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The diagnosis of cardiac sarcoidosis (CS) is challenging due to patchy and heterogenous 
myocardial involvement which results in a low yield of detection on endomyocardial 
biopsy. Accordingly, current diagnostic criteria for CS by the Japanese Circulation Soci-
ety, the World Association for Sarcoidosis and Other Granulomatous Disorders, and 
the Heart Rhythm Society (HRS) rely on non-invasive tools for diagnosis and manage-
ment including positron emission tomography with computed tomography (PET-CT) 
and cardiac magnetic resonance imaging (CMR) (Birnie et al. 2014; Terasaki et al. 2019). 
Although these imaging techniques are complementary and often selected based on local 
imaging expertise, the ideal approach for diagnosis and disease monitoring in CS is not 
yet determined. (Coulden et al. 2020) The aim of the current study is therefore to assess 
the prevalence of discordant findings in the assessment of myocardial inflammation in 
patients with known cardiac sarcoidosis who undergo concomitant PET-CT and CMR, 
defined as abnormal (fluorine-18 fluorodeoxyglucose) 18F-FDG metabolism by PET-CT 
with normal tissue characterization by CMR (absence of late gadolinium enhancement or 
edema on T2-weighted imaging).
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Abstract
Current diagnostic criteria for cardiac sarcoidosis (CS) rely on non-invasive imaging 
tools including positron emission tomography (PET-CT) and cardiac magnetic 
resonance (CMR). The aim of this study was to assess the prevalence of discordant 
myocardial inflammation between PET-CT and CMR in patients with known cardiac 
sarcoidosis. We retrospectively identified patients with both 18F-FDG PET-CT and CMR 
who had histology-proven sarcoidosis (N = 148). Among these 25 (17%) had abnormal 
18F-FDG metabolism with normal tissue characterization by CMR. Of these, 13 (9%) 
had the studies concomitantly within 180 days (median 5 days, IQR 1–31). During 
median follow up of 7 years, 3 (23%) deaths were documented. Although prospective 
studies are required to address the best imaging approach for cardiac inflammation, 
our observation that some patients with CS have evidence of disease activity on PET-
CT, but not on limited CMR without mapping suggests that a negative limited CMR 
may not fully exclude CS.
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A total of 2,358 patients with systemic sarcoidosis or suspected cardiac sarcoidosis 
who underwent CMR or PET-CT with sarcoidosis protocol between April 2001 and 
February 2021 were identified. Of these, 444 (19%) subjects had abnormal imaging find-
ings suspicious for CS and 273 (12%) patients had definite CS by HRS criteria (histol-
ogy-proven sarcoidosis). Among this group, 148 had both PET-CT and CMR, and these 
patients were included in the final cohort.

Myocardial perfusion imaging (MPI) to assess for mismatch in perfusion and metabo-
lism was done using 82Rb PET-CT. Patients were prepared for 18F-FDG PET-CT with 
dietary modification using a high-fat, low-carbohydrate diet 24 hours prior to the test 
followed by at least 12 hours of fasting. CMR imaging was performed as per local proto-
col according to standards of practice at the time of the procedure. All CMRs included 
late gadolinium enhancement imaging and T2-weighted imaging using T2 Short Tau 
Inversion Recovery (T2 STIR). T1 mapping was obtained in more contemporary studies 
(after 2013). T2 mapping was obtained in a case-by-case basis. The institutional review 
board approved this retrospective study and the requirement to obtain informed con-
sent was waived.

Overall, 25 (17%) patients had evidence of abnormal 18F-FDG uptake by PET-CT 
but no late gadolinium enhancement (LGE) or evidence of myocardial edema on 
T2-weighted imaging (T2 STIR or T2 mapping). Of these 25 patients, we identified 13 
(9%) who had concomitant PET-CT and CMR within 180 days (median 5 days, IQR 
1–31) (Table 1).

The median biopsy to imaging time was 150 days (IQR 30-1460). A total of 2 patients 
had T2 mapping (both suboptimal quality), 6 had T1 mapping and 5 had no mapping 
performed. All patients received immunosuppressive therapy during the follow-up 
period, 92% (N = 12) with prednisone, 69% (N = 9) with methotrexate and 38% (N = 5) 
with leflunomide. Figure 1 illustrates two cases with discordant tissue findings by PET-
CT and CMR.

Median follow up was 7 years (IQR 4–10). During follow-up, there were no docu-
mented ventricular arrhythmia events or implantable cardiac defibrillator shocks. A 
total of 3 (23%) deaths were documented, 1 cardiac death related to end-stage cardiomy-
opathy and 2 non-cardiac related deaths. Furthermore, 5 patients had follow-up imag-
ing, 2 with PET-CT only, 2 with PET-CT and CMR and 1 with CMR only. Among the 3 
patients who had follow up CMR, 1 converted to positive LGE and 2 remained normal. 
Among those with follow up PET (N = 4), all except 1 had resolution of myocardial 18F-
FDG uptake.

A total of 51 patients of 148 (34%) who had both PET-CT and CMR were documented 
to have concordant inflammation by PET-CT and abnormal tissue characterization by 
CMR. Of these 51, 27 (18%) had studies done within 180 days (median 19 days, IQR 
0–44). Median follow up of these patients was 8 years (IQR 2–16). During follow up, 9 
(33%) patients had ventricular arrhythmia and 7 (26%) had appropriate ICD therapy. A 
total of 5 deaths occurred (3 cardiac and 2 non-cardiac) and 1 patient underwent heart 
transplantation. All except one were treated with immunosuppressive therapy on fol-
low up (96% with prednisone, 70% with methotrexate and 19% with leflunomide). The 
overall combined rate of ventricular arrhythmia and overall mortality was 52% (N = 14) 
for patients with concordant positive PET-CT and CMR as compared to 23% (N = 3) in 
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patients with positive PET-CT but normal tissue characterization by CMR (chi-square 
p-value = 0.08).

In a retrospective observational study of patients undergoing baseline and follow-up 
simultaneous CMR and PET-CT for evaluation of CS, the CMR to PET-CT discordance 
was reported to be 32% with 6 studies (19%) showing abnormal myocardial 18F-FDG 
uptake with no detectable LGE (Coulden et al. 2020). In addition, they found that myo-
cardial 18F-FDG uptake regressed or resolved with treatment in all cases while LGE or 
myocardial edema on T2-weighted imaging did not change in cases with abnormal tis-
sue characterization by CMR (Coulden et al. 2020). This study suggested better sensi-
tivity for disease monitoring with PET-CT as compared to CMR. Moreover, the ability 
of PET-CT to evaluate extracardiac disease activity provides an important advantage. 
Nonetheless, with the increasing shift from T2-weighted imaging with T2-STIR to 
T2-mapping for assessing myocardial edema with CMR, the sensitivity of CMR for 
evaluation of acute inflammatory cardiomyopathy may improve (O’Brien et al. 2022). In 

Fig. 1  Graphical abstract. Illustrative case demonstrating discordant inflammation by 18F-FDG PET-CT and CMR in 
patient 1 (upper panel) and 3 (lower panel)
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our cohort, only 2 of 13 had T2 mapping which may not reflect a contemporary CMR 
practice. Finally, we observed that this patient population had a favorable prognosis 
when compared to patients with concordant PET-CT and CMR findings, which may be 
explained by the lack of fibrosis/LGE, previously shown to be the strongest predictor of 
mortality and tachyarrhythmia (Hutt et al. 2023).

Our observation that some patients with CS have evidence of disease activity on PET-
CT, but not on limited CMR without mapping suggests that a negative limited CMR may 
not fully exclude CS. Given that this cohort appears to be a relatively low-risk popula-
tion, we hypothesize that these patients may be in the early phase of CS with inflam-
mation but without development of fibrosis. Thus, although prospective studies are 
required to address the best imaging approach in cardiac sarcoidosis, our findings sug-
gest that PET-CT should be included in the assessment of disease activity at baseline.
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