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Abstract

Aims: Our aim was to assess whether intravascular ultrasound (IVUS) improves clinical outcomes during
implantation of first- and second-generation drug-eluting stents (DES). IVUS guidance is associated with
improved clinical outcomes during DES implantation, but it is unknown whether this benefit is limited to
either first- or second-generation devices.

Methods and results: MEDLINE, EMBASE and PubMed were searched for studies comparing outcomes
between IVUS- and angiography-guided PCI. Among 909 potentially relevant studies, 15 trials met the
inclusion criteria. The primary endpoint was MACE, defined as death, myocardial infarction, target vessel/
lesion revascularisation (TVR/TLR) or stent thrombosis (ST). Summary estimates were obtained using Peto
modelling. In total, 9,313 patients from six randomised trials and nine observational studies were included.
First-generation DES were implanted in 6,156 patients (3,064 IVUS-guided and 3,092 angiography-guided)
and second-generation in 3,157 patients (1,528 IVUS-guided and 1,629 angiography-guided). IVUS guid-
ance was associated with a significant reduction in MACE (odds ratio [OR] 0.73, 95% CI: 0.64-0.85,
p<0.001), across both first- (OR 0.79, 95% CI: 0.67-0.92, p=0.01) and second-generation DES (0.57, 95%
CI: 0.43-0.77, p<0.001). For second-generation DES, IVUS guidance was associated with significantly
lower rates of cardiac death (OR 0.33, 95% CI: 0.14-0.78, p=0.02), TVR (OR 0.47, 95% CI: 0.28-0.79,
p=0.006), TLR (OR 0.61, 95% CI: 0.42-0.90, p=0.01) and ST (OR 0.31, 95% CI: 0.12-0.78, p=0.02).
Cumulative meta-analysis highlighted progressive temporal benefit towards IVUS-guided PCI to reduce
MACE (OR 0.60, 95% CI: 0.48-0.75, p<0.001).

Conclusions: IVUS guidance is associated with a significant reduction in MACE during implantation of
both first- and second-generation DES platforms. These data support the use of IVUS guidance in contem-

porary revascularisation procedures using second-generation DES.
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Introduction

Percutaneous coronary intervention (PCI) and stenting is an estab-
lished therapeutic option for patients with stable angina and con-
fers prognostic advantage when performed in the context of acute
coronary syndromes. However, recurrent major adverse cardio-
vascular events (MACE) following successful stenting remains
an ongoing clinical problem. Although the introduction and wide-
spread uptake of the drug-eluting stent (DES) contributed to sig-
nificant reductions in the need for repeat revascularisation, ~20%
of patients will re-present with further symptoms within five years
following PCI'. Thus, strategies that can improve clinical out-
comes are of great importance.

Intravascular ultrasound (IVUS) use during PCI is known to
impact on interventional strategy by providing important informa-
tion on target lesion and reference vessel characteristics. Following
stent deployment, IVUS can accurately quantify stent expansion and
strut apposition, and may identify stent edge-related complications
not always apparent on angiography?. Although previous meta-ana-
lyses have shown that IVUS-guided DES implantation is associated
with a significant reduction in MACE, the results were either pre-
dominantly based on studies in first-generation DES** or were lim-
ited to randomised trials®. However, the majority of PCI procedures
performed worldwide use second-generation DES, often in “off-
label” indications, where the role of IVUS remains uncertain.

Wesoughttoassess whetherthe clinical benefitof [VUS-guided DES
implantationis maintained insecond-generationdevices by performing
a systematic review and meta-analysis, stratified by DES generation.

Editorial, see page 1564

Methods

DATA SOURCES AND SEARCH STRATEGY

A keyword search was performed through the MEDLINE,
EMBASE and PubMed databases for the period January 2000 to
May 2016. Keywords using Medical Subject Heading included:

CEINT3

“intravascular ultrasound”, “ultrasound, intravascular”, “percutane-

CEINNTS

ous coronary intervention”, “drug-eluting stents”, “coronary artery
disease”, “coronary angioplasty” and “coronary angiography” with
no limits set (Online Table 1). The reference lists of selected arti-
cles were also reviewed for relevant citations. Abstract lists of
major international conferences were also manually searched to
identify other potential sources of data. Conferences included were
the European Society of Cardiology, EuroPCR, American College
of Cardiology Scientific Sessions, American Heart Association
Scientific Sessions and Transcatheter Cardiovascular Therapeutics.
The study was registered with the PROSPERO international register
(CRD42016037632) and adhered to the PRISMA statement®.

STUDY SELECTION

Two investigators (A.J. Brown and N. Nerlekar) independently
conducted the literature search, and two further investigators
(C.J. Cheshire and K.P. Verma) performed data extraction for study
demographics, design, angiographic characteristics and clinical out-
comes. Randomised clinical trials, observational and registry studies

IVUS-guided PCI with DES

were included. Other specific inclusion criteria required reported
clinical outcomes at a minimum of six months, comparison of
IVUS- and angiography-guided strategies and differentially reported
outcomes for first- and second-generation stents. For observational
studies, matched propensity data were included in the final analysis,
where available. First (or early)-generation stents were defined as
either paclitaxel (e.g., TAXUS™; Boston Scientific, Marlborough,
MA, USA) or sirolimus (e.g., CYPHER®; Cordis, Johnson &
Johnson, Miami Lakes, FL, USA) eluting, durable polymer, metal-
lic stents with thick strut design, while second (or new)-generation
stents were defined as either zotarolimus (Endeavor®; Medtronic,
Minneapolis, MN, USA) or everolimus (XIENCE V®; Abbott
Vascular, Santa Clara, CA, USA, or PROMUS™; Boston Scientific,
Marlborough, MA, USA) eluting, durable polymer, metallic plat-
forms with a strut thickness <100 pm. A.J. Brown and N. Nerlekar
verified extracted data and discrepancies for included studies.
Where studies included both stent generations, corresponding
authors were contacted to provide individual outcomes if available.
The remaining studies with mixed stent platforms were excluded.
The risk of bias within individual studies was assessed according to
the Cochrane Collaboration Assessment (Online Table 2).

CLINICAL ENDPOINTS

The primary endpoint of this study was MACE, with secondary end-
points including cardiac death, non-fatal myocardial infarction (MI),
target lesion revascularisation (TLR), target vessel revascularisation
(TVR), and stent thrombosis. The definition of MACE differed
slightly across trials, but generally included death, MI and TVR.
Two studies included cardiac and non-cardiac death”®, while seven
reported cardiac death®'s and four all-cause death'®". Six stud-
ies used TLR instead of TVR®!341719 while stent thrombosis was
included as part of MACE in two studies'>"*. MACE could not be
calculated from the reported data of two studies®?!, but these stud-
ies contributed to individual clinical endpoints. Trial-specific defini-
tions of MACE were used in the analysis. MI was defined as either
Q-wave or non-Q-wave MI. Stent thrombosis was defined as defi-

nite or probable according to the Academic Research Consortium?.

STATISTICAL ANALYSIS

Statistical analysis was performed by using STATA MP 13.0
(StataCorp LP, College Station, TX, USA). Outcomes were ana-
lysed using a Peto model as a small number of events were
expected, especially in randomised controlled trials. Sensitivity
analysis was also performed using a DerSimonian and Laird ran-
dom effects model and inverse variance method with a fixed model
which did not differ from the Peto model. Summary statistics are
reported as a pooled odds ratio (OR) with 95% confidence inter-
vals (CI) between first- and second-generation DES for the out-
come of MACE. Further sensitivity analysis was also performed
comparing only RCTs between first- and second-generation stents.
Additional subgroup analysis was performed to evaluate summary
statistics for various components of MACE (all-cause death, cardiac
death, MI, TVR, TLR and stent thrombosis). Finally, we performed
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a cumulative meta-analysis to evaluate the impact of publication
date on the summary odds ratios and to assess temporal trends in
effect size. Statistical heterogeneity was quantified with the I? statis-
tic. Heterogeneity was quantified as low, moderate or high based on
I? values of 25%, 50% and 75%, respectively®. Publication bias was
assessed by the Harbord test between first- and second-generation

studies®. A two-sided p-value of <0.05 was considered significant.

Results
A total of 909 publications were reviewed, with 32 studies selected
for potential inclusion and further evaluation. Of these studies, 17
were excluded as they included bare metal stents or their reported
outcomes included both first- and second-generation DES**. The
authors of two studies provided individualised outcome data strati-
fied by DES generation and these were included®'. This resulted
in 15 studies meeting the predefined inclusion criteria (Figure 1).

Six studies in the analysis were randomised controlled trials,
including the HOME DES IVUS study'’, the AVIO trial', the
RESET trial'?, the IVUS-XPL trial'¥, CTO-IVUS" and one ran-
domised trial of unprotected left main coronary artery stenting in
the elderly”. The other nine were observational studies assessing
the use of IVUS in specific lesion subsets, including left main coro-
nary artery stenting’*%, bifurcation PCI'"'#2! or chronic total occlu-
sions'®, while two were consecutive patient registries”'’. Baseline
characteristics of the included studies are presented in Table 1.

Of the 9,313 patients included, 6,156 received a first-genera-
tion DES and 3,157 received a second-generation DES. For first-

Table 1. Characteristics of included studies and patients.

DES | Sample | Age
type (n) (years)

Year Design

Records identified through systematic search of MEDLINE (n=733),
PubMed (n=1,292) and EMBASE (n=2,193). Total=4,218

4>| Exclusion of duplicates (n=3,309)

y
| 909 studies screened |

~ 877 studies excluded
~ by screening abstracts

4
| 32 studies reviewed full text |

17 studies excluded:

— Combination of first and second
DES stents and no specific data
despite correspondence with authors

, — Combined BMS stents
— Raw numbers of events not provided

Y

11 studies met inclusion criteria

from the outset

2 studies included with
non-MACE data points

2 studies included after stent-specific
data provided by authors

|

15 studies included
in final meta-analysis

Figure 1. Flow diagram of study. Flow diagram illustrating the
identification and screening of eligible studies. BMS: bare metal
stent; DES: drug-eluting stent; MACE: major adverse
cardiovascular events

Diabetes |Hyperlipi- Previous | Previous| Previous
mellitus | daemia | TN | SMOKEr| e T cagg L(V/E)F

@ | @ | PO ey @) | @)

Agostoni et al 2005 | Observational I 24/34 62/64 62/73 37/29 29/30 58/59 17/21 50/21 37/50 NA 52/44
Roy et al 2008 | Observational I 884/884 | 66/66 69/70 36/34 86/87 82/82 21/21 27124 43/41 23/22 47/48
MAIN-COMPARE | 2009 | Observational I 145/145 | 64/65 70/70 34/34 29/30 59/59 19/21 26/26 /8 NA 61/61
Kim et al 2010 | Observational I 473/285 | 59/60 13172 20/22 28/35 43/46 36/36 1077 52/64 | 0.2/0.4 | 60/59
HOME DES IVUS | 2010 RCT I 105/105 | 59/60 73/71 42/45 63/66 67/71 40/35 17/14 37/32 14/10 NA
MATRIX 2011 | Observational IIE: 548/548 | 65/64 14174 32/31 84/82 82/81 11/12 A4/42 30/34 16/16 NA
COBIS 2011 | Observational I 487/487 | 62/62 67/67 32/33 35/35 60/58 22/23 NA 9/8 NA 60/59
Chen et al 2013 | Observational | 172 | 324/304 | 63/65 81/75 19/18 33/35 67/61 45/41 18/17 15/12 0/0 61/60
RESET 2013 RCT 2 269/274 | 63/64 66/55 32/30 61/62 61/66 22/17 NA 1/3 NA 55/54
AVIO 2013 RCT I 142/142 | 64/64 82171 24127 1171 70/67 34/31 NA 30/26 NA 55/56
ESTROFA-LM 2014 | Observational | 152" | 415/355 NA NA NA NA NA NA NA NA NA NA
K-CTO 2014 | Observational | 2 201/201 | 62/62 17117 30/31 42/43 58/60 29/31 21/20 11/10 NA NA
CTO-IVUS 2015 RCT 2 201/201 | 61/61 81/81 35/34 NA 63/64 35/34 15/16 8/8 213 57/57
[VUS-XPL 2015 RCT 2 700/700 | 64/64 69/69 36/37 67/65 65/63 22/26 11/10 5/4 3/2 63/62
Tanetal 2015 RCT I 61/62 77176 62/69 34/30 NA 41/47 A4/47 NA 16/21 NA 55/53
Values are mean or % and presented as intravascular ultrasound (IVUS)-guided/angiography-guided. AVIO: angiography vs. IVUS optimisation; CABG: coronary artery bypass grafting;

COBIS: Korean Coronary Bifurcation Stent registry; CTO-IVUS: chronic total occlusion InterVention with drUg-eluting Stents guided by IVUS; ESTROFA-LM: comparison of paclitaxel-eluting
stents (TAXUS) and everolimus-eluting stents (XIENCE) in left main coronary artery disease; HOME-DES IVUS: long-term health outcome and mortality evaluation after invasive coronary
treatment using drug eluting stents with or without the IVUS guidance; HTN: hypertension; IVUS-XPL: effect of intravascular ultrasound-guided vs. angiography-guided everolimus-eluting
stent implantation; K-CTO: Korean Chronic Total Occlusion registry; LVEF: left ventricular ejection fraction; MAIN-COMPARE: revascularisation for unprotected left MAIN coronary artery stenosis:
COMparison of Percutaneous coronary Angioplasty versus surgical REvascularization; MATRIX: comprehensive assessment of sirolimus-eluting stents in complex lesions; MI: myocardial
infarction; NA: not applicable; PCI: percutaneous coronary intervention; RCT: randomised controlled trial; RESET: real safety and efficacy of a 3-month dual antiplatelet therapy following
zotarolimus-eluting stent implantation




generation DES, 3,064 patients underwent IVUS-guided PCI and
3,092 angiography-guided PCI, while for second-generation DES
1,528 patients underwent [VUS-guided PCI and 1,629 angio-
graphy-guided PCI. Angiographic and procedural characteristics
of the included studies are presented in Table 2. Data on IVUS-
guided PCI for first-generation DES were available for eleven
studies” 12! while data on IVUS-guided PCI for second-genera-
tion DES were available from six studies®!!'*.

MAJOR ADVERSE CARDIOVASCULAR EVENTS

Thirteen of the included studies reported the incidence of MACE.
The summary OR for all studies was 0.73 (95% CI: 0.64-0.85,
p<0.001) in favour of IVUS-guided PCI (Figure 2). There was
no evidence of statistical heterogeneity between studies (I’=0%).
The beneficial effect of IVUS-guided PCI was observed for both
first-generation (OR 0.79, 95% CI: 0.67-0.92, p=0.01, I’=0%) and
second-generation DES (OR 0.57, 95% CI: 0.43-0.77, p<0.001,
1=0%). No difference was noted with inverse variance and ran-
dom-effects modelling (Online Figure 1), and there was no signifi-
cant interaction between first- and second-generation stent groups
(p=0.06). The potential for publication bias was assessed statis-
tically by the Harbord test, which demonstrated no evidence of

Table 2. Angiographic and procedural characteristics.

Bifur-

cation |CTO PCI
PCI %

%

Agostoni 2005 | 100/100 | 0/0 0/0 | 0/0 NA 70/50 NA

etal

Left Multi-
vessel

PCI %

LAD | RCA | LCx
% | % | %

Year | main
%

IVUS-guided PCI with DES

small study effects, either in first-generation (p=0.08) or in sec-
ond-generation DES studies (p=0.73). Sensitivity analysis lim-
ited to randomised trials was consistent with these findings, with
IVUS-guided PCI associated with reduced MACE in both first-
generation (OR 0.62, 95% CI: 0.41-0.93, p=0.02, >=0.0%) and
second-generation DES (OR 0.49, 95% CI: 0.34-0.72, p<0.001,
1’=0.0%) (Online Figure 2, Online Figure 3).

CARDIAC DEATH AND MYOCARDIAL INFARCTION

The incidence of cardiac death was reported in nine studies, while
ten studies reported the incidence of MI. IVUS-guided PCI was
associated with a significant reduction in the risk of cardiac death
(OR 0.55, 95% CI: 0.36-0.83, p=0.005, I>=0%). This benefit
appeared limited to second-generation DES (OR 0.33, 95% CI:
0.14-0.78, p=0.02, 1>=0%), with no clear benefit in first-generation
DES (OR 0.64, 95% CI: 0.39-1.04, p=0.07, 1>=0%) (Figure 3).
IVUS-guided PCI was also associated with a significant reduction
in the risk of MI (OR 0.67, 95% CI: 0.50-0.90, p=0.01, I’=8.6%)).
IVUS-guided PCI did not appear to reduce the risk of MI in
second-generation DES (OR 0.82, 95% CI: 0.45-1.49, p=0.65,
1’=13.3%), but did for first-generation DES (OR 0.63, 95% CI:
0.45-0.89, p=0.007, I>=13.6%).

Mean Mean Mean GP

Predi- | Post- | Kissing Mean I1b/

lesion stent stent
length length | diameter nu:::&rsof llla,
mm mm mm %

7.5+3.1/ | 27.0£14.0/ | 3.2+0.4/ | 1.5+0.5/ |46/23
7.3+3.1 | 23.0+12.0 | 3.2+0.3 1.4+0.5

lation | dilation | balloon
n n %

50/62 | 92/76 | 40/45

Roy et al 2008 | 2/2 | 33/33 | 34/34 | 25/23 | NA NA NA 71/59 | 31/17 NA NA 20.76.4/ | 3.1+0.4/ | 1.5+0.8/ | 18/18
20.1+6.9 | 3.1+1.8 1.5+0.9
MAIN- 2009 | 100/100 | 0/0 | 0/0 | 0/0 | 0/0 NA NA NA NA NA NA 35.2+23.8/ NA 1.2+0.5/ | NA
COMPARE 35.6+22.7 1.2+0.6
Kim et al 2010 NA NA | NA | NA | 29/34 |100/100| 3/3 NA NA NA 25.0+14/ | 34.0+19.0/ NA 1.4+0.7/ | 473
2110 | 26.0«14.0 1.2+0.5
HOMEDES | 2010 | 3/4 | 56/54 |29/24 | 11/15 | 15/17 NA NA T4/77 | 33/0 NA | 18.1+7.3/ | 23.6/22.1 NA 1.3/1.3 | 20/16
IVUS 17.6+6.7

MATRIX 2011 | 3/3 | 51/51|29/28 | 38/38 | NA NA NA

S4/70 | 43/34 NA 17.5+9.6/ | 23.3+12.0/| 3.1+0.4/ NA 8/8

179493 | 23.8+122 | 3.0+0.4

COBIS 2011 474 | 83/83 | 4/4 |13/13 | 46/47 |100/100| NA |100/100 | NA 53/34 NA NA NA NA 4/4
Chenetal | 2013 | 42/27 |40/61 | 4/3 | 14/9 | NA |100/100 | NA NA NA 95/93 NA NA NA NA 3/1
RESET 2013 | 0/0 | 62/68|23/20 | 15/13 | 41/38 | NA 0/0 NA 55/45 172 | 29.6/30.6 | 32.4/32.3 NA NA NA
AVIO 2013 | 0/0 [53/49| NA | NA NA | 23/27 | 14/18 NA 88/68 NA | 27.4+15.9/| 23.9+6.7/ | 3.0+0.4/ NA NA

25.5+15.0 | 23.2+6.5 | 2.9+04

ESTROFA-LM | 2014 | 100/100 | 0/0 | 0/0 | 0/0 NA NA NA

NA NA NA NA NA NA NA NA

K-CTO 2014 | 0/0 | 44/34| NA |16/25| NA NA | 100/100| NA NA NA | 26.7+12.9/| 44.9+21.2/ | 3.0£0.4/ | 1.7+0.8/ | NA
26.9x18.0 | 37.3£20.6 | 2.8+04 1.4+0.7
CTO-IVUS 2015 | 0/0 | 42/47 | A4/37 | 14/16 | 10/8 NA~ 1007100 NA 51/41 NA  |36.3+17.1/ | 43.6+18.7/| 2.9+0.5/ | 17«08/ | 4/4

35.5+17.0 | 41.5+17.6 | 2.9+0.4 1.6+0.7

IVUS-XPL 2015 0/0 | 65/60|21/25 | 14/15| NA NA NA

NA 76/57 NA | 34.7+10.8/ | 39.3+13.1/ NA 1.3+0.5/ | NA

35.2+10.5 | 39.2+12.3 1.3+0.5

Tanetal 2015100/100| 0/0 | 0/0 | 0/0 | 0/0 | 40/42 0/0

NA 23/9 NA NA 21.5+6.4/ | 3.4+0.1/ NA NA
18.2+4.9 | 3.4+0.1

circumflex artery; RCA: right coronary artery; TIMI: Thrombolysis In Myocardial Infarction

Values are %, meanzstandard deviation and presented as IVUS/no IVUS. CTO: chronic total occlusion; GP IIb/llla: glycoprotein IIb/llla inhibitor; LAD: left anterior descending artery; LCx: left
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MACE
First Study o Events, Events, %
author Year type OR (35% C1) treatment  control  weight
First generation
Agostoni et al 2005 Observational 0.40(0.10, 1.67) 2/24 7134 0.94
Roy et al 2008 Observational + 0.87 (0.67, 1.13) 128/887 143/884 28.76
HOME DES IVUS 2010 RCT 0.91(0.40, 2.10) 12/105 13/105 2.77
MATRIX 2011 Observational 0.74(0.53, 1.03) 71/549 92/549 17.40
COBIS 2011 Observational 0.89(0.60, 1.31) 53/487 59/487 12.43
AVIO 2013 RCT 0.60(0.34, 1.07) 247142 36/142 5.95
Chen et al 2013 Observational = 0.88 (0.44,1.78) 18/83 22/92 3.88
ESTROFA-LM 2014 Observational _— 0.69(0.32, 1.50) 7/108 29/307 318
Tanet al 2015 RCT = - 0.42 (0.17,1.00) 8/61 17/62 2.51
Subtotal (I-squared=0.0%, p=0.737) > 0.79(0.67,092)  323/2,446  418/2,662 7181
Second generation i
RESET 2013 RCT — 0.60(0.29, 1.22) 12/269 20/274 3.78
Chen et al 2013 Observational - 0.49(0.10, 2.42) 3/32 4/23 0.76
ESTROFA-LM 2014 Observational 0.65(0.32, 1.31) 10/125 28/230 3.89
K-CTO 2014 Observational 0.80(0.42, 1.54) 18/201 22/201 4.52
[VUS-XPL 2015 RCT —— 0.49(0.29, 0.82) 19/700 39/700 6.97
CTO-IVUS 2015 RCT + ; 0.37 (0.15,0.93) 5/201 14/201 2.21
Subtotal (I-squared=0.0%, p=0.791) = 0.57(0.43,0.77) 67/1,528  127/1,629  22.19
Overall (I-squared=0.0%, p=0.675) 0.73(0.64,0.84)  390/3,974  545/4291  100.00
T T
0.1 Favours IVUS 1 Favours angiography 10

Figure 2. MACE for IVUS-guided versus angiography-guided PCI stratified by DES generation. The incidence and odds ratios (OR) for
major adverse cardiovascular events (MACE) following both intravascular ultrasound (IVUS)-guided and angiography-guided drug-eluting
stent (DES) implantation. The benefit of [VUS-guided PClI is consistent across both first- and second-generation DES. CI: confidence interval;

RCT: randomised controlled trial

OTHER CLINICAL ENDPOINTS

Seven studies reported the incidence of TVR and eight stud-
ies reported the incidence of TLR. Overall, IVUS-guided PCI
significantly reduced the risk of TVR (OR 0.79, 95% CI: 0.64-
0.98, p=0.04, 1>=23.2%) and TLR (OR 0.66, 95% CI: 0.52-
0.84, p<0.001, 1>=0.0%) (Figure 4). Although IVUS-guided PCI
reduced the incidence of both TVR and TLR in second-generation
DES, only TLR was reduced in first-generation DES (Table 3).
IVUS-guided PCI significantly reduced the risk of ST across both
first- (OR 0.56, 95% CI: 0.40-0.79, p<0.001, 1>=0.0%) and second-
generation DES (OR 0.31, 95% CI: 0.12-0.78, p=0.02, 1>=0.0%).

CUMULATIVE META-ANALYSIS

Finally, we performed a cumulative meta-analysis on the whole
cohort, assessing for temporal trends in the effectiveness of
IVUS-guided PCI (Figure 5). Until the end of 2011 (total of
4,111 patients), the summary OR was 0.83 (95% CI: 0.69-0.99,
p=0.04). However, after this date there was an incremental pro-
gressive trend towards a greater beneficial effect of IVUS-guided
PCI to reduce MACE (total of 4,154 patients), with a summary
OR of 0.60 (95% CI: 0.48-0.75, p<0.001).

Discussion

Our results demonstrate that IVUS-guided DES implantation is
associated with a significant reduction in MACE, when compared
with angiography-guided PCI. Importantly, the benefit of an IVUS-
guided PCI strategy applies across both first- and second-genera-
tion DES. In second-generation DES, IVUS guidance reduces the

incidence of cardiac death and clinical endpoints related to DES
failure. Finally, we show a temporal and progressive improvement
in clinical outcomes for IVUS-guided DES implantation. These
results should continue to encourage the use of IVUS-guided PCI
and reinforce that clinical benefits are maintained independent of
DES type.

Previous meta-analyses have reported that [IVUS-guided DES
implantation is associated with significantly lower rates of MACE,
with an OR of between 0.60 and 0.75%°. However, these three
reports included studies using a mixture of DES types and there
remains uncertainty on the clinical utility of an IVUS-guided
strategy in newer platforms. Here we show that an IVUS-guided
second-generation DES implantation is associated with an ~40%
relative risk reduction of MACE, when compared with an angio-
graphy-guided strategy. Importantly, the majority of the benefit we
observed for IVUS guidance with second-generation DES was in
clinical endpoints of stent failure, including TVR, TLR and ST
(relative risk reductions of 55%, 46% and 80%, respectively).
Based on these data, we find that the number needed to treat using
IVUS to prevent one MACE event during second-generation DES
implantation is ~30 (95% CI: 19.7-57.0). Cost-effectiveness ana-
lyses are now required to assess whether the current threshold for
IVUS use is appropriate or whether operators should be expanding
use to more “routine” cases.

Our results also suggest that there has been a continual temporal
improvement in the reported clinical outcomes for studies assess-
ing the role of IVUS guidance during DES implantation. Although
definitive mechanisms underlying this observation cannot be



Cardiac death

IVUS-guided PCI with DES

First Study o Events, Events, %
author Year type OR (85% C1) treatment  control  weight
First generation
Roy et al 2008 Observational 0.66 (0.35, 1.24) 16/884 24/884 4533
MATRIX 2011 Observational 0.51(0.18, 1.41) 5/548 10/548 17.16
AVIO 2013 RCT = 0.13(0.01, 2.16) 0/142 2/142 2.31
Chen et al 2013 Observational = 1.68(0.28, 9.89) 3/83 2/92 5.65
Tanet al 2015 RCT 0.67(0.11, 4.00) 2/61 3/62 5.60
Subtotal (I-squared=0.0%, p=0.635) <> 0.64 (0.39, 1.04) 26/1,718 41/1,728 76.05
Second generation
RESET 2013 RCT 0.14(0.00, 6.95) 0/269 1/274 1.16
Chen et al 2013 Observational - 0.08 (0.01, 0.86) 0/32 3/23 3.26
K-CTO 2014 Observational 0.42(0.09, 1.86) 2/201 5/201 7.99
IVUS-XPL 2015 RCT 0.61(0.15, 2.43) 3/700 5/700 9.22
CTO-IVUS 2015 RCT 0.13(0.01, 2.16) 0/201 2/201 2.31
Subtotal (I-squared=0.0%, p=0.601) = 0.33(0.14,0.78) 5/1,403 16/1,399 23.95
Overall (I-squared=0.0%, p=0.634) <> 0.55(0.36, 0.83) 31/3,121 57/3,127  100.00
0!1 1 1'0
Favours IVUS Favours angiography
Myocardial infarction
First Study o Events, Events, %
author Year type OR (35% C1) treatment  control  weight
First generation
Roy et al 2008 Observational 0.69 (0.38, 1.25) 18/884 26/884 24.26
HOMEDES IVUS 2010 RCT - 0.29(0.05, 1.73) 1/105 4/105 2.77
MATRIX 2011 Observational —— 0.40(0.22,0.73) 12/548 31/548 23.37
AVIO 2013 RCT 0.82 (0.34,1.96) 10/142 12/142 11.51
Chen et al 2013 Observational -+ 1.24(0.53, 2.88) 13/83 12/92 12.15
Tanet al 2015 RCT - 0.52 (0.05, 5.06) 1/61 2/62 1.67
Subtotal (I-squared=13.6%, p=0.327) <> 0.63 (0.45, 0.89) 55/1,823 87/1,833 75.72
Second generation
RESET 2013 RCT - 0.14(0.01, 2.20) 0/269 21274 1.13
Chen et al 2013 Observational + 1.23(0.27,5.53) 5/32 3/23 3.83
K-CTO 2014 Observational 1.00 (0.50, 2.02) 17/201 17/201 17.63
IVUS-XPL 2015 RCT 0.14(0.00, 6.82) 0/700 1/700 0.57
CTO-IVUS 2015 RCT - 0.13(0.01, 2.16) 0/201 2/201 1.13
Subtotal (I-squared=13.3%, p=0.329) <> 0.82 (0.45, 1.49) 22/1,403 25/1,399 24.28
Overall (I-squared=8.6%, p=0.362) <> 0.67 (0.50, 0.90) 77/3,226  112/3,232  100.00
T T
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Figure 3. Summary plot for clinical endpoints of cardiovascular mortality and myocardial infarction. The incidence and odds ratios (OR) for
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cardiac death (A) and myocardial infarction (B) following both intravascular ultrasound (IVUS)-guided and angiography-guided drug-eluting
stent (DES) implantation, stratified by drug-eluting stent generation. CI: confidence interval; RCT: randomised controlled trial

Table 3. Summary estimates for clinical endpoints following IVUS-guided and angiography-guided DES implantation.

First-generation DES

Second-generation DES

Event rate Event rate
angiogtaphy- 95% CI P OO | puoraphy. 95% CI P (%)

guided PCI guided PCI
MACE 13.2/15.7 0.79 | 0.67-0.92 0.01 0.0 4.4/7.8 0.57 | 0.43-0.77 | <0.001 0.0
Cardiac death 1.5/2.4 0.64 | 0.39-1.04 0.07 0.0 0.3/1.1 0.33 | 0.14-0.78 0.02 0.0
MI 3.0/4.7 0.63 | 0.45-0.89 0.007 13.6 1.6/1.7 0.82 | 0.45-1.49 0.65 18.3
TVR 9.2/10.3 0.88 | 0.70-1.11 0.29 0.0 2.8/5.9 0.47 | 0.28-0.79 0.006 3.7
TLR 5.6/7.9 0.70 | 0.51-0.95 0.02 0.0 3.8/6.0 0.61 | 0.42-0.90 0.01 30.5
ST 2.4/4.2 0.56 | 0.40-0.79 | <0.001 0.0 0.2/1.0 0.31 | 0.12-0.78 0.02 0.0
DES: drug-eluting stent; IVUS: intravascular ultrasound; MACE: major adverse cardiovascular events; MI: myocardial infarction; OR: odds ratio;
ST: stent thrombosis; TLR: target lesion revascularisation; TVR: target vessel revascularisation
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Target vessel revascularisation

First Study o Events, Events, %
author Year type OR (35% C1) treatment  control  weight
First generation ?
Roy et al 2008 Observational — 0.94(0.68, 1.32) 73/884 77/884 39.38
MATRIX 2011 Observational —_— 0.90 (0.62, 1.30) 60/548 66/548 32.00
AVIO 2013 RCT —_— 0.60(0.30, 1.21) 14/142 22/142 9.04
Chen et al 2013 Observational — 0.92 (0.27,3.11) 5/83 6/92 2.96
Subtotal (I-squared=0.0%, p=0.725) e 0.88(0.70, 1.11) 152/1,657  171/1,666  83.39
Second generation
RESET 2013 RCT 0.67(0.32,1.39) 12/269 18/274 8.14
Chen et al 2013 Observational * 0.15(0.03,0.84) 1/32 5/23 1.52
K-CTO 2014 Observational 0.29 (0.08, 1.03) 2/201 8/201 2.80
CTO-IVUS 2015 RCT _— 0.50(0.18, 1.40) 5/201 10/201 415
Subtotal (I-squared=3.7%, p=0.374) = 0.47 (0.28, 0.79) 20/703 41/699 16.61
Overall (I-squared=23.2%, p=0.245) <i> 0.79 (0.64, 0.98) 172/2,360  212/2,365 100.00

0?1 1 1'0

Favours IVUS Favours angiography

Target lesion revascularisation

First Study o Events, Events, %
author Year type OR (35% C1) treatment  control  weight
First generation i
Roy et al 2008 Observational — 0.69 (0.47,1.03) 43/884 61/884 36.95
HOME DES IVUS 2010 —_— 1.00(0.31, 3.20) 6/105 6/105 4.29
AVIO 2013 RCT — 0.74 (0.35, 1.58) 13/142 17/142 10.16
Chen et al 2013 Observational 0.92 (0.27,3.11) 5/83 6/92 3.90
Tanet al 2015 C 0.39(0.14, 1.10) 5/61 12/62 5.57
Subtotal (I-squared=0.0%, p=0.774) < 0.70 (0.51, 0.95) 72/1,275  102/1,285  60.87
Second generation
Chen et al 2013 Observational 0.08 (0.01, 0.86) 0/32 3/23 1.06
K-CTO 2014 Observational 0.86 (0.46, 1.60) 21/201 24/201 15.11
IVUS-XPL 2015 RCT —a 0.52(0.29, 0.91) 17/700 33/700 18.20
CTO-IVUS 2015 RCT — 0.62(0.21,1.87) 5/201 8/201 4.76
Subtotal (I-squared=30.5%, p=0.229) <> 0.61 (0.42, 0.90) 43/1,134 68/1,125  39.13
Overall (I-squared=0.0%, p=0.607) <> 0.66 (0.52, 0.84) 115/2,409  170/2,410  100.00

0?1 1 1'0

Favours IVUS Favours angiography

Stent thrombosis
First Study o Events, Events, %
author Year type OR (35% C1) treatment  control  weight
First generation f
Roy et al 2008 Observational — 0.58(0.40, 0.85) 41/881 69/881 69.62
HOME DES IVUS 2010 RCT —_— 0.66 (0.19, 2.34) 4/105 6/105 6.46
MATRIX 2011 Observational —_— T 0.60(0.15, 2.43) 3/548 5/548 5.36
COBIS 2011 Observational i 0.37 (0.05, 2.61) 1/487 3/487 2.69
Chen et al 2013 Observational T 0.28 (0.06, 1.43) 1/83 5/92 3.92
Subtotal (I-squared=0.0%, p=0.913) < 0.56 (0.40, 0.79) 50/2,104 88/2,113  88.05
Second generation E
RESET 2013 RCT 1.02 (0.06, 16.33) 1/269 1/274 1.35
Chen et al 2013 Observational 0.35(0.03, 3.59) 1/32 2123 1.90
K-CTO 2014 Observational 0.13(0.03, 0.66) 0/201 6/201 4.00
IVUS-XPL 2015 RCT ¥ 1.00(0.14, 7.11) 2/700 2/700 2.69
CTO-IVUS 2015 RCT H 0.13(0.01, 1.30) 0/201 3/201 2.01
Subtotal (I-squared=0.0%, p=0.450) —— = 0.31(0.12,0.78) 4/1,403 14/1,399  11.95
Overall (I-squared=0.0%, p=0.730) <E> 0.52(0.38,0.72) 54/3,507  102/3,512 100.00
T T
0.1 1 10

Favours IVUS

Favours angiography

Figure 4. Summary plot for stent-specific endpoints of target vessel/lesion revascularisation and stent thrombosis. The incidence and odds
ratios (OR) for target vessel revascularisation (4), target lesion revascularisation (B) and stent thrombosis (C) following both intravascular
ultrasound (IVUS)-guided and angiography-guided drug-eluting stent (DES) implantation, stratified by drug-eluting stent generation.

CI: confidence interval; RCT: randomised controlled trial
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Figure 5. Cumulative meta-analysis by year of study publication. Cumulative meta-analysis with odds ratios for major adverse cardiovascular
events (MACE) by year of study publication showing a continual and progressive benefit of IVUS-guided DES implantation.

provided by the current analysis, this evolutionary effect may be
a consequence of operators becoming increasingly aware of what
constitutes optimal stent deployment. The use of IVUS allows
operators to evaluate stent expansion quantitatively, with under-
expansion independently associated with repeat revascularisation
and ST*. Additionally, the continual improvement in IVUS cathe-
ter technology and image resolution now makes it easier for opera-
tors to identify small edge-related complications of PCI; including
inflow/outflow dissections and geographical miss of plaque, which
have potential to impact on long-term prognosis®*. Further trials
that refine our definitions of IVUS-guided optimal stent deploy-
ment are now required to ensure treatment benefits are consistent

across interventional institutions.

Limitations

There are some limitations to this study that should be highlighted.
Firstly, the definitions of MACE differed among studies. However,
the clinical benefit of IVUS-guided PCI was observed across all
study endpoints and we observed no statistical heterogeneity for
the outcome of MACE among studies. Secondly, we were unable
to obtain trial-specific DES outcomes for 17 studies identified by
our systematic search criteria, and inclusion of these data may
have affected the final results. Third, most studies in the current
analysis were observational studies. In an effort to ensure that our
results were robust, we used propensity-matched data when avail-
able, with a sensitivity analysis limited to randomised controlled
trial data showing similar findings.

Conclusions

IVUS guidance is associated with a significant reduction in MACE
when utilised during PCI with both first- and second-generation
DES platforms. These data should support the use of IVUS-guided

PCI for contemporary revascularisation procedures, especially in
patient and lesion subsets that are known to have a worse clini-
cal prognosis.

Impact on daily practice

IVUS-guided PCI is known to improve clinical outcomes dur-
ing implantation of DES, particularly in the treatment of com-
plex lesion subsets. However, there remains uncertainty as to
whether this beneficial effect is limited to first-generation DES
platforms. These data suggest that IVUS guidance is associated
with a significant reduction in adverse events during implanta-
tion of both first- and second-generation DES, supporting [IVUS
use during the contemporary procedures performed in daily
clinical practice.
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Online Table 1. Systematic search strategy for MEDLINE database.

‘ Searches ‘ Results
1 3>|(t[;alig[jans§.r;(1)§raphy, interventional/ or intravascular 20,537
2 | exp percutaneous coronary intervention/ 42,534
3 | exp drug-eluting stents/ 7,972
4 | exp coronary artery disease/ 48,706
5 | exp angioplasty, balloon, coronary/ 34,179
6 | exp coronary angiography/ 55,312
7 |2o0rb 42,534
8|1lor6 72,926
9 |3and4and7and 8 733

Online Table 2. Risk of bias summary in accordance with Cochrane Collaboration methods.

Random Allocation Blinding of Blinding of Selective
sequence concealment | participants and outcome

Incomplete

outcome data reporting Overall

gene_ratio_n (selgction personnel _ asses_smer_lt (attfition blas) (rep_orting judgement
(selection hias) bias) (performance bias)| (detection bias) bias)

Agostoni et al High High High Unclear Low Low High
Roy et al High High High Low Low Low Moderate
MAIN-COMPARE High High High Unclear Low Low High
Kim et al High High High Low Unclear Low High
HOME DES IVUS High Unclear High Unclear Low High High
MATRIX High High High Low Low Low High
COBIS High High High High High Low High
Chen et al High High High Low Low Low High
RESET Low Unclear High Unclear Low Low Low
AVIO High Low High Low Low Low Moderate
ESTROFA-LM High High Low Low Low Low Low
K-CTO High High High Low Low Low High
CTO-IVUS Low Unclear Unclear Low Low Low Low
IVUS-XPL Low Low High Low Low Low Low
Tan et al High Unclear High Unclear Unclear High High
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8 MACE

S First Study o Events, Events, % weight

g' author Year type OR (35% C1) treatment  control (V)

= First generation ;

N Agostoni et al 2005 Observational < 0.35(0.07, 1.86) 2/24 7/34 0.72

= Roy et al 2008 Observational 2 0.87(0.67, 1.13) 128/887 143/884  29.63

N HOMEDES IVUS 2010 RCT = 0.91(0.40, 2.11) 12/105 13/105 2.87
MATRIX 2011 Observational 0.74 (0.53,1.03) 71/549 92/549 17.83
COBIS 2011 Observational — 0.89(0.60, 1.31) 53/487 59/487 12.88
AVIO 2013 RCT —— 0.60(0.34, 1.07) 24/142 36/142 5.97
Chen et al 2013 Observational - 0.88(0.43,1.79) 18/83 22/92 3.99
ESTROFA-LM 2014 Observational = 0.86 (0.28, 1.56) 7/108 29/307 2.73
Tanet al 2015 RCT = . 0.40(0.16, 1.01) 8/61 17/62 2.32
|-V Subtotal (I-squared=0.0%, p=0.727) < 0.79(0.67,0.92)  323/2,446  418/2,662  79.13
D+L Subtotal < 0.79 (0.67, 0.92)
Second generation
RESET 2013 RCT 0.59 (0.28, 1.24) 12/269 20/274 3.69
Chen et al 2013 Observational -— 0.49(0.10, 2.45) 3132 4/23 0.78
ESTROFA-LM 2014 Observational - 0.83(0.29, 1.34) 10/125 28/230 349
K-CTO 2014 Observational - 0.80(0.42, 1.54) 18/201 22/201 4.65
IVUS-XPL 2015 RCT _— 0.47 (0.27, 0.83) 19/700 39/700 6.41
CTO-IVUS 2015 RCT - 0.34(0.12, 0.96) 5/201 14/201 1.85
I-V Subtotal (I-squared=0.0%, p=0.777) N 0.56 (0.41,0.77) 67/1528  127/1629  20.87
D+L Subtotal p 0.56 (0.41,0.77)
Heterogeneity between groups: p=0.060
|-V Overall (I-squared=0.0%, p=0.861) X 0.74 (0.64, 0.85) 390/3,974  545/4,291 100.00
D+L Overall . 0.74 (0.64, 0.85)

T T
0.1 Favours IVUS 1 Favours angiography 10

Online Figure 1. MACE for IVUS-guided versus angiography-guided PCI stratified by DES generation using random-effects model and
inverse variance method.

MACE
First Study o Events, Events, %
author Year type OR (35% C1) treatment  control  weight
First generation i
HOME DES IVUS 2010 RCT 0.91(0.40, 2.10) 12/105 13/105 1143
AVIO 2013 RCT 0.60(0.34,1.07) 24/142 36/142 24.52
Tanet al 2015 RCT T 0.42 (0.17,1.07) 8/61 17/62 10.37
Subtotal (I-squared=0.0%, p=0.442) @ 0.62(0.41,0.93) 44/308 66/309 46.32
Second generation i
RESET 2013 RCT 0.60(0.29, 1.22) 12/269 20/274 15.58
IVUS-XPL 2015 RCT — & 0.49(0.29, 0.82) 19/700 39/700 28.73
CTO-IVUS 2015 RCT . 0.37(0.15,0.93) 5/201 14/201 9.37
Subtotal (I-squared=0.0%, p=0.719) <j> 0.49(0.34,0.72) 36/1,170 73/1,175  53.68
Overall (I-squared=0.0%, p=0.719) 0.55(0.41,0.72) 80/1,478  139/1,484 100.00
T T
0.1 1 10
Favours IVUS Favours angiography

Online Figure 2. MACE for IVUS-guided versus angiography-guided PCI in randomised controlled trials stratified by DES generation using
Peto model.




IVUS-guided PCI with DES |
=
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S
E-

MACE @
<
First Study o Events, Events, % %
author Year type OR (35% C1) treatment  control  weight g
N
First generation =
HOME DES IVUS 2010 ACT 0.91(0.40, 2.11) 12/105 13/105 12.40 N
AVIO 2013 ACT 0.60 (0.34, 1.07) 24/142 36/142 25.82 ~
Tanetal 2015 ACT 0.40(0.16, 1.01) 8/61 17/62 10.03
[V Subtotal (I-squared=0.0%, p=0.429) 0.61(0.40, 0.94) 44/308 66/309  48.26
D+L Subtotal 0.61 (0.40, 0.94)

Second generation

RESET 2013 ACT — 0.59(0.28, 1.24) 12/269 20/274 15.98
IVUS-XPL 2015 ACT 0.47(0.27,0.83) 19/100 39/700 21.76
CTO-IVUS 2015 ACT 0.34(0.12, 0.96) 5/201 14/201 8.00
-V Subtotal (I-squared=0.0%, p=0.692) 0.48(0.32,0.73) 38/1,170 73/1,175 5174
D-+L Subtotal 0.48(0.32,0.73)

Heterogeneity between groups: p=0.422
|-V Overall (I-squared=0.0%, p=0.689)
D+L Overall

0.54(0.40,0.73) 80/1,478  139/1,484 100.00
0.54 (0.40,0.73)

bl

0.1 1 10
Favours IVUS Favours angiography

Online Figure 3. MACE for IVUS-guided versus angiography-guided PCI in randomised controlled trials:stratified by DES generation using
random-effects model and inverse variance method.




