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Purpose. Sarcoidosis is a multi-systemic inflammatory disease of unknown etiology. Car-
diac sarcoidosis (CS) has been reported in as much as 25% of patients with systemic
involvement. '*Fluorodeoxyglucose (FDG) positron emission tomography (PET) has a high
diagnostic sensitivity/specificity in the diagnosis of CS. The aim of this review is to summarize
evidence on the prognostic role of FDG PET.

Methods. Studies were identified by searching MEDLINE from inception to October 2020.
Medical subject headings (MeSH) terms for sarcoidosis; cardiac and FDG PET imaging were
used. Studies of any design assessing the prognostic role of FDG PET in patients with either
suspected or confirmed cardiac sarcoidosis imaging done at baseline were included. Abnormal
PET was defined as abnormal metabolism (presence of focal or focal-on-diffuse uptake of FDG)
OR abnormal metabolism and a perfusion defect. Studies reporting any outcome measure were
included. Pooled risk ratio for the composite outcome of MACE was done.

Results. A total of 6 studies were selected for final inclusion (515 patients, 53.4% women,
19.8% racial minorities.) Studies were institution based, retrospective in design and enrolled
consecutive patients. All were observational in nature and published in English. All studies used
a qualitative assessment of PET scans (abnormal FDG uptake with or without abnormal per-
fusion). Two studies assessed quantitative metrics (summed stress score in segments with
abnormal FDG uptake, standardized uptake value and cardiac metabolic activity.) All studies
reported major adverse cardiovascular events (MACE) as a composite outcome. After a mean
follow up ranging from 1.4 to 4.1 years, there were a total of 105 MACE. All studies included
death (either all-cause death or sudden cardiac death) and ventricular arrhythmia (ventricular
tachycardia or ventricular fibrillation) as a component of MACE. Four of the six studies
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adjusted for several characteristics in their analysis. All four studies used left ventricular
ejection fraction (LVEF). However, other adjustment variables were not consistent across
studies. Five studies found a positive prognostic association with the primary outcome, two of

which assessing right ventricular uptake.

Conclusion. Although available evidence indicates FDG PET can be used in the risk
stratification of patients with CS, our findings show further studies are needed to quantify the
effect in this patient group. (J Nucl Cardiol 2021;28:1545-52.)
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Abbreviations

CMR Cardiac Magnetic Resonance Imaging

CS Cardiac sarcoidosis

FDG "®Fluorodeoxyglucose

HRS Heart Rhythm Society

JMHW Japanese Ministry of Health and
Welfare

LGE Late Gadolinium Enhancement

PET Positron Emission Tomography

WASOG World Association of Sarcoidosis and

Other Granulomatous Diseases

INTRODUCTION

Sarcoidosis is a multi-systemic inflammatory dis-
ease of unknown etiology characterized by non-
necrotizing sarcoid granulomas often located in the
lungs and mediastinal lymph nodes." Cardiac sarcoidosis
(CS) can occur alone or along with involvement of other
organ-systems. CS has been reported in as much as 25%
of patients with systemic involvement.>® The most
important clinical sequelae of CS are heart failure,
conduction abnormalities, ventricular arrhythmia, and
sudden cardiac death.* Identification of cardiac
involvement is important as prior studies have shown
significant morbidity and mortality in patients with
cs.’

Diagnosis of CS is challenging considering the lack
of pathognomonic signs and symptoms. Diagnostic
criteria, such as the Japanese Ministry of Health and
Welfare JMHW) Heart Rhythm Society (HRS) and the
World Association of Sarcoidosis and Other Granulo-
matous Diseases (WASOG) have not been validated and
have shown poor sensitivity and concordance.®'?
Endomyocardial biopsy, considered the gold standard
test, is not commonly used due to its inherent risks.!!
Furthermore, sarcoid inflammation is patchy and has a
predilection to sub-endocardial layers leading to a poor
diagnostic yield (test sensitivity of 20%.)'*'* Conse-
quently, the diagnosis of CS is currently established
utilizing a combination of cardiac imaging and clinical
criteria.

"®Fluorodeoxyglucose (FDG) positron emission
tomography (PET) is an important imaging modality
that utilizes radionuclide labeled glucose to detect areas
of inflammation through its uptake by inflammatory
cells (Figure 1)."*'> FDG PET is one of the imaging
modalities included in the current guidelines for the
diagnosis of CS and several prior studies have shown its
high sensitivity and specificity.'®

Most prior studies focused on the diagnostic accu-
racy of FDG-PET in CS while few small-center studies
examined its prognostic capability. The aim of this
review is to summarize findings of the prognostic role of
FDG PET.

METHODS

Source

Figure 2 shows the PRISMA flow diagram. Studies
were identified by searching MEDLINE from inception
to present. The last search was run on Oct 26, 2020. We
used Medical Subject Headings (MeSH) terms, includ-
ing all subheadings and entry terms, for sarcoidosis;
cardiac and FDG PET imaging.

Studies

Studies of any design assessing the prognostic role
of FDG PET imaging done at baseline were included.
Studies with patients of any age and gender with either
suspected or confirmed cardiac sarcoidosis were inclu-
ded. If multiple publications from the same cohort were
found, the most recent publication with the larger
sample size was included.

Imaging

Abnormal PET was defined as abnormal metabo-
lism (presence of focal or focal-on-diffuse uptake of
FDG) OR abnormal metabolism and a perfusion defect.
Studies reporting any outcome measure were
considered.
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Figure 1. 66-year-old female with pulmonary sarcoidosis presenting with ventricular arrhythmia.
FDG PET shows perfusion defect and FDG uptake..

o Study Selection and Data Collection
Records identified through

MEDLINE search

(n=464) Eligibility assessment was performed independently

in an unblinded standardized manner by 2 reviewers.
Disagreements between reviewers were resolved by
consensus.

A data extraction sheet was developed and refined
after pilot testing. Data on publication year, study size,
main predictors and variables, follow up duration and
y outcome measures were collected. One review author

A

Records after duplicates removed
(n=13)

Records screened . Records excluded extracted the data from included studies and the second
=t} =g author checked the extracted data. Disagreements were
resolved by discussion between the two review authors;
\ if no agreement could be reached, a third author assessed
Full-text articles assessed Full-text articles excluded the evidence for final decision.
for eligibility because of ineligibility
(n=20) (n=14)
Analysis
3 A meta-analysis was performed by computing the
S‘Ud‘ess';‘:::giii”““a' pooled risk ratio (RR) using random-effects model.
(n=6) Abnormal PET was defined as abnormal metabolism
(presence of focal or focal-on-diffuse uptake of FDG)
Figure 2. Flowchart. OR abnormal metabolism and a perfusion defect.

Subgroups of patients with abnormal metabolism or
perfusion defect were excluded from the analysis if
reported in the study.
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All studies reporting abnormal PET findings in the
left ventricle were pooled for the primary analysis. A
separate analysis was done for studies reporting right
ventricular findings. Finally, results were analyzed on
sensitivity analysis restricting to studies with patients
who only had PET imaging. We tested for heterogeneity
with the Breslow-Day test, and used the method pro-
posed by Higgins et al to measure inconsistency (the
percentage of total variation across studies due to
heterogeneity).!” All analysis was done using the meta
suite of commands in Stata 16.0 (StataCorp, College
Station, Texas) and a p-value of 0.05 was considered the
threshold for statistical significance.

RESULTS

A total of 464 studies were identified using the
search strategy. Of these, 439 studies were excluded
after reviewing abstracts because the papers did not
meet the criteria or were duplicates. The full text of the
remaining 25 citations were examined in more detail and
a total of 6 studies were selected for final inclusion. No
unpublished relevant studies were obtained (Figure 2).

Table 1 summarizes study characteristics.'®** All
included studies were observational in nature and
published in English. There were a total of 515 patients
with 53.4% females and 19.8% racial minorities. The
proportion of patients meeting established diagnostic
criteria ranged from 29 to 100%. Only one study
reported the number of patients with biopsy proven
extracardiac sarcoidosis (83%).22

All studies used a qualitative assessment of PET
scans (abnormal FDG uptake with or without abnormal
perfusion). In addition, two studies assessed quantitative
metrics (summed stress score in segments with abnormal
FDG uptake, standardized uptake value and cardiac
metabolic activity).'”*® Three studies assessed Late
Gadolinium Enhancement (LGE) on Cardiac Magnetic
Resonance Imaging (CMR) in addition to PET.?*??
Three studies (n = 269) also reported right ventricular
PET abnormalities.'®~*%

All studies reported Major Adverse Cardiovascular
Events (MACE) as a composite outcome. After a mean
follow up ranging from 1.4 to 4.1 years, there were a
total of 105 MACE. All studies included death (either
all-cause death or sudden cardiac death) and ventricular
arrhythmia (ventricular tachycardia or ventricular fibril-
lation) as a component of MACE. However, other
components of outcomes were not consistent and ranged
from all-cause mortality to hospitalization for heart
failure and heart transplantation.

Four of the six studies adjusted for several charac-
teristics in their analysis.'®?%** All four studies used
Left Ventricular Ejection Fraction (LVEF). However,
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other adjustment variables were not consistent across
studies. Diagnostic criteria were used to adjust for effect
measures in three studies (two used the Japanese
Ministry of Health and Welfare criteria and one used
the Heart Rhythm Society criteria).'®° One study used
sequential model building to generate risk scores that
parsimoniously adjusted for variables without overfitting
the final model."”

Figures 3 and 4 and online resource 1 summarize
findings of the meta-analysis. Analysis pooling all
studies included in this review showed abnormal PET
was significantly associated with patient outcomes
(RR =2.08, 95% CI 1.48-2.92, p < 0.001). Sensitivity
analysis restricting to studies with patients who only had
PET imaging showed a similar statistically significant
association (RR = 2.30, 95% CI 1.53-3.47, p < 0.001).
Lastly, a statistically significant association was
observed in the subgroup of studies reporting abnormal
PET in RV (RR 2.96, 95% CI 1.12-7.78, p = 0.03).

DISCUSSION

In the current review, we have shown the role of
PET imaging in prognosticating patients with known or
suspected CS. Our analysis found a lack of studies in
general, and a lack of consistency in the definition of
outcome measure. Our pooled effect analysis, albeit
limited by the inconsistency in design and outcome
measures, showed how an abnormal PET was signifi-
cantly associated with patient outcomes.

Although sarcoidosis primarily affects the lungs, the
importance of identifying cardiac involvement lies in its
associated degree of morbidity and mortality. Even
though endomyocardial biopsy is the gold standard for
diagnosis of CS, it has a sensitivity of 20-30% largely
because of the patchy nature of the disease. Thus,
diagnosis is challenging and relies on integrating clinical
presentation and imaging findings.'

FDG-PET is the gold standard for evaluation of
inflammation in the myocardium because it is known to
be taken up by the activated macrophages, epithelioid
cells, and Langerhans giant cells found in sarcoid
granulomas.”* It can also be used in patients with
implanted pacemakers or defibrillators, which are com-
mon devices in patients with CS. Furthermore, studies
have shown how FDG-PET can help to assess disease
activity and guide response to therapy.'> Considering the
heterogenous cardiac complications and adverse events
of CS patients, FDG-PET’s potential role in prognosti-
cation lies in its ability to help tailor therapy for each
individual.”

The prognostic value of CMR in CS has been
previously demonstrated. Pooled analysis from 10 stud-
ies involving 760 patients with known or suspected CS
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v . . . ..
g 0o 2 g patients without LGE. The odds ratio for the association
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Abnormal LV PET
N=6 studies, 515 patients

Abnormal PET Normal PET Risk Ratio Weight
Study MACE No MACE MACE No MACE with 95% ClI (%)
Blankstein 2014 14 20 6 41 —— 3.23[1.38, 7.54] 16.06
Bravo 2017 7 13 4 23 ——=—— 2.36[0.80, 6.98] 9.84
Sperry 2018 22 33 19 75 —— 1.98[1.18, 3.31] 43.45
Wicks 2018 13 15 5 18 —B——  2.14[0.89, 511] 15.22
Tuominen 2019 5 28 6 98 —®——263[0.86, 8.05] 9.21
Gowani 2020 4 32 3 11 = 0.52[0.13, 2.03] 6.22
Overall S 2.08[1.48, 2.92]
Heterogeneity: T- = 0.00, I” = 0.00%, H’ = 1.00
Test of 8 = 6;: Q(5) = 5.27, p = 0.38 Increased MACE
Testof 6 =0:z=4.22, p =0.00
T T T T 1
14 12 1 2 4 8

Random-effects REML model

Figure 3. Forest plot with pooled effect measure of all studies reporting PET findings in left
ventricle (LV).

Abnormal RV PET
N=3 studies, 269 patients

Abnormal PET Normal PET Risk Ratio Weight
Study MACE No MACE MACE No MACE with 95% ClI (%)
Blankstein 2014 8 3 23 47 — 2.21[1.35, 3.62] 40.59
Wicks 2018 2 2 16 31 ——i—— 147051, 4.23] 2942
Tuominen 2019 5 7 6 119 ———8.68[3.10, 24.28] 29.99
Overall —_— 2.96[1.12, 7.78]
Heterogeneity: 1° = 0.54, I” = 74.46%, H’ = 3.92
Test of 6 = 8 Q(2) = 6.81, p = 0.03 Increased MACE
Testof 6=0:2z=2.20, p=0.03
T T T T
1 2 4 8 16

Random-effects REML model

Figure 4. Forest plot with pooled effect measure of studies reporting PET findings in right
ventricle (RV).

heterogenous endpoints and short follow-up. Thus, there NEW KNOWLEDGE GAINED
is a need for well-designed large-scale registries and

. o Cardiac Sarcoidosis is reported in as much as a
cohort studies to address these limitations.

quarter of cases of systemic sarcoid and can cause major
complications if it is not detected early. Several aspects
of FDG-PET make for a test uniquely suited for patients
with Cardiac Sarcoidosis. In this systematic review, we
have shown that FDG-PET can be used to risk-stratify



1552

Ahmed et al
Prognostic role of PET in cardiac sarcoidosis

and ultimately guide the management of patients with
Cardiac Sarcoidosis.
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