normal limits or an increase in
troponin T or troponin I to a level greater than the 99th per-
centile of the upper normal limit.

The territory of the myocardial infarction was supplied
by the coronary artery containing the stented lesions
(implanted stent ≥28 mm in length).16-18 Clinically relevant peri-
procedural myocardial infarction after PCI was defined as a
peak creatine kinase MB fraction of 10 or more times the up-
per limit measured within 48 hours of the procedure, or of 5
or more times the upper normal limit, with new pathological
Q waves in 2 or more contiguous leads, or new persistent left
bundle-branch block according to the expert consensus docu-
ment from the Society for Cardiovascular Angiography and
Interventions.19

Definite, probable, and possible stent thrombosis was de-
fined according to the recommendations of the Academic Re-
search Consortium.16,17,20 Ischemia-driven TLR was defined as
a repeat PCI or bypass surgery of the target lesions with either
of the following: (1) symptoms of ischemia or a positive stress
test and angiographic diameter stenosis of 50% or greater by
quantitative coronary angiographic analysis, or (2) angio-
graphic diameter stenosis of 70% or greater by quantitative

coronary angiographic analysis without symptoms of ische-
mia or a positive stress test.16

Postprocedural clinical assessment, including the evalu-
ation of cardiac symptoms and compliance with medica-
tions, were performed in the hospital and after 1, 3, 6, and 12
months at the physician office visit. During follow-up, data
were collected and entered into a computer database by a spe-
cialist from a clinical data management center (Cardiovascu-
lar Research Center, Seoul, Korea).16 A blinded independent
clinical events committee adjudicated all nonprocedural com-
ponents of the primary end point. The detailed descriptions
of the angiographic and IVUS analyses were presented in the
previous study.16,21

Statistical Analysis
Calculation of the sample size was based on a 2-sample and
2-sided test. We assumed the overall incidence of major ad-
verse cardiac events, including cardiac death, myocardial in-
farction, or ischemia-driven TLR, to be 7% at the 1-year
follow-up in the angiography-guided stent implantation
group.14,16,22-26 This study was designed as a superiority trial,
with an expected risk reduction of 50% in the IVUS-guided
stent implantation group for the primary end point.27 There-
fore, 700 patients were needed for each group, assuming a
2-sided α level of .05, statistical power of 80%, and an esti-
mated dropout rate of 5% to 10% (more details appear in
Supplement 1).

The primary analysis was performed with an intention-
to-treat analysis to compare whether IVUS-guided stent im-

Figure 1. Flow of Participants in the Impact of Intravascular Ultrasound Guidance on Outcomes of Xience Prime
Stents in Long Lesions Trial

13 372 Patients who underwent coronary
angiography during the screening period

11 972 Excluded a

1400 Randomized

698 Received ≥1 everolimus-eluting stent with
 total stent length ≥28 mm

1 Received ≥1 everolimus-eluting stent with
total stent length <28 mm

1 Underwent PCI but did not receive a stent

699 Received ≥1 everolimus-eluting stent with
 total stent length ≥28 mm

1 Received non–study drug-eluting stent with
total stent length ≥28 mm

700 Randomized to undergo intravascular
ultrasound–guided PCI

678 Underwent intravascular ultrasound–guided
PCI as randomized

22 Underwent angiography-guided PCI

17 Physician decision due to unfavorable
coronary artery anatomy
(eg, severe tortuosity)

5 Technical failure to deliver intravascular
ultrasound–guided catheter

700 Randomized to undergo angiography–guided PCI

670 Underwent angiography–guided PCI
as randomized

30 Underwent intravascular ultrasound–
guided PCI

22 Physician preference due to complex
lesions

8 Angiographically ambiguous anatomy

36 Lost to follow-up

4 Withdrew consent

34 Lost to follow-up

3 Withdrew consent

700 Included in primary analysis b 700 Included in primary analysis b

PCI indicates percutaneous coronary
intervention.
a Data were not collected regarding

specific reasons for ineligibility.
b All patients were included in the

primary time to event analysis for
the duration of their follow-up,
including patients who withdrew
consent or were lost to follow-up.
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plantation would be superior to angiography-guided stent im-
plantation with respect to the first occurrence of the primary
end point. Cumulative incidences of major adverse cardiac
events at 1 year, which was the primary end point, were cal-
culated using the Kaplan-Meier estimates and compared using
the log-rank test. Information on patients who were lost to
follow-up (n = 70, 5.0%) or withdrew consent (n = 7, 0.5%) were
used as censored data in the survival analysis. Although pa-
tients could experience more than 1 component of the pri-
mary end point, each patient was assessed until the occur-
rence of their first event and only once during the analysis.
Subgroup analysis was performed according to the prespeci-
fied subgroups. Heterogeneity of the effects in subgroups
was assessed using interaction terms in the Cox proportional
hazard model.

Categorical variables were reported as numbers and per-
centages and were compared using the χ2 test or Fisher exact
test. Continuous variables were reported as the mean (stan-
dard deviation) or median (interquartile range) as appropri-
ate, and these variables were compared using the t test or the
Mann-Whitney test. All analyses were conducted using SAS ver-
sion 9.2 (SAS Institute Inc). All tests were 2-sided and a P value
of less than .05 was considered statistically significant.

Results
During the enrollment period between October 2010 and July
2014, a total of 1400 patients were randomly assigned to re-
ceive either IVUS-guided stent implantation (700 patients) or
angiography-guided stent implantation (700 patients). Pa-
tient assignment and follow-up are detailed in Figure 1. A total
of 77 patients withdrew consent or were lost to follow-up.

Baseline clinical, angiographic, and procedural character-
istics were well balanced in both groups (Table 1, Table 2, and
eTable 1 in Supplement 2). The mean (SD) age of all patients
was 64 (9) years and 69% were men. The mean (SD) stented
length of target lesions was 39.3 (12.7) mm. During the proce-
dure, adjunct poststent balloon dilation was more frequently
performed in the IVUS-guided stent group (76%; 534 pa-
tients) than in the angiography-guided stent group (57%; 402
patients) (absolute difference, 19% [95% CI, 14%-24%]; P < .001;
Table 2). The mean final balloon size was larger in the IVUS-
guided stent group than in the angiography-guided stent group.
Consequently, on postprocedural quantitative angiography
analysis, minimum lumen diameter was greater and diam-
eter stenosis was smaller in the IVUS-guided stent group than
in the angiography-guided stent group.

In the postintervention IVUS analysis, the mean (SD)
IVUS-measured postintervention minimal lumen area was
5.90 (1.82) mm2, and the number of patients meeting the
IVUS criteria for stent optimization was 363 (54%) (Table 3).
The patients who met the IVUS criteria had a significantly
greater mean postintervention minimal lumen area at the
stented segment and a smaller distal reference segment
lumen area compared with those who did not meet the IVUS
criteria (Table 3). Periprocedural myocardial infarction was
not significantly different between the groups (11 patients
[1.6%] in the IVUS-guided stent group vs 9 patients [1.3%] in
the angiography-guided stent group; absolute difference,
0.3% [95% CI, −1.0% to 1.5%]; P = .65).

Clinical outcomes appear in Table 4. One-year follow-up
was complete in 1323 patients (94.5%). At 1 year, the primary
end point of major adverse cardiac events occurred in 19 pa-
tients (2.9%) undergoing IVUS-guided stent implantation and
in 39 patients (5.8%) undergoing angiography-guided stent im-
plantation (hazard ratio [HR], 0.48 [95% CI, 0.28 to 0.83];
P = .007) (absolute difference, −2.97% [95% CI, −5.14% to
−0.79%]) (Table 4 and Figure 2A). For cardiac death alone,
there were 3 patients (0.4%) in the IVUS-guided stent group
and 5 patients (0.7%) in the angiography-guided stent group
(HR, 0.60 [95% CI, 0.14 to 2.52]; P = .48). Target lesion–
related myocardial infarction occurred in 1 patient (0.1%) in the

Table 1. Baseline Clinical Characteristics

IVUS-Guided PCIa Angiography-Guided PCIa

No. of patients 700 700

Age, mean (SD), y 64 (9) 64 (9)

Male sex 483 (69) 481 (69)

Body mass index,
mean (SD)b

24.6 (3.0) 24.8 (3.1)

Hypertension 454 (65) 444 (63)

Diabetes mellitus 250 (36) 256 (37)

Insulin-dependent diabetes 22 (3) 23 (3)

Dyslipidemia 471 (67) 458 (65)

Current smoker 155 (22) 181 (26)

Prior myocardial infarction 34 (5) 29 (4)

Prior PCI 76 (11) 69 (10)

Prior coronary artery
bypass graft

20 (3) 16 (2)

LVEF, mean (SD), % 62.9 (9.8) 62.4 (10.2)

Clinical presentation

Stable angina 358 (51) 356 (51)

Unstable angina 242 (35) 226 (32)

Acute myocardial
infarction

100 (14) 118 (17)

No. of diseased vessels

1 230 (33) 210 (30)

2 256 (37) 260 (37)

3 214 (31) 230 (33)

No. of treated lesions per
patient, mean (SD)

1.34 (0.56) 1.36 (0.57)

Duration of dual
antiplatelet treatment,
median (IQR), d

365 (180-365) 365 (180-365)

Medications at discharge

Statins 669 (96) 670 (96)

β-Blockers 501 (72) 479 (68)

ACE inhibitors 181 (26) 198 (28)

Angiotensin II receptor
blockers

242 (35) 240 (34)

Calcium channel
blockers

235 (34) 236 (34)

Abbreviations: ACE, angiotensin-converting enzyme; IQR, interquartile range;
IVUS, intravascular ultrasound; LVEF, left ventricular ejection fraction;
PCI, percutaneous coronary intervention.
a Data are expressed as No. (%) unless otherwise indicated.
b Calculated as weight in kilograms divided by height in meters squared.
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angiography-guided stent group (P = .32). Ischemia-driven TLR
was required in 17 patients (2.5%; 15 patients with ischemic
symptoms or a positive test and angiographic diameter ste-
nosis ≥50% by quantitative coronary angiographic analysis and
2 patients with angiographic ≥70% by quantitative coronary
angiographic analysis without ischemic symptoms or a posi-
tive stress test) in the IVUS-guided stent group and in 33 pa-
tients (5.0%; 30 and 3 patients, respectively) in the angiogra-
phy-guided stent group (HR, 0.51 [95% CI, 0.28 to 0.91];
P = .02). The risk reduction of major adverse cardiac events was
achieved in 48% of the IVUS-guided stent group.

Prespecified subgroup analyses showed no statistically sig-
nificant interactions among the subgroups (eFigure in

Supplement 2). In the post hoc analysis among the patients
within the IVUS-guided stent group, the patients who did not
meet the IVUS criteria had a significantly higher incidence of
the primary end point compared with those meeting the IVUS
criteria for stent optimization (4.6% vs 1.5%, respectively; HR,
0.31 [95% CI, 0.11-0.86], P = .02; Figure 2B). In addition, the
per-protocol based comparison for the primary end point of
major adverse cardiac events was consistent with the intention-
to-treat comparison. At 1 year, the major adverse cardiac events
occurred in 2.8% in the patients who underwent IVUS-
guided stent implantation (n = 708) and in 5.9% in those who
underwent angiography-guided stent implantation (n = 692)
(HR, 0.47 [95% CI, 0.27-0.82]; P = .007).

Table 3. Postintervention Intravascular Ultrasound (IVUS) Analysis of Target Long Lesions

Patients in the IVUS-Guided PCI Group Who Underwent
IVUS-Guided Stent Implantation

P ValueMet Criteriaa Did Not Meet Criteria
No. (%) of patientsb 363 (54) 315 (46)

Adjunct postdilatation, No. (%) 282 (78) 237 (75) .34

Final balloon size, mean (SD), mm 3.15 (0.45) 3.13 (0.42) .52

Maximal inflation pressure, mean (SD), atm 16.5 (3.9) 16.4 (4.4) .87

Proximal reference, mean (SD), mm2

External elastic membrane area 17.52 (5.34) 17.27 (5.04) .56

Lumen area 9.02 (3.51) 8.86 (3.27) .57

Minimal lumen area, mean (SD), mm2 6.09 (1.91) 5.71 (1.71) .008

Distal reference, mean (SD), mm2

External elastic membrane area 9.44 (3.98) 10.94 (3.83) <.001

Lumen area 5.55 (1.82) 6.83 (1.68) <.001

Abbreviation: PCI, percutaneous
coronary intervention.
a Defined as having a minimal lumen

cross-sectional area greater than
the lumen cross-sectional area at
distal reference segments.

b Twenty-two patients did not receive
IVUS-guided stent implantation
even though they were randomized
to that treatment group.

Table 2. Angiographic and Procedural Characteristics for Target Lesions

IVUS-Guided PCI Angiography-Guided PCI P Value
No. of patients with lesions 700 700

Coronary arteries, No. (%)

Left anterior descending artery 455 (65) 419 (60)

.14Left circumflex artery 96 (14) 108 (15)

Right coronary artery 149 (21) 173 (25)

Baseline quantitative coronary angiographic data,
mean (SD)

Reference vessel diameter, mm 2.89 (0.45) 2.85 (0.45) .13

Minimum lumen diameter, mm 0.83 (0.42) 0.82 (0.43) .56

Diameter stenosis, % 71.1 (14.3) 71.4 (14.4) .70

Lesion length, mm 34.7 (10.8) 35.2 (10.5) .41

Adjunct postdilatation, No. (%) 534 (76) 402 (57) <.001

Final balloon size, mean (SD), mm 3.14 (0.43) 3.04 (0.42) <.001

Overlapping stent, No. (%) 145 (21) 138 (20) .64

No. of stents per lesion, mean (SD) 1.3 (0.5) 1.3 (0.5) .48

Stent edge dissections, No. (%) 15 (2) 13 (2) .70

Coronary perforation, No. (%) 0 0

Maximal inflation pressure, mean (SD), atm 16.5 (4.1) 15.9 (4.1) .05

Postintervention quantitative coronary angiographic
data, mean (SD)

Total stented length, mm 39.3 (13.1) 39.2 (12.3) .90

Reference vessel diameter, mm 3.03 (0.44) 2.97 (0.43) .01

Minimum lumen diameter, mm 2.64 (0.42) 2.56 (0.39) <.001

Diameter stenosis, % 12.79 (8.66) 13.74 (8.05) .04

Abbreviations: IVUS, intravascular
ultrasound; PCI, percutaneous
coronary intervention.
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Discussion

In this randomized, multicenter trial of patients with long
coronary lesions, the use of IVUS-guided stent implantation
was associated with a significant 2.9% absolute reduction
and 48% relative reduction in the risk of major adverse car-
diac events at 1 year compared with angiography-guided
stent implantation. These differences were mainly driven by
the reduction of TLR in the IVUS-guided group. Accordingly,
our findings suggest better clinical outcomes for major
adverse cardiac events with IVUS-guided stent implantation
compared with angiography-guided stent implantation, par-
ticularly for diffuse long lesions.

Whether IVUS-guided stent implantation will lead to
improved clinical outcomes remains uncertain. Even
though 4 meta-analyses (data mainly from observational
studies) indicated that IVUS-guided stent implantation was
associated with better clinical outcomes,8-11 conclusive evi-
dence regarding the effect of IVUS guidance on the clinical
outcomes of patients implanted exclusively with second-
generation DESs is limited. For instance, in 1 meta-analysis
that included the largest number of DES-treated patients
(26 503 total patients from 3 randomized trials and 14 obser-
vational studies), the proportion of patients who received
second-generations DESs was less than 45% of the overall
population. These findings showed that most of IVUS stud-
ies were composed of patients treated with first-generation

Figure 2. Kaplan-Meier Estimates of Occurrence of Primary End Point for All Patients and for Patients Who Underwent IVUS-Guided Stent Implantation
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a There were 30 patients in the angiography-guided PCI group who underwent
IVUS-guided PCI but they are not included in this analysis.

Table 4. Clinical Outcomes at 1 Year

IVUS-Guided PCI
(n = 700)a

Angiography-Guided PCI
(n = 700)a

Risk Difference
(95% CI)

Hazard Ratio
(95% CI)b P Valuec

Primary End Point

Major adverse cardiac eventd 19 (2.9) 39 (5.8) −2.97 (−5.14 to −0.79) 0.48 (0.28 to 0.83) .007

Secondary End Point

Cardiac death 3 (0.4) 5 (0.7) −0.30 (−1.11 to 0.52) 0.60 (0.14 to 2.52) .48

Target lesion–related myocardial infarction 0 1 (0.1) −0.15 (−0.45 to 0.14) .32

Ischemia-driven target lesion
revascularization

17 (2.5) 33 (5.0) −2.39 (−4.43 to −0.36) 0.51 (0.28 to 0.91) .02

Definite or probable stent thrombosis 2 (0.3) 2 (0.3) 0 (−0.57 to 0.56) 1.00 (0.14 to 7.10) >.99

Acute 1 (0.1) 1 (0.1)

Subacute 1 (0.1) 0

Late 0 1 (0.1)

Abbreviations: IVUS, intravascular ultrasound; PCI, percutaneous coronary
intervention.
a Data are expressed as No. of patients (cumulative 1-year Kaplan-Meier event

rate percentage).
b Derived from Cox proportional hazard regression models.

c Calculated using the log-rank test.
d Included cardiac death, target lesion–related myocardial infarction,

or ischemia-driven target lesion revascularization at 1 year.
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DES only or in those treated with both first- and second-
generation DESs; a small number randomized studies
with a small number of patients were included in the
meta-analyses.9-11 Subsequently, these meta-analyses show
significant heterogeneities.11

To our knowledge, the current study is the first demon-
stration of the clinical benefit of IVUS guidance in second-
generation DES implantation in an adequately powered ran-
domized clinical trial. There have been 3 previously reported
randomized trials comparing the clinical usefulness of IVUS-
guided vs angiography-guided stent implantation in the DES
era.12-14 In 2 trials, fewer than 150 patients in each group were
included in the study, and the average implanted stent length
was less than 24 mm in either the IVUS-guided or angiography-
guided groups.12,13

Furthermore, the study by Jakabcin et al12 used first-
generation DESs, whereas the DES type was not clearly
described in the second study Chieffo et al.13 In a third ran-
domized study that used second-generation DESs, the aver-
age total stent length was 32.4 mm in the IVUS-guided
group (n = 269 patients) and 32.3 mm in the angiography-
guided group (n = 274 patients).14 Although the strategy of
routine IVUS for DES implantation for diffuse long lesions
did not improve the 1-year major adverse cardiac events
rates in the intention-to-treat analysis, IVUS use per physi-
cian decision was associated with improved results in the
per-protocol analysis (4.0% vs 8.1%, respectively; P < .05 in
the per-protocol analysis).14,16

In the present study, a total of 1400 patients were ran-
domized, the average stent length was 39.3 mm, and all pa-
tients underwent implantation with a second-generation DES.
This large number of patients with lesions longer than in pre-
vious randomized trials leads to a sufficiently powered study
able to prove the clinical usefulness of guidance with IVUS for
second-generation DES implantation. Our results indicate that
guidance with IVUS positively affects the clinical cardiovas-
cular outcomes at 1 year compared with guidance with angi-
ography. The clinical benefit of IVUS-guided DES implanta-
tion may be attributed to the larger minimal lumen diameter
followed by the more frequent adjunct postdilation with a
large-sized balloon in the IVUS-guided group.

Consistent with our findings, a larger postprocedural mini-
mal lumen diameter is believed to be a major contributing fac-
tor for the prevention of restenosis after DES implantation.3,28

Supporting this premise, a recent randomized trial of 230 pa-
tients with chronic total occlusion lesions revealed that
IVUS-guided DES implantation was significantly associated with
greater minimal lumen diameter and less late lumen loss
(0.28 mm vs 0.46 mm, P = .03) with a lower rate of in-stent
restenosis (3.9% vs 13.7%, P = .02) at 1-year angiographic
follow-up.29 In this study, the proportion of second-
generation DESs was 27.8% in IVUS-guided group (n = 115) and
20.0% in angiography-guided group (n = 115).29

However, due to the small study population, this trial29 was
not sufficiently powered to make a statistically significant con-
clusion with respect to the hard end point, similarly to the pre-
viously published randomized trials.12-14 Collectively, the data
indicate that the importance of a larger minimal lumen diam-

eter, particularly after long DES implantations, could be es-
sential. Also, in our post hoc analysis for predictors of ischemia-
driven TLR, postintervention minimal lumen diameter was an
independent predictor of TLR (eTable 2 in Supplement 2).

One prospective, multicenter registry study and several
meta-analysis studies with patients treated with both
first- and second-generation DESs reported a significant
reduction of major adverse cardiac events, including death,
nonfatal myocardial infarction, stent thrombosis, or TLR in
the patients undergoing IVUS-guided stent implantation
compared with those undergoing angiography-guided
implantation.8-11,30 In complex lesion subsets, previous
observational IVUS studies also showed that while IVUS-
guided implantation was significantly associated with
reduced cardiac death or nonfatal myocardial infarction in
patients with non–left main bifurcation or left main lesions
treated with first-generation DESs, no effect on TLR was
observed.31,32 This finding differs from our current findings,
which show no differences in cardiac death, target lesion–
related myocardial infarction, or stent thrombosis, and a sta-
tistically significant reduction in TLR in the IVUS-guided
group compared with the angiography-guided group.

These divergent findings may result from the exclusive use
of first-generation DESs or the combined use of first- and
second-generation DESs in the previous studies,8-11,30-32

whereas our study exclusively implanted second-generation
DESs. One optical coherence tomographic study reported that
the everolimus-eluting stent showed more favorable strut cov-
erage than the first-generation sirolimus-eluting stent.33

Previous meta-analysis also reported that the lowest rate of
stent thrombosis was observed in the everolimus-eluting stent
implantation among different types of DES.34 Improved stent
performance with the everolimus-eluting stent may be asso-
ciated with no statistically significant difference of cardiac
death, target lesion–related myocardial infarction, or stent
thrombosis between IVUS-guided and angiography-guided DES
implantation in the present study.

There are some limitations to the present study. First,
there are currently no established defined criteria for DES
optimization to prove favorable clinical outcomes. As such,
IVUS criteria after PCI for stent optimization for long coro-
nary lesions are arbitrarily defined in this study.16 Second, it
is possible that the angiography-guided procedure used in
this study is not completely exclusive of the IVUS-guided
technique. The physicians used in this study were proficient
in both approaches, and their expert knowledge of IVUS may
have unintentionally biased their approach when using angi-
ography guidance.16 Third, our study does not address car-
diac events beyond the 1 year of follow-up. Fourth, due to the
different study procedures for (angiography-guided or IVUS-
guided) DES implantations, blinding the patients and treating
physicians to the treatment was not feasible. However, we
minimized the risk for any potential bias by using an end
point analysis with precisely defined criteria, using core labo-
ratories, blinding the adjudication by event adjudication
committee members, and analyzing the data using intention-
to-treat measures. Fifth, the observed overall event rate for
the primary end point was lower than anticipated.
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Conclusions

Among patients requiring long coronary stent implantation,
the use of IVUS-guided everolimus-eluting stent implanta-

tion, compared with angiography-guided stent implanta-
tion, resulted in a significantly lower rate of the composite
of major adverse cardiac events at 1 year. These differences
were primarily due to lower risk of target lesion revascular-
ization.
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