
C L I N I C A L  R E S E A R C H
CORONARY  INTERVENT IONS

e475

EuroIntervention 2
0
1
8

;14
:e

475
-e

4
8

4  published online ahead of p
rint M

arch 2
0
1
8

 
 published online e

-edition July 2
0
1
8

 
D

O
I: 10

.4
2

4
4

/E
IJY1

8
M

0
3

_0
1

© Europa Digital & Publishing 2018. All rights reserved.

Corresponding author: Department of Cardiology, Bern University Hospital, 3010 Bern, Switzerland. 
E-mail: Konstantinos.koskinas@insel.ch

The article has been co-published with permission in EuroIntervention [DOI: 10.4244/EIJY18M03_01] and Circulation Journal 
[DOI:10.1253/circj.CJ-17-1144]. All rights reserved in respect of Circulation Journal, and in respect of EuroIntervention.

Current use of intracoronary imaging in interventional 
practice – Results of a European Association of Percutaneous 
Cardiovascular Interventions (EAPCI) and Japanese 
Association of Cardiovascular Interventions and Therapeutics 
(CVIT) Clinical Practice Survey

Konstantinos C. Koskinas1*, MD; Masato Nakamura2, MD; Lorenz Räber1, MD, PhD; 
Roisin Colleran3, MD; Kazushige Kadota4, MD; Davide Capodanno5, MD, PhD; 
William Wijns6, MD, PhD; Takashi Akasaka7, MD; Marco Valgimigli1, MD, PhD; 
Giulio Guagliumi8, MD; Stephan Windecker1, MD; Robert A. Byrne3,9, MD, PhD

1. Department of Cardiology, Bern University Hospital, Switzerland; 2. Toho University, Ohashi Medical Center, Tokyo, 
Japan; 3. Deutsches Herzzentrum München, Technische Universität München, Munich, Germany; 4. Kurashiki Central 
Hospital, Kurashiki, Japan; 5. Ferrarotto Hospital, University of Catania, Catania, Italy; 6. The Lambe Institute for 
Translational Medicine and Curam Saolta University Healthcare Group, Galway, Ireland; 7. Wakayama Medical 
University, Wakayama, Japan; 8. Interventional Cardiology Unit, Azienda Ospedaliera Papa Giovanni XXIII, Bergamo, 
Italy; 9. DZHK (German Centre for Cardiovascular Research), partner site Munich Heart Alliance, Munich, Germany

This paper also includes supplementary data published online at: http://www.pcronline.com/eurointervention/137th_issue/82

Abstract
Aims: This study evaluated the views of the cardiology community on the clinical use of coronary intra-
vascular imaging (IVI).

Methods and results: A web-based survey was distributed to 31,893 individuals, with 1,105 responses 
received (3.5% response rate); 1,010 of 1,097 respondents (92.1%) self-reported as interventional cardio-
logists, 754 (68.7%) with >10 years experience. Overall, 96.1% had personal experience with IVI (95.5% 
with intravascular ultrasound [IVUS], 69.8% with optical coherence tomography [OCT], and 7.9% with 
near-infrared spectroscopy); 34.7% of respondents were from Europe and 52.0% were from Asia (45.4% 
from Japan). The most commonly reported indications for IVI were optimization of stenting (88.5%), pro-
cedural/strategy guidance (79.6%), and guidance of left main interventions (77.0%). Most respondents 
reported perceived equipoise regarding choice between IVUS and OCT for guidance of coronary inter-
vention. High cost (65.9%) and prolongation of the procedure (35.0%) were the most commonly reported 
factors limiting use. IVI was used more frequently (>15% of cases guided by IVI) in Japan than Europe 
(96.6% vs. 10.4%, respectively; P<0.001) and by operators with longer interventional experience.

Conclusions: In a sample of predominantly experienced interventional cardiologists, there was a high rate 
of personal experience with IVI in clinical practice. The most commonly identified indications for IVI were 
optimization of stenting, procedural/strategy guidance, and guidance of left main interventions. Variability 
in practice patterns is substantial according to geographic region and interventional experience.
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Introduction
In past decades, coronary intravascular imaging (IVI) has evolved 
from a primary research tool to a relatively frequently used adjunc-
tive diagnostic modality in clinical practice.1 A growing body of 
evidence supports a role for intravascular ultrasound (IVUS) and 
optical coherence tomography (OCT) in optimizing procedural 
results,2,3 and improving clinical outcomes of selected patients 
undergoing percutaneous coronary interventions (PCIs).4 In cur-
rent European clinical practice guidelines, IVUS imaging is rec-
ommended to optimize stent implantation in selected patients and 
to assess the severity and optimize treatment of left main lesions 
(Class IIa).5 In addition, both IVUS and OCT are recommended 
for the assessment of mechanisms of stent failure (Class IIa).5 IVI 
modalities also permit quantification of atheroma burden and char-
acterization of coronary plaque composition in vivo.1 Lesions with 
high-risk characteristics defined by IVUS,6,7 near-infrared spectro-
scopy (NIRS),8 and OCT9 have been associated with subsequent 
adverse clinical outcomes, and ongoing studies are evaluating 
whether detection of high-risk plaques with these modalities may 
be clinically useful.

The perceptions of the global interventional community con-
cerning the adoption of IVI in current practice are poorly defined. 
Moreover, although there is some evidence of geographic varia-
tions in the clinical use of IVI in patients undergoing PCI,10 this 
issue has not been assessed systematically. In addition, against 
a background of controversy regarding the usefulness of IVI for 
plaque assessment,11 little is known about the opinion of practic-
ing interventional cardiologists in this respect. Against this back-
ground, the European Association of Percutaneous Coronary 
Interventions (EAPCI) and Japanese Association of Cardiovascular 
Interventions and Therapeutics (CVIT) undertook a web-based 
clinical practice survey with the aim of evaluating the views of the 
cardiology community on the clinical use of coronary IVI.

Methods
A voluntary survey was jointly performed by the EAPCI and 
CVIT. The survey was conducted using a free web-based tool 
(SurveyMonkey, Palo Alto, CA, USA) and comprised multiple-
choice questions. The questionnaire (Tables S1,S2) was drafted 
by the EAPCI Scientific Documents Committee and approved by 
the EAPCI and CVIT boards. It was not mandatory to respond 
to all questions. The survey could be filled out anonymously, but 
respondents had the opportunity to provide their email address 
and receive a summary of the information collected. Invitations 
were sent on 5 June 2017 to 25,776 EAPCI and 6,117 CVIT email 
recipients. Reminders were issued on 12 and 29 June, and the sur-
vey closed on 8 July 2017.

Results are reported as numbers (percentages) and were com-
pared using Chi-squared tests. Results were stratified for sub-
groups of interest including region or country of practice and level 
of interventional experience. Two-sided P<0.05 was considered 
statistically significant. Analyses were performed using SPSS ver-
sion 17.0 (SPSS Inc., Chicago, IL, USA).

Table 1. Respondent characteristics.

Age group (years) (1,099 responses)
<40 246 (22.4)

40-50 450 (40.9)

>50 403 (36.7)

Professional status (1,097 responses)
Interventional cardiologist with >10 years experience 754 (68.7)

Interventional cardiologist with 5-10 years experience 181 (16.5)

Interventional cardiologist with <5 years experience 75 (6.8)

Non-interventional cardiologist 27 (2.5)

Cardiologist in training 21 (1.9)

Other 39 (3.6)

Region (1,088 responses)
Europe 377 (34.7)

Asia 566 (52.0)

Africa 18 (1.6)

North America 64 (5.9)

South America 44 (4.0)

Australia 19 (1.8)

Institution (1,091 responses)
University hospital 456 (41.8)

Non-academic public hospital 348 (31.9)

Private institution 287 (26.3)

Data are given as n (%).

Results
RESPONDENT CHARACTERISTICS
Of the 31,893 invitations sent, survey responses were received from 
1,105 individuals (3.5%). Personal and professional information 
with regard to age, geographic region of practice, and professional 
status was provided by 1,078 individuals (97.6%). Respondent 
characteristics are summarized in Table 1. Participants were more 
frequently practicing at university hospitals (42.0%); 36.6% were 
working at low-volume centers (<400 PCIs performed per year), 
39.2% were working in intermediate-volume centers (between 400 
and 1,000 PCIs per year), and 24.2% were working in high-volume 
centers (>1,000 PCIs per year). Respondents were predominantly 
interventional cardiologists with >10 years experience (68.7%).

As shown in Figure S1, 34.7% of respondents were from 
Europe and 52.0% were from Asia. Countries with greatest contri-
bution were Japan (45.4%), Italy (6.3%), the US (4.0%), the UK 
(3.3%), Germany (3.0%), and Switzerland (2.1%). For region-
related stratified analyses, respondents were grouped as European 
(n=377; 34.7%), Japanese (n=489; 45.4%), or participants from 
other regions (n=215; 19.9%).

IVI FOR GUIDING INTERVENTIONS
Overall, 96.1% of respondents had personal experience with intra-
coronary imaging (95.5% with IVUS, 69.8% with OCT, and 7.9% 
with NIRS). There were no substantive region-related differences 
concerning personal experience with each modality.
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Most respondents (51.3%) reported using coronary IVI in >15% 
of cases (Figure 1A). There were significant differences in usage 
according to the country of practice (Figure 1B): IVI was used 
more frequently in clinical practice (>15% of caseload guided by 
IVI) in Japan compared with Europe or other regions (96.6% vs. 
10.4% and 21.0%, respectively; P<0.001). There were also signi-
ficant differences in usage according to the interventional experi-
ence of respondents (Figure 1C): IVI was used more frequently 
in clinical practice (>15% of caseload guided by IVI) by oper-
ators with longer interventional experience (>10 years: 58.9%; 
5-10 years: 48.9%; <5 years: 16.9%; P<0.001).

The most frequently reported indications for IVI were optimi-
zation of the procedural result of stenting in selected cases (i.e., 
post-procedural imaging; 88.5%), guidance of clinical decision 

making and procedural strategy planning in selected cases (pre-
procedural imaging; 79.6%), and guidance of left main inter-
ventions (77.0%). The least common reported indication was 
assessment of the severity of intermediate non-left main lesions 
(27.1%; Figure 1D). Most respondents reported perceived equi-
poise regarding the choice between IVUS and OCT for guidance 
of coronary intervention; 56.5% of respondents believed that the 
value of IVUS vs. OCT depends on the specific anatomic setting 
and patient characteristics, whereas few considered either OCT 
(13.3%) or IVUS (12.9%) to be superior for PCI guidance and 
optimization (Figure 2). Regarding the assessment of intermedi-
ate left main lesions, IVUS was considered superior by 31.8% 
of respondents, whereas 28.4% of participants considered a non-
imaging approach based on fractional flow reserve (FFR) superior; 
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Figure 1. (A-C) Personal experience with intravascular ultrasound (IVUS) and/or optical coherence tomography (OCT). Respondent answers 
are shown to the question, “Do you have personal experience with performing IVI (IVUS, OCT, NIRS)? (Only 1 answer possible.)” in the 
overall sample (A), as well as stratified by region (B) and years of interventional experience (C). IVI, intravascular imaging; NIRS, near-
infrared spectroscopy. (D) Clinical indications for IVUS/OCT. Respondents were asked, “In your opinion, what are the clinical indications for 
IVUS or OCT? (More than 1 answer possible.)”. CTO: chronic total occlusion.
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24.8% of respondents considered these 2 modalities of comparable 
value in decision making and 15.0% responded that there is no 
conclusive evidence from comparative analyses.

Available evidence regarding IVI for PCI guidance and optimi-
zation was judged as good, average, and poor by 36.3%, 45.7%, 
and 12.9% of operators, respectively, without significant region-
related differences. The vast majority (91.3%) responded that IVI 
has the potential to improve clinical outcomes of PCI (with similar 
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Figure 2. IVUS vs. OCT for percutaneous coronary intervention 
guidance and optimization. Respondents were asked, “In your 
opinion, which IVI modality (IVUS vs. OCT) is superior for guidance 
and optimization of coronary interventions? (Only 1 answer 
possible.)”. CTO: chronic total occlusion.
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Figure 3. Imaging-guided percutaneous coronary intervention and clinical outcomes. Respondent answers are shown to the question, “Do you 
believe that IVUS or OCT guidance for coronary interventions improves clinical outcomes compared with angiography-only guidance? 
(Only 1 answer possible.)” for (A) the overall sample and (B) stratified by region. CTO: chronic total occlusion.

proportions across regions), although 42.6% believed that current 
evidence in this respect is not definitive (Figure 3A). The propor-
tion of respondents who were not convinced about the potential of 
catheter-based imaging to improve clinical outcomes was lower 
for respondents from Japan (5.3%) compared with Europe (12.1%) 
or other regions (13.4%; P<0.01; Figure 3B). Most respondents 
(73.5%) estimated that the use of IVI will increase in the future, 
either slightly (43.3%) or greatly (33.2%; Figure 4). Regarding 
research in the field, 35.3% responded that future studies should 
determine specific criteria for corrective measures in case of 
abnormal imaging findings (e.g., to define thresholds of malappo-
sition or underexpansion that justify post-dilatation, or the extent 
of edge dissection to justify implantation of a new stent), and 
22.9% believed that studies should focus on head-to-head com-
parison of IVUS vs. OCT guidance in specific patient and lesion 
subsets (Figure 5).

High cost was the most commonly reported reason limiting 
the clinical use of IVI (65.9%), although this was less common 
among respondents from Japan (57.1%) vs. Europe (77.9%) or 
other regions (84.0%; P<0.01). Other common reasons included 
prolongation of the procedure (35.0%; 22.6% of Japanese vs. 
52.6% of European respondents; P<0.001) and reimburse-
ment issues (29.3%; without significant region-related differ-
ences). Respondents from Japan, compared with Europe or other 
regions, less frequently cited lack of training, absence of estab-
lished criteria for corrective measures, and absence of estab-
lished clinical value of IVI as limiting factors (Figure 6). Risk 
of complications and absence of established clinical value were 
overall the least commonly reported limiting factors (9.5% and 
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8.3%, respectively; Figure 6). Respondents with <5 years inter-
ventional experience more commonly reported prolongation of 
the procedure (56.9% vs. 35% in the overall sample) and lack of 
training in use and interpretation of these modalities (30.8% vs. 
17.1% overall) as limiting factors, without differences regarding 
the perceived risk of procedural complications (10.8% vs. 9.5% 
of all respondents).

IVI OF NATIVE ATHEROSCLEROSIS
Current evidence regarding coronary IVI for detection of vul-
nerable plaques was rated as good, average, and poor by 27.3%, 

43.9%, and by 28.8% of respondents, respectively (Figure 7A, B). 
A multimodality approach was considered more suited to detect 
vulnerable plaques by 38.1% of respondents, followed by OCT 
(33.8%), IVUS-based technologies (10.3%), and NIRS (7.1%). 
When appraising the current and future role of IVI for evaluation 
of native coronary atherosclerosis, 60.6% responded that it may 
become an important tool to detect and potentially treat high-risk 
plaques (no significant differences across regions), and 46.3% 
responded that serial imaging is clinically useful to evaluate the 
effects of medical interventions on plaque progression or regres-
sion and changes in plaque morphology (60.7% of respondents 
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Figure 4. Expectations of future clinical use of intravascular imaging. Respondents answers are shown to the question, “How do you foresee 
the adoption of intravascular imaging (IVI) for guiding and optimizing coronary interventions in the future? (Only 1 answer possible.)” for 
(A) the overall sample and (B) stratified by region.
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from Japan vs. 31.5% from Europe and 38.0% from elsewhere; 
P<0.001). For 21.5% of respondents, IVI of native atherosclero-
sis is seen purely as a research tool that will not become useful to 
detect or potentially treat high-risk plaques (15.1% vs. 27.6% and 
24.5% of respondents from Japan vs. Europe and other regions, 
respectively; P<0.01; Figure 7C,D).

Sensitivity analyses in Asian respondents comparing Japanese 
vs. non-Japanese participants in relation to personal experience 
with performing IVI, perceptions regarding the effect of IVUS or 
OCT guidance on clinical outcomes, and evaluation of current evi-
dence regarding IVI for detection of vulnerable plaques are shown 
in Figures S2-S4.

Discussion
Observational studies and randomized trials have provided com-
pelling evidence of the value of coronary IVI for improving PCI 

outcomes in properly selected patients. The present clinical prac-
tice survey evaluated current adoption rates, operator percep-
tions, and expectations concerning IVI in interventional practice. 
In a selected sample of predominantly experienced interventional 
cardiologists, we found a high level of confidence in the clini-
cal value of IVUS and OCT for guiding and optimizing coronary 
interventions, and reasonable consistency between operator-
reported practice patterns and current guideline recommendations. 
The present study also highlights perceived unmet needs concern-
ing research in the field and documents substantial geographic 
variability in practice patterns, findings that deserve consideration 
in future study planning and upcoming recommendations by inter-
national societies. Finally, this survey shows a relatively favorable 
predisposition regarding the potential of these modalities to detect 
vulnerable plaques, although critical responses in this respect were 
not uncommon.
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factors limiting the use of IVI in clinical practice? (More than 1 answer possible.)” for (A) the overall sample and (B) stratified by region. 
CTO: chronic total occlusion.
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Although angiography has been the long-time workhorse for 
coronary interventions, it provides only 2-dimensional repre-
sentation of the coronary anatomy without direct information 
on vessel dimensions, burden of atherosclerosis, or stent-related 
mechanical problems. In the present survey, reported indica-
tions for adjunctive catheter-based imaging largely match current 
recommendations on the clinical use of IVUS and OCT,5 suggest-
ing awareness of the strengths, limitations, and recommended 
use of these modalities in interventional practice. Several factors 
perceived to limit the use of IVI were identified, including pri-
marily high cost, reimbursement issues and prolongation of the 

procedure. These considerations should be interpreted in light of 
differences in reimbursement policies across countries (e.g., more 
liberal reimbursement in Japan). However, one should also con-
sider that: (1) the clinical use of IVUS was reportedly low, even 
in higher-income countries without restrictive limitations in reim-
bursement (e.g., IVI was used frequently by 9.1% of respondents 
in Switzerland vs. 10.4% of respondents from Europe overall); 
and (2) IVUS-guided PCI appears to be a cost-effective approach 
according to a dedicated economic analysis.12 Therefore, claims of 
high cost may not fully explain the relatively limited use of IVI in 
countries outside Japan. Clinical use of these invasive modalities 
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Figure 7. (A,B) Respondents’ views regarding intravascular imaging (IVI) for vulnerable plaque detection. Recent studies (the PROSPECT 
study) and ongoing investigations (PROSPECT II, Lipid Rich Plaque) have focused on plaque characteristics of lesions associated with 
subsequent clinical events. In the present study, respondents were asked, “How do you judge current evidence regarding IVI for detection of 
“vulnerable” plaques, i.e., plaques perceived to be at high risk of triggering future cardiovascular events? (Only 1 answer possible.)”. 
Responses are shown in the overall sample (A) and stratified by region (B). (C,D) Respondents’ views of current and future roles of IVI for 
native atherosclerosis. IVI allows quantification of plaque burden and assessment of plaque morphology of native atherosclerotic lesions. 
Respondents were asked, “How do you consider the current and future role of IVI (IVUS, OCT, NIRS) for evaluation of native coronary 
atherosclerosis? (More than 1 answer possible.)”. Responses are shown in the overall sample (C) and stratified by region (D).
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was overall considered safe, and the risk of procedural complica-
tions was infrequently reported as a limiting factor, even among 
less-experienced interventional cardiologists. Notably, lack of 
training in use and interpretation of these techniques and prolon-
gation of the procedure were more common concerns for operators 
with fewer years of experience, which likely accounts, in part, for 
the less frequent use of IVI in those with less experience com-
pared with more-experienced operators.

IVUS and OCT each have inherent strengths and limita-
tions (e.g., higher resolution at the expense of lower penetration 
for OCT). These modalities appear to perform comparably with 
regard to their effect on the procedural result,13 as well as on mid-
term clinical outcomes of coronary interventions.14 Therefore, 
selective utilization of IVUS or OCT in appropriate patient and 
lesion subsets during PCI procedures has been advocated as a rea-
sonable approach.15 Along these lines, most respondents in the 
present survey concurred that the value of IVUS vs. OCT depends 
on the specific anatomic setting and patient characteristics; hence, 
selection of the modality should be individualized accordingly. 
Importantly, these responses were derived from a population with 
high rates of personal experience with IVI (>95%) and in particu-
lar with both IVUS and OCT (almost 70% of operators).

A total of 9 out of 10 respondents were convinced about the 
potential of IVI to improve clinical outcomes beyond improving 
the acute procedural result. This is in accordance with meta-ana-
lyses of randomized trials showing improved clinical outcomes 
(driven by a reduction of ischemia-driven target lesion revascular-
ization) with IVUS- vs. angiography-guided PCI with drug-elut-
ing stents.16,17 Three-quarters of respondents had a positive outlook 
and expected further expansion in the use of these modalities in 
the future. The need to determine specific criteria for corrective 
measures in response to “abnormal” imaging findings was iden-
tified as the main unmet need in research in the field. Given the 
relative paucity of data in this respect, dedicated studies should 
determine specific cut-offs to differentiate clinically relevant 
abnormalities that warrant additional intervention from those that 
may be left untreated with a low risk of adverse clinical sequelae 
(e.g., the extent of malapposition or stent underexpansion where 
post-dilatation is indicated).

IVUS and OCT are known to be used widely in Japan.10 The 
present survey provides direct comparisons among operators from 
different regions around the world and highlights possible factors 
underlying these geographic variations. Most strikingly, almost all 
Japanese operators (97%) replied that they use IVUS or OCT in 
a substantial proportion (>15%) of patients they treat, compared 
with 1 in 10 European respondents. Against this background, the 
fact that many Japanese respondents predicted a further increase 
in the use of IVI is a striking finding that likely reflects the mark-
edly favorable predisposition and high expectations from IVI 
modalities in Japan. Although participants of the present survey 
were overall favorably predisposed concerning the clinical bene-
fit afforded by these modalities, this was even more pronounced 
among operators from Japan and could thereby explain, in part, the 

marked heterogeneity in adoption patterns. Along the same lines, 
the proportion of respondents from Japan who considered high 
cost a relevant limitation was lower compared with other coun-
tries. Collectively, although the findings of differing perceptions 
regarding the cost and clinical value of IVUS and OCT or train-
ing in these modalities provide some insights into the observed 
geographic heterogeneity, they cannot fully explain the substantial 
variation in the clinical use of IVI in Japan vs. other countries.

In contrast with IVUS or OCT in the context of PCI proce-
dures, catheter-based imaging of atherosclerotic lesions that do 
not qualify for immediate treatment has not entered clinical prac-
tice. So-called high-risk or vulnerable plaque characteristics as 
assessed by means of IVUS-virtual histology or NIRS have been 
associated with subsequent clinical outcomes with high negative, 
but low positive predictive value.6-8 The concept of assessing high-
risk plaques and the potential clinical utility of this approach have 
remained controversial.11 In the present survey, almost half of 
respondents felt that there is average evidence to support invasive 
imaging for detection of vulnerable plaques, and considered mul-
timodality imaging most appropriate for this purpose.17 Moreover, 
6 of 10 responded that these techniques may become suitable to 
detect and potentially treat such lesions in the future, although the 
proportion of those who consider this approach purely a research 
tool is not negligible (20%). Region-related differences were also 
observed in this respect; notably, an almost 2-fold lower propor-
tion of respondents from Japan compared with elsewhere had 
a critical opinion and a 2-fold higher proportion from Japan saw 
potential clinical value of serial invasive imaging to assess tempo-
ral changes in plaque burden and composition.

Study limitations
This study has several limitations. First, the generalizability of 
the present findings is limited by the small percentage of invited 
practitioners (3.5%) who participated in the survey, such that the 
results are not necessarily representative of the opinion of the 
cardiology community. However, the proportionally low partici-
pation is consistent with previous EAPCI18 and other international 
surveys19 within the interventional community and is common, 
particularly in surveys targeting professionals at an advanced 
career stage. Second, we cannot exclude selection bias towards 
respondents positively predisposed to the use of IVI, because phy-
sicians with greater interest and personal involvement in these 
modalities may be more likely to participate in the survey. Third, 
the survey provides a snapshot of practice patterns and operator 
perceptions and cannot reflect actual use or address changes over 
time. Fourth, we cannot exclude the possibility that perceptions 
regarding the use of IVI for bioresorbable scaffold implantation 
may have changed following the withdrawal of the ABSORB scaf-
fold (after the present survey had been completed). We recorded 
institutional PCI volume but not individual operator volume. The 
number of cardiologists across countries was not recorded. We 
did not capture data on IVI in specific settings (e.g., imaging for 
atherectomy devices). Finally, although participants from a large 
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number of countries worldwide were included in the survey, the 
present findings are less representative for regions underrepre-
sented in the survey sample.

Conclusions
In a selected sample of predominantly experienced interventional 
cardiologists participating in a web-based survey conducted by 
2 professional associations, there was a high rate of personal expe-
rience with IVI in clinical practice. The most commonly identified 
indications for intracoronary imaging were optimization of stent-
ing, procedural/strategy guidance and guidance of left main inter-
ventions. Variability in practice patterns is substantial according 
to geographic region and interventional experience of the opera-
tor. Further studies should explore reasons for this variability in 
more detail.
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Table S1. Survey questionnaire – general questions.

Question 1 Please enter your name (Free text)

Question 2 Please indicate your center (Free text)

Question 3 Please indicate your region of work
a. Africa
b. Asia
c. Australia
d. Europe
e. North America
f. South America

Question 4 Please indicate your country of work
(Selection from a drop-down list)

Question 5 Please describe your institution
a. University hospital
b. Non-academic public hospital
c. Private institution

Question 6 How many PCIs were performed in your center in 2016?
a. Less than 400
b. Between 400 and 600
c. Between 601 and 800
d. Between 801 and 1,000
e. More than 1,000

Question 7 Please select the professional description which best 
describes you

a. Interventional cardiologist with more than    
10 years of experience

b. Interventional cardiologist with experience 
 between 5 and 10 years

c. Interventional cardiologist with less than 5 years  
 of experience

d. Non-interventional cardiologist
e. Cardiologist in training
f. Other

Question 8 Please define your age group
a. <40
b. 40-50
c. >50
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Table S2. Survey questionnaire – specific questions.
Question 1 Is intracoronary imaging [intravascular ultrasound (IVUS), optical coherence tomography (OCT), or near infrared 

spectroscopy (NIRS)] performed in your center?
a. Yes
b. No

Question 2 Do you have personal experience with performing intracoronary imaging (IVUS, OCT, NIRS)?
a. No, I have never used intracoronary imaging
b. Yes, but only in highly selected patients
c. Yes, in a minority of patients (<5%)
d. Yes, in a notable proportion of patients (5-15%)
e. Yes, in a substantial proportion of patients (>15%)

Question 3 If you have personal experience with performing intracoronary imaging, please specify the modality (more than one answer 
possible):

a. IVUS
b. OCT
c. NIRS

Question 4 In your opinion, what are the clinical indications for IVUS or OCT (more than one answer possible):
a. Facilitate diagnosis in selected cases (e.g. complex or ambiguous anatomy on coronary angiography)
b. Guide clinical decision-making and procedural strategy planning in selected cases (e.g. measurement of lumen 

diameter or stent length sizing)
c. Optimize the procedural result of stent implantation in selected cases (identify the need for corrective measures in 

case of a suboptimal treatment result, e.g. edge prolapse, malapposition, underexpansion, or dissection)
d. Assess the severity of intermediate left main lesions
e. Assess the severity of intermediate non-left main lesions
f. Guide left main interventions
g. Guide bifurcation lesion interventions
h. Guide interventions in chronic total occlusions
i. Guide implantation of bioresorbable scaffolds
j. Identify mechanisms of stent thrombosis or in-stent restenosis

Question 5 In your opinion, which intracoronary imaging modality (IVUS vs. OCT) is superior for guidance and optimization of 
coronary interventions:

a. IVUS is superior to OCT
b. OCT is superior to IVUS
c. IVUS and OCT are of comparable value
d. The value of IVUS vs. OCT depends on the specific anatomic setting and patient characteristics. Selection of the 

modality should be individualized accordingly
e. There are no conclusive data from direct comparative analyses
f. I do not know

Question 6 In your opinion, which method is superior for evaluation of intermediate left main lesions:
a. Intracoronary imaging by means of IVUS for assessment of lumen diameter
b. Physiologic assessment by means of fractional flow reserve (FFR)
c. IVUS and FFR are of comparable clinical value for assessment of intermediate left main lesions
d. There are no conclusive data from direct comparative analyses

Question 7 What are the potential factors limiting the use of intracoronary imaging in clinical practice (more than one answer possible):
a. High cost
b. Regulatory issues or reimbursement
c. Risk of procedural complications
d. Prolongation of the diagnostic procedure or intervention
e. The clinical value of these modalities is not established
f. Absence of established criteria for corrective measures based on “abnormal” intracoronary imaging findings
g. Lack of training for use and interpretation of these modalities
h. I do not know

Question 8 Do you believe that IVUS- or OCT-guidance for coronary interventions improves clinical outcomes compared with 
angiography-only guidance?

a. No, intracoronary imaging guidance may improve the procedural result but there is no evidence that it improves 
clinical outcomes

b. Yes, I am convinced that intracoronary imaging has the potential to improve clinical outcomes of coronary 
interventions even if the evidence is not definitive

c. Yes, there is evidence is that intracoronary imaging has the potential to improve clinical outcomes of coronary 
interventions and I am convinced that this is the case



3

E
uroIntervention 2

0
1
8

;14

EAPCI/CVIT survey on intracoronary imaging

Table S2. Survey questionnaire – specific questions. (cont’d)

Question 9 How do you judge current evidence regarding intracoronary imaging for PCI guidance and optimization?
a. There is good evidence to inform operators
b. There is average evidence to inform operators
c. There is poor evidence to inform operators
d. Current evidence is confusing

Question 10 In your opinion, what should be the focus of future clinical research concerning intracoronary imaging for PCI guidance 
and optimization:

a. Head-to-head comparison of angiography- vs. OCT-guided PCI focusing on clinical outcomes beyond the acute 
procedural result

b. Head-to-head comparison of angiography- vs. IVUS-guided PCI focusing on clinical outcomes beyond the acute 
procedural result

c. Head-to-head comparison of IVUS vs. OCT in specific patient and lesion subsets
d. Determination of specific criteria for corrective measures in case of abnormal imaging findings (e.g. defining the 

threshold of malapposition or underexpansion to justify post-dilatation or the extent of edge dissection to justify 
implantation of a new stent?)

e. Tailoring the duration of dual antiplatelet therapy based on intracoronary imaging findings (e.g. shorter DAPT duration 
in cases of sufficient stent healing as determined by OCT)

Question 11 How do you foresee the adoption of intracoronary imaging for guiding and optimizing coronary interventions in the future?
a. Clinical use of intracoronary imaging will remain unchanged
b. Clinical use of intracoronary imaging will slightly increase
c. Clinical use of intracoronary imaging will greatly increase
d. Clinical use of intracoronary imaging will slightly decrease
e. Clinical use of intracoronary imaging will greatly decrease

Question 12 Recent studies (the PROSPECT study) and ongoing investigations (PROSPECT II; Lipid Rich Plaque) have focused on 
plaque characteristics of lesions associated with subsequent clinical events. How do you judge current evidence regarding 
intracoronary imaging for detection of “vulnerable” plaques, i.e. plaques perceived to be at high risk of triggering future 
cardiovascular events?

a. There is good evidence
b. There is average evidence
c. There is poor evidence, the “vulnerable plaque” concept remains speculative

Question 13 In your opinion, which intracoronary imaging modality is more promising for detection of “vulnerable” plaque?
a. IVUS-based technologies (IVUS-virtual histology)
b. OCT
c. NIRS
d. A multi-modality approach combining more than one intracoronary imaging method may be more suited to detect 

“vulnerable” plaques
e. None
f. I do not know

Question 14 Intracoronary imaging allows quantification of plaque burden and assessment of plaque morphology of native 
atherosclerotic lesions. How do you consider the current and future role of intracoronary imaging (IVUS, OCT, NIRS) for 
evaluation of native coronary atherosclerosis (more than one answer possible):

a. Intracoronary imaging, when performed serially, is clinically useful to evaluate the influence of medical interventions 
(e.g. lipid-lowering therapies) on plaque progression/regression and changes in plaque morphology

b. Intracoronary imaging may become an important tool to detect (and potentially treat) plaques at high risk of triggering 
future cardiovascular events

c. Intracoronary imaging of native atherosclerosis is purely a research tool. I do not think it will become useful to detect 
(or potentially treat) plaques at high risk of triggering future cardiovascular events
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Figure S1. Distribution of respondents in relation to region of 
practice.
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Figure S3. Sensitivity analysis: perceived impact of IVI on PCI 
outcomes among respondents from Asia. Do you believe that 
IVUS- or OCT-guidance for coronary interventions improves clinical 
outcomes compared with angiography-only guidance? (Only 
1 answer possible). Responses include only participants from Asia 
and are stratified as Japanese vs. non-Japanese.
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Figure S2. Sensitivity analysis: personal experience with IVI among 
respondents from Asia. Do you have personal experience with 
performing IVI (IVUS, OCT, NIRS)? (Only 1 answer possible). 
Responses include only participants from Asia and are stratified as 
Japanese vs. non-Japanese.
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Figure S4. Sensitivity analysis: evaluation of current evidence 
regarding IVI for detection of vulnerable plaques among respondents 
from Asia. Recent studies (the PROSPECT study) and ongoing 
investigations (PROSPECT II; Lipid Rich Plaque) have focused on 
plaque characteristics of lesions associated with subsequent clinical 
events. How do you judge current evidence regarding IVI for 
detection of “vulnerable” plaques, i.e. plaques perceived to be at 
high risk of triggering future cardiovascular events? (Only 1 answer 
possible). Responses include only participants from Asia and are 
stratified as Japanese vs. non-Japanese respondents.


