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implantation in left main coronary
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Abstract

Background: Although several meta-analyses have demonstrated the utility of intravascular ultrasound (IVUS) in
guiding drug-eluting stent (DES) implantation compared to angiography-guidance, there has been a dearth of
evidence in the left main coronary artery (LMCA) lesion subset.

Methods: We performed a meta-analysis to compare clinical outcomes of IVUS versus conventional angiography
guidance during implantation of DES for patients with LMCA disease. Pubmed, Cochrane Library, Embase were
searched.

Results: A total of 1002 publications were reviewed; and finally, seven clinical studies - one prospective randomized
controlled trial and six observational studies with 4592 patients (1907 IVUS-guided and 2685 angiography-guided) -
were included in the meta-analysis. IVUS guidance was associated with a significant reduction in major adverse
cardiac events (relative ratio [RR] 95% CI 0.61; 95% confidence interval [CI] 0.53 to 0.70; P < 0.001), all-cause death
(RR 0.55; 95% CI 0.42 to 0.71; P < 0.001), cardiac death (RR 0.45; 95% CI 0.32 to 0.62; P < 0.001), myocardial infarction
(RR 0.66; 95% CI 0.55 to 0.80; P < 0.001), and stent thrombosis (RR 0.48; 95% CI 0.27 to 0.84; P = 0.01) compared with
angiographic guidance. However, there was no significant difference regarding target lesion revascularization (RR 0.60;
95% CI 0.31 to 1.18; P = 0.099) and target vessel revascularization (RR 0.64; 95% CI 0.26 to 1.56; P = 0. 322).

Conclusions: Compared to angiographic guidance, IVUS-guided DES implantation was associated with better clinical
outcomes for patients with LMCA lesions, especially hard endpoints of death, myocardial infarction, and stent thrombosis.
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Background
Intravascular ultrasound (IVUS) has played a key role in
contemporary stent-based percutaneous coronary inter-
ventions (PCI) by providing more detailed coronary ana-
tomic information, assessing plaque burden accurately,
selecting proper stent sizes, and optimizing stent expansion,
apposition, and geographic miss [1–5]. One meta-analysis
of seven randomized trials in the bare metal stent era [6]

and seven meta-analyses including both registries and
randomized studies [7–13] in the drug-eluting stent
(DES) era concluded that IVUS guidance improved
patient outcomes compared to angiography guidance
alone. However, and with one exception, these previ-
ously published meta-analyses did not address stent
implantation to treat the subset of patients who
present for PCI of left main coronary artery (LMCA)
lesions; and there is increased interest in PCI intervention
for LMCA disease since the results of two randomized DES
versus bypass surgery studies – EXCEL and NOBLE – were
recently presented [14, 15]. Therefore, we performed the
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current meta-analysis of published studies comparing
IVUS-guided versus angiography-guided DES implantation
to treat LMCA lesions.

Methods
Data sources and search strategy
A computerized search was performed of Pubmed,
Cochrane Library, Embase from January 1993 to October
2017. Mesh and combinations of the following terms were
used in the search process: “ultrasonography, intravascular,”
“intravascular ultrasound,” “intravascular ultrasound-
guided,” “IVUS,” “IVUS-guided,” “angiography,” “angiogra-
phy-guided,” “left main coronary artery,” “left main
coronary stenosis,” “left main coronary disease,” “left main,”
“left main lesion,” “LMCA,” “drug-eluting stent,” “sirolimu-
s-eluting stent,” “paclitaxel-eluting stent,” “everolimus-elut-
ing stent,” “zotarolimus-eluting stent,” “stent,” and “DES.”
Two investigators (Yue Wang* and Yue Qi) independently
screened the titles and abstracts and eventually examined
the full texts of the original reports included in the study.
Additional searches for potential studies were performed by
reviewing the references of earlier meta-analyses concern-
ing IVUS versus angiography-guided DES implantation.
Complete data were retrieved from the studies for quantita-
tive synthesis. In addition, studies with incomplete informa-
tion - including abstracts of major meetings (Transcatheter
Cardiovascular Therapeutics [TCT], Angioplasty Summit,
American Heart Association [AHA], American College of
Cardiology [ACC], EuroPCR, and World Congress of
Cardiology [WCC]) and studies of IVUS versus
angiography-guided DES implantation that included a
subgroup of LMCA patients - were reviewed for other po-
tentially relevant citations.

Selection criteria
Final inclusion of studies was based on the agreement of
both reviewers. Randomized control trials (RCTs) and
observational studies in English language were consid-
ered while studies in the non-English language literature
were not included. Studies met the following
pre-specified criteria: 1) clinical studies published in
peer-reviewed journals with fully available data; 2) stud-
ies that included a comparison of IVUS-guided versus
angiography-guided PCI with DES in LMCA lesions;
and 3) follow-up time of at least 12 months. Reports of
mixed treatment with bare-metal stent and DES im-
plantation without separate clinical outcomes for the
DES subgroup were excluded. Within this study, [16]
patients (n = 1899) predominantly underwent DES im-
plantation, with BMS implanted in only a small propor-
tion of the study population (IVUS-guided arm: 1.3%,
angiography-guided arm: 3.0%). It was therefore deemed
appropriate to include this study in the meta-analysis. In
addition, studies with incomplete data were reviewed

and later discussed, but not included in the formal
meta-analysis.

Endpoints and definition
The primary endpoint in this meta-analysis was major
adverse cardiac events (MACE), defined as the compos-
ite of death, MI (myocardial Infarction), and repeat re-
vascularization. The secondary endpoint was all-cause
death, cardiac death, MI, target lesion revascularization
(TLR), target vessel revascularization (TVR) and stent
thrombosis (ST; included definite, probable or possible
ST) according to the definition of the Academic
Research Consortium [17].

Data extractions
We extracted DES data exclusively, thereby excluding
bare metal stent data. The study’s first author’s name,
publication date, study design, and follow-up duration;
baseline clinical, angiographic, and procedural character-
istics; and clinical outcomes were systematically
reviewed and recorded by the same two reviewers (Yue
Wang* and Yue Qi). Disagreements were resolved by
discussion between them.

Quality assessments
The methodological quality of RCTs was assessed by the
Cochrane Collaboration Risk of Bias tool [18]. The
methodological quality of observational studies was
assessed by the Newcastle-Ottawa scale (NOS) that con-
sists of three factors: patient selection, comparability of
the study groups, and assessment of outcomes [19]. A
score of 0–9 was allocated to each study except RCTs.
Observational studies achieving six or more scores were
considered to be of high quality [20].

Statistical analyses
Baseline characteristics between IVUS-guided versus
angiography-guided groups were analyzed and com-
pared, with mean ± SD for continuous variables using
two-sample student’s unpaired t-test and proportions for
categorical variables using chi-square statistics. Across-
study summary relative ratios (RRs) with 95% confidence
interval (CI) were produced to assess the efficacy of
IVUS versus angiography guidance on adverse clinical
events. The statistical heterogeneity between trials was
assessed with chi-square tests and I2 statistics. When the
p value of chi-square test was < 0.10 and/or the I2 was
≥50%, significant heterogeneity was considered and a
random-effects model would be selected. If not, the
fixed-effects model was used instead. Egger’s linear re-
gression analysis was performed to quantitatively assess
the underlying publication bias across the studies. In
order to evaluate the stability and reliability of the pri-
mary endpoint result, we performed a sensitivity analysis
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of MACE by omitting each individual study in turn. All
reported p-values were 2-sided, and P < 0.05 was consid-
ered to indicate statistical significance. All statistical ana-
lyses were performed using STATA 14.0 (Stata Corp,
College Station, TX, USA).

Results
Studies included
A total of 1002 publications were reviewed, and 801 cita-
tions were screened by checking the title or abstract. Of
these, 49 studies were reviewed in detail; and seven clin-
ical studies (4592 patients) were included in the current
formal meta-analysis, [16, 21–26] in which 1907 patients
underwent IVUS-guided PCI and 2685 underwent
angiography-guided PCI with DES implantation. (Fig. 1)
One study was a RCT, [25] and the other six studies
were observational registries [16, 21–24, 26]. Four stud-
ies performed propensity score matching [16, 22, 23, 26].
As specified in the Methods, one meeting abstract pub-
lished in 2016 (Effectiveness and safety of intravascular
ultrasound guidance on clinical outcomes following
drug-eluting stent implantation in unprotected left main
coronary artery) and one study [27] that included LMCA
subgroup analysis were reviewed in the Discussion, not
included in our meta-analysis.

Study characteristics
Baseline characteristics of the included studies have been
shown in Table 1. The follow-up time ranged from 12 to
36 months. Of the seven studies, the follow-up time in

four was 36 months. There were no statistically signifi-
cant differences in the baseline characteristics between
the IVUS-guided versus the angiography-guided groups,
except for age, left ventricular ejection fraction and pre-
vious PCI. Table 2 demonstrating angiographic and pro-
cedural characteristics. Four studies mainly used first
generation DES [21, 22, 24, 25], and both first and
second-generation DES were implanted in two studies
[16, 26]. However, one study did not report the type of
DES [23]. Most studies were frequent use of a two-stent
technique except for one study by Kim [26].

Assessment of quality
Table 3 presented quality assessment results of included
observational trials. Among the six observation studies,
all had a scoring of ≥6. The summary risk of bias of the
RCT study was low. All studies were considered to be of
high quality.

Clinical outcomes
Analyses for clinical outcomes have been presented in
Fig. 2. The definition of MACE was slightly different
across studies; two studies included cardiac death,
[21, 25] and the other five included all-cause deaths
[16, 21–24, 26]. Three studies reported TVR, [21, 22, 24]
two reported TLR, [23, 25] and one study reported
any revascularization not restricted to the target
lesion [26] (Table 4).
MACE was reported in all seven studies (Table 5), the

summary RR was 0.61 (95% CI 0.53 to 0.70; P < 0.001) in

Fig. 1 Flow diagram of the process followed to identify the relevant studies that were included in the present meta-analysis
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Fig. 2 Forest plot of RR for MACE (a), all cause death (b), cardiac death (c), MI (d), ST (e), TLR (f) and TVR (g) associated with IVUS guided vs angiography
guided DES implantation to treat LMCA disease. Squares is the effect size of the individual studies; diamonds, the summarized effect size; horizontal lines,
upper and lower border of 95% confidence interval. DES = drug eluting stent; LMCA = left main coronary artery; IVUS = intravascular ultrasound;
MACE = major adverse cardiac event; MI = myocardial infarction; relative ratio = RR; ST = stent thrombosis; TLR = target lesion revascularization;
TVR = target vessel revascularization

Wang et al. BMC Cardiovascular Disorders  (2018) 18:115 Page 7 of 11



favor of IVUS-guided DES implantation. No evidence of
statistical heterogeneity was noted among the included
studies (I2 = 0%; P = 0.937) (Fig. 2a).
Four studies reported all-cause death and indi-

cated that IVUS-guided DES implantation was asso-
ciated with a significant reduction of all-cause
mortality (RR 0.55; 95% CI 0.42 to 0.71; P < 0.001)
with no statistical heterogeneity across the studies
(I2 = 0%; P = 0.869) (Fig. 2b).
Of the seven studies, five were included in the analysis

of cardiac death; the risk of cardiac death was signifi-
cantly lower with IVUS guidance (RR 0.45; 95% CI 0.32
to 0.62; P < 0.001) with no statistically significant hetero-
geneity (I2 = 0%; P = 0.817) (Fig. 2c).
Six studies were applied to the analysis of MI. The re-

sult was significantly in favor of IVUS-guided DES im-
plantation (RR 0.66; 95% CI 0.55 to 0.80; P < 0.001) with
no heterogeneity (I2 = 0%; P = 0.973) (Fig. 2d).
Data on ST was reported in four studies. In PCI with

DES implantation, IVUS-guidance markedly lowered the
risk of definite/probable ST compared with the angiog-
raphy guidance group (RR 0.48; 95% CI 0.27 to 0.84;
P = 0.01), again with no statistical heterogeneity (I2 =
22.3%; P = 0.277) (Fig. 2e).
Six studies reported data regarding TLR and three re-

ported TVR. Due to significant heterogeneities (TLR
I2 = 74.7%; P = 0.003, and TVR I2 = 87.5%; P < 0.001),
random effects models were used to estimate the
summary effect of all studies. There were no

significant statistical differences regarding TLR (RR
0.60; 95% CI 0.31 to 1.18; P = 0.099) and TVR (RR
0.64; 95% CI 0.26 to 1.56; P = 0. 322) between the
two groups (Fig. 2f and Fig. 2g).

Sensitivity analysis
Sensitivity analysis regarding the primary endpoint
MACE has been presented in Fig. 3. After removing
each study in sequence, the results were not statistically
different from the summary RR across the seven studies,
further indicating that IVUS-guided DES implantation
was associated with a significant reduction in MACE.

Publication bias
Because only seven clinical studies were included the
current meta-analysis, we assessed the asymmetry of
publication using quantitative tools. No significant evi-
dence of publication bias (P = 0.401 for MACE, P = 0.058
for all death, P = 0.709 for cardiac death, P = 0.842 for
MI, P = 0.338 for ST and P = 0.75 for TLR) were ob-
served on the basis of Egger’s test (Fig. 4).

Discussion
This meta-analysis of seven studies consisting of 4592
patients demonstrated that IVUS-guided DES implant-
ation when treating LMCA lesions was associated with a
significantly reduced risk of MACE, all-cause death,

Table 4 The endpoint events and definitions

First author MACE Repeat revascularization Stent thrombosis

Agostoni et al. [21] Cardiac death, MI, TVR – –

Park et al. 22] All cause death, MI, TVR TVR –

De La Torre Hernandez et al. [23] All cause death, MI, TLR TLR Definite, probable

Gao et al. [24] All cause death, MI, TVR TLR, TVR Definite, probable, possible

Tan et al. [25] Cardiac death, MI, TLR TLR Definite, probable

Kim et al. [26] All cause death, MI, TVR, TLR TLR, TVR –

Tian et al. [16] All cause death, MI TLR, TVR Definite, probable

MACE major adverse cardiovascular event, MI myocardial infarction, TLR target lesion revascularization, TVR target vessel revascularization

Table 5 Clinical outcomes for MACE in the IVUS-guided and angiography-guided groups

First author Year Sample size IVUS guidancea Angiography guidancea RR 95% CI P-value

Agostoni et al. [21] 2005 24/34 8% 20% 0.4 0.09–1.78 0.18

Park et al. [22] 2009 145/145 – – 0.64 0.39–1.05 0.074

De La Torre Hernandez et al. [23] 2014 505/505 14.4% 22.2% 0.65 0.5–0.85 0.006

Gao et al. [24] 2014 337/679 14.8% 27.7% 0.54 0.4–0.71 < 0.001

Tan et al. [25] 2015 61/62 13.1% 27.4% 0.49 0.22–1.03 0.031

Kim et al. [26] 2017 122/74 21% 43% 0.63 0.33–1.17 0.149

Tian et al. [16] 2017 713/1186 5.3% 8.1% 0.65 0.5–0.84 0.001

CI confidence interval, MACE major adverse cardiac events, RR relative ratio
aPercentage of total population
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cardiac death, MI, and ST, when compared with
angiography-guidance.
Using coronary angiography, LMCA lesions may be

obscured by overlapping vessels, streaming of injected
contrast, and lack of a normal reference segment that
limits the utility of angiography in determining lesion se-
verity and selecting treatment strategy [28]. A study by
Chakrabarti demonstrated that 11.2% (17 of 152) pa-
tients with LMCA disease by core laboratory assessment
were deemed normal by clinical assessment in the
National Cardiovascular Data Registry (NCDR), whereas
56.7% (177 of 312) patients having significant LMCA
disease by clinical assessment in the NCDR had no
LMCA lesions by core laboratory analysis [29]. In
addition, visual inspection of the angiogram may result

in an incorrect diagnosis of LMCA disease severity. In
one study including 213 patients with LMCA stenosis,
23% of patients had a diameter stenosis < 50% on the
angiogram while the FFR was < 0.80, who actually had
hemodynamically significant stenosis and needed revas-
cularization [30].
Conversely, IVUS can detect significant narrowing and

assess angiographically ambiguous LMCA lesions; [31]
and IVUS correlates with FFR [32]. IVUS has been used
to guide decision-making with regards to PCI or bypass
surgery in patients with LMCA disease [33]. IVUS also
has the ability to assess LMCA plaque distribution and
predict hemodynamically significant jailing of the left
circumflex after single stent cross-over in a manner not
possible using coronary angiography [34, 35]. More

Fig. 3 Sensitivity analysis of MACE by omitting each individual study in turn. Cycle is relative ratio; horizontal lines, upper and lower border of 95%
confidence interval. MACE =major adverse cardiac event

Fig. 4 Assessment of publication bias using the Egger’s linear regression analysis for MACE (a), all cause death (b), cardiac death (c), MI (d), ST (e),
TLR (f). MACE =major adverse cardiac event; MI = myocardial infarction; ST = stent thrombosis. TLR = target lesion revascularization; TVR = target
vessel revascularization
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importantly, IVUS can assess stent underexpansion, in-
complete lesion coverage (ie, large residual stent edge
plaque burden), and malapposition in both LMCA and
non-LMCA lesions after DES implantation [36, 37].
Optimal DES implantation is the key to improved patient
outcomes. A multivariable logistic regression model of PCI
treatment of LMCA lesions showed that IVUS-determined
stent underexpansion was an independent predictor for
MACE (adjusted hazard ratio [HR] = 5.56; P < 0.001); and
the two-year MACE-free survival rate was significantly
lower in patients with underexpansion of at least one
segment versus lesions with no underexpansion (90%
vs 98%; P < 0.001) [37].
The current meta-analysis demonstrating that IVUS-

guided DES implantation led to a significant reduction
in the incidence of MACE compared with angiography
guidance. This has also been seen in several abstracts at
major meetings, and in LMCA subset analyses of larger
IVUS versus angiography-guided DES implantation
studies. For example, a recently published summary in
WCC_2016 concluded that the risk of MACE was sig-
nificantly lower in LMCA lesions stented with IVUS
guidance (15%) vs angiography guidance (24%) (X2 =
42.76; P = 0.009). In addition, the subset analyses of
LMCA patients in the ADAPT-DES study also showed a
trend toward a reduction in MACE (HR 0.54; 95% CI
0.23–1.26; P = 0.15) [30].
The beneficial results of IVUS-guidance demonstrated

in the current meta-analysis were mainly related to the
lower risk of death and MI. In addition, the use of IVUS
was associated with a lower ST risk than reliance on
angiography. Considering that ST within LMCA stents
may present as sudden death, the incidence of this
complication may have been underestimated, but was
likely captured in the assessment of patient mortality
and/or MI [22].
However, we found that IVUS guidance did not reduce

TLR or TVR. This may be attributed to the fact that
underpowered study population, low incidence of events
and the discretion of the operator who might prefer
IVUS guidance for lesions with more complex coronary
anatomy.

Limitations
This meta-analysis had the following limitations. Firstly,
only seven studies were included in our meta-analysis;
and only one was an (admittedly relatively small) RCT.
Indeed, observational studies have significant limitations
with selection and ascertainment bias, which influenced
the quality of the evidence across studies. In the present
meta-analysis, four of six observational studies included
propensity score matching to reduce selection biases.
Moreover, IVUS-guided DES implantation was still asso-
ciated with a significant reduction in MACE after

sensitivity analysis was performed. The result indicated
that IVUS was worthy of being recommended while per-
forming DES placement for LMCA. However, adequately
powered, large-scale RCT studies are needed. Secondly,
the location of LMCA lesions, the numbers of other dis-
eased vessels, DES type, and specific treatment strategies
may also have impacted the clinical outcomes; but most
studies did not provide this detailed data so that sub-
group analyses could not be conducted. Thirdly, this
meta-analysis lacked the power to detect meaningful dif-
ferences in TLR and TVR due to little sample size and
significant heterogeneities.

Conclusions
The current meta-analysis and systematic review of the
literature demonstrate potential clinical value of IVUS in
guiding DES implantation for LMCA patients by a sig-
nificantly reduced risk of MACE, all-cause death, cardiac
death, MI, and ST compared with angiography guidance
alone. Future studies are warranted as more data becom-
ing available.
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