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Abstract

Aims

Methods
and results

To evaluate the current role and practice patterns in myocardial viability assessment through a European Association of
Cardiovascular Imaging (EACVI) survey.

A total of 179 participants from 54 countries completed the survey. Most participants worked in tertiary centres
(60.3%). Transthoracic echocardiography (TTE) was the most widely available modality (98.3%), followed by stress
echocardiography (86.6%), cardiac computed tomography angiography (87.7%), and cardiovascular magnetic resonance
(CMR, 84.9%). Single-photon emission computed tomography and positron emission tomography were less accessible
(59.8 and 40.2%, respectively). CMR was the preferred imaging modality (76.0%), followed by TTE (41.9%), which were
also the most frequently used techniques in clinical practice (42.7 and 38.7%, respectively). Viability imaging was regularly
used by most respondents in patients with chronic ischaemic heart disease (57.0%) and prior to revascularization for
chronic total occlusions (58.7%). Among late-presenting ST-elevation myocardial infarction patients, 60.7% of respon-
dents assessed viability within index hospitalization or the first month, whereas 28.3% performed viability imaging after
1-3 months. However, considerable variation exists between respondents. Revascularization decisions were guided by
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viability findings with revascularization of only viable segments in 49.1% of cases, while 40.0% reported revascularizing all

high-grade stenoses if any viable myocardium was present.

This study highlights the variability in myocardial viability imaging practices across Europe, with differences in availabil-

Conclusion

ity, preferred modalities, and clinical application. While CMR and TTE remain the dominant modalities, standardization
of imaging protocols and further research are needed to optimize viability assessment and its impact on revasculariza-

tion decisions.
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The variability in myocardial viability assessment practices.
CMR and TTE remain the dominant modalities.
Standardization of imaging protocols and further research are needed to optimize viability assessment.
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Introduction

Myocardial viability refers to the ability of dysfunctional but still liv-
ing myocardial tissue to recover function after revascularization.
This concept is particularly important in patients with ischaemic
cardiomyopathy, as determining myocardial viability can guide the
choice between revascularization and conservative medical ther-
apy. Revascularization procedures such as percutaneous coronary
intervention and coronary artery bypass grafting can restore perfu-
sion and improve left ventricular function, but their success is de-
pendent on the presence of viable myocardium. Although the role
of viability assessment in guiding revascularization to improve sur-
vival has been questioned in light of recent trials," identifying viable
myocardium is considered valuable for optimizing patient selection

for these interventions and improving clinical outcomes.? Over the
past decades, various imaging modalities have been developed
and refined for assessing myocardial viability. These techniques in-
clude transthoracic echocardiography (TTE) with low-dose dobu-
tamine stress, cardiovascular magnetic resonance (CMR) with
late gadolinium enhancement (LGE) and stress imaging, cardiac
computed tomography angiography (CCTA), positron emission
tomography (PET), and single-photon emission computed tomog-
raphy (SPECT). Each modality provides unique insights into myo-
cardial function, perfusion, and metabolism, contributing to a
comprehensive evaluation of myocardial viability. However, despite
advances in imaging, clinical practice remains variable across coun-
tries, with differences in availability, clinician preference, and local
protocols.
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The present study aimed to assess the current utilization of viability
imaging techniques in routine clinical practice. Through a survey con-
ducted among cardiovascular imagers, we sought to evaluate the avail-
ability of different imaging modalities, clinician preferences, and the
impact of viability testing on clinical decision-making. Understanding
these practice patterns is essential to identifying gaps in knowledge
and standardizing myocardial viability assessment in patients with is-
chaemic cardiomyopathy.

Methods
Study population

The European Association of Cardiovascular Imaging (EACVI) Scientific
Initiatives Committee conducted the survey in accordance with previously
published criteria.® Between May and July 2024, clinicians were invited via
the EACVI network and social media to complete an online survey compris-
ing 25 questions. The survey aimed to explore the use of viability imaging in
routine clinical practice for coronary artery disease (CAD). Specifically, it
investigated the availability and preference of imaging modalities across dif-
ferent centres and regions in Europe, as well as the role of viability imaging in
guiding revascularization and risk stratification. All participants provided
their consent to take part in the study.

Results

In total, 179 participants from 54 countries participated in the study.
The survey revealed a wide geographic distribution of respondents as
shown in Figure 1, with significant participation from ltaly (11.2%),
Germany (10.1%), and the UK (9.6%). Most respondents work in ter-
tiary care or university hospitals (60.34%), followed by secondary
care or district hospitals (18.4%), private hospitals (14.5%), and primary
care (6.7%) (Figure 2).

Availability of imaging modalities and
facilities

The availability of imaging modalities varied across institutions as shown
in Figure 3. Nearly all institutions had access to TTE (98.3%), while stress
echocardiography (STE), CCTA, and CMR were also widely available,

reported by 86.6, 87.7, and 84.9% of centres, respectively. SPECT
was accessible in 59.8% of institutions, and PET in 40.2%.

Regarding facilities, most institutions had a cardiac catheterization la-
boratory (88.8%), while 68.7% offered cardiothoracic surgery for cor-
onary artery bypass grafting. Additionally, in 77.7% of institutions,
patient cases could be discussed within a multidisciplinary heart team.

Preferred imaging techniques

The survey revealed that CMR is the most preferred imaging modality
for assessing myocardial viability, with 76.0% of respondents selecting it
as their primary choice as shown in Figure 4. TTE was also widely fa-
voured, with 41.9% of respondents indicating its use, reflecting its wide-
spread availability and role in initial assessments. CCTA was the least
commonly preferred modality, with only 5.0% selecting it. These pre-
ferences reflect the respondents’ general inclination towards specific
imaging techniques rather than the actual extent of their use in daily
practice.

When asked to indicate how much (in percentage) each participant
actually uses each modality in clinical practice (ensuring that the total
added up to 100% per respondent), CMR and TTE (including STE)
emerged as the most frequently employed, with an average utilization
of 42.7 + 31.5% and 38.7 & 31.2%, respectively. SPECT had a moderate
usage rate (13.2 + 16.8%), while PET and CCTA were the least com-
monly used, with mean utilization rates of 2.6 + 6.5% and 2.8 + 9.3%,
respectively. However, there was considerable variability among re-
spondents, with some not using certain imaging modalities at all, while
others relied on them exclusively. Figure 4 shows the differences be-
tween participants’ preferences and the actual use of imaging
modalities.

Clinical application and timing

The survey highlighted the key clinical scenarios in which myocardial via-
bility imaging is most frequently utilized. More than half of respondents
(57.0%) reported performing viability imaging regularly in patients with
chronic ischaemic heart disease, with 14.0% applying it to all such pa-
tients and 43.0% using it in most cases (>50%). Only 3.4% stated that
they do not perform viability imaging at all.

Viability imaging is also commonly used before revascularization of
chronic coronary artery occlusions, with 22.4% of respondents per-
forming it in all cases and 36.3% in most cases (>50% of patients).
Another 36.3% would perform it in some patients (<50%), while 5%
of respondents do not perform viability imaging in these patients. In
terms of CAD severity, viability testing is predominantly applied in

Figure 1 (A) A bubble map from the world and (B) Europe illustrating the geographic distribution of survey respondents. Each bubble is sized ac-
cording to the percentage of participants from that country, highlighting the most represented locations (e.g. Italy, Germany, and the UK).
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Figure 2 The distribution of survey participants by their primary workplace type.
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Figure 3 Bar chart showing the availability of imaging modalities among surveyed institutions. CCTA, cardiac computed tomography angiography;
CMR, cardiovascular magnetic resonance; PET, positron emission tomography; SPECT, single-photon emission computed tomography; STE, stress

echocardiography; TTE, transthoracic echocardiography.

multi-vessel disease (86.9%), while a significant proportion also use it
for single-vessel chronic coronary artery occlusion (67.4%). Notably,
11.4% reported using viability imaging exclusively in cases of main
stem stenosis.

Additionally, 37.4% indicated employing viability imaging in most pa-
tients presenting late (>3 days) with ST-elevation myocardial infarction
(STEMI) (10.1% in all patients and 27.4% in most patients), a crucial step
in determining the potential benefit of revascularization. 42.5% would
perform it in some cases. However, 20.1% indicated that they do not
perform viability imaging in late-presenting STEMI patients.

Among patients with CAD undergoing coronary artery bypass sur-
gery, 41.8% of respondents reported performing viability imaging in

all (16.4%) or most cases (25.4%), aiding in surgical planning and predict-
ing postoperative recovery.

Regarding the timing of viability assessment in patients presenting
late with STEMI, the majority of respondents assess viability in a timely
manner: 42.2% during the index hospitalization and 18.5% within
1 month. Another 28.3% perform the assessment within 1-3 months,
allowing time for myocardial recovery before making definitive
decisions while 7.5% assess viability within 4-6 months and 3.5% after
6 months, reflecting varying practices based on institutional protocols
and patient conditions.

In most centres, patients experience minimal waiting times for viabil-
ity testing. According to the survey, 39.0% of respondents indicated
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Figure 4 The participants image modality preference vs. actual use of the different imaging modalities. CCTA, cardiac computed tomography angi-
ography; CMR, cardiovascular magnetic resonance; PET, positron emission tomography; SPECT, single-photon emission computed tomography; TTE,

transthoracic echocardiography.

that patients receive testing within a week, while 37.3% reported a
waiting period of 2—4 weeks. Notably, only 9.6% stated that patients
wait longer than 8 weeks.

Methodologies and cut-offs

The survey examined the methodologies and cut-off thresholds used
across various imaging modalities for assessing myocardial viability.
For CMR, an overwhelming majority (94.1%) of respondents reported
using LGE, a key technique for detecting myocardial fibrosis or scar tis-
sue. Among them, 50.6% apply a transmural enhancement cut-off of
>50%, while 34.3% use a threshold of >75% to define non-viable myo-
cardium. Additionally, 62.4% incorporate wall motion analysis, and
54.1% assess wall thickness. In contrast, dobutamine stress CMR is uti-
lized by only a smaller proportion (18.2%) of respondents, as well as
myocardial strain (11.8%).

When assessing viability with nuclear imaging, 57.9% of respondents
use SPECT myocardial perfusion imaging with 99mTc tracers, while
28.7% perform "F-FDG myocardial PET imaging. These modalities of-
fer a comprehensive assessment of myocardial viability by evaluating
both perfusion and metabolic activity. Hereby, most participants would
use SPECT for perfusion as well as viability imaging (53.8%), followed by
perfusion imaging with 99mTc or 2°"TI SPECT and viability assessment
with "®F-FDG PET. Only smaller fractions of respondents would use
PET with different tracers for perfusion and viability assessment
(11.9%). For ®*F-FDG myocardial PET, the most applied criterion for
defining non-viable myocardium is the presence of a perfusion-
metabolism mismatch (37.3%). Importantly, nearly one-third of respon-
dents (29.3%) reported that nuclear imaging is not available at their
institution.

In TTE, myocardial viability is primarily assessed using wall motion
analysis (73.7%) and low-dose dobutamine STE (72.0%), with wall thick-
ness analysis also being utilized by 56.6% of respondents.

Most participants report viability based on American Heart
Association (AHA) segments (72.3%), while 45.1% classify it according
to the assumed coronary artery territory. 25.4% report it to coronary
artery territory only if coronary anatomy is known.

Impact on revascularization strategies

The survey highlighted the significant influence of viability imaging on re-
vascularization strategies. According to the findings, 49.1% of respon-
dents reported that revascularization is performed only on viable
myocardial segments, an approach designed to maximize functional re-
covery. In contrast, 40.0% indicated that if viable myocardium is present
in any coronary artery territory, all high-grade stenoses are revascular-
ized, regardless of the specific territory. Interestingly, 10.9% stated that
viability assessment often does not alter clinical management. Most par-
ticipants (62.2%) revascularize a coronary artery if more than 50% of
the segments in the corresponding territory are viable. However, nearly
one-third (30.5%) would proceed with revascularization if any segment
within the territory shows viability.

For patients with heart failure, wall motion abnormalities, and high-
grade stenoses, clinical approaches vary considerably. While 35.6% of
respondents would request a viability test, 33.9% would perform
both a stress and viability test. In contrast, 28.7% would proceed direct-
ly to revascularization without additional viability imaging. Only 1.7%
would perform a stress test without viability assessment.

In cases of multi-vessel CAD with high-grade stenoses in all three ma-
jor coronary arteries, most participants favoured an individualized de-
cision by the heart team if viability testing indicates non-viable
myocardium in two out of three coronary territories (59.2%).
However, 16.1% would still opt for aortocoronary bypass surgery,
while 24.7% would limit revascularization to the left anterior descend-
ing artery only.

Discussion

The survey revealed a broad geographic distribution of respondents,
encompassing participants from 54 countries. This diverse representa-
tion offers a comprehensive perspective on clinical practices across dif-
ferent regions, with Europe being the most well-represented continent.
Most respondents (60.3%) were affiliated with tertiary care or univer-
sity hospitals, where advanced diagnostic tools and specialized person-
nel facilitate complex imaging procedures. Secondary care or district
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hospitals accounted for 18.4% of respondents, while 14.5% were from
private hospitals. The increasing presence of advanced imaging modal-
ities in private hospitals underscores their evolving role in delivering
specialized cardiac care.

Utilization of imaging modalities

Our survey results highlight significant variability in the use and availabil-
ity of myocardial viability imaging across different centres and regions.
CMR and TTE including STE emerged as the most frequently used mo-
dalities, reflecting their widespread availability and strong evidence base
in myocardial viability assessment.*”” The preference for CMR s likely
driven by its ability to provide detailed myocardial tissue characteriza-
tion, including the identification of scarred vs. viable myocardium
through LGE. Additionally, its non-ionizing nature, high spatial reso-
lution, and the possibility for simultaneous perfusion imaging without
additional expense® further enhance its clinical utility in viability
assessment.

On the other hand, TTE remains the cornerstone of clinical practice
due to its accessibility, cost-effectiveness, and capability to assess con-
tractile reserve through low-dose dobutamine stress testing. Despite
its limitations in directly visualizing myocardial tissue characteristics,
its widespread availability makes it an indispensable tool in viability as-
sessment, particularly in settings where CMR or nuclear imaging is
not available. SPECT and PET, while well-established techniques for
myocardial viability assessment, were used less frequently. This may
be attributed to limited availability and radiation exposure concerns.
Nearly one-third of respondents reported nuclear imaging not available
at their institution. Despite its ability to assess myocardial perfusion and
viability, SPECT was moderately utilized, whereas PET had the lowest
reported usage among respondents. PET’s lower adoption may be
due to its dependence on specialized infrastructure and expertise, as
well as the need for radiotracer availability and high costs.

The considerable variability in the average use of different viability
tests suggests that institutional practices and specialist preferences
play a key role in test selection. While some respondents rely exclusive-
ly on a single imaging modality, others adopt a more integrative ap-
proach, distributing their usage across multiple techniques based on
clinical indications and resource availability. However, CMR plays a cen-
tral role in viability assessment, while other imaging modalities offer
complementary value in specific clinical scenarios.

These findings align with the latest guidelines and reflect current lim-
itations, as outlined in the EACVI consensus paper.> A direct compari-
son of the diagnostic accuracy of different myocardial viability imaging
techniques remains challenging, as each modality evaluates distinct as-
pects of viability, and no definitive gold standard exists. Furthermore,
the methodologies used in clinical trials to assess myocardial viability
have varied considerably with disparate thresholds for defining viability,
thereby introducing significant variability in outcome measurements.®
1% Consequently, neither the EACVI nor the AHA guidelines do recom-
mend a single imaging modality but rather emphasize that the choice of
test should be guided by local availability, institutional expertise, and
patient-specific factors.>'""?

Clinical application of viability imaging
Viability testing is generally accessible in most centres, with relatively
short waiting times allowing for timely clinical decision-making. Most re-
spondents indicated that testing is typically conducted within a few
weeks, with only a small proportion reporting significantly more pro-
longed delays. These findings suggest that viability imaging is well inte-
grated into routine practice, minimizing delays in the evaluation
process and enabling prompt revascularization planning where needed.
The findings provide valuable insights into the clinical scenarios
where viability imaging is most frequently utilized. It is commonly

employed in patients with chronic ischaemic heart disease and those
undergoing  revascularization for chronic total occlusions.
Additionally, many respondents emphasized the role of viability assess-
ment in surgical planning for coronary artery bypass grafting, aligning
with current guideline recommendations.” However, many respon-
dents reported that viability imaging is not routinely performed in late-
presenting STEMI patients, despite its potential value in predicting func-
tional recovery, guiding revascularization stra‘cegies13 and adding prog-
nostic insights through CMR-derived measures.'*'®

Among patients with heart failure and multi-vessel disease with high-
grade stenosis, most respondents indicated that they would perform
either a viability test or a combined stress and viability assessment.
While revascularization, in conjunction with optimal medical therapy,
has been shown to improve left ventricular function and overall prog-
nosis in ischaemic heart failure with reduced ejection fraction,’® a de-
finitive survival benefit of viability imaging in those patients has yet to
be confirmed.” Revascularization also carries an increased procedural
risk, particularly in patients with severely impaired LV function.'® These
considerations highlight the importance of careful patient selection to
optimize outcomes and minimize risks.

Although outcome data on viability imaging is mixed, current guide-
lines outline specific clinical scenarios where it may be beneficial.
Viability imaging can support revascularization planning in single- and
multi-vessel CAD when there is uncertainty about myocardial viability
and potential for functional recovery, such as in heart failure with late
presentation of acute coronary syndrome. Additionally, it can aid
decision-making for revascularization in patients with chronic total oc-
clusions, particularly when regional wall motion abnormalities are pre-
sent in the affected territory. The guidelines also emphasize that
management decisions in ischaemic cardiomyopathy should integrate
viability findings with coronary anatomy, comorbidities, and procedural
risks.>"?

Regarding the timing of viability assessment in patients with late pre-
sentations of STEMI, most respondents assess viability either during the
index hospitalization or within 1 month. This timely assessment sup-
ports efficient decision-making regarding revascularization. However,
more than one-third of participants reported assessing viability within
1-3 months or later, reflecting varying practices based on institutional
protocols and patient conditions.

Variability in methodologies and cut-off
values

The survey revealed discrepancies in the methodologies and cut-off
values used to define viable myocardium. In CMR imaging, most
respondents relied on LGE with a transmurality threshold of >50%,
while one-third of participants is using a threshold of >75% to define
non-viable myocardium. For nuclear imaging, the presence of a
perfusion-metabolism mismatch on PET was the most commonly ap-
plied criterion, whereas for TTE, myocardial viability is primarily as-
sessed using wall motion analysis and low-dose dobutamine STE.

In the literature, the definition of myocardial viability varies across
clinical trials and between methods.>®® Most studies have historically
treated viability as a binary phenomenon.? For CMR, a 50% transmur-
ality threshold is widely accepted, with a reported negative predictive
value of 92% not recovering function after revascularization.®
However, a ‘grey zone’ exists within the LGE range of 25% to 75%
transmurality, where the potential for viability and functional recovery
remains variable. The probability of recovery decreases as the extent of
hyperenhancement increases, reinforcing the concept that myocardial
viability is better understood as a continuum rather than a strictly binary
parameter. Because of these limitations, the current diagnosis of myo-
cardial viability is not yet standardized.
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Impact on revascularization strategies

One of the key insights from our study is the impact of viability imaging
on revascularization decisions. Nearly half of the respondents indicated
that revascularization was performed selectively on viable myocardial
segments, while a substantial proportion reported a more inclusive ap-
proach, revascularizing all high-grade stenoses if viability was detected in
any coronary territory. This broader strategy aims to enhance overall
myocardial perfusion. Interestingly, more than 10% of participants re-
ported that viability assessment often does not alter clinical manage-
ment, emphasizing that, in some cases, decisions are primarily guided
by clinical judgment and the patient’s overall condition rather than im-
aging results alone. In cases of multi-vessel CAD with high-grade sten-
oses in all three major coronary arteries and non-viable myocardium in
two out of three coronary territories, most participants favoured an in-
dividualized decision by the heart team. These findings suggest that
while viability assessment plays a significant role in decision-making, in-
stitutional protocols and clinician preferences vary widely.

Study limitations

Despite the valuable insights gained from our study, several limitations
should be acknowledged. The survey was conducted primarily among
EACVI-affiliated cardiovascular imagers, which may introduce selection
bias and limit generalizability. Most survey participants were imaging
specialists, and interventional cardiologists were likely underrepre-
sented in discussions on revascularization strategies. Additionally, self-
reported data may not always accurately reflect actual clinical practice.

Conclusion

In conclusion, our survey provides a comprehensive overview of cur-
rent practices in myocardial viability assessment particularly across
Europe. CMR is the most frequently preferred imaging modality, while
CMR and TTE remain widely used in clinical routine. However, substan-
tial variability exists in availability and application of imaging technolo-
gies, reflecting the lack of consensus on how to define and interpret
myocardial viability. To enhance the role of viability imaging in managing
ischaemic cardiomyopathy, efforts should focus on standardizing im-
aging approaches, establish validated thresholds, and clarify their prog-
nostic value in guiding revascularization decisions. Large-scale
randomized trials that allocate patients to treatment strategies based
on their myocardial viability status are also needed to strengthen the
evidence base for outcome benefit. The traditional binary concept of
viability should be refined towards a more nuanced approach, with
greater emphasis on matching viable myocardial regions to revasculariz-
able coronary territories to optimize patient selection and therapeutic
benefit.
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