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Abstract

Aims: The impact of intravascular ultrasound (IVUS) guided coronary drug-eluting stent (DES) implantation

KEYWORDS

« angiography on clinical outcomes remains controversial. A meta-analysis of the currently available clinical trials investi-
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gating [IVUS-guided DES implantation was undertaken.

Methods and results: We searched Medline, the Cochrane Library and other internet sources, without
language or date restrictions, for published articles comparing clinical outcomes between IVUS-guided and
angiography-guided DES implantation. Clinical studies with both adjusted and unadjusted data were
included. Eleven studies were identified (one randomised controlled trial and 10 registries) and included in
the meta-analysis with a weighted follow-up time of 20.7+11.5 months. Compared with angiography guid-
ance, [VUS-guided DES implantation was associated with a reduced incidence of death (hazard ratio [HR]:
0.59, 95% confidence interval [CI]: 0.48-0.73, p<0.001), major adverse cardiac events (HR: 0.87, 95% CI:
0.78-0.96, p=0.008) and stent thrombosis (HR: 0.58, 95% CI: 0.44-0.77, p<0.001). The incidence of myocar-
dial infarction (HR: 0.82, 95% CI: 0.63-1.06, p=0.126), target lesion (HR: 0.90, 95% CI: 0.73-1.11, p=0.316)
and target vessel (HR: 0.90, 95% CI: 0.77-1.05, p=0.195) revascularisation was comparable between the
angiography and IVUS-guided arms. A repeat meta-analysis of propensity-matched studies only (six studies,
n=5,300) yielded broadly similar results in terms of clinical outcomes.

Conclusions: IVUS-guided coronary DES implantation is associated with a significant reduction in death,
MACE and stent thrombosis compared to angiography guidance. Appropriately powered randomised trials

are necessary to confirm the findings from this meta-analysis.

*Corresponding author: Nanjing First Hospital, Nanjing Medical University, No. 68 Changle Road, Nanjing City, Jiangsu
Province, 210006, China. E-mail: chmengx(@126.com
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Introduction

Intravascular ultrasound (IVUS) is a catheter-based invasive imag-
ing technique that provides high resolution cross-sectional images
of the lumen and vessel wall and allows for the reliable quantifica-
tion of the luminal, outer vessel wall dimensions and plaque bur-
den'. The unique advantages of IVUS have rendered it an
indispensable tool in the assessment of new invasive intracoronary
treatments. In the coronary angioplasty era, IVUS has proven to be
an invaluable tool in advancing the understanding of mechanisms
of restenosis (vessel wall negative remodelling and intima prolif-
eration)**, findings which subsequently aided in the development
of intracoronary stents. In the early era of intracoronary bare metal
stents (BMS), several IVUS-based studies were conducted to iden-
tify predictors of subacute stent thrombosis and optimal stenting
techniques*®. TVUS-guided BMS implantation was shown to
improve acute procedural results and reduce major adverse cardiac
events (MACE), predominantly through a reduction in restenosis
and need for repeat revascularisation’?.

In the drug-eluting stent (DES) era, IVUS aided in optimising
implantation factors for intracoronary DES, and helped to identify
mechanisms of in-stent restenosis and late stent thrombosis
(LST)*!°, Multiple studies have shown that stent underexpansion,
residual reference segment stenosis, incomplete stent apposition
and coronary dissection after DES implantation are potentially
associated with an increased risk of stent thrombosis and MACE!'!-12,
In spite of the accumulating evidence in the last decade suggesting
that IVUS-guided stent implantation can optimise DES deploy-
ment, no sufficiently powered randomised controlled trial has been
undertaken to confirm the clinical value of IVUS-guided DES
implantation. In this meta-analysis we systematically analyse the
published clinical studies investigating IVUS-guided DES implan-

tation to investigate the potential clinical value of such an approach.

Methods

DATA SOURCES AND SEARCH STRATEGY

We conducted a computerised search of Medline, the Cochrane
Library and internet sources for clinical studies from January 1995 to
August 2012 using the medical subject heading terms “ultrasound,
intravascular”, “angiography”, “drug-eluting stent”, as well as a com-
bination of the terms “IVUS-guided”, “angiography-guided”, and
“drug-eluting stents”. We used the Science Citation Index as a cross-
reference to identify studies that met the search criteria. PubMed was
searched using the method described by Biondi-Zoccai et al'*. Addi-
tional searches for potential studies included the references of review
articles, and earlier meta-analyses.

STUDY SELECTION AND DATA EXTRACTION

The studies selected for inclusion in the meta-analysis met the fol-
lowing predetermined criteria: (1) they were clinical studies pub-
lished with full data available in peer-reviewed journals; (2) the
studies included a comparison of the efficacy and safety of IVUS-
guided and angiography-guided DES implantation; and (3) the fol-
low-up time was at least six months. Studies that simultaneously

investigated BMS and DES without separate clinical outcomes for
the DES subgroup were excluded from this meta-analysis, with the
exception of one study?. Within this study? (n=8,173) patients pre-
dominantly underwent DES implantation, with BMS implanted in
only a small proportion of the study population (IVUS-guided arm:
2.4%, angiography-guided arm: 7.4%). It was therefore deemed
appropriate to include this study in the meta-analysis. Filtering by
all of the above criteria yielded 11 clinical studies.

ENDPOINTS

The endpoints in the analysis included: (1) all-cause death (in one
study?? that recruited 58 patients all-cause death was not reported
and cardiovascular mortality data was included instead), (2) major
adverse cardiac events (MACE), (3) stent thrombosis (ST), (4)
myocardial infarction (MI) (non-Q-wave MI and Q-wave MI), (5)
target lesion revascularisation (TLR), and (6) target vessel revascu-
larisation (TVR). Three independent reviewers (MHL, SHY and
HGG) extracted the data, which included the study’s first author
name, the sample size, the patients’ baseline characteristics, the
follow-up duration, and the clinical outcomes in the angiography-

guided and IVUS-guided groups.

PROPENSITY SCORE MATCHING GROUP SUB-ANALYSIS
Similar analyses were undertaken using studies that included pro-
pensity score matching sub-analyses!'®2!:2627,

STATISTICAL ANALYSES

The baseline characteristics were analysed with weighted means for
continuous variables using two-sample Student t-tests, and
weighted proportions for categorical variables using chi-square
tests, to compare the [VUS-guided and angiography-guided groups.
Hazard ratios (HR) and 95% confidence intervals (CI) as relevant
effects were estimated by the given data directly or indirectly. Sum-
mary statistical data were extracted from the included studies
according to the standard methods for survival endpoints, with HR
and CI as preferred sources for estimation'*. Standard techniques
for meta-analysis were used to calculate the pooled estimates's.
A negative HR indicated an advantage for IVUS-guided interven-
tions, whereas a positive HR indicated a benefit for angiography-
guided interventions. A random effect model of the meta-analysis
was used to aggregate outcomes and calculate the 95% CI. The het-
erogeneity of the studies was assessed using chi-square tests (p>0.1
indicated that there was no significant heterogeneity between the
studies) and I? tests (I* >25%, >50%, and >75% indicated that there
was low, moderate and severe heterogeneity respectively, particu-
larly in small sample studies). All p-values were two-tailed with the
statistical significance set at <0.05. Forest plots were generated for
graphical presentations of the clinical outcomes. Funnel plots were
conducted by plotting the precision against the log HR or against
the mean difference to assess the presence of publication or report-
ing bias. In addition Egger’s linear regression analysis was com-
puted as previously described'®. All analyses were conducted using
STATA 12.0 (Stata Corp., College Station, TX, USA).



Results

STUDIES INCLUDED

Eleven studies were included in this meta-analysis'’?’. Ten stud-
ies'™?7 were observational registries and one study'’ was a ran-
domised trial (Figure 1). Six studies had propensity-based matching
of baseline characteristics'$2"2*?, The study characteristics of each

trial are shown in Table 1.

PATIENT CHARACTERISTICS

Data was analysed from 8,102 patients (41.3%) who underwent
IVUS-guided DES implantation and 11,517 patients (58.7%)
who underwent angiography-guided DES implantation (overall
patient numbers, n=19,619). Comparisons of baseline character-
istics between the IVUS-guided and the angiography-guided
groups demonstrated no statistical significant differences in
gender (72% vs. 71%, p=0.28) and the prevalence of diabetes
mellitus (25% vs. 27%, p=0.12) (Table 1). Patients with angiog-
raphy-guided PCI were older (63.6 years vs. 61.3 years, p<0.05),
had more frequent renal insufficiency (7% vs. 5%, p<0.05),
involved more intervention because of acute coronary syndrome
(ACS) (62% vs. 71%, p<0.05) and were more likely to smoke
(36% vs. 44%, p<0.05). Patients’ follow-up ranged from six to
48 months, with a weighted follow-up time of 20.7+11.5 months.
Table 2 demonstrates the angiographic characteristics of the
treated lesions in the two groups. Tahle 3 shows the primary
endpoints of the studies that were included in the current meta-
analysis and the definitions used to describe cardiovascular

events.

CLINICAL OUTCOMES

The HR and 95% CI for the studies’ outcomes are presented in Fig-
ure 2. Standard deviations are calculated from the investigated
studies of the clinical outcomes: consequently, the 95% CI will
marginally differ from that reported in the original data.

Meta-analysis of IVUS-guided PCI with DES

Citations identified from

Mesh terms n=168 The C_ochrane Library,
R and internet sources
Citations identified from 178

combination terms n=2

Citations excluded duplication
n=64

Citations identified from
all sources n=184

Citations excluded based
on screening
of titles or abstracts n=143

Citations potentially relevant articles
identified for further review n=41

Articles excluded n=30
IVUS analysis n=14
Preliminary data n=8
Bare metal stent only n=6
Cannot distinguish DES data n=2

Clinical studies identified
n=11

Figure 1. Flow diagram of the process followed to identify the
relevant studies that were entered in the current meta-analysis.

DEATH

Ten studies reported all-cause mortality and one study reported car-
diovascular death. [IVUS-guided DES implantation was associated
with a significantly lower mortality rate (HR 0.59, 95% CI: 0.48-
0.73, p<0.001; Figure 2A). The chi-square test (p=0.28) and I? test
(17.9%) did not indicate significant heterogeneity within the studies.

Table 1. Study design and baseline characteristics of the included studies.

First author (months) | (years)

Renal Clinical presentation

Smoker

insufficiency (ACS vs. non-ACS)

P Agostoni? 2005 | Observational 24/34 14 62/64 15/25 9/10 NA/NA 47 8vs.16/11vs. 23

P Roy'® 2008 | Observational 884/884 12 66/66 613/619 317/304 110/112 186/181 671 vs. 213/ 662 vs. 222
SJ Park*?! 2009 | Observational 145/145 36 64/65 102/102 49/49 716 28/30 91 vs. 54/ 89 vs. 56
SH Kim*2 2010 | Observational 308/112 48 59/60 221/80 61/24 3/1 109740 NA/NA

J Jakahcin! 2010 RCT 105/105 18 59/60 71175 44747 NA/NA 42/37 65 vs. 40/ 63 vs. 42
JS Kim? 2011 | Observational 487/481 36 62/62 324/326 155/162 15/15 106/111 259 vs. 228/ 275 vs. 212
BE Claessen’ | 2011 | Observational 631/873 24 64/65 469/652 190/316 54/97 70/94 215 vs. 416/ 333 vs. 540
SH Hur*# 2011 | Observational | 2,765/1,816 36 59/62 | 1,982/1,240 | 622/463 83/105 979/636 NA/NA

K Ahmed*2 2011 | Observational | 1,893/6,280 12 61/64 | 143174478 | 490/1,683 NA/NA 1,134/3,611 | 1,244 vs. 649/ 4,854 vs. 1,426
KW Park? 2012 | Observational 619/802 12 62/63 393/524 233/309 NA/NA 147/233 301 vs. 318/ 432 vs. 370
SL Chen? 2012 | Observational 324/304 12 63/65 261/221 60/54 NA/NA 147/154 289 vs. 35/ 247 vs. 57

distinguish DES patient data from BMS patient data.

Data are presented as IVUS guidance/non-IVUS guidance. ACS: acute coronary syndrome; DM: diabetes mellitus; F/U: follow-up; NA: not available; *Baseline characteristic data cannot
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Figure 2. HR and conclusion plots for death (4), MACE (B), stent thrombosis (C), myocardial infarction (D), target vessel (E) and target
lesion (F) revascularisation associated with IVUS vs. non-1VUS guidance DES implantation.

MAJOR ADVERSE CARDIOVASCULAR EVENTS (MACE) in the incidence of ST (HR 0.58, 95% CI: 0.44-0.77, p<0.001;
MACE was reported in 10 of the 11 studies that were included in ~ Figure 2C). No evidence of statistical heterogeneity was noted
the current meta-analysis. IVUS-guided DES implantation was  between these studies (chi-square test, p=0.60; I statistics, I>=0%).
associated with a significant reduction in MACE (HR 0.87, 95%

CI: 0.78-0.96, p=0.008; Figure 2B). Statistical analyses indicated =~ MYOCARDIAL INFARCTION (MI), TARGET LESION

no significant heterogeneity (p=0.18, 1>=28.5%). REVASCULARISATION (TLR) AND TARGET VESSEL
REVASCULARISATION (TVR)
STENT THROMBOSIS (ST) Seven studies reported M1, five TLR, and five TVR. The risk of MI,

Nine studies reported the incidence of ST at follow-up and indicated ~ TLR, and TVR did not significantly differ between the IVUS-
that IVUS-guided DES implantation led to a significant reduction ~ guided and angiography-guided groups (MI: HR 0.82, 95% CI:




Table 2. Angiographic characteristics of the treated lesions.

Meta-analysis of IVUS-guided PCI with DES

Frstagthor | LSO Ostial | Stent | Stent Stent | GP IIb/lla
number lesion number diameter length inhibitor

P Agostoni? NA/NA 24/34 0/0 0/0 0/0 113 1.5/14 3.213.2 21123 11/8
P Roy® 1.7/1.7 26/30 427/433 320/305 446/450 50/48 1.5/1.5 3.05/3.09 20.7/20.1 157/163
SJ Park*?! NA/NA 145/145 0/0 0/0 75/80 61/62 1.23/1.24 NA/NA 35.2/35.6 NA/NA
SH Kim*2 1.4/1.2 NA/NA NA/NA NA/NA NA/NA 61/9 NA/NA NA/NA 34/26 NA/NA
J Jakabcin'/ 1.2/12 3/4 59/57 12/16 30/25 NA/NA NA/NA NA/NA 23.6/22.1 20/16
JS Kim? NA/NA 17/19 404/402 63/63 20/22 NA/NA 1.3/12 NA/NA NA/NA 17/18
BE Claessen* 1.9/1.8 30/20 349/321 226/307 165/316 55/59 NA/NA 3.13.0 23.5/24.5 56/67
SH Hur*# NA/NA 232/45 1,628/904 340/390 686/612 312/84 1.7/1.6 3.3/3.1 38.6/36.7 NA/NA
K Ahmed*? 1.6/1.4 87/125 1,132/3,806 | 277/1,456 622/2,764 NA/NA NA/NA 3.24/3/13 24.3/23.6 208/1,054
KW Park? 1.4/1.3 0/0 455/502 171/250 227/315 NA/NA 1.3/1.2 3.19/3.06 30.7/23.0 NA/NA
SL Chen? NA/NA 137/83 129/186 44726 14/9 NA/NA 1.26/1.20 3.25/3.16 32.7/130.5 10/21
Data are presented as IVUS guidance/non-IVUS guidance. GP: glycoprotein; LAD: left anterior descending artery; LCX: left circumflex artery; LM: left main coronary artery; NA: not available;
RCA: right coronary artery; *Baseline characteristic data cannot distinguish DES patient data from BMS patient data

0.63-1.06, p=0.126; TLR: HR 0.90, 95% CI: 0.73-1.11, p=0.316;
TVR: HR 0.90, 95% CI: 0.77-1.05, p=0.195; Figure 2D, Figure 2E
and Figure 2F). In addition, significant data heterogeneity was evi-
dent among the studies with MI as an endpoint (p=0.001, ’=70%).

PUBLICATION BIAS

Since this meta-analysis included 11 clinical studies, we assessed the
underlying publication bias using quantitative tools. Visual inspec-
tion of the funnel plots for death, MACE, ST, MI, TLR and TVR did
not reveal asymmetry (data not shown). Egger’s linear regression
tests based on the identified studies demonstrated no significant pub-
lication bias (p=0.90 for death, p=0.65 for MACE, p=0.46 for ST,
p=0.21 for MI, p=0.96 for TLR and p=0.11 for TVR; Figure 3).

PROPENSITY SCORE MATCHING GROUP SUB-ANALYSIS

Six studies'®?'?%?7 included propensity score matching sub-analysis
with 5,300 patients involved (Figure 4). The clinical outcomes of death,

Table 3. Primary endpoints and their definitions.

ST and MI demonstrated a significant reduction in the IVUS-guided
group compared to the angiography-guided group (HR 0.73, 95% CI:
0.54-0.99, p=0.04; HR 0.57, 95% CI: 0.39-0.84, p=0.004; HR 0.63,
95% CI: 0.43-0.91, p=0.01; respectively), with a trend towards signifi-
cance for MACE (HR 0.86, 95% CI: 0.73-1.00, p=0.06). No significant
differences were observed for the outcomes of TLR and TVR (HR 0.86,
95% CI: 0.73-1.00, p=0.06; HR 0.85, 95% CT: 0.63-1.14, p=0.28; HR
0.94, 95% CI: 0.75-1.17, p=0.57; respectively). In addition, there was
data heterogeneity among the studies reporting the MI (p=0.02, P=64%)
and MACE (p=0.08, I’=49%) endpoints. Egger’s linear regression tests
based on the propensity matching studies demonstrated that only TLR
had a significant publication bias (p=0.01, Figure 5).

Discussion

The present meta-analysis, which included 11 clinical studies and
19,619 patients, demonstrated that [IVUS-guided DES implantation
was associated with a significant reduction in mortality, MACE and

First author Primary endpoint MACE Death Stent thrombosis
P Agostoni®? MACE Cardiac death, MI, TVR Cardiac death NA
P Roy!® Stent thrombosis Death, Q-wave MI, TVR All death Definite, probable
SJ Park?! Death Death, MI, TVR All death No definition provided
SH Kim# Death NA All death Definite
J Jakabcin®” MACE, death, MI, TLR All death, MI, TLR All death Definite, probable, possible
JS Kim#® Death, Ml Death, MI, TLR All death Definite, probable
BE Claessen!® Death, Ml Cardiac death, MI, TVR All death Definite, probable
SH Hur? Death All death, MI, TVR All death Definite, probable, possible
K Ahmed?? MACE All death, non-fatal MI, TVR All death NA
KW Park?2® TLF All death, MI, TVR, ST All death Definite, probable
SL Chen?’ MACE Cardiac death, MI, TVR All death Definite, probable
MACE: major adverse cardiovascular events; MI: myocardial infarction; NA: not available; TLR: target lesion revascularisation; TVR: target vessel
revascularisation
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Figure 3. Funnel plots for death (A), major adverse cardiovascular events (MACE) (B), stent thrombosis (C), myocardial infarction (MI) (D),

TLR (E) and TVR (F) by Egger s linear regression analysis.

stent thrombosis, findings that were broadly corroborated when
similar analyses were undertaken in the meta-analysis of propen-
sity-matched studies (six clinical studies, n=5,300).

To date, the impact of IVUS-guided DES implantation on long-
term clinical outcomes has produced conflicting results'’?. This is
predominantly secondary to the limited number of patients, the lack
of appropriately powered randomised controlled trials'”?’, a short fol-
low-up period, heterogeneity in lesions types, and the differing pres-
entation of patients (e.g., ACS vs. non-ACS patients). For example,
the only published randomised trial investigating [VUS-guided DES
implantation (Jakabcin et al'’) was limited by patient numbers
(n=210) and failed to demonstrate any prognostic benefit for [IVUS-
guided DES implantation (compared to angiographic guidance). In
addition, the unpublished Angiographic versus IVUS Optimization
(AVIO) randomised, multicentre trial®’, investigating IVUS versus
angiographic-guided DES implantation in complex lesions (142
patients in each study arm), again failed to demonstrate any differ-
ences in clinical outcomes (combined endpoint of MI, TLR, TVR, or
cardiac death) at 30 days and 9 months. Despite being limited in
power, the AVIO Trial reported a higher minimal lumen diameter in
the IVUS-guided DES implantation group compared to the angiogra-
phy-guided group (2.70 mm versus 2.51 mm, p=0.0002).

The present meta-analysis addresses some of the aforementioned
limitations and provides more robust data about the potential

prognostic value of IVUS-guided DES implantation. The large
number of patients included (n=19,619) and the relatively long fol-
low-up period (almost two years) potentially offer sufficient data
and clinical events which allow for a detailed assessment of the
value of IVUS-guided DES implantation. We found that IVUS-
guided DES deployment reduced overall mortality and MACE,
findings that were broadly corroborated in the propensity-matched
meta-analyses (Figure 4). The improved clinical outcomes are
probably related to the lower risk of ST in the IVUS-guided group
reported in nine studies!’2!>*?". Notably, the definition of ST as an
outcome was inconsistently recorded in eight studies'”?"***" and
not provided in one study?' (Table 3), which may make interpreta-
tion of the outcomes related to ST more difficult. In order to over-
come this limitation, analyses were repeated in six studies
(n=6,307)'3202527 where the definition of ST was consistent (defi-
nite/probable ST?°) (data not shown). Repeat analyses using criteria
for ST indicated that a significant reduction in ST remained evident
in the IVUS-guided group, p<0.001). Mechanisms to explain the
reduction in ST with [IVUS guidance may be the superior resolution
of IVUS (100 microns) compared to coronary angiography (150-
200 microns) and its consequent superior ability to identify stent
edge dissections and haematomas, stent underexpansion and incom-
plete stent apposition (all risk factors for ST), not detected by con-

ventional coronary angiography?'-33.
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Figure 4. HR and conclusions plot for death, MACE, stent thrombosis, myocardial infarction, TLR and TVR associated with IVUS vs.
non-IVUS guidance DES implantation (propensity score studies'?"?%%7, n=5,300).

Concerning the timing of the beneficial effects of IVUS-guided
DES implantation, this is unclear from the present meta-analysis.
Only three studies reported clinical outcomes at 30 days
(n=3,492)'31927 and they failed to show any improvement in clinical
outcomes (namely MACE, death, MI, ST, TVR, TLR) (data not
shown). Since the clinical events were low, the analysis was under-
powered to draw any definitive conclusions for this time point.

Conversely, the present meta-analysis failed to show any differ-
ences in TVR and TLR between the IVUS and angiography-guided
groups. This discrepancy may be attributed to the fact that TLR and

TVR were reported in only seven of the 11 studies, as well as to the
relatively short follow-up period of TLR (weighted follow-up time
is 14.9+£8.6 months). Furthermore, several studies had confirmed
the so-called “late catch-up phenomenon”, in which neointimal
proliferation is prolonged beyond the first six months after DES
implantation, particularly with first-generation DES, with a subse-
quent higher incidence of TLR and TVR during longer-term
follow-up**7.

Recently, Prati et al*® reported the one-year follow-up clinical
outcomes of the CLI-OPCI study (Angiography alone versus
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Figure 5. Funnel plots for death, MACE, stent thrombosis, myocardial infarction, TLR and TVR by Egger s linear regression analysis

(propensity score studies'>*'?%%7, n=5,300).

angiography plus optical coherence tomography [OCT] to guide
decision-making during PCI). Patients undergoing PCI with OCT
guidance at three high-OCT-volume Italian centres between 2009
and 2011 were investigated (n=670). The OCT guidance group
(n=335 consecutive patients) was matched 1:1 with the angiogra-
phy guidance group (n=335 randomly selected subjects undergoing
PCI during the same month with only angiographic guidance).
Although baseline and angiographic characteristics in the two
groups remained unbalanced after matching, following the exten-
sive multivariable analyses adjusting for baseline and procedural
differences, the OCT-guided group was shown to be associated with
a lower risk of cardiac death or MI (OR:0.59, 95% CI: 0.25-0.96,
p=0.037). The findings of this preliminary study assessing OCT-
guided PCI lend further support to the use of intravascular imaging
to guide PCI and the need for larger, prospectively run, sufficiently
powered randomised controlled trials.

Limitations

Although the present meta-analysis provides evidence that the use
of IVUS during DES implantation improves clinical outcomes,
there are significant limitations which should be taken into consid-
eration during the interpretation of the reported findings. Firstly, the
present meta-analysis was based on registries that examined the use

of IVUS in different settings and included unadjusted patient data.
Hence, the presence of data heterogeneity is likely to have affected
the final results. For example, the meta-analysis included patients
with left main coronary artery disease. It is not inconceivable that
the reported benefit may have been driven in part by the left main
revascularisation, given that one propensity-based study suggested
a possible mortality benefit*'. Given the lack of patient-level data in
the present meta-analysis, it was not possible to exclude all the
patients who had left main PCI, as most registries included such
patients. Secondly, lesion pathology dictates a different therapeutic
approach, e.g., more post-dilatation in the case of long lesions or
bifurcation lesions vs. direct stenting without post-dilatation in
acutely occluded coronary vessels. Furthermore, in patients present-
ing with acute MI, IVUS has been shown not to improve clinical
outcomes®: this may be attributed to the fact that IVUS guidance
often requires more post-dilatation with the subsequent risk of dis-
tal embolisation®. Thirdly, there were differences in the baseline
characteristics between the IVUS-guided and the angiography-
guided groups, namely that more patients in the angiography-
guided group had ACS and were smokers. Lastly, different DES
(namely early and new-generation DES) may also impact on the
incidence of ST: since most of the included data could not distinguish
between DES types, such an analysis could not be performed®.



Although it is not possible to overcome these limitations, as
almost all the imported registries were heterogeneous, we have
attempted to reduce this effect by the reporting of a separate meta-
analysis including only propensity-matched studies (Figure 4). In
order to account for the possibility of left main disease or ACS
potentially confounding the data, the two studies®'-?* that recruited
only patients with left main stem disease (n=348) and the one
study® that included only patients treated with ACS (n=8,173) were
excluded in a repeated meta-analysis (n=11,098)!7202427 (Online
appendix). Within this separate meta-analysis, the IVUS-guided
and the angiography-guided groups had similar baseline character-
istics, apart from older patients and more renal insufficiency in the
angiography-guided arm. In this sub-analysis the results obtained
were not substantially different from those reported in the main
analysis, with the additional finding of a significantly lower inci-
dence of MI and TLR in the IVUS-guided PCI group.

All of the present study findings therefore confirm the potential
value of IVUS-guided DES implantation, specifically in the treat-
ment of more complex lesion types*'“*?, and highlight the need to con-
duct large-scale sufficiently powered randomised trials with adequate
follow-up periods.

Conclusions

The current meta-analysis investigates the prognostic value of IVUS-
guided DES implantation. IVUS-guided DES implantation is associ-
ated with a significant reduction in death, MACE and ST. These
results underline the potential value of IVUS in the treatment of coro-
nary artery disease, particularly in complex procedures. Appropri-
ately powered randomised trials are necessary to confirm the reported
findings and to identify the types of lesions and the populations that
would benefit most from IVUS-guided DES implantation.
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Table 1. Comparison of baseline characteristics of sub-analysis
from which three studies focusing on left main lesion and acute
coronary syndrome were excluded.

Figure 1. Comparison of baseline characteristics of sub-analysis
from which three studies focusing on left main lesion and acute
coronary syndrome were excluded.

Figure 2. Hazard ratios (HR) and conclusion plots for stent
thrombosis (a), myocardial infarction (b), target vessel (c¢) and
target lesion (d) revascularisation associated with IVUS- vs.
non-IVUS guidance DES implantation (selected studies,
n=11,098).

Figure 3. Funnel plots for death (a), major adverse cardiovascular
events (MACE) (b), stent thrombosis (c), myocardial infarction
(M) (d), TLR (e) and TVR (f) by Egger’s linear regression analysis
(selected studies, n=11,098)
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implantation (selected studies*", n=11,098).
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Online Figure 2. Hazard ratios (HR) and conclusions plots for stent thrombosis (4), myocardial infarction (B), target vessel (C) and target
lesion (D) revascularisation associated with IVUS vs. non-IVUS guidance DES implantation (selected studies*", n=11,098).
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Online Figure 3. Funnel plots for death (4), major adverse cardiovascular events (MACE) (B), stent thrombosis (C), myocardial infarction
(M) (D), TLR (E) and TVR (F) by Egger’s linear regression analysis (selected studies*"', n=11,098). MACE: major adverse cardiovascular
events; TLR: target lesion revascularisation, TVR: target vessel revascularisation

Online Table 1. Comparison of haseline characteristics of the
sub-analysis from which three studies' focusing on left main
lesion and acute coronary syndrome were excluded.

Characteristics IR R T p-value
group guided group

Age (years) 61+3 63+2 <0.05

Male 71% 69% 0.15
Diabetes mellitus 28% 30% 0.06
Smoker 29% 29% 0.23

ACS 60% 60% 0.97
Renal insufficiency 5% 8% <0.05

Data are presented as weighted means for continuous variables or weighted proportions for
categorical variables. ACS: acute coronary syndrome

References

1. Park SJ, Kim YH, Park DW, Lee SW, Kim WJ, Suh J, Yun SC,
Lee CW, Hong MK, Lee JH, Park SW. Impact of intravascular
ultrasound guidance on long-term death in stenting for unprotected
left main coronary artery stenosis. Circ Cardiovasc Interv.
2009;2:167-77.

2. Agostoni P, ValgimigliM, Van Mieghem CA, Rodriguez-
Granillo GA, Aoki J, Ong AT, Tsuchida K, McFadden EP, Ligthart JM,
Smits PC, de Jaegere P, Sianos G, Van der Giessen WJ, De Feyter P,
Serruys PW. Comparison of early outcome of percutaneous coro-
nary intervention for unprotected left main coronary artery disease
in the drug-eluting stent era with versus without intravascular ultra-
sonic guidance. Am J Cardiol. 2005;95:644-7.

3. Ahmed K, Jeong MH, Chakraborty R, Ahn Y, Sim DS, Park K,
Hong YJ, Kim JH, Cho KH, Kim MC, Hachinohe D, Hwang SH,
Lee MG, Cho MC, Kim CJ, Kim YJ, Park JC, Kang JC. Role of
intravascular ultrasound in patients with acute myocardial infarc-
tion undergoing percutaneous coronary intervention. Am J Cardiol.
2011;108:8-14.

4. Jakabcin J, Spacek R, Bystron M, Kvasnak M, Jager J, Veselka J,
Kala P, Cervinka P. Long-term health outcome and death evalua-
tion after invasive coronary treatment using drug eluting stents with
or without the IVUS guidance. Randomized control trial. HOME
DES IVUS. Catheter Cardiovasc Interv. 2010;75:578-83.

5. Roy P, Steinberg DH, Sushinsky SJ, Okabe T, Pinto Slottow TL,
Kaneshige K, Xue Z, Satler LF, Kent KM, Suddath WO, Pichard AD,
Weissman NJ, Lindsay J, Waksman R. The potential clinical utility
of intravascular ultrasound guidance in patients undergoing percu-



taneous coronary intervention with drug-eluting stents. Eur Heart
J.2008;29:1851-7.

6. Claessen BE, Mehran R, Mintz GS, WeiszG, Leon MB,
Dogan O, de Ribamar Costa J Jr, Stone GW, Apostolidou I, Morales A,
Chantziara V, Syros G, Sanidas E, XuK, Tijssen JG, Henriques JP,
Piek JJ, Moses JW, Maehara A, Dangas GD. Impact of intravascu-
lar ultrasound imaging on early and late clinical outcomes follow-
ing percutaneous coronary intervention with drug-eluting stents.
JACC Cardiovasc Interv. 2011;4:974-81.

7. Kim JS, Hong MK, Ko YG, Choi D, Yoon JH, Choi SH, Hahn JY,
Gwon HC, Jeong MH, Kim HS, Seong IW, Yang JY, Rha SW, Tahk SJ,
Seung KB, Park SJ, Jang Y. Impact of intravascular ultrasound
guidance on long-term clinical outcomes in patients treated with
drug-eluting stent for bifurcation lesions: data from a Korean mul-
ticenter bifurcation registry. Am Heart J. 2011;161:180-7.

8. Hur SH, Kang SJ, Kim YH, Ahn JM, Park DW, Lee SW, Yun SC,
Lee CW, Park SW, Park SJ. Impact of intravascular ultrasound-

Meta-analysis of IVUS-guided PCI with DES

guided percutaneous coronary intervention on long-term clinical
outcomes in a real world population. Catheter Cardiovasc Interv.
2011 Jul 29. [Epub ahead of print].

9. Kim SH, Kim YH, KangSJ, Park DW, Lee SW, Lee CW,
Hong MK, Cheong SS, Kim JJ, Park SW, Park SJ. Long-term out-
comes of intravascular ultrasound-guided stenting in coronary
bifurcation lesions. Am J Cardiol. 2010;106:612-8.

10. Park KW, Kang SH, Yang HM, Lee HY, Kang HJ, Cho YS,
Youn TJ, Koo BK, Chae IH, Kim HS. Impact of intravascular ultra-
sound guidance in routine percutaneous coronary intervention for
conventional lesions: data from the EXCELLENT trial. Int J
Cardiol. 2012 Apr 3. [Epub ahead of print]

11. Chen SL, Ye F, Zhang JJ, Kan J, Tian NL, Liu ZZ, Lin S, Lin L,
Han YL, Santoso T, Zhou Y1, Jiang TM, Wen SY. Intravascular ultra-
sound-guided systematic two-stent techniques for coronary bifurcation
lesions reduced late stent thrombosis and ST-elevation myocardial
infarction. Circ Cardiovasc Interv. 2012 Aug 17. [Epub ahead of print].

m
=
=
=
=
=3
(1]
2
(1]
=
=
o
=
N
o
—
i
o0




