
Viewpoint | Published 05 June 2021 | doi:10.4414/smw.2021.20511
Cite this as: Swiss Med Wkly. 2021;151:w20511

The importance of 18F-FDG cardiac PET/CT for
the assessment of myocardial viability in
ischaemic heart disease
A position paper endorsed by the Swiss Society of Nuclear Medicine (SGNM)

Caobelli Federicoa, Kamani Christel H.b, Nkoulou Renec, Buechel Ronny R.d, on behalf of the Executive Committee of the
Swiss Society of Nuclear Medicine (SGNM)

a Clinic of Radiology and Nuclear Medicine, University Hospital Basel and University of Basel, Switzerland
b Department of Nuclear Medicine and Molecular Imaging, Centre Hospitalier Universitaire Vaudois (CHUV), University of Lausanne, Switzerland
c Department of Nuclear Medicine, University of Geneva, Switzerland
d Department of Nuclear Medicine, University Hospital Zurich, Switzerland

Introduction

The worldwide increase in coronary artery disease and its
associated metabolic diseases is a major cause of human
morbidity and mortality [1] and, as such, advancing car-
diovascular disease remains a significant burden on the
healthcare systems in western countries. The focus has
been on the impact of advances in medical therapy and
interventional cardiology on lowered mortality rates,but
these came with more widespread availability of noninva-
sive methods allowing early diagnosis and effective risk
stratification [2].

The concept of myocardial viability emerged from the
postoperative clinical observations in the first decades of
aorto-coronary bypass grafting. Then it was generally
thought that left ventricular dysfunction in ischaemic heart
disease was irreversible, since no persistent myocardial is-
chaemic state would have been possible in abnormal rest-
ing myocardium [3]. However, in the early 1980s Rahim-
toola [3], in line with previous observations [4, 5],
extensively described the improvement of left ventricular
contractility after surgical revascularisation in patients
with left ventricular dysfunction and ischaemic heart dis-
ease. Following these observations, many efforts have
been made to understand the pathophysiological processes
underlying this recovery phenomenon, as well as the di-
agnostic tools to achieve an accurate evaluation of the
recovery potential in the clinical setting. Nowadays, the
term myocardial viability in territories presenting altered
contractility, beyond the concept of myocardial ischaemia,
encompasses two phenomena: myocardial stunning and
myocardial hibernation [6]. Myocardial stunning is char-
acterised by persistent myocardial contractile dysfunction
resulting from transient episodes of hypoperfusion. Its du-
ration depends on the severity and the duration of the is-
chaemic episode [7]. This state can potentially of fully

recover after restoration of blood supply, as long as no
irreversible damage (necrosis) has occurred. In the case
of prolongued or chronic ischaemia, ischaemic myocardial
cells undergo adaptive changes, leading to a shift from
fatty acid metabolism to glucose utilisation, as well as to
downregulation of the contractile function in order to re-
duce the demand for oxygen and metabolic substrates [8,
9]. These changes are believed to induce the state of “hi-
bernating myocardium”, a clinical condition characterised
by contractile dysfunction with abnormal resting myocar-
dial blood flow, and with a potential for full recovery after
blood flow restoration [10, 11]. Repetitive episodes of my-
ocardial stunning may also cause structural changes with-
in the cardiomyocytes [9, 11], which tend to become irre-
versible over time.

The correct identification of viable myocardium has a
strong rationale, in that the myocardium may potentially
regain its function after revascularisation in the setting of
myocardial hibernation or stunning. It is therefore clear
that diagnostic tools able to provide an early and precise
diagnosis as well as prognostic information are highly war-
ranted.

Owing to the tendency to progress toward irreversible
structural changes within the myocytes, viability imaging
plays a pivotal role both in identifying patients at increased
risk of coronary artery disease progression and in driving
the choice of appropriate therapeutic measures. In fact,
restoration of contractile function can be achieved by re-
ferring the patient earlier to invasive coronary revascular-
isation in the case of viable myocardium [12, 13]. Among
the available techniques able to identify a viable myocardi-
um, positron emission tomography / computed tomogra-
phy (PET/CT) with fluorine 18-fluorodeoxyglucose (18F-
FDG), in combination with myocardial perfusion imaging,
constitutes a cornerstone of myocardial viability assess-
ment in nuclear cardiology [14]. The identification of my-
ocardial viability relies on the metabolic shift towards glu-
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cose metabolisation in viable but hibernating myocardium,
leading to increased 18F-FDG uptake within affected my-
ocardial segments. This requires carefull dietary prepara-
tion to promote glucose metabolism by the myocardium
[14]. The viability criteria are fulfilled in segments with al-
tered perfusion and increased metabolism (≥50% FDG up-
take in comparison with segments with normal blood flow
or normal myocardial function) [14].

Data from the literature

Many studies have evaluated the diagnostic and prognostic
value of 18F-FDG PET/CT regarding myocardial viability
in patients with ischaemic heart disease. The relevant liter-
ature was summarised and evaluated in two meta-analyses,
by Schinkel et al. [15] and Bax et al. [16].

In the meta-analysis of Schinkel et al. [15], the pooled
sensitivity of 18F-FDG PET/CT for the prediction of im-
proved regional left ventricular function after revascular-
isation was 92%, and specificity was 63%, positive pre-
dictive value (PPV) 74%, and negative predictive value
(NPV) 87% (table 1). Conversely, for the prediction of an
improvement of the global left ventricular function, 18F-
FDG PET/CT yielded 83% sensitivity, 64% specificity,
68% PPV and 80% NPV. In a sub-analysis of 10 studies,
the prognostic role of 18F-FDG PET/CT was evaluated,
wherein it was demonstrated that patients with PET-based
identification of cardiac viability experienced higher mor-
tality rates if not subsequently revascularised, highlighting
the importance of a highly sensitive test for the assessment
of myocardial viability. Conversely, no difference in mor-
tality rates was demonstrated in revascularised patients
without evidence of myocardial viability on 18F-FDG PET/
CT. Moreover, the authors compared different modalities

in the identification of myocardial viability. Whereas 18F-
FDG PET/CT showed pooled sensitivity, specificity, PPV
and NPV of 92%, 63%, 74% and 87%, respectively, car-
diac magnetic resonance imaging (MRI) proved less ac-
curate, yielding a pooled sensitivity, specificity, PPV and
NPV of 84%, 63%, 72% and 78%, respectively. Dobuta-
mine stress echocardiography (DSE) also proved less ac-
curate than 18F-FDG PET/CT, with a pooled sensitivity,
specificity, PPV and NPV of 80%, 78%, 75% and 83%, re-
spectively.

One prospective, randomised trial evaluated the perfor-
mance of 18F-FDG PET/CT in the management of patients
with severely reduced left ventricular function in is-
chaemic heart disease (PARR-2 trial) [17]. In this trial, pa-
tients were randomized to either 18F-FDG PET/CT-guid-
ed management (n = 218) or standard care (n = 212).
Although there was no significant difference in cardiac
events between both groups, it must be noted that a signif-
icant number of patients (about 25%) in the PET arm did
not undergo revascularisation despite the presence of via-
bility as documented by PET. Hence, in these patients, the
treating phycisians did not adhere to the recommendations
from 18F-FDG PET/CT imaging. In a post-hoc subanaly-
sis those patients in whom the therapy was based on the
recommendations from PET imaging had a lower risk of
cardiac death, myocardial infarction or hospitalisation after
1 year of follow-up as compared with the “standard care”
group (HR 0.62, 95% confidence interval [CI] 0.42–0.93;
p = 0.019). This prognostic benefit was later confirmed in
in a subsequent study after 5 years of follow-up [18]. In
a sub-study of the PPAR-2 trial, the extent of hibernating
myocardium was shown to be predictive of the revascular-
isation benefits in terms of occurrence of cardiac events.
In fact, the prognostic benefit increased with the extent

Table1: Sensitivity, specificity, positive- and negative-predictive values (PPV, NPV) of 18F-FDG PET/CT to predict improvement of regional function after revascularisation (756
patients, 24 studies). Modified from Schinkel et al. [15].

Study Publication year n Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Tillisch et al. 1986 17 95 80 85 92

Tamaki et al. 1989 22 78 78 78 78

Tamaki et al. 1991 11 100 38 80 38

Marwick et al. 1992 16 71 76 68 79

Lucignani et al. 1992 14 93 86 95 80

Carrel et al. 1992 23 94 50 84 75

Gropler et al. 1993 34 83 50 52 81

Knuuti et al. 1994 48 92 85 72 96

Paolini et al. 1994 9 88 79 88 79

Vom Dahl et al. 1994 37 N/A N/A 86 100

Tamaki et al. 1995 43 88 82 76 92

Gerber et al. 1996 39 75 67 78 63

Baer et al. 1996 42 92 88 92 88

Vom Dahl et al. 1996 52 90 74 68 83

Maes et al. 1997 23 83 91 91 83

Wolpers et al. 1997 30 N/A N/A 90 85

Pagano et al. 1998 30 99 33 66 96

Fath et al. 1998 47 81 88 82 88

Pagano et al. 1998 35 99 33 56 96

Kitsiou et al. 1999 26 N/A N/A 78 82

Nowak et al. 2003 42 90 63 75 83

Schmidt et al. 2004 40 100 73 86 100

Slart et al. 2006 47 91 87 89 89

Kuhl et al. 2006 29 86 74 78 84

Weighted mean 92 63 74 87
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of hibernating myocardium, with a lower threshold of 7%
of the entire left ventricular myocardium of revascularisa-
tion as the extent of mismatch increases [19]. These re-
sults were further confirmed in a subsequent study [20].
Another substudy of the PPAR-trial, the Ottawa-Five sub-
study, investigated the outcomes of patients managed in
centres with a multidisciplinary integrated cardiovascular
team as well as an experienced nuclear cardiology team.
This substudy highlighted a further significant reduction in
cardiac events in the PET group as compared with the stan-
dard care group, suggesting an even greater benefit for pa-
tient outcome in the setting of an integrative cardiovascu-
lar team, including specialised nuclear cardiology imaging,
heart failure and revascularisation teams (fig. 1) [21].

More recently, another important study investigated the
impact of 18F-FDG PET/CT in assisting the management
of coronary artery disease patients. The study included 30
subjects randomised to angiogenic therapy with adenoviral
vascular endothelial growth factor (AdVEGF) or placebo.
It demonstrated that those patients with hypoperfused but
still viable myocardium treated with AdVEGF-D showed
improved myocardial blood flow during the follow-up. Of
note, perfusion did not increase in the control patients [22].

Besides the extent of viability, the time interval between
the 18F-FDG PET/CT and the revascularisation, as well as
the extent of the myocardial scar as determined during the
18F-FDG PET/CT, are strong determinant prognostic fac-
tors for the improvement of left ventricular ejection frac-
tion (LVEF) at 3 months, as shown by the PARR-I study
[23]. In fact, in patients with either delayed revascularisa-
tion or a large amount of myocardial scar, the LVEF recov-
ery after revascularisation was only marginal.

Jacklin et al. performed a cost-effectiveness study to com-
pare three management strategies, including coronary
artery bypass grafting for all patients, management based
on the presence or absence of myocardial hibernation as
assessed by 18F-FDG PET/CT, and medical therapy in all
patients. The 18F-FDG PET/CT based strategy saved more
life-years, but was more expensive than the strategy con-
sisting of medical treatment. When compared with the
coronary artery bypass strategy, the 18F-FDG PET/CT
based strategy saved more life-years with reduced cost.
Therefore, a 18F-FDG PET/CT based strategy to select pa-

tients before surgery is cost effective [24]. This is a rel-
evant consideration in regard to the steadily increasing
health costs in western societies.

The transmurality of late gadolinuim enhancement (LGE)
in cardiac magnetic resonance (CMR) is predictive of
functional recovery of the ischaemically affected my-
ocardium [25]. However, in myocardial segments demon-
strating <50% transmural extent of LGE, LGE-CMR cri-
teria showed some limitations in the prediction of
myocardial functional recovery after revascularisation. In-
deed, Kim et al. showed that only 42% of segments with
LGE extent of 25–50% functionally improved after revas-
cularisation [25], and these observations were confirmed
by further studies [26]. In this regard, a recent consensus
from the American Heart Association (AHA) regarding
imaging for myocardial viability [26] suggested that the
evaluation of the dobutamine contractile reserve (on
echocardiography or CMR) or viability testing using 18F-
FDG PET/CT may help to overcome this limitation. Con-
sistent with this concept, Schmidt et al. evaluated patients
with chronic myocardial ischaemia both with CMR and
with 18F-FDG PET/CT, investigating the importance of
CMR-based assessment of dobutamine contractile reserve.
In their study, 18F-FDG PET/CT showed excellent sensi-
tivity and NPV (both 100%) and good specificity (73%)
in the prediction of functional myocardial recovery. Con-
versely, the dobutamine contractile reserve showed 96%
sensitivity and 93% NPV, with a gain in specificity (87%).
Diffusion weighted images (DWI) on MR yielded an ex-
cellent sensitivity (100% as PET) but a poor specificity
(53%) [27].

Of note, the advantage in terms of sensitivity for PET over
CMR is of great importance in the evaluation of myocar-
dial viability (fig. 2). As a matter of fact, if viability is not
detected owing to a falsely negative examination, the vi-
able myocardium will not be revascularised, with conse-
quent higher mortality rate.

In this context, the added value of the simultaneous ac-
quisition of 18F-FDG PET and CMR with hybrid PET/
MR systems for improved accuracy and prognostic value
is open to debate. When comparing 18F-FDG PET/CT with
CMR early after revascularisation, Rischpler et al. [28]
have recently shown that both modalities are accurate in

Figure 1: (A) Adjusted survival curves for the PET and standard arms in the Ottawa-FIVE substudy. (B) Adjusted survival curves for the PET
and standard arms in the Ottawa-FIVE and the rest of PARR 2. CI = confidence interval; HR = hazard ratio. From: Abraham A, Nichol G,
Williams KA, Guo A, deKemp RA, Garrard L, et al.; PARR 2 Investigators. 18F-FDG PET imaging of myocardial viability in an experienced
center with access to 18F-FDG and integration with clinical management teams: the Ottawa-FIVE substudy of the PARR 2 trial. J Nucl Med.
2010;51(4):567–74; reprinted with permission of the Society of Nuclear Medicine and Molecular Imaging.
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the depiction of viable myocardium and able to predict
functional recovery of the left ventricular myocardium in
patients with a history of myocardial infarction. In a small
proportion of segments with discrepant 18F-FDG PET/CT
and late gadolinium enhancement (LGE) CMR findings,
FDG uptake was a better predictor for functional recovery.
However, as mentioned before, this study did not assess the
potential for a functional recovery of the myocardium in
a pre-revascularisation setting and therefore these results
should be applied with caution in patients with chronic my-
ocardial ischaemia and a larger infarct if the probability
of functional recovery is assessed before revascularisation.
Nevertheless, Kühl et al. showed in 2006 that functional
improvement in left ventricular function is highly likely
when both modalities indicate preserved viability (87%)
and negligible if both show no viability (4%) [29]. This
latter finding has been confirmed in the post-revasculari-
sation phase by Rischpler et al. [28], although their study
failed to show any additional value if CMR and PET are
combined.

It may be maintained that 18F-FDG PET/CT can be at least
a part of a multimodality approach in selected patients,
able to provide a more accurate prediction of myocardial
functional recovery. From this perspective, the choice of
the most adequate modality (or their integration) should
rely on a multidisciplinary team discussion, which has to
consider the technical feasibility of revascularisation, pos-
sible alternatives such as resynchronisation and the pa-
tient’s general condition. Such an approach would be in
line with the OTTAWA-FIVE study [20].

It should also be noted that CMR cannot be performed
in some patients owing to implantable cardiac pacemakers
or defribrillators, because of the metal-induced artifacts or
the risk of heat injury. Moreover, injection of gadolinium-
based contrast agents is discouraged in patients with se-
vere renal impairment because of the risk of nephrogenic
systemic fibrosis. Finally, a non-negligible proportion of
patients are unable to undergo CMR as a result of claus-
trophobia. In contrast, no contraindications are present for
18F-FDG PET/CT with the exception of pregnancy, and
claustrophobia is less of a problem [30, 31].

Based on data from the literature, revascularisation has
been classified as a class IIb recommendation for patients
with evidence of viable myocardium on cardiac imaging

Figure 2: Comparison of different imaging modalities with regard
to their ability to identify myocardial viability. Of note, FDG-PET
yields highest sensitivity. From: Schinkel AF, Bax JJ, Poldermans
D, Elhendy A, Ferrari R, Rahimtoola SH. Hibernating myocardium:
diagnosis and patient outcomes. Curr Probl Cardiol.
2007;32(7):375–410; reprinted with permission from Elsevier.

and reduced left ventricular function in the most recent
guidelines of the European Society of Cardiology (ESC)
[32, 33].

Remarks and suggestions

As coronary artery disease represents a major cause of
death and morbidity in most western countries, markers
able to identify the risk of progression and select those
patients requiring a more aggressive therapeutic approach
are essential, both for clinical reasons and for allowing
more streamlined and cost-saving allocation of resources.
Left ventricular function is the most important marker for
the prognostic assessment of coronary artery disease pa-
tients, and it can be severely impaired after myocardial in-
farction, both regionally and globally. However, reduced
left ventricular function caused by an ischaemic event is
not necessarily an irreversible alteration and patients may
benefit from revascularisation of the vessels subtending
an infarcted area. In this regard, an invasive approach by
means of percutaneous angioplasty (PTCA) or coronary
artery bypass grafting (CABG) may result in improved left
ventricular function and recovery from wall motion ab-
normalities, conferring important prognostic implications
[34]. The cumulative evidence convincingly demonstrates
that patients with viable myocardium but without extensive
scarring benefit from early revascularisation. In contrast,
revascularisation does not lower mortality in patients with-
out evidence of cardiac viability. Therefore, these patients
should rather be treated with optimal medical therapy [15].

There may be some limitations to the extensive use of 18F-
FDG PET/CT, such as the radiation exposure, the subop-
timal deployment of PET scanners (often limited to ter-
tiary centres), as well as the need for adequate preparation
including insulin clamping. Regarding the radiation issue,
it should be noted that the radiation dose associated with
an 18F-FDG cardiac PET/CT is about 5 mSV [35], and
thus is absolutely adequate to address the requirement for
population dose containment. Furthermore, despite these
limitations, noninvasive diagnostic modalities with high
diagnostic performance must be integrated into standard
clinical care, since the presence of non-revascularised vi-
able myocardium is associated with higher mortality.

In this regard, 18F-FDG PET/CT is very well suited to meet
these demands and, hence, in many cases is the preferred
technique for the assessment of myocardial viability as it
yields superior diagnostic accuracy as compared with oth-
er modalities such as DSE and CMR. Besides their higher
availability in comparison with PET/CT, these modalities
also have some other advantages such as the possibility to
simultaneously perform ischaemia testing or to assess left
and right ventricular dimensions and function. Neverthe-
less, in centres with acces to these three modalities (18F-
FDG PET/CT, DSE and CMR), it remains mandatory to
re-assess their advantages and limitations in terms of their
respective diagnostic accuracy and prognostic value.

These concepts are currently being investigated in the on-
going AIMI-HF trial, wherein different imaging strategies
will be compared to assess their impact on the composite
clinical endpoint of cardiac death, myocardial infarction,
resuscitated cardiac arrest and cardiac rehospitalisation
[30].
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Highly accurate identification of the presence and the ex-
tent of viable myocardium is the basis for management
of patients with ischaemic heart disease, which is cost ef-
fective because the high diagnostic performance of 18F-
FDG PET/CT can avoid the need for additional investiga-
tions. The correct identification of a viable myocardium
also renders invasive procedures such as coronary angiog-
raphy with eventual revascularisation unnecessary in pa-
tients who are not likely to benefit (gatekeeper function),
given the proven excellent NPV of 18F-FDG PET/CT.

Hence, 18F-FDG cardiac PET/CT is expected to streamline
resource allocation in view of the possibility to avoid cost-
ly, invasive procedures and to reduce the rate of future se-
vere complications in coronary artery disease patients, thus
further reducing the costs for advanced therapies.
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