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Abstract

Cardiac sarcoidosis (CS) is an inflammatory heart disease with severe complications. Early and
accurate diagnosis is crucial for optimal patient management. Positron emission
tomography/computed tomography (PET/CT) has emerged as a pivotal imaging modality for
detecting both active myocardial inflammation and/or scar, guiding therapeutic decisions, and
monitoring treatment response in patients with CS. Material and Methods: We retrospectively
analyzed PET/CT scans from 2014 to 2024 in patients with systemic sarcoidosis or suspected CS.
Results: Among 103 patients, 12 were diagnosed with CS. FDG PET/CT revealed pathological
uptake patterns in all patients, and 50% had right ventricular involvement. Myocardial perfusion
PET/CT, performed in 5 patients, detected concomitant scar in 4 patients. After immunosuppressive
therapy, 77.8% showed complete metabolic response. Despite generally favorable outcomes, 2
cardiac events were registered. Conclusions: Our findings highlight the essential role of PET/CT in
the early diagnosis and ongoing management of CS. This imaging technique allows for the timely
detection of myocardial inflammation, facilitates risk stratification, and enables clinicians to tailor
immunosuppressive therapy based on individual response. Early and accurate identification of
cardiac involvement through PET/CT can ultimately improve patient outcomes by allowing for
prompt and appropriate treatment adjustments.

Keywords: cardiac sarcoidosis; PET/CT imaging; myocardial inflammation; therapeutic response;
FDG

1. Introduction

The cardiac sarcoidosis (CS) is an inflammatory disease of the heart, characterized by the
formation of noncaseating granulomas within the myocardium, which can disrupt normal cardiac
function and lead to a spectrum of severe complications. These complications include conduction
disturbances, arrhythmias such as ventricular tachycardia and heart block, cardiomyopathy, heart
failure, and even sudden cardiac death [1]. Although sarcoidosis is a multisystem disorder, cardiac
involvement is a major cause of morbidity and mortality and is often underdiagnosed due to its
variable clinical presentation and the patchy distribution of myocardial lesions [2]. Therefore, the
clinical presentation of CS is highly variable, ranging from asymptomatic cases to life-threatening
cardiac events. Common symptoms include palpitations, syncope, chest pain, shortness of breath,
and peripheral edema, but up to 37% a significant proportion of patients may remain asymptomatic
until advanced disease or a sentinel event occurs [2,3].

The diagnosis of CS is further complicated by its often patchy myocardial distribution and
traditional diagnostic methods such as endomyocardial biopsy, electrocardiography and
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echocardiography have limited sensitivity and specificity. In this context, advanced noninvasive
imaging techniques have become increasingly important and essential for timely diagnosis [3].

Recent advances in imaging, particularly positron emission tomography/computed tomography
(PET/CT), have greatly improved the ability to detect active myocardial inflammation, guide
treatment decisions, and assess therapeutic response in CS [1,4,5]. A recent systematic review and
meta-analysis confirmed the prognostic value of cardiac PET imaging in predicting major adverse
cardiac events and informing clinical management of CS [4]. Furthermore, another recent review
highlighted the central role of PET/CT in the assessment and follow-up of CS, emphasizing its utility
in both diagnosis and treatment monitoring [5]. PET/CT is considered a valuable tool for the early
diagnosis and ongoing management of CS, enabling clinicians to tailor immunosuppressive therapy
and monitor disease progression or remission [1-3,6-8].

However, despite the proven diagnostic accuracy of PET/CT, current reference standards for CS
often rely on clinical criteria that may be less sensitive than PET imaging in detecting myocardial
involvement. Moreover, despite the technological and methodological advancements, data reflecting
the routine use and real-world effectiveness of PET/CT in clinical practice remain limited [5].

Given these challenges and the evolving landscape of diagnostic imaging, further research is
needed to clarify the optimal role of PET/CT in the management of CS.

The present study aims to report our experience with PET/CT in diagnosing and monitoring CS,
emphasizing its value in clinical practice for improving patient outcomes.

2. Materials and Methods

We conducted a retrospective analysis of all PET/CT scans performed at our institution between
January 2014 and March 2024 in patients with either newly diagnosed systemic sarcoidosis or clinical
suspicion of CS. The study population included adult patients who underwent PET/CT as part of
their diagnostic workup for sarcoidosis, as well as those referred for evaluation of possible cardiac
involvement due to symptoms such as unexplained arrhythmias, conduction abnormalities, or heart
failure, in accordance with current clinical practice guidelines [8-10]. Exclusion criteria included
patients with incomplete clinical data and prior immunosuppressive therapy before imaging (or
contraindications to PET/CT).

For each patient, we systematically collected comprehensive clinical data and relevant medical
history. Radiological data included findings from perfusion and metabolism PET/CT, cardiac
magnetic resonance imaging (CMR), and echocardiography. When available, histological
confirmation of sarcoidosis was obtained from endomyocardial or extracardiac biopsies.

All FDG PET/CT scans were performed following standardized protocols for CS assessment [7].
Patient preparation included adherence to a high-fat, low-carbohydrate diet for at least 24 hours and
a minimum fasting period of 12 hours prior to imaging to suppress physiological myocardial glucose
uptake. Blood glucose levels were checked before tracer injection to ensure they were within
acceptable limits. FDG was administered intravenously at a dose of approximately 4-5 MBq/kg.
Dedicated cardiac scan following base of the skull to mid-thigh acquisition was performed between
60- and 90-minutes post-injection, using a dedicated 3D PET/CT scanner. PET images were corrected
for detector efficiency (normalization), system dead time, random coincidences, scatter, and
attenuation. Image reconstruction was performed using an ordered subsets expectation
maximization (OSEM) iterative algorithm, with 2 iterations and 21 subsets, incorporating point
spread function (PSF) modeling and time of flight (TOF) information. After reconstruction, a
Gaussian filter with a 3-mm full width at half maximum (FWHM) was applied for smoothing. Image
analysis was conducted using Syngo.via Siemens Healthineers software, with visual assessment
performed by experienced nuclear medicine physicians, who assessed for patterns of FDG uptake
suggestive of active myocardial inflammation [11].

Myocardial perfusion ®N-NHs PET/CT at rest was performed in patients who, according to
CMR, demonstrated the presence of late gadolinium enhancement (LGE), suggestive of myocardial
fibrosis, as well as in patients who were unable to undergo MRI.
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BN-NHs was administered intravenously at a standard dose of 370 MBq over 15 seconds and a
dynamic scan of 10 min was simultaneously performed. The dynamic list sequence was reframed for
qualitative assessment (static imaging 1x360s). Image reconstruction used a similar iterative
algorithm as FDG PET, with corrections applied. Images were analyzed for perfusion defect and
compared to FDG images.

In cases where both perfusion and metabolism PET/CT were available, the combined findings
were used to characterize the spectrum of CS, presenting patterns of perfusion-metabolism mismatch
or match [9].

Imaging follow-up with FDG PET/CT was performed in patients who received
immunosuppressive therapy, allowing for assessment of treatment response.

The diagnosis of CS was established according to the Heart Rhythm Society (HRS) consensus
criteria, which incorporate clinical, imaging, and histological findings to improve diagnostic accuracy
[8]. In particular, Endomyocardial biopsy (EMB) was guided by three-dimensional electroanatomic
ventricular mapping (3D-EAM) by Rhythmia system (Boston Scientific).

This comprehensive approach enabled us to evaluate the role of PET/CT in the diagnosis and
monitoring of CS, as well as to correlate imaging findings with clinical outcomes and therapeutic
responses (including the assessment of the presence of atrioventricular block and ventricular
tachycardia) [12,13].

3. Results

Among the 103 patients initially evaluated for suspected sarcoidosis over the study period, 12
(mean age 53 + 14 years; 58.3% male) were ultimately diagnosed with cardiac involvement based on
clinical, imaging, and, when available, histological criteria, and were included in the study. Of these
12 patients, 7 patients underwent FDG PET/CT alone, while 5 patients underwent both FDG PET/CT
and ®N-NHs PET/CT imaging due to negative, inconclusive, or contraindicated CMR [Figure 1].

ASSESSED FOR ELIGIBILITY
(n=103)

~Ny
ENCLUDED IN THE STUDV]

(n=12)

h 4 Ny

FDG PET/CT 13N-NH3 + FDG
alone PET/CT
(n=7) (n=5)

Due to negative, inconclusive,
non-executable cardiac MRI

Figure 1. Flow chart illustrating the selection of patients included in the study.

For each patient included in the study, comprehensive clinical and diagnostic data were
systematically collected, encompassing demographic information, age at diagnosis, sex and the
results of key diagnostic investigations such as electrocardiography, echocardiography, CMR and
histological findings, as detailed in Table 1.

Table 1. Baseline characteristics of the study population, showing sex, age at diagnosis, and diagnostic findings

prior to PET imaging.
Patient n. Sex Age at Diagnosis Diagnostic Findings
1 M 16 Extra-cardiac biopsy, abnormal

echocardiography and CMR
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Extra-cardiac biopsy, abnormal

2 ¥ >2 ECG and echocardiography
3 M 63 Extra-cardiac biopsy, abnormal
ECG and echocardiography

4 M 71 Abnormal ECG

5 F 52 Extra-cardiac biopsy

6 F 51 Extra-cardiac biopsy

7 M 59 Extra-cardiac biopsy

8 M 42 Abnormal ECG and CMR

9 M 55 Abnormall ECG and

echocardiography

10 F 44 Extra-cardiac biopsy
Extra-cardiac biopsy, abnormal

11 F 77 CMR

12 M 23 Abnormal ECG

Clinically, at admission, sustained life-threatening arrhythmias were documented in 4 patients:
2 sustained ventricular tachycardia and 2 complete atrioventricular blocks, respectively. As a result,
device therapy was required: 2 patients received an implantable cardioverter-defibrillator (ICD)
while the remaining 2 underwent permanent pacemaker (PMK) implantation to manage significant
conduction disturbances.

Cardiac magnetic resonance imaging (CMR) was performed in 4 patients; in 3 out of 4 patients
CMR demonstrated late gadolinium enhancement (LGE) and regional wall motion abnormalities. In
the first patient, LGE was localized to the basal inferolateral wall of the left ventricular (LV) septum.
The second patient showed transmural and meso-epicardial LGE involving the basal, anterior, and
anterolateral mid segments, as well as the LV septum, accompanied by severe hypokinesia/akinesia
of the interventricular septum and the mid-basal anterior wall. In the third patient, CMR revealed a
non-coronary distribution of contrast enhancement, which was compatible with, but not specific for,
sarcoidosis. The fourth patient had a negative CMR, with no pathological findings detected.

All 12 patients demonstrated optimal suppression of physiological myocardial FDG uptake
(FDG myocardial uptake less than blood pool), confirming the effectiveness of the pre-scan dietary
preparation and fasting protocols. This allowed for clear visualization and assessment of pathological
FDG uptake within the myocardium. Notably, 3 of these patients (25%) were found to have isolated
CS, without evidence of extracardiac disease.

The most common myocardial FDG uptake pattern was focal patchy uptake, observed in 6 (50%)
patients [Figure 2a], which is considered highly suggestive of active granulomatous inflammation.
Focal uptake was identified in 2 (16.7%) patients ([Figure 2b], while 4 (33.3%) exhibited a focal on
diffuse FDG uptake pattern, characterized by areas of intense focal uptake superimposed on a

(a) (b)
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Figure 2. Representative FDG PET/CT images demonstrating distinct myocardial uptake patterns in CS. (a) Focal
patchy uptake: irregular, non-uniform tracer accumulation in myocardial regions, including right ventricular
involvement. (b) Focal uptake: intense, localized 18F-FDG uptake. (c) Focal-on-diffuse uptake: focal

hyperactivity over background diffuse FDG myocardial uptake.

Right ventricular (RV) FDG uptake was observed in 50% of patients with CS in our cohort, as
illustrated in Figure 2a.

BN-NHs PET/CT was performed in 5 out of the 12 patients (41.7%) diagnosed with CS. Among
these, 4 patients (80%) showed concomitant perfusion defects consistent with fibrosis [Figure 3],
while in 1 patient (20%) the ®N-NH;3; PET/CT was negative, indicating normal resting myocardial
perfusion. This combined assessment enables characterization of the full spectrum of CS, ranging
from isolated inflammation (normal perfusion with increased FDG) to isolated fibrosis (perfusion
defects without FDG uptake), and matched perfusion-metabolism abnormalities where fibrosis and
active inflammation coexist.

(@) (b)

Figure 3. PET/CT images showing myocardial perfusion and metabolic activity. (a) ®N-NHs PET/CT scan
highlighting a perfusion defect in the basal interventricular septum. (b) 18F-FDG PET/CT scan of the same

region, indicating a corresponding metabolic uptake in the septum.

Endomyocardial biopsy (EMB) guided by three-dimensional electroanatomic mapping (3D-
EAM) was conducted in 4 patients demonstrating positive findings on FDG PET/CT, without
histological evidence of cardiac sarcoidosis.

Following the diagnosis of CS, all patients were initiated on immunosuppressive therapy. The
majority (11 patients, 91.7%) received a combination regimen of prednisone and methotrexate, which
is consistent with current recommendations for managing active cardiac involvement [2,3]. One
patient (8.3%) was treated with prednisone monotherapy.

After a median follow-up period of 10 months (range 38 months), 9 patients (75%) underwent
FDG PET/CT imaging to assess the response to immunosuppressive therapy. Of these, 7 patients
(77.8%) demonstrated a complete cardiac metabolic response, characterized by the absence of
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abnormal myocardial FDG uptake on follow-up scans [Figure 4]. The remaining 2 patients (22.2%)
exhibited stable cardiac disease, with persistent but non-progressive FDG uptake patterns [Figure 5].

Some cardiac events occurred during follow-up, including 1 patient (8.3%) with sustained
ventricular tachycardia refractory to pharmacological therapy treated with targeted radiation
therapy, and another (8.3%) who experienced heart failure with preserved ejection fraction.

(@) (b)

Figure 4. FDG PET/CT images demonstrating treatment response in CS. (a): Baseline scan prior to therapy shows

intense focal patchy FDG uptake in the myocardium, consistent with active cardiac sarcoid inflammation. (b)
Follow-up scan after therapy reveals complete resolution of abnormal myocardial 18F-FDG uptake, indicating a

complete metabolic response to treatment.

(a) (b)

Figure 5. FDG PET/CT images illustrating stable disease in cardiac sarcoidosis. (a): Baseline scan prior to therapy

shows areas of abnormal 18F-FDG uptake in the myocardium, consistent with active inflammation. (b): Follow-
up scan after therapy demonstrates persistent abnormal myocardial FDG uptake with no significant change in

pattern or intensity, indicating stable disease without metabolic response to treatment.

Most patients continued their immunosuppressive therapy regimen (11 patients, 91%), with
plans for further PET/CT reassessment scheduled at 6- to 8-month intervals, in line with current
recommendations for ongoing disease surveillance [12]. In 3 cases where a complete cardiac response
was achieved, clinicians opted to reduce the prednisone dosage while maintaining methotrexate
therapy, reflecting a tailored approach to minimize corticosteroid exposure while sustaining disease
remission. This stepwise reduction of immunosuppression is supported by imaging evidence of
disease quiescence by FDG PET TC in concordant 25% patients.

4. Discussion

This study further underscores the crucial role of PET/CT imaging in the diagnosis and
management of CS [1-3,7]. Our real-world cohort reveals the diversity of clinical and imaging
presentations associated with CS, emphasizing the need for advanced, multimodal imaging to
achieve accurate disease characterization and therapeutic guidance.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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1. It is essential to consider CS even in the absence of systemic manifestations (among the 103
patients evaluated for suspected sarcoidosis during the study period, 12 individuals, 11.7%,
presented with cardiac manifestations only, without evidence of systemic involvement).

2. The capability of FDG PET/CT to detect active myocardial inflammation at an early stage enables
clinicians to initiate timely therapeutic interventions, potentially preventing severe
complications such as life-threatening brady and tachy-arrhythmias. Early identification of
cardiac involvement is vital, given the often subtle or nonspecific clinical presentations and the
limitations of conventional diagnostic methods like EBM. One significant challenge in
diagnosing CS is the low sensitivity of EBM, primarily due to the patchy and focal nature of
granulomatous infiltration within the myocardium [8]. In our cohort, only 4 patients underwent
EMB, without histological diagnosis of CS, highlighting the limitations of histological
confirmation although guided by ventricular 3D-EAM [14].

3. The integration of perfusion imaging with ®N-NHs PET/CT enhances the diagnostic and
prognostic value of PET/CT. By distinguishing areas of perfusion defects (indicative of fibrosis)
from regions of increased FDG uptake (active inflammation), clinicians can fully characterize the
spectrum of disease, from isolated inflammation to fibrosis, and overlapping pathology, for
comprehensive disease evaluation, prognosis, and guiding tailored therapeutic strategies [9].

4. Cardiac magnetic resonance (CMR) imaging is the first-line advanced diagnostic test for CS;
however, it was not feasible for all patients and sometimes produced inconclusive results,
further illustrating the diagnostic gap that PET/CT can address. In this regard, our findings
confirm that FDG PET/CT is highly sensitive for detecting active myocardial inflammation, as
demonstrated by the characteristic uptake patterns observed.

5. Moreover, our findings reinforce the utility of PET/CT in guiding individualized treatment
strategies. By offering a non-invasive assessment of myocardial inflammatory activity, PET/CT
allows clinicians to tailor immunosuppressive therapy based on objective evidence of disease
activity or remission. This approach facilitates the adjustment of immunosuppressive regimens,
such as corticosteroids and steroid-sparing agents, while minimizing unnecessary exposure to
medication side effects, thereby improving patient safety and quality of life [13]. Serial PET/CT
imaging enhances disease monitoring by enabling quantitative and qualitative assessments of
therapeutic response. In our cohort, follow-up PET/CT scans confirmed a complete metabolic
response in most patients (77.8%), supporting decisions to taper immunosuppressive therapy in
selected cases (25%). Conversely, persistent or recurrent FDG uptake necessitated continued or
intensified treatment (75%), underscoring the role of PET/CT in dynamic, patient-centered
clinical management.

6. Despite these positive outcomes, our cohort experienced some cardiac events during follow-up,
including one patient who developed sustained ventricular tachycardia, refractory to
conventional therapy and managed with targeted radiation therapy, and another who
experienced heart failure with preserved ejection fraction. These findings highlight that patients
with CS remain at risk for complications, emphasizing the need for ongoing clinical vigilance
and periodic imaging reassessment. They also reinforce the central role of FDG PET/CT not only
in initial diagnosis but also in the longitudinal management of CS. Serial imaging allows
clinicians to monitor therapeutic responses, guide adjustments in immunosuppressive
regimens, and promptly identify patients at risk for adverse cardiac events, thereby improving
overall patient outcomes.

Despite the promising diagnostic and prognostic capabilities of PET/CT in CS, our study
underscores the need for larger prospective multicenter trials to validate standardized imaging
protocols and the routinary use of PET/CT. Clinically, PET/CT facilitates early detection of active
myocardial inflammation, enabling timely initiation and adjustment of immunosuppressive therapy.
This tailored approach may reduce the incidence of adverse cardiac events and improve long-term
outcomes. Incorporating PET/CT into a multidisciplinary care model, alongside CMR and clinical
evaluation, is essential for a comprehensive management of CS.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Future research should focus on integrating PET/CT findings with emerging biomarkers and
genetics data to enhance diagnostic accuracy and personalize treatment. Technological
advancements, such as artificial intelligence and machine learning, hold potential to improve image
analysis and reduce interobserver variability. Additionally, novel PET tracers targeting specific
inflammatory pathways may offer more precise disease characterization.

5. Conclusions

In summary, our experience aligns with and expands upon existing literature, confirming that
PET/CT, particularly when combining metabolic and perfusion imaging, provides a comprehensive,
non-invasive approach for the diagnosis, risk assessment, and management of CS. The ability to
visualize the spectrum of disease activity and tailor therapy accordingly has the potential to enhance
both short- and long-term patient outcomes.
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Abbreviations

The following abbreviations are used in this manuscript:

CSs cardiac sarcoidosis

CMR cardiac magnetic resonance
EMB endomyocardial biopsy

FDG 18F-fluorodeoxiglucose

LGE late gadolinium enhancement
LV left ventricle

RV right ventricle
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