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Abstract
Background: Pre-stenting intravascular ultrasound (IVUS) assessment is helpful for appropriate stent siz-
ing and determination of the stent landing zone during percutaneous coronary intervention.
Aims: The aim of this meta-analysis was to investigate the effect of pre-stenting IVUS evaluation on pro-
cedural and clinical outcomes for diffuse lesions treated with drug-eluting stents (DES).
Methods: In four randomised trials comparing IVUS- and angiography-guided DES placement, a total of 
1,396 patients who underwent DES implantation with IVUS guidance were identified. Pre-stenting IVUS 
assessment was performed in 905 patients along with post-stenting IVUS (65%; pre-stenting IVUS(+) 
group). Post-stenting IVUS evaluation alone was conducted on 491 patients (35%; pre-stenting IVUS(−) 
group). 
Results: The pre-stenting IVUS(+) group had a larger angiographic minimal lumen diameter and IVUS-
derived minimal stent area (MSA) than did the pre-stenting IVUS(−) group. After adjusting, these findings 
were consistent. The one-year composite of cardiac death, myocardial infarction, and target vessel revascu-
larisation did not differ between the groups. In subgroup analysis, the pre-IVUS(+) group was significantly 
favoured over the pre-IVUS(−) group in the subset of patients with acute myocardial infarction and lesions 
with small vessels in terms of larger MSA, and in the subset of patients with chronic total occlusions in 
terms of better clinical outcomes.
Conclusions: Pre-stenting IVUS assessment prior to DES placement was associated with better acute 
procedural outcomes, though this did not translate into one-year clinical outcomes in the context of post-
stenting IVUS assessment.
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Abbreviations
DES drug-eluting stent(s)
IVUS intravascular ultrasound
MI myocardial infarction
MLD minimal lumen diameter
MSA minimal stent area
PCI percutaneous coronary intervention
TVR target vessel revascularisation

Introduction
Pre-stenting intravascular ultrasound (IVUS) assessment can pro-
vide extensive qualitative and quantitative information including 
the measurement of cross-sectional dimensions of the lumen and 
the vessel, and plaque characteristics, which is helpful for appro-
priate stent sizing and determination of the stent landing zone. On 
the other hand, post-stenting IVUS assessment can provide infor-
mation regarding stent underexpansion, malapposition, or edge dis-
section which are the main components of stent optimisation1. The 
clinical usefulness of IVUS guidance during percutaneous coronary 
intervention (PCI) and improvement of clinical outcomes have been 
reported in several meta-analyses and randomised clinical trials2-10. 
However, these studies focused mainly on the role of post-stenting 
IVUS evaluation in relation to the final post-procedure optimisation 
after drug-eluting stent (DES) implantation, and did not specify the 
role of IVUS evaluation before stent implantation. There have been 
no studies to investigate the impact of pre-stenting IVUS evaluation 
on procedural and clinical outcomes. Therefore, this study was 
performed to evaluate the independent role of pre-stenting IVUS 
assessment in IVUS-guided PCI, comparing the acute procedural 
and one-year clinical outcomes after DES implantation between 
patients who underwent pre-stenting IVUS assessment and those 
who did not in the context of post-stenting IVUS assessment.

Editorial, see page 185

Methods
STUDY DESIGN AND POPULATION
This study included four randomised trials comparing IVUS and 
angiography guidance for diffuse long or chronic total occlu-
sion lesions treated with new-generation DES: RESET IVUS 
(Real Safety and Efficacy of 3-Month Dual Antiplatelet Therapy 
Following Endeavor Zotarolimus-eluting Stent Implantation)6, 
CTO-IVUS (Chronic Total Occlusion Intervention with Drug-
eluting Stents Guided by Intravascular Ultrasound)7, IVUS-XPL 
(Impact of IntraVascular UltraSound Guidance on Outcomes 
of Xience Prime Stents in Long Lesions)8, and ULTRA-
ZET (Intravascular Ultrasound Guided Versus Conventional 
Angiography Guided Strategy to Deploy Zotarolimus and 
Everolimus Eluting Third Generation Stents in Long Coronary 
Artery Lesions). Detailed explanations of these studies are 
shown in Supplementary Table 1. Each study included in the 
present analysis was approved by the institutional review board 
or ethics committee at each participating centre, and all patients 
provided written informed consent. Briefly, patients with dif-
fuse long lesions with stent length ≥26–28 mm or chronic total 
occlusion treated with new-generation DES were included. All 
patients underwent post-stenting IVUS assessment for DES opti-
misation. A total of 1,396 patients were identified and divided 
into two groups based on whether they underwent pre-stent-
ing IVUS evaluation - the patients who underwent pre-stenting 
IVUS assessment as well as post-stenting evaluation (pre-
stenting IVUS(+) group) versus the patients who underwent 
post-stenting evaluation alone (pre-stenting IVUS(−) group). 
The statisticians from each trial obtained patient-level data by 
directly accessing the study databases. Data about the baseline 
characteristics of the patients, procedure information, and clini-
cal events were collected. These data were pooled and analysed 
in a single data set.

Pre-stenting
IVUS (+)
group:

Pre-stenting
IVUS

assessment

Yes

No

Yes 2.68
p<0.001 p=0.020 p=0.867

5.71 3.1

2.60 5.48 3.2

Yes

Post-stenting
IVUS

assessment

Final
angiographic
MLD (mm)

Final
IVUS-measured

MLA (mm2)

Event rate of cardiac 
death, MI and TVR

at 1 year (%)

Assessment of only
post-stenting

IVUS

Assessment of both
pre-stenting

and post-stenting
IVUS

Pre-stenting
IVUS (−)
group:

2.4 2.5 2.6 2.7 5.4 5.6 5.8 0 2 4

Visual summary. Acute and one-year outcomes of pre-stenting intravascular ultrasound: a meta-analysis of randomised clinical trials.
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QUANTITATIVE CORONARY ANALYSES, IVUS EXAMINATIONS 
AND IVUS ANALYSES
Detailed methods are provided in Supplementary Appendix 1.

ENDPOINTS, DEFINITIONS, AND FOLLOW-UP
The occurrence of the composite outcome of cardiac death, myo-
cardial infarction (MI), or target vessel revascularisation (TVR) 
after one year was assessed. The individual components of the 
composite outcome were assessed. The specific endpoint defini-
tions applied in each trial were also incorporated into the study. 
All deaths were considered cardiac deaths unless a definite non-
cardiac cause was established11. MI after hospital discharge was 
defined as the presence of clinical symptoms, changes on elec-
trocardiography, or abnormal imaging findings that indicated MI 
along with an increase in the creatine kinase myocardial band frac-
tion above the upper normal limit or an increase in troponin T or 
I level greater than the 99th percentile of the upper normal limit, 
regardless of interventional procedures8. Stent thrombosis was 
defined as definite or possible stent thrombosis according to the 
Academic Research Consortium definition11. TVR was defined as 
repeat PCI or bypass surgery of the target vessel for either of the 
following reasons: 1) presence of ischaemic symptoms or posi-
tive stress test results and angiographic diameter stenosis ≥50% as 
measured via quantitative coronary analyses, or 2) angiographic 
diameter stenosis ≥70% without ischaemic symptoms or positive 
stress test results6-8. Clinical follow-up and assessment were per-
formed in the hospital after 1, 3, 6, and 12 months via either clinic 
visit or telephone interview.

STATISTICAL ANALYSIS
Detailed methods are provided in Supplementary Appendix 1.

Results
BASELINE CHARACTERISTICS AND DETERMINANTS OF THE 
USE OF PRE-STENTING IVUS
Pre-stenting IVUS assessment was performed in 905 patients 
(65%; the pre-stenting IVUS(+) group), and post-stenting IVUS 
assessment alone was conducted in 491 patients (35%; the pre-
stenting IVUS(−) group). Baseline clinical, angiographic, and 
procedural characteristics are presented in Table 1. The propor-
tion of patients who maintained dual antiplatelet therapy at 12 
months was similar between the groups (66% vs 65%, p=0.703). 
On multivariable analysis for the major determinants of the usage 
of pre-stenting IVUS, younger age, treatment of the left anterior 
descending artery, and chronic total occlusions were considered 
significant factors (Supplementary Table 2). The groups were 
comparable after inverse probability of treatment weighting adjust-
ment (Supplementary Table 3) and after propensity score match-
ing (Supplementary Table 4). As for procedural characteristics, 
the pre-stenting IVUS(+) group had a significantly greater stent 
diameter even with an angiographically similar reference vessel 
diameter than the pre-stenting IVUS(−) group. Consequently, the 
maximal stent diameter-to-reference vessel ratio was significantly 

higher in the pre-stenting IVUS(+) group than in the pre-stenting 
IVUS(−) group. As compared to the pre-stenting IVUS(−) group, 
the pre-stenting IVUS(+) group had a less frequent use of adju-
vant post-dilation including high-pressure ballooning (≥15 atm) 
but a greater size of final balloon used.

ACUTE PROCEDURAL OUTCOMES
Acute procedural angiographic and IVUS outcomes are presented in 
Table 2. The pre-stenting IVUS(+) group had a significantly larger 
final angiographic minimal lumen diameter (MLD) than the pre-
stenting IVUS(−) group (2.68±0.41 vs 2.60±0.40 mm, p<0.001) 
(Figure 1A). The pre-stenting IVUS(+) group had a consistently 
larger final angiographic MLD than the pre-stenting IVUS(−) group 
after inverse probability of treatment weighting adjustment and after 
propensity score matching (Figure 1B). Similarly, the pre-stenting 
IVUS(+) group had a significantly greater IVUS-derived minimal 
stent area (MSA) than the pre-stenting IVUS(−) group (5.71±1.74 
vs 5.48±1.79 mm2, mean difference=0.23 mm2, 95% confidence 
interval [CI]: 0.04‒0.42, p=0.020) (Figure 1C). These findings were 
consistent after adjustment with inverse probability weighting and 
with propensity score matching (Figure 1D). In the sensitivity ana-
lyses, these findings were consistent in a model accounting for 
trial site (5.70±1.76 vs 5.48±1.80 mm2, p=0.001), and in the popu-
lation after exclusion of the patients with chronic total occlusions 
(5.81±1.75 vs 5.48±1.81 mm2, p=0.003). Although plaque burden 
(%) was similar between the groups at the proximal stent edge, the 
dissection at the proximal stent edge was significantly less frequent 
in the pre-stenting IVUS(+) group than in the pre-stenting IVUS(−) 
group (3% vs 6%, p=0.003) (Table 2). At the distal stent edge, there 
was a trend towards less plaque burden with less frequency of dis-
section in the pre-stenting IVUS(+) group than in the pre-stenting 
IVUS(−) group.

In the subgroup analyses of the difference in the final MSA 
between the two groups, a significant interaction was observed 
according to the presence of acute MI (p-interaction=0.021) and 
the reference vessel diameter (p-interaction=0.036) (Figure 2). In 
the subsets of patients with acute MI or reference vessel diameter 
<3 mm, the pre-stenting IVUS(+) group showed a significantly 
greater MSA than the pre-stenting IVUS(−) group. A significant 
interaction according to the presence of acute MI was noted even 
after adjustment for reference vessel diameter, and interaction 
according to the reference diameter was also noted after adjust-
ment for lesion length (Supplementary Table 5). There were no 
significant interactions according to each trial (p-interaction=0.22). 
The between-trial forest plot for the difference in the final MSA 
to assess heterogeneity is presented in Supplementary Figure 1.

CLINICAL OUTCOMES
Clinical outcomes one year after DES placement are presented in 
Table 3. The composite of cardiac death, MI, and TVR after one 
year was not different between the two groups (3.1% vs 3.2%; 
hazard ratio [HR] 0.95, 95% CI: 0.50‒1.78, p=0.867) (Figure 3A). 
These findings were consistent after adjustment with inverse 
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probability weighting (Figure 3B) and with propensity score 
matching (Figure 3C). These findings were consistent in the popu-
lation after the exclusion of patients with chronic total occlusions 
(3.4% vs 2.6%; HR 1.31, 95% CI: 0.64‒2.68, p=0.467), and in 
a model with site as a random effect (3.1% vs 3.2%; HR 0.94, 
95% CI: 0.49‒1.79, p=0.889). In the occurrence of individual 
events, no significant difference was observed (Table 3).

In the subgroup analyses of the composite of cardiac death, 
MI, and TVR, a significant interaction was observed according 
to age (p-interaction=0.029), chronic total occlusions (p-interac-
tion=0.022) and lesion length (p-interaction=0.047) (Figure 4). 
In particular, in the subset of chronic total occlusion, the pre-
stenting IVUS(+) compared to the pre-stenting IVUS(−) group 
showed a better composite outcome. The between-trial forest plot 
for the composite of cardiac death, MI, and TVR is presented in 

Supplementary Figure 2. Heterogeneity in the overall trials was 
observed because of the CTO-IVUS trial, which enrolled the only 
subset of chronic total occlusions. However, there was no signi-
ficant heterogeneity after excluding the CTO-IVUS trial.

Discussion
The primary findings of this study are as follows. 1) Procedural 
factors, including stent size and the rate of adjunctive post-
dilation, were significantly different between the pre-stenting 
IVUS(+) and pre-stenting IVUS(−) groups. DES with a signi-
ficantly larger diameter were implanted and resulted in a less fre-
quent adjuvant post-dilation but with a larger-sized balloon used in 
the pre-stenting IVUS(+) group compared with the pre-stenting(−) 
group. 2) The patients who underwent pre-stenting IVUS assess-
ment had better acute procedural outcomes, such as a larger final 

Table 1. Clinical, angiographic, and procedural characteristics.

Variable
Pre-stenting IVUS (+) 

n=905
Pre-stenting IVUS (−) 

n=491
p-value

Age, years 62±10 64±9 <0.001

Male 650 (72%) 343 (70%) 0.439

Body mass index, kg/m2 24.8±2.9 24.5±3.0 0.052

Hypertension 569 (63%) 318 (65%) 0.483

Diabetes mellitus 312 (35%) 185 (38%) 0.233

Current smoker 225 (25%) 119 (24%) 0.796

Prior myocardial infarction 41 (5%) 26 (5%) 0.523

Clinical presentation Stable angina 557 (62%) 282 (57%)

0.016Unstable angina 269 (30%) 142 (29%)

Acute myocardial infarction 79 (9%) 67 (14%)

Coronary arteries treated Left anterior descending 563 (62%) 243 (50%)

<0.001Left circumflex 111 (12%) 99 (20%)

Right coronary artery 231 (26%) 149 (30%)

Chronic total occlusions 214 (24%) 45 (9%) <0.001

Moderate to severe calcification 166 (18%) 80 (16%) 0.337

Preprocedural 
quantitative coronary 
angiography

Reference vessel diameter, mm 2.86±0.45 2.85±0.47 0.635

Minimal lumen diameter, mm 0.71±0.55 0.76±0.47 0.073

Diameter stenosis, % 75.68±18.28 73.19±15.99 0.011

Lesion length, mm 35.69±14.05 35.02±13.35 0.388

Type of drug-eluting 
stent

Everolimus-eluting 541 (60%) 388 (79%)

<0.001Zotarolimus-eluting 257 (28%) 90 (18%)

Biolimus-eluting 107 (12%) 13 (3%)

Mean stent diameter per lesion, mm 3.08±0.37 3.00±0.37 <0.001

Maximum stent diameter per lesion, mm 3.17±0.38 3.05±0.05 <0.001

Total stented length per lesion, mm 40.09±17.18 37.91±15.46 0.016

No. of stents per lesion 1.47±0.64 1.30±0.54 <0.001

Ratio of maximal stent diameter to reference 1.13±0.17 1.09±0.16 <0.001

Adjunct post-dilation 539 (60%) 381 (78%) <0.001

High-pressure adjunct post-dilation 345 (38%) 240 (49%) <0.001

Final balloon size, mm 3.17±0.45 3.06±0.42 <0.001

Values are mean±standard deviation or number (%). IVUS: intravascular ultrasound
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angiographic MLD, a larger IVUS-derived MSA, and a trend for 
less plaque burden at stent edges with fewer dissections, thereby 
improving stent optimisation, compared with those who did not. 
Also, the benefit of greater MSA was prominent in the subsets of 
patients with acute MI and small vessels. 3) In terms of the occur-
rence of major cardiac events, no significant differences were 
observed in this study based on whether or not pre-stenting IVUS 
assessment was performed. However, in the subgroup analyses, 
the pre-stenting IVUS(+) group showed a better clinical outcome 
than the pre-stenting IVUS(−) group, especially in the subset of 
chronic total occlusion.

Recent randomised clinical trials and meta-analyses have shown 
the superiority of IVUS-guided DES implantation to angiography-
guided DES implantation and have reported that the achievement 
of stent optimisation via post-stenting IVUS assessment can be 
considered the main mechanism6-10. However, there has been no 
definite evidence regarding the exact role and clinical implica-
tion of IVUS according to the procedural steps, particularly pre-
stenting IVUS assessment. According to the Assessment of Dual 
Antiplatelet Therapy With Drug-Eluting Stents (ADAPT-DES) 
trial, IVUS was used only before PCI in 7% of patients, only after 

PCI in 30% of patients, and both before and after PCI in 63% of 
patients in the IVUS-guided group12. Thus, even in patients who 
underwent IVUS-guided PCI, all patients did not undergo pre-
stenting IVUS evaluation. Similarly to the ADAPT-DES study, 
approximately one third of patients who underwent IVUS guidance 
did not undergo pre-stenting IVUS assessment in this study. There 
were some specific patients and lesion subsets which favoured pre-
stenting IVUS evaluation, and there were significantly different 
procedural factors between the pre-stenting IVUS(+) and the pre-
stenting IVUS(−) groups. In particular, DES with a significantly 
larger diameter were inserted despite the similar vessel sizes based 
on quantitative coronary analyses. This resulted in a greater diam-
eter-to-vessel ratio with less frequent adjuvant post-dilation but 
with a larger-sized balloon used in the pre-stenting IVUS(+) group 
compared with the pre-stenting(−) group. As a result, pre-stenting 
IVUS evaluation could cause changes in PCI strategy from stent 
selection to the final adjuvant post-dilation.

As for procedural outcomes, the pre-stenting IVUS(+) group 
had a larger final angiographic MLD and post-procedural IVUS-
derived MSA than the pre-stenting IVUS(−) group. Final angio-
graphic MLD and post-procedural MSA are the most important 
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Figure 1. Acute procedural angiographic and IVUS outcomes. Cumulative frequency of final post-procedural MLD on angiogram (A), MLD 
before and after adjustment (B), cumulative frequency of final post-procedural MSA on IVUS (C), and MSA before and after adjustment (D). 
IPTW: inverse probability of treatment weighting; IVUS: intravascular ultrasound; MLD: minimal lumen diameter; MSA: minimal stent area; 
PS: propensity score
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and well-known parameters for predicting future major adverse 
cardiac events13-15. Pre-stenting IVUS evaluation could provide 
information for optimised stenting - cross-sectional measure-
ments of the vessel and lumen, longitudinal evaluation for the 
determination of covered lesions, and analyses of plaque charac-
teristics and evaluation of vessel complications16. The find-
ing of a tendency of less plaque burden with less frequency 
of dissection at the distal stent edge, and a significantly lower 

frequency of dissection at the proximal edge in the pre-stent-
ing IVUS(+) group than in the IVUS(−) group also support the 
benefit of pre-stenting IVUS evaluation which can minimise the 
risks related to geographic miss. However, the beneficial effects 
of pre-stenting IVUS assessment did not improve clinical out-
comes in this study. Such a result may be explained by the fol-
lowing: all patients underwent post-stenting IVUS assessment, 
which was able to evaluate optimal expansion and detect various 

Table 2. Acute procedural angiographic and intravascular ultrasound outcomes.

Variable
Pre-stenting IVUS (+) 

n=905
Pre-stenting IVUS (−) 

n=491
p-value

Acute angiographic outcomes

Post-procedural reference vessel diameter, mm 3.06±0.43 2.99±0.44 0.002

Post-procedural minimal 
lumen diameter, mm

Unadjusted 2.68±0.41 2.60±0.40 <0.001

IPTW-adjusted 2.67±0.41 2.62±0.41 0.040

Propensity score-matched 2.66±0.42 2.59±0.38 0.011

Post-procedural diameter stenosis, % 12.39±8.49 12.64±8.33 0.597

Acute gain, mm 1.97±0.67 1.84±0.57 <0.001

Acute IVUS outcomes

Proximal reference EEM area, mm2 17.74±5.13 16.56±4.95 <0.001

Proximal reference lumen area, mm2 9.20±3.10 8.51±3.29 0.001

Plaque burden at proximal stent edge, % 52.5±9.6 52.8±9.1 0.662

Dissection at proximal stent edge 23 (3%) 28 (6%) 0.003

MSA, mm2 Unadjusted 5.71±1.74 5.48±1.79 0.020

IPTW-adjusted 5.73±1.76 5.53±1.84 0.041

Propensity score-matched 5.73±1.73 5.47±1.73 0.040

Plaque burden at distal stent edge, % 40.1±10.5 41.4±11.4 0.083

Dissection at distal stent edge 30 (3%) 24 (5%) 0.146

Distal reference EEM area, mm2 9.91±4.08 10.06±4.40 0.568

Distal reference lumen area, mm2 6.11±2.03 5.97±2.04 0.206

MSA ≥distal lumen area 531 (59%) 279 (57%) 0.503

Ratio of MSA to distal lumen area, % 97±26 95±21 0.030

Ratio of MSA to mean reference lumen area, % 76±18 76±17 0.836

Meeting the IVUS optimisation criteria 490 (54%) 249 (51%) 0.220

Values are mean±standard deviation or number (%). EEM: external elastic membrane; IPTW: inverse probability of treatment  weighting; 
IVUS: intravascular ultrasound; MSA: minimal stent area

Table 3. Clinical outcomes after one year.

Clinical outcomes
Pre-stenting 

IVUS (+) 
n=905

Pre-stenting 
IVUS (−) 
n=491

Unadjusted  HR 
(95% CI)

p-value
IPTW-adjusted HR 

(95% CI)
p-value

PS-matched HR 
(95% CI)

p-value

A composite of cardiac death, 
myocardial infarction and target 
vessel revascularisation

27 (3.1%) 15 (3.2%) 0.95 (0.50–1.78) 0.867 0.95 (0.52–1.74) 0.863 1.05 (0.45–2.47) 0.914

Cardiac death 2 (0.2%) 2 (0.4%) 0.53 (0.08–3.78) 0.529 1.25 (0.18–8.60) 0.818 0.97 (0.06–15.49) 0.969

Myocardial infarction 0 1 (0.2%) – – – – – –

Stent thrombosis 2 (0.2%) 1 (0.2%) 1.08 (0.10–11.95) 0.948 1.65 (0.15–22.25) 0.998 1.01 (0.07–17.84) 0.999

Target vessel revascularisation 25 (2.9%) 13 (2.8%) 1.01 (0.52–1.98) 0.975 0.94 (0.50–1.78) 0.941 1.06 (0.43–2.60) 0.905

Values are presented as number (%). CI: confidence interval; HR: hazard ratio; IPTW: inverse probability of treatment weighting; IVUS: intravascular ultrasound; PS: propensity score
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mechanical problems. Thus, even though the pre-stenting IVUS 
evaluation was not performed and the implantation of DES did 
not initially achieve optimisation, i.e., the choice of a relatively 

small-sized diameter of DES, the post-stenting IVUS assessment 
could fix stent underexpansion and other stent-related problems 
by the use of different PCI strategies.

−0.1 −0.5 0 0.5 1.0 1.5

Overall 905 491 5.71 5.48 0.020 

Age

      <65 years 479 226 5.80 5.63 0.242 
0.653

      ≥≥65 years 426 265 5.62 5.36 0.055

Sex

      Men 650 226 5.80 5.54 0.008 
0.131

      Women 255 148 5.34 5.35 0.964

Hypertension

      Yes 569 318 5.73 5.56 0.184 
0.491

      No 336 173 5.69 5.34 0.027

Diabetes

      Yes 312 185 5.52 5.44 0.647 
0.255

      No 593 306 5.81 5.51 0.012

Chronic occlusions

      Yes 214 45 5.41 5.47 0.815 
0.208

      No 691 446 5.81 5.48 0.003

Location

      LAD 563 243 5.61 5.29 0.008 
0.505

      LCX or RCA 342 248 5.87 5.68 0.221

Acute MI

      Yes 79 67 6.10 5.23 0.005 
0.021

      No 826 424 5.68 5.52 0.142

Reference diameter

      <3 mm 580 314 5.11 4.75 <0.001 
0.036

      ≥≥3 mm 325 177 6.78 6.79 0.966

Lesion length 

      <30 mm 553 176 5.79 5.44 0.036 
0.376

      ≥≥30 mm 552 315 5.67 5.50 0.194

Pre-
stenting
IVUS (+)

No. of patients Mean MSA (mm2) Difference in MSA (95% confidence interval)
Pre-

stenting
IVUS (−)

Pre-
stenting
IVUS (+)

Pre-
stenting
IVUS (−)

Favours
Pre-stenting IVUS (−)

Favours
Pre-stenting IVUS (+) p-value

p-interaction

Figure 2. Subgroup analyses of the difference in the final minimal stent area between the two groups. IVUS: intravascular ultrasound; 
LAD: left anterior descending; LCX: left circumflex; MI: myocardial infarction; MSA: minimal stent area; RCA: right coronary artery
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Figure 3. Kaplan-Meier survival curves for the clinical outcomes after one year. IPTW: inverse probability of treatment weighting; 
IVUS: intravascular ultrasound; MI: myocardial infarction; PS: propensity score; TVR: target vessel revascularisation
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Interestingly, the difference in MSA between the pre-stenting 
IVUS(+) and pre-stenting IVUS(−) groups was prominent in the sub-
sets of patients with acute MI. These results are in accordance with 
the findings of the ADAPT-DES study where the benefit of IVUS 
guidance was more prominent in patients with acute coronary syn-
drome13. Another subset included patients with small vessel disease. 
In previous studies, the discrepancy between angiography and IVUS 
in terms of reference diameters was greater in smaller vessels; such 
results support the present findings17. In addition, as for the clinical 
outcomes, a significant interaction was observed favouring pre-stent-
ing IVUS evaluation for the subsets of elderly patients with chronic 
total occlusions or lesion length ≥30 mm. In particular, in the subset 
of chronic total occlusion, the pre-stenting IVUS(+) group showed 
a significantly better 12-month outcome than the pre-stenting IVUS(−) 
group. In case of PCI for chronic total occlusions, the determination 
of stent sizing and length is difficult due to the long-term reduced 
flow and negative vessel remodelling. Nonetheless, the benefit of 
IVUS in these procedures goes beyond optimising stent expansion 
(larger MSA). Particularly for the lesions with chronic total occlu-
sions, IVUS may play a crucial role for monitoring different steps 

during both anterograde and retrograde PCI procedures. However, this 
advantage related to pre-stenting IVUS was not explored in this study 
since randomisation was carried out after successful wire crossing.

Limitations
This study had limitations. First, this was not a randomised trial but 
a post hoc analysis of pooled data. The decision to use pre-stent-
ing IVUS guidance was at the discretion of the physician. Although 
the confounders were treated with the inverse probability of treat-
ment weighting and propensity score-matched analyses, a ran-
domised clinical trial is required. Also, data regarding the reasons 
for pre-IVUS assessment, which might be informative to elucidate 
the role of pre-IVUS assessment, were not collected. Second, the 
recommendations for the treatment strategies were not pre-specified 
according to the pre-IVUS findings. Similarly, the treatment strate-
gies were not pre-specified in the patients who did not undergo pre-
IVUS assessment. Third, this study only included diffuse long or 
chronic total occlusive lesions. Fourth, qualitative angiographic and 
IVUS assessments were not performed. Fifth, the clinical follow-up 
duration was relatively short, and the event rate is relatively small. 

0.01 0.1 1 10 100

Overall 27/905 (3.1%) 15/491 (3.2%) 0.867 

Age

      <65 years 15/479 (3.2%) 2/226 (0.9%) 0.095 
0.029

      ≥≥65 years 12/426 (2.9%) 13/265 (5.2%) 0.134

Sex

      Men 22/650 (3.5%) 12/343 (3.7%) 0.859 
0.995

      Women 5/255 (2.1%) 3/148 (2.2%) 0.932

Hypertension

      Yes 18/569 (3.3%) 12/318 (4.0%) 0.579 
0.422

      No 9/336 (2.8%) 3/173 (1.8%) 0.547

Diabetes

      Yes 9/312 (3.1%) 8/185 (4.7%) 0.332 
0.240

      No 18/593 (3.1%) 7/306 (2.3%) 0.525

Chronic occlusions

      Yes 4/214 (2.0%) 4/45 (8.9%) 0.028 
0.022

      No 23/691 (3.4%) 11/446 (2.6%) 0.467

Location

      LAD 17/563 (3.1%) 6/243 (2.6%) 0.736 
0.556

      LCX or RCA 10/342 (3.0%) 9/248 (3.8%) 0.612

Acute MI

      Yes 4/79 (5.2%) 3/67 (4.5%) 0.895 
0.883

      No 13/826 (2.9%) 12/424 (3.0%) 0.900

Reference diameter

      <3 mm 14/580 (4.0%) 12/314 (2.5%) 0.205 
0.072

      ≥≥3 mm 13/325 (4.1%) 3/177 (1.8%) 0.186

Lesion length

      <30 mm 13/353 (3.8%) 2/176 (1.2%) 0.125 
0.047

      ≥≥30 mm 14/552 (2.6%) 13/315 (4.3%) 0.170

Hazard ratio (95% confidence interval)Pre-stenting
IVUS (+)

n/N
(event rate)

Pre-stenting
IVUS (−)

n/N
(event rate)

Favours
Pre-stenting IVUS (+)

Favours
Pre-stenting IVUS (−) p-value

p-interaction

Figure 4. Subgroup analysis of the composite of cardiac death, myocardial infarction, and target vessel revascularisation after one year 
between the two groups. IVUS: intravascular ultrasound; LAD: left anterior descending; LCX: left circumflex; MI: myocardial infarction; 
RCA: right coronary artery
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Thus, a much larger number of patients and longer study duration 
are needed in order to demonstrate any differences in clinical out-
comes. Sixth, all patients in this analysis underwent IVUS assess-
ment after DES placement to achieve optimisation, which might 
have weakened the actual effect of pre-IVUS evaluation. Thus, the 
effect of pre-IVUS assessment on acute procedural and clinical out-
comes could be underestimated in this analysis. However, assess-
ment of IVUS only before DES placement without any after DES 
placement is rarely performed in real-world clinical practice.

Conclusions
The patients who underwent pre-stenting IVUS assessment in the 
context of post-stenting IVUS assessment had better acute pro-
cedural outcomes, such as a larger final angiographic MLD and 
IVUS-derived MSA, compared with those who did not. This bene-
fit was prominent in the subsets of patients with acute MI and 
small vessels. Though no significant differences were observed in 
terms of the occurrence of major cardiac events after DES implan-
tation based on whether or not pre-stenting IVUS assessment was 
performed in this study, a much larger number of patients and 
longer study duration would be needed in order to demonstrate 
any differences definitively.

Impact on daily practice
The effect of pre-stenting intravascular ultrasound (IVUS) 
evaluation on outcomes has not been independently evaluated. 
The patients who underwent pre-stenting IVUS assessment had 
better acute procedural outcomes, such as a larger final angio-
graphic minimal lumen diameter and IVUS-derived minimal 
stent area, thereby improving stent optimisation. This benefit 
was prominent in the subsets of patients with acute myocardial 
infarction and small vessels. Thus, pre-stenting IVUS can be 
useful to achieve better acute procedural outcomes, particularly 
in patients with acute myocardial infarction and small vessels.
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Supplementary data 

 

Supplementary Appendix 1. Methods 

Quantitative coronary analyses, IVUS examinations and analyses 

The reference vessel diameter, minimum luminal diameter (MLD), and percent diameter 

stenosis were measured based on diastolic frames in a single, matched view showing the 

smallest MLD. Severe calcification was defined as radiopaque densities noted without 

cardiac motion prior to contrast injection and generally involving both sides of the arterial 

wall. 

 

IVUS examinations were performed with commercially available imaging systems (40-MHz 

IVUS catheter [Boston Scientific Corp., Marlborough, MA, USA]; 20-MHz IVUS catheter 

[Volcano Corp., Rancho Cordova, CA, USA]). Using planimetry software (echoPlaque 

version 3.0; INDEC Systems, Santa Clara, CA, USA), cross-sectional lumen, stent, and 

vessel areas were measured at the proximal and distal references and the minimal stent area 

(MSA) site. Vessel area and lumen area at the proximal and distal stent edges were measured, 

and plaque burden (%) was calculated as (vessel area-lumen area)/vessel area. The presence 

of dissection at the stent edges was defined as tears in the plaque parallel to the vessel wall 

with visualisation of blood in the false lumen. For the evaluation of stent expansion, absolute 

expansion, defined as MSA with an absolute measure, and relative expansion, defined as the 

percent ratio of MSA to the mean reference lumen area or the percent ratio of MSA to distal 

lumen area, were assessed. In the RESET IVUS, IVUS-XPL, and ULTRA-ZET trials, IVUS 

criteria for stent optimisation were defined as a minimal lumen cross-sectional area greater 

than the lumen cross-sectional area at the distal reference segments. In the CTO-IVUS trial, 

the following criteria were used: 1) minimal stent area ≥distal reference lumen area; 2) stent 

area at chronic total occlusion segment ≥5 mm2 as far as vessel area permits; and 3) complete 

stent apposition. Analysts who were blinded to patient and procedural information analysed 

all images at the Cardiovascular Research Center core laboratory (Seoul, South Korea). 

 

Statistical analysis  

Continuous variables were presented as mean±standard deviation, and categorical variables 

were presented as numbers (percentages). Continuous and categorical variable data were 

analysed using the Student’s t-test and the chi-square test. Cumulative incidence values were 



 

calculated using the Kaplan-Meier method and were compared using log-rank tests.  

 

To reduce the impact of selection bias and potential confounding, (1) the inverse probability 

of treatment weighting, and (2) propensity score-matched analyses were performed. A 

propensity score was obtained by modelling pre-stenting IVUS guidance in a logistic 

regression model with the covariates that were significant in the univariate analysis or those 

that were clinically relevant, which included age, sex, body mass index, clinical presentation 

of acute MI, chronic total occlusions, treated artery (left anterior descending vs non-left 

anterior descending), reference vessel diameter, lesion length, and presence of moderate to 

severe calcification.  

 

Predictors of pre-stenting IVUS use were determined by binary logistic analyses including 

the variables with p<0.15 in univariable analyses.  

 

For the sensitivity analyses, a mixed-effects model with random effect for trial site was 

analysed, and the analyses for the population after exclusion of the patients with chronic total 

occlusions were performed. Two-sided p-values were used, and a p-value <0.05 was 

considered statistically significant. Statistical analyses were performed using SAS, version 

9.1.3 (SAS Institute, Cary, NC, USA).  

 

 



 

 

 

 

 

 

Supplementary Figure 1. Between-trial forest plot for the difference in the final minimal stent area. 

 

 

  



 

 

A) 

 

B) 

 

 

 

Supplementary Figure 2. Between-trial forest plot for the composite of cardiac death, myocardial infarction and target vessel revascularisation. 

A) Overall trials.  B) Three trials without the CTO-IVUS trial. 

 

 



 

Supplementary Table 1. Summary of analysed studies. 

Enrolled 

study 

Number of 

patients with 

IVUS 

guidance* 

Patients with 

pre-stenting 

IVUS 

evaluation 

Major inclusion Lesion 

characteristics 

Stent type Primary endpoint 

RESET IVUS 297 220 (74%) Patients with typical chest pain 

or evidence of myocardial 

ischaemia 

Long lesions with 

implanted stent 

≥28 mm 

EES (XIENCE V) and 

ZES (Endeavor Sprint) 

MACE (composite of 

cardiac death, MI, TVR or 

stent thrombosis) at 1 year 

CTO-IVUS 231 212 (92%) Patients with chronic total 

occlusions with typical 

symptomatic angina or positive 

test results for functional 

evaluation of ischaemia 

Lesions with 

chronic total 

occlusions 

BES (Nobori) and ZES 

(Resolute Integrity) 

Cardiac death at 1 year 

IVUS-XPL 708 418 (59%) Patients with typical chest pain 

or evidence of myocardial 

ischaemia 

Long lesions with 

implanted stent 

≥28 mm 

EES (XIENCE Prime) MACE (composite of 

cardiac death, target lesion-

related MI, and ischaemia-

driven TLR) at 1 year 

ULTRA-ZET† 160 55 (34%) Patients with typical chest pain 

or evidence of myocardial 

ischaemia 

Long lesions with 

implanted stent 

≥26 mm 

EES (Promus Element) 

and ZES (Resolute 

Integrity) 

MACE (composite of 

cardiac death, MI, TVR or 

stent thrombosis) at 1 year 

*The enrolled number for per-protocol analyses. †The ULTRA-ZET trial was terminated early because of delayed enrolment and launching of updated 

versions of drug-eluting stents. BES: biolimus-eluting stent; CTO-IVUS: Chronic Total Occlusion InterVention with drug-eluting Stents; EES: everolimus-

eluting stent; IVUS: intravascular ultrasound; IVUS-XPL: the Impact of Intravascular Ultrasound Guidance on Outcomes of Xience Prime Stents in Long 

Lesions; MACE: major adverse cardiac events; MI: myocardial infarction; RESET: Real Safety and Efficacy of a 3-Month Dual Antiplatelet Therapy 

Following Zotarolimus-Eluting Stents Implantation; TLR: target lesion revascularisation; TVR: target vessel revascularisation; ULTRA-ZET: Intravascular 

ULTrasound Guided Versus Conventional Angiography Guided Strategy to Deploy Zotarolimus and Everolimus Eluting Third Generation Stents in the 

Long Coronary Artery Lesions; ZES: zotarolimus-eluting stent 



 

Supplementary Table 2. Major determinants of pre-stenting intravascular ultrasound use 

prior to adjustment. 

 Univariable analysis  Multivariable analysis 

 OR 95% CI p-value  OR 95% CI p-value 

Age, per 1-year increase 0.98 0.96‒0.99 <0.001  0.98 0.97‒0.99 <0.001 

Male 1.10 0.86‒1.40 0.439  ‒   

Body mass index, per 1 

kg/m2 increase 

1.04 1.01‒1.08 0.052  1.02 0.98‒1.06 0.312 

Hypertension 0.92 0.73‒1.16 0.483  ‒   

Diabetes mellitus 0.87 0.69‒1.09 0.233  ‒   

Current smoking 1.03 0.80‒1.34 0.796  ‒   

Prior myocardial 

infarction 

0.85 0.51‒1.41 0.524  ‒   

Clinical presentation at 

index procedure: acute 

myocardial infarction 

0.61 0.43‒0.86 0.004  0.72 0.50‒1.03 0.069 

Treated arteries: left 

anterior descending 

artery  

1.68 1.35‒2.10 <0.001  1.96 1.55‒2.48 <0.001 

Chronic total occlusions 3.07 2.18‒4.32 <0.001  3.31 2.32‒4.72 <0.001 

Preprocedural reference 

vessel diameter, per 1 

mm increase 

1.06 0.83‒1.35 0.635  ‒   

Variables <0.15 in univariable analysis were entered in multivariable analysis.  

CI: confidence interval; OR: odds ratio 

 



 

Supplementary Table 3. Clinical and angiographic characteristics after inverse 

probability of treatment weighting adjustment. 

 
Pre-stenting 

IVUS(+) 

Pre-stenting 

IVUS(‒) 
p-value 

Age, years 63±10 63±10 0.910 

Male 71% 72% 0.776 

Body mass index, kg/m2 24.7±3.0 24.8±3.1 0.660 

Hypertension 63% 63% 0.966 

Diabetes mellitus 35% 37% 0.296 

Current smoking 24% 27% 0.534 

Prior myocardial infarction 4% 6% 0.140 

Clinical presentation   0.963 

Stable or unstable angina 90% 90%  

Acute myocardial infarction 10% 10%  

Coronary arteries treated   0.784 

   Left anterior descending 58% 56%  

   Left circumflex or right coronary artery 42% 44%  

Chronic total occlusions 19% 18% 0.813 

Moderate to severe calcification 17% 17% 0.834 

Pre-intervention quantitative coronary 

angiography 

   

Reference vessel diameter, mm 2.86±0.46 2.85±0.48 0.485 

   Minimal lumen diameter, mm 0.75±0.54 0.73±0.53 0.322 

   Diameter stenosis, % 74.18±17.96 74.62±17.94 0.650 

   Lesion length, mm 35.48±13.79 36.04±15.08 0.468 

Type of drug-eluting stent   0.003 

Everolimus-eluting stent 64% 72%  

Zotarolimus-eluting stent 27% 22%  

Biolimus-eluting stent 9% 6%  

Mean stent diameter per lesion, mm 3.09±0.37 3.01±0.38 <0.001 

Maximum stent diameter per lesion, mm 3.17±0.39 3.06±0.40 <0.001 

Total stented length per lesion, mm 39.61±16.84 39.19±17.44 0.649 

No. of stents per lesion 1.45±0.63 1.35±0.61 0.003 

Ratio of stent diameter to reference 1.13±0.17 1.10±0.17 0.005 

Adjunct post-dilation 61% 76% <0.001 

Final balloon size, mm 3.18±0.47 3.08±0.43 0.002 

Values are median (interquartile range) or number (%).  

IVUS: intravascular ultrasound 

 

 

  



 

Supplementary Table 4. Clinical and angiographic characteristics after propensity score 

matching. 

 

Pre-stenting 

IVUS(+) 

N=401 

Pre-stenting 

IVUS(‒) 

N=401 

p-value 

Age, years 64±10 64±9 0.454 

Male 72% 71% 0.751 

Body mass index, kg/m2 24.6±2.6 24.6±3.0 0.663 

Hypertension 64% 66% 0.455 

Diabetes mellitus 33% 38% 0.210 

Current smoking 22% 25% 0.406 

Prior myocardial infarction 4% 5% 0.211 

Clinical presentation   0.902 

Stable or unstable angina 90% 89%  

Acute myocardial infarction 10% 11%  

Coronary arteries treated   >0.999 

   Left anterior descending 55% 56%  

   Left circumflex or right coronary artery 45% 44%  

Chronic total occlusions 8% 9% 0.503 

Moderate to severe calcification 17% 16% >0.999 

Pre-intervention quantitative coronary angiography    

Reference vessel diameter, mm 2.86±0.46 2.84±0.46 0.453 

   Minimal lumen diameter, mm 0.82±0.50 0.78±0.48 0.186 

   Diameter stenosis, % 71.68±16.58 72.39±16.37 0.522 

   Lesion length, mm 35.99±13.37 34.62±12.77 0.133 

Type of drug-eluting stent   0.019 

Everolimus-eluting stent 71% 79%  

Zotarolimus-eluting stent 26% 18%  

Biolimus-eluting stent 3% 3%  

Mean stent diameter per lesion, mm 3.10±0.38 2.99±0.36 <0.001 

Maximum stent diameter per lesion, mm 3.17±0.40 3.05±0.38 <0.001 

Total stented length per lesion, mm 38.37±16.38 37.73±14.87 0.124 

No. of stents per lesion 1.44±0.59 1.30±0.54 <0.001 

Ratio of stent diameter to reference 1.12±0.16 1.09±0.15 0.018 

Adjunct post-dilation 63% 79% <0.001 

Final balloon size (mm) 3.16±0.44 3.03±0.40 0.002 

Values are median (interquartile range) or number (%). IVUS: intravascular ultrasound 



 

Supplementary Table 5. Subgroup analyses of the difference in the final minimal stent 

area after adjustment. 

 

 Adjusted MSA (mm2) 
p-interaction after 

adjustment  
Pre-stenting 

IVUS(+) 

Pre-stenting 

IVUS(-) 

Acute MI*   0.042 

   Yes (n=146) 6.06±0.19 5.34±0.21  

   No (n=1,250) 5.69±0.60 5.48±0.84  

Reference diameter†   0.028 

   <3 mm (n=894) 5.12±0.06 4.74±0.09  

   ≥3 mm (n=502) 6.78±0.08 6.79±0.11  

* Adjusted with pre-interventional reference vessel diameter. 

† Adjusted with lesion length. 

 

 


