
EDITORIAL

Myocardial perfusion imaging in cardiac
sarcoidosis: A ‘‘sine qua non’’ for prognosis
assessment?

Georgios Benetos, MD, PhD,a and Andreas A. Giannopoulos, MD, PhDa,b

a Cardiac Imaging, Department of Nuclear Medicine, University Hospital Zurich, Zurich, Switzerland
b Cardiology Department, University Hospital Zurich, Zurich, Switzerland

Received Nov 10, 2019; accepted Nov 11, 2019

doi:10.1007/s12350-019-01964-w

See related article pp. 1745–1756

Sarcoidosis is a heterogeneous, granulomatous dis-

order of unknown etiology with multiorgan

involvement. Cardiac involvement may range from

asymptomatic granuloma infiltration to clinically con-

duction disturbances, ventricular arrhythmias,

progressive heart failure and sudden death and has

important prognostic and therapeutic implications.

Multimodality imaging plays an important role in the

diagnosis of cardiac sarcoidosis but also in the assess-

ment of treatment efficacy. To date gallium-67

scintigraphy, cardiac magnetic resonance imaging

(cMRI), and 18F-Fluorodeoxyglucose positron emission

tomography (FDG-PET) have been included as imaging

diagnostic tests in guidelines and in expert consensus

documents.1,2 FDG-PET and increasingly cMRI aside

diagnostic purposes can also provide information for the

risk assessment and management of the disease.3

On a pathophysiologic basis, cardiac sarcoidosis

may alter coronary microcirculation leading to

myocardial perfusion defects. These defects, however,

may represent either active inflammation or scar, with

abnormal FDG uptake representing inflammation. Based

on the different uptake patterns, various classifications

of the scintigraphic images (FDG-PET and myocardial

perfusion imaging—MPI) have been proposed: early

(only FDG-positive), progressive inflammatory (FDG-

positive without major perfusion defects), peak active

(high SUV FDG uptake with small perfusion defects),

progressive myocardial impairment (high SUV FDG

uptake with large perfusion defects) or fibrosis-pre-

dominant (FDG negative, but with perfusion defects).4

Another staging system resembles the staging of pul-

monary sarcoidosis: Stage 0 (normal FDG, normal

perfusion), Stage 1 (FDG-positive, normal perfusion),

Stage 2 (FDG-positive with perfusion defects in the

same myocardial territory), Stage 3 (FDG-positive with

perfusion defects in different territories) or Stage 4

(normal FDG, but with perfusion defects).5 Lastly, a

three-category scheme has been reported with prognos-

tic implications: (1) normal perfusion and metabolism,

(2) abnormal perfusion or metabolism, and (3) abnormal

perfusion and metabolism.6 Nevertheless, the change in

the above patterns following immunosuppressive ther-

apy has not been extensively investigated.

In the present issue of JNC, Koyanagawa et al7

retrospectively evaluated myocardial perfusion changes

in response to immunosuppressive therapy and their

potential prognostic significance in patients with cardiac

sarcoidosis. Thirty-eight patients with cardiac sar-

coidosis who had undergone both FDG-PET and 99mTc

Single Photon Emission Tomography (SPECT-MPI)

prior and post-steroid therapy were included. The FDG

uptake pattern was described as focal or focal on diffuse

and was quantified through the evaluation of cardiac

metabolic volume (CMV) and activity (CMA).4,5 The

summed rest score of baseline and follow-up rest MPI

was compared automatically and, accordingly, patients

were classified into recovery and non-recovery group.

The difference in the incidence of MACE was assessed,

including all-cause death, supraventricular or ventricular

arrhythmia, new atrioventricular block and hospitaliza-

tion. During a median follow-up of close to 3 years,

patients in the recovery group were shown to have
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suffered less MACE, an effect primarily driven by the

event rate of arrhythmias. In contrast, there was no

difference in the rate of death, atrioventricular block or

hospitalization between the two groups. Interestingly,

the rate of MACE was independent from reduced ejec-

tion fraction (\ 50%) at baseline. Moreover, in the

present study, inflammation intensity was significantly

reduced in both groups, with no statistically significant

difference in any quantitative marker of inflammation

(SUVmax, CMV, CMA) post-steroid therapy.

Although underpowered to detect the level of

potential differences in MACE, the elegant study by

Koyanagawa et al approached an important issue, eval-

uating the potential incremental value of sequential MPI

for prognosis assessment in cardiac sarcoidosis. It

remains elusive whether, following coronary artery

disease exclusion, the presence of MPI defect in cardiac

sarcoidosis corresponds to a dysfunction of microcir-

culation or to a permanent scar. To date, the interest in

prognosis assessment in cardiac sarcoidosis through

FDG-PET has been focused in the quantification of

myocardial inflammatory activity both at baseline and at

follow-up. Indeed, it has been shown that the decrease in

inflammatory activity in sequential examinations is

associated with an improvement in ejection fraction and

lower number of events.8,9 Various markers have been

proposed and validated, including SUVmax, CMA, and

CMV, also used in the present study.10,11 However,

reliable quantification of inflammation in cardiac sar-

coidosis, through a hotspot imaging modality such as

FDG-PET, poses significant technical and methodolog-

ical challenges.12 These include the need for

electrocardiographic gating in an FDG-PET examination

(not available in all scanners), the lack of standardiza-

tion in patient preparation, and difficulty in suppression

of myocardial FDG uptake, especially in the presence of

hibernating myocardium.

The idea of incorporating information from MPI in

prognostic assessment of patients with cardiac sar-

coidosis seems appealing for nuclear cardiologists given

the fact that they are familiarized with the evaluation of

defects in the cold spot imaging of MPI, whose quan-

tification is more standardized. The prognostic

significance of this blending of information has already

been demonstrated in two recent retrospective studies

with a larger pool of patients.6,13 More specifically, both

studies showed the prognostic role of the mismatch

pattern (abnormal perfusion and metabolism). However,

none evaluated the temporal changes in perfusion as in

the present study.

In most of the studies investigating prognostic fac-

tors in cardiac sarcoidosis, the majority of events refer to

ventricular arrhythmias. Thus, it is reasonable to

presume that in patients responding to immunosup-

pressive therapy, a reduction in inflammatory activity

together with an improvement in myocardial perfusion

and perhaps in ejection fraction substantially reduces the

ventricular arrhythmia risk. Further defining risk

assessment in cardiac sarcoidosis, several other markers

have shown prognostic significance. The presence of

focal FDG uptake in right ventricle in PET imaging has

been associated with high event rate.6 This marker, also,

does not mandate quantification, but despite its high

specificity, has a low sensitivity. Moreover, recent

advances in hybrid FDG/magnetic resonance imaging

(MRI) show promise in prognostic evaluation of cardiac

sarcoidosis.14 Indeed, in a recent study, concomitant

abnormalities in both PET (as expressed by focal FDG

uptake) and in MRI (as expressed by late gadolinium

enhancement) were the strongest predictive factors for

events, even after adjusting for ejection fraction.15 This

finding, obviously, is in accordance with the mismatch

pattern of hybrid PET/CT imaging. Unfortunately, as a

significant percentage of these patients undergo

implantation of defibrillator, sequential imaging with

MRI is not always an option.

Before reaching conclusions for the most reliable

prognostic factors by imaging in cardiac sarcoidosis the

following points must be taken into consideration:

1. The majority of studies investigating prognosis in

this patient group are retrospective in design, and

patients with either mid-range or preserved ejection

fraction are included. The category of patients with

heart failure with reduced ejection fraction, possibly

extended scar or fibrosis, and potentially absence of

inflammation is sub-optimally represented.

2. Acquisition protocols, immunosuppressive therapies,

and timing intervals between repeated imaging may

vary between studies and are not standardized.

3. No study to date has provided robust prognostic

information, which would allow perhaps the avoid-

ance of implantation of a defibrillator.

In conclusion, the fusion of information derived

from sequential FDG-PET and MPI potentially supports

the best predictive model both in monitoring of therapy

but also for prognosis assessment for patients with car-

diac sarcoidosis. Nevertheless, large prospective studies

with predefined cutoff points, acquisition, and manage-

ment protocols are mandated to confirm this theory.
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