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percutaneous coronary intervention (PCI) over angiography-guided PCI. Since the last
meta-analysis was published, several new studies have been reported. We performed a
comprehensive meta-analysis to evaluate the clinical impact of IVUS-guided PCI with
drug-eluting stent compared with conventional angiography-guided PCI. This meta-
analysis included 26,503 patients from 3 randomized and 14 observational studies; 12,499
patients underwent IVUS-guided PCI and 14,004 underwent angiography-guided PCI.
Main outcome measures were total mortality, myocardial infarction (MI), stent thrombosis,
and target lesion revascularization (TLR). IVUS-guided PCI was significantly associated
with more stents, longer stents, and larger stents. Regarding clinical outcomes, IVUS-
guided PCI was associated with a significantly lower risk of TLR (odds ratio [OR] 0.81, 95%
confidence interval [CI] 0.66 to 1.00, p [ 0.046). In addition, the risk of death (OR 0.61,
95% CI 0.48 to 0.79, p <0.001), MI (OR 0.57, 95% CI 0.44 to 0.75, p <0.001), and stent
thrombosis (OR 0.59, 95% CI 0.47 to 0.75, p <0.001) were also decreased. In conclusion, our
meta-analysis demonstrated that IVUS-guided PCI was associated with lower risk of death,
MI, TLR, and stent thrombosis after drug-eluting stent implantation. � 2014 Elsevier Inc.
All rights reserved. (Am J Cardiol 2014;113:1338e1347)
Intravascular ultrasound (IVUS) has provided valuable
information on cross-sectional coronary vascular structure
and has played a key role in contemporary stent-based
percutaneous coronary interventions (PCIs) by accurately
assessing coronary anatomy, assisting in selection of treat-
ment strategy, and defining optimal stenting outcomes.1e6

In the bare-metal stent era, randomized trials and meta-
analysis demonstrated that IVUS-guided PCI was mainly
associated with a lower risk of angiographic restenosis and
target vessel revascularization (TVR).7,8 In the drug-eluting
stent (DES) era, a recent meta-analysis showed that the risk of
death and stent thrombosis (ST) was reduced by IVUS-
guided DES implantation.9 Recently, 2 randomized trials and
several observational studies have been reported since the last
meta-analysis was published. Accordingly, we performed an
updated comprehensive meta-analysis to evaluate the clinical
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impact of IVUS-guided PCI with DES implantation
(compared with conventional angiography-guided PCI).
Methods

The literature was searched for studies that compared the
clinical outcomes of IVUS-guided PCI with those of angi-
ography-guided PCI and conformed to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
statement for conducting and reporting systematic reviews.10

A computerized search was performed of MEDLINE,
EMBASE, and Cochrane databases from January 1995 to
May 2013. Combinations of the following terms were used in
the search process: “ultrasound, intravascular,” “IVUS,”
“IVUS-guided,” “angiography-guided,” “percutaneous coro-
nary intervention,” “PCI,” “drug-eluting stent,” and “stent.”
Additional data sources included conference proceedings
from major meetings of the American Heart Association,
American College of Cardiology, and Transcatheter Cardio-
vascular Therapeutics. Reference lists of selected reports were
reviewed for other potentially relevant citations. In the case of
duplicate reports from the same patients, the most complete
data were retrieved from the studies for quantitative synthesis.
Additional searches for potential studies included references
of review reports and earlier meta-analyses. Two investigators
(J-MA and S-HY) independently screened the titles and
abstracts and eventually examined the full texts of the original
www.ajconline.org
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Figure 1. Flow diagram of the included studies. Diagram demonstrating
inclusion and exclusion process for studies incorporated into the final
analyses.
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reports included in the study. Discrepancies were resolved by
consensus.

Studies were included in the meta-analysis if they met the
following prespecified criteria: (1) clinical studies published
in peer-reviewed journals with fully available text, (2)
studies comparing cohorts of IVUS-guided PCI with angi-
ography-guided PCI with DES, (3) documentation of clin-
ical outcomes of death, myocardial infarction (MI), repeat
revascularization, or ST, separately or in combination, and
(4) follow-up duration of �9 months. Reports of mixed
treatment with bare-metal stent and DES implantation were
excluded.

Patient characteristics, study design, and outcomes were
systematically reviewed and recorded. The following out-
comes were extracted: the number and length of implanted
stents, minimal lumen diameter, mean stent diameter, and
major adverse cardiac events (MACEs: defined as the
composite of death, MI, and repeat revascularization) or
individual outcomes of death, MI, target lesion revascular-
ization (TLR), TVR, and ST. The quality of the retrieved
studies was assessed to ensure minimization of bias, but no
formal scoring system was used. Reviewers were not blin-
ded to reports, publication sites, or author affiliations.

A random-effects meta-analysis was used to obtain the
overall effect for the odds ratios (ORs) and the standardized
meandifference for binaryor continuousdata.TheDerSimonian
and Laird model was used for the random-effects meta-analysis
to account for excess variability (heterogeneity) across studies.11

Statistical heterogeneity across studies was assessed with the I2

statistic that is derived from Cochran’s Q.11 I2 values >25%,
>50%, and >75% were considered as evidence of low,
moderate, and severe statistical heterogeneity, respectively.

To examine the possible sources of heterogeneities, a
random-effects meta-regression was performed to test
whether any covariate was associated with an observed ef-
fect size. Publication bias (i.e., the likelihood of a small yet
nominally significant study being selectively published) was
examined by visual inspection of constructed funnel plots
that relate the effect size to the precision of the effect esti-
mate. Presence of asymmetry suggested possible publication
bias. Egger’s test was employed to quantify the asymmetry.
A 2-tailed p value of <0.05 was considered statistically
significant. All data analyses were performed with Compre-
hensive Meta-Analysis, version 2 (Biostat, Inc., New Jersey).

Results

The electronic search yielded 589 citations that were
screened by reviewing the title or abstract. Of these, 33
publications were reviewed in full and 17 studies (26,503
patients) were included in the meta-analysis (Figure 1). Of
these patients, 12,499 underwent IVUS-guided PCI and
14,004 underwent angiography-guided PCI. Three studies
were prospective randomized controlled studies,12e14 and
the other 14 studies were prospective or retrospective
observational studies.15e28

Baseline characteristics of the included studies, major
enrollment criteria, and the definition of clinical outcomes
are provided in Table 1. Two studies were dedicated to left
main stenosis,15,17 3 studies to bifurcation,18,20,22 2 studies
to long lesion,14,26 and 5 studies to real-world PCI popula-
tion with minimal exclusion criteria.16,19,23,24,27 Overall, the
average patient age was 63 years; 69% of patients were men,
31% had diabetes, and the average follow-up length was
29 months.

Ten studies reported minimal lumen diameter by quan-
titative coronary angiographic analysis, and 12 studies
reported mean stent diameter. Compared with angiography-
guided PCI, IVUS-guided PCI was associated with larger
stents and a larger postprocedure angiographic minimal
lumen diameter. The mean difference in stent size and in
postprocedural minimal lumen diameter was 0.33 mm (95%
confidence interval [CI] 0.22 to 0.44, p <0.001) and
0.34 mm (95% CI 0.27 to 0.40, p <0.001), respectively.
IVUS guidance was also associated with more stents and
longer stents as reported in 9 studies and 13 studies,
respectively. The mean difference in the number and length
of stents used was 0.27 (95% CI 0.11 to 0.43, p <0.001) and
0.18 mm (95% CI 0.08 to 0.27, p <0.001), respectively
(Figure 2). Significant heterogeneity was observed across
the studies regarding mean stent diameter, implanted stent
number, and implanted stent length.

Periprocedural MI was reported in 6 studies. Of note, the
risk of periprocedural MI did not significantly differ between
IVUS-guided and angiography-guided DES implantation
(OR 1.01, 95% CI 0.73 to 1.67, p ¼ 0.65). However, severe
heterogeneity was observed across the studies (I2 ¼ 81).

Long-term MACE was reported in 16 studies. IVUS-
guided DES implantation was associated with a significant
reduction of MACE (OR 0.74, 95% CI 0.64 to 0.85,
p <0.001) with mild heterogeneity across the studies (I2 ¼
46.2; Figure 3). Mortality was reported in 16 studies; IVUS-
guided DES implantation resulted in a significant reduction
of death (OR 0.61, 95% CI 0.48 to 0.79, p <0.001) with
mild heterogeneity across the studies (I2 ¼ 42; Figure 3). MI
was reported in 16 studies; IVUS-guided DES implantation
led to a significant reduction of MI (OR 0.57, 95% CI 0.44
to 0.75, p <0.001) with mild heterogeneity across the
studies (I2 ¼ 35; Figure 3). TVR was reported in 12 studies;
the risk of TVR significantly reduced by IVUS-guided PCI
(OR 0.82, 95% CI 0.70 to 0.97, p ¼ 0.022) with mild het-
erogeneity across the studies (I2 ¼ 38.5; Figure 3). TLR was



Table 1
Baseline characteristics of included studies

Study Publication
Year

Enrollment
Period

Patient
Number

Design Adjustment Study
Region

Follow-Up
(Mo)

Age
(yrs)

Men
(%)†

Diabetes
(%)

Hypertension
(%)

Hyperlipidemia
(%)

LVEF
(%)

ACS
(%)

Agostoni et al15 2005 2002e2003 24/34 Observational — EU 12 62/64 62/73 37/29 58/59 62/68 52/44 33/32
Roy et al16 2008 2003e2006 884/884 Observational P US 12 66/66 69/70 36/34 82/82 86/87 47/48 76/75
Park et al17 2009 2003e2006 145/145 Observational P Asia 36 64/65 70/70 34/34 59/59 29/30 61/63 63/61
Jakabcin et al12 2010 2004e2005 105/105 RCT — EU 18 60/59 71/73 45/42 71/67 66/63 — 60/62
Kim et al18 2010 2003e2006 303/112 Observational C Asia 48 60/61 73/72 23/21 47/55 22/24 59/59 48/51
Claessen et al19 2011 2004e2006 631/873 Observational P US/EU 24 65/64 74/74 32/31 82/81 84/82 — 33/36
Kim et al20 2011 2004e2006 487/487 Observational P Asia 36 62/62 67/67 32/33 60/58 35/35 61/59 53/56
Youn et al21 2011 2003e2008 125/216 Observational — Asia 36 60/61 74/63* 27/33 50/51 22/11* 45/48* 100/100
Park et al24 2012 — 619/802 Observational P Asia 12 62/63* 64/65 38/39 71/76* 76/76 — 49/54*
Ahn et al26 2013 2008e2009 49/36 Observational — Asia 24 65/65 61/61 27/30 51/56 29/25 54/56 47/47
Ahn et al27 2013 2008e2010 1,616/1,628 Observational P Asia 24 62/64* 69/64* 31/32 57/63* 40/34* 60/59 51/68*
Chen et al22 2013 2007e2010 324/304 Observational P Asia 12 63/65 81/75 19/18 67/61 33/35 61/60 87/79*
Chieffo et al13 2013 — 142/142 RCT EU 24 64/64 82/77 24/27 70/67 70/77 55/56 30/26
Hur et al23 2013 2003e2006 2,765/1,816 Observational C Asia 36 60/63* 71/67* 26/27 47/51* 23/20* 58/55* 54/59*
Kim et al14 2013 — 269/274 RCT Asia 12 63/64 66/55* 32/30 61/66 61/62 55/54 38/39
Yoon et al28 2013 — 662/912 Observational C Asia 12 61/63* 65/65 28/30 60/63 61/56 — 60/55
Witzenbichler et al25 2014 — 3,349/5,234 Observational C US/EU 12 63/64* 73/75 31/33 78/81* 68/78* — —

Data are presented as IVUS-guided PCI/angiography-guided PCI.
ACS ¼ acute coronary syndrome; C ¼ Cox proportional hazard model; EU ¼ Europe; LVEF ¼ left ventricular ejection fraction; P ¼ propensity score method; RCT ¼ randomized controlled trial; US ¼ United

States.
* p <0.05.
† Percentage of total population.

1340
T
he

A
m
erican

Journal
of

C
ardiology

(w
w
w
.ajconline.org)

http://www.ajconline.org


Figure 2. Forest plot of the mean difference of the minimal lumen diameter (A), stent size (B), implanted stent number (C), and implanted stent length (D) in
IVUS- versus angiography-guided PCI. Squares is the effect size of the individual studies; diamonds, the summarized effect size; horizontal lines, upper and
lower border of 95% confidence interval. CAG ¼ coronary angiography; df ¼ degrees of freedom; diff ¼ difference; Std ¼ standardized.
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reported in 12 studies; the risk of TLR was significantly
reduced by IVUS-guided PCI (OR 0.81, 95% CI 0.66 to
1.00, p ¼ 0.046) with mild heterogeneity across the studies
(I2 ¼ 41; Figure 3). ST was reported in 16 studies; IVUS-
guided DES implantation was associated with a significant
reduction of ST (OR 0.59, 95% CI 0.47 to 0.75, p <0.001)
with no heterogeneity across the studies (I2 ¼ 5; Figure 3).

Visual inspection of the funnel plots for MACE, death,
MI, TVR, TLR, and ST did not reveal asymmetry, and no
evidence of publication bias was observed based on Egger’s
regression tests (Figure 4).

Discussion

The present updated meta-analysis showed that IVUS-
guided PCI was associated with a significantly reduced risk
of death, MI, ST, and TLR as well as a lower risk of the
composite of death, MI, or repeated revascularization over a
follow-up period of 12 months to 4 years.

An initial meta-analysis performed in the bare-metal stent
era demonstrated that IVUS-guided stenting significantly
lowered 6-month angiographic restenosis and TVR.7 A sub-
sequent meta-analysis including only the 7 randomized trials
also showed that IVUS-guided bare-metal stent implantation
reduced angiographic restenosis, repeat revascularization, and
MACE, with a neutral effect on death and MI.8

A recent meta-analysis of IVUS-guided DES implanta-
tion reported a significant reduction in death, MACE, and
ST compared with angiographic guidance.9 Unlike the bare-
metal stent era, a reduction in restenosis or repeat revascu-
larization was not demonstrated; this could be explained by
the very low rate of restenosis after DES implantation,
relatively short follow-up periods, and unreported in-
cidences of TLR or TVR in individual studies.

Notably, our present meta-analysis demonstrated a
reduction in TLR after IVUS-guided DES implantation by
34% and MI by 56%, presumably because of the addition of
new studies reporting event rates such as the IVUS-guided
substudy from ADAPT-DES (Platelet reactivity and clinical
outcomes after coronary artery implantation of drug-eluting
stents).25 ADAPT-DES enrolled 8,583 patients (3,349 un-
derwent IVUS-guided PCI and 5,234 angiography-guided
PCI). IVUS guidance lead to the use of larger stents or
balloons, more postdilation, additional stents, or higher
pressures in about 75% of patients resulting in lower rates of
ST, MI, and TLR. Another noteworthy study was the pre-
specified long lesion subset from the Real Safety and Effi-
cacy of a 3-Month Dual Antiplatelet Therapy Following
Zotarolimus-Eluting Stents Implantation (RESET) trial, the
only randomized trial powered for clinical outcomes.14 In
the intention-to-treat analysis of RESET, IVUS-guided PCI
was associated with only a trend toward reduction of
MACE; however, because of a high rate of crossover
(especially from the angiography-guided to the IVUS-
guided group), the per-protocol analysis showed a reduction
of MACE at 1 year in the group treated with actual IVUS-
guided DES implantation. Adding to the decrease of TLR
and MI reported in the meta-analysis by Zhang et al,9 our
meta-analysis also demonstrated a reduction of death, ST, or
MACE by 39%, 41%, and 25%, respectively. Although
further study is necessary to understand the exact mecha-
nisms, the reduction of thrombotic complications including



Figure 3. Forest plot of OR for MACEs (A), death (B), MI (C), TVR (D), TLR (E), and ST (F) in IVUS- versus angiography-guided PCI. Squares is the effect
size of the individual studies; diamonds, the summarized effect size; horizontal lines, upper and lower border of 95% confidence interval. CAG ¼ coronary
angiography; df ¼ degrees of freedom.
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Figure 3. (continued).
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Figure 3. (continued).
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Figure 4. Funnel plot for MACEs (A), death (B), MI (C), TVR (D), TLR (E), and ST (F) and Egger’s linear regression analysis.
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ST or MI could be an important contributing factor. DES
is associated with delayed arterial healing and potential
inflammation, which generates a propensity for stent-related
thrombotic events, especially under suboptimal stent
implantation including underexpansion, malapposition,
inflow or outflow disease, dissection, and thrombus. ST
events (and even some restenosis events) can cause death or
MI rather than repeat revascularization. Therefore, earlier
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detection of these factors may lead to the reduction of
thrombotic complications and improved survival.29

The present results can be explained by an analysis of the
procedural characteristics that showed that IVUS-guided
PCI increased mean stent size and minimal lumen diameter
by 0.33 and 0.34 mm, respectively, although longer stents
and more stents were implanted in the IVUS-guided group.
Although some investigators raised concerns about the in-
crease in periprocedural MI associated with IVUS guidance,
our analysis did not show any relation between IVUS
guidance and periprocedural MI.24

This study has several limitations. First, despite the exten-
sive literature search used in this study, only 3 randomized
controlled studies were identified to be included in the meta-
analysis. Second, some of the results of our meta-analysis had
significant heterogeneities. Third, we were unable to create a
database from individual patient data. Fourth, we cannot assess
complications associated with IVUS evaluation, because
complications were not reported in any of the 17 studies
included in the present meta-analysis. However, the risk of
periprocedural MI did not significantly differ between IVUS-
guided and angiography-guided DES implantation (OR 1.01,
p¼ 0.65). Finally, although a systematic literature search was
performed, we may have missed publications.
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