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ABSTRACT. Background and aim: Recurrence of cardiac sarcoidosis (CS) following heart transplantation (HT) is
a rare but clinically significant complication that influences management strategies and prognosis. This review
examines existing evidence on the diagnosis and treatment of post-transplant CS recurrence. Additionally, we
present a case report of CS recurrence in a patient after HT. Methods: We analyzed clinical studies, case reports,
and systematic reviews published up to January 2025, focusing on the recurrence of CS after transplantation.
Results: Limited data suggest that immunosuppressive therapies are crucial in managing post-transplant CS
recurrence. Diagnosis relies on imaging modalities such as Positron Emission Tomography (PET-CT), Cardiac
Magnetic Resonance (CMR), and endomyocardial biopsies. Treatment generally involves intensifying immuno-
suppressive therapy. Conclusions: Standardized guidelines are essential to improve the management of this rare
and complex condition and to enhance long-term patient outcomes.

KEeY worbps: cardiac sarcoidosis, post-transplant recurrence, immunosuppressive therapies, Positron Emission

Computed Tomography (PET-CT), Cardiac Magnetic Resonance (CMR), endomyocardial biopsy

BACKGROUND

The pathogenesis of sarcoidosis is complex and
not fully understood, but it is believed to involve a
genetic predisposition, an altered immune response
to still-unidentified environmental stimuli, and a
dysregulation of the immune system (1-4). Sar-
coidosis is a multisystem inflammatory disease of
unknown etiology, characterized by the formation
of non-caseating granulomas that mainly affect the
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lungs and lymph nodes, although numerous organs
and tissues can be involved (1-4). Cardiac involve-
ment (CS) is associated with a worse prognosis
(2, 5), with an estimated prevalence between 5%
and 25% of patients with sarcoidosis (2, 5-7). The
diagnosis of CS is often complex due to clinical vari-
ability and overlap with other cardiac pathologies,
including dilated, hypertrophic, and arrhythmogenic
cardiomyopathies (8). Heart transplant (HT) is gen-
erally reserved for patients with advanced heart fail-
ure or life-threatening arrhythmias that cannot be
adequately controlled with other therapies, such as
antiarrhythmic drugs, immunosuppressive therapy,
or the implantation of devices such as pacemakers
or implantable cardioverter defibrillators. In patients
undergoing HT for CS, the risk of CS recurrence
in the transplanted heart, although considered rare,
with an estimated incidence of less than 10% and a
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variable prevalence between 5% and 18% (9, 7, 10),
poses significant challenges for clinical management.
Some studies suggest recurrence may occur even ear-
lier than previously thought (11, 12). Post-transplant
immunosuppression, necessary to prevent organ re-
jection, may, in some cases, contribute to the reac-
tivation of residual disease or the formation of new
granulomatous lesions in the transplanted heart, as
suggested by studies by Seplowe et al. (11, 13, 14).
Furthermore, cases of sarcoidosis transmission via
cardiac transplantation have been reported (15).
The clinical presentation of CS recurrence can in-
clude symptoms such as arrhythmias, congestive
heart failure, and, in more severe cases, sudden
cardiac death. Diagnosis requires a multimodal ap-
proach, integrating clinical assessments, electrocar-
diographic (ECG) findings, advanced imaging such
as Positron Emission Tomography-Computed To-
mography (PET-CT), Cardiac Magnetic Resonance
(CMR), and endomyocardial biopsy to confirm the
presence of non-caseating granulomas, although the
latter may have limited sensitivity (10, 14, 16, 17).
The use of 3D mapping-guided endomyocardial bi-
opsies may improve diagnostic yield (17). The prog-
nosis of patients with post-transplant CS recurrence
depends on several factors, including the timing of
diagnosis, the extent and severity of the recurrence,
the effectiveness of treatment, as well as the presence
of transplant-related complications. According to the
literature (18), recurrence in a cardiac allograft is pos-
sible. Recent studies have shown that patients trans-
planted for CS do not have significant differences in
long-term survival compared to those transplanted
for other indications, with 5-year survival rates of
79% (3,13, 19), although some studies have indicated
a trend toward higher mortality in patients with sar-
coidosis after transplantation (4, 20). It is important
to note that some cases of cardiac sarcoidosis are di-
agnosed only after heart transplantation, highlight-
ing the challenges in pre-transplant diagnosis (21).
In transplanted patients, regular screening and ad-
vanced imaging are essential to distinguish CS
recurrence from acute rejection, allowing for person-
alized therapeutic management and optimized clini-
cal outcomes. Furthermore, serum biomarkers like
soluble interleukin-2 receptor (sIL-2R) may aid in
monitoring treatment response (2). Cardiac involve-
ment without extracardiac manifestations may also
occur (22).

Case ReporT

A 45-year-old Caucasian man, a former smoker
with a previous history of recurrent chest pain, heart
failure, and ventricular tachycardias, underwent heart
transplantation in 2017 because of severe biventricular
cardiomyopathy, resulting in impaired cardiac function
and life-threatening arrhythmias. In 2016, he under-
went a chest computed tomography (CT) scan for
pre-transplant tests showing multiple pulmonary nod-
ules, parenchymal consolidation, and mediastinal lym-
phadenopathy, so a bronchoscopy with trans-bronchial
biopsies was performed; furthermore, in May 2017
(before transplantation), he underwent a whole-body
PET-CT that revealed hyperabsorption of the radi-
opharmaceutical in the lungs and lymph nodes, con-
sistent with pulmonary and mediastinal lymph node
sarcoidosis. The report did not explicitly mention car-
diac uptake. Therefore, a histological diagnosis of pul-
monary and lymph node sarcoidosis was made based
on lung and lymph node biopsies performed during
bronchoscopy, and the patient was treated during the
pre-transplant period with prednisone at an initial dos-
age of 50 mg, progressively tapered. The timing of ta-
pering is not exactly known, as the patient was initially
followed at another centre. After HT in 2017, the au-
topsy of the heart revealed cardiac sarcoidosis. It is de-
batable whether a dedicated cardiac PET scan at that
time would have altered the pre-transplant manage-
ment, but in retrospect, it might have increased suspi-
cion for CS and potentially influenced post-transplant
surveillance strategies. In May 2019 (post-transplant),
he underwent a total-body PET-CT in another centre,
which revealed hyper uptakes in the heart, both lungs,
and mediastinal lymph nodes. Since 2021, the patient
began to complain of tachyarrhythmia. He underwent
echocardiography and coronary angiography, both
normal, and therapy with flecainide was increased. In
November 2022, an endomyocardial biopsy was per-
formed on the transplanted heart, with no evidence of
disease recurrence. From the perspective of respiratory
function, the tests showed a progressive reduction in
carbon monoxide (CO) diffusion over time and the
appearance of obstructive deficit. Furthermore, in the
years following the transplant, he underwent several
PET-CT scans that documented a constant level of
activity of sarcoidosis at the pulmonary and cardiac
levels, but we do not know whether a recurrence of car-
diac sarcoidosis was suspected, given that the patient
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Table 1. Immunosuppressive therapy for the treatment of sarcoido-
sis before transplantation, therapy after cardiac transplantation and
modification of therapy after diagnosis of recurrence of CS

Post-transplant at
Pre-transplant | Post-transplant CS recurrence
- Prendisone - Cyclosporine - Cyclosporine
50 mg, OD 100 mg TD 100 mg TD
then tapered | - Mycophenolato - Prednisone
Mofetil 750 mg TD 25 mg OD
- Methylprednisolone | - Methotrexate
4m OD 10 mg QW

Abbreviations: OD: once daily, TD: twice daily, QW: quaque week,

once a week

was not being followed by our center at that time. The
echocardiography performed in 2023 revealed septal
hypokinesis, indicative of impaired contractility of the
left ventricle. The patient, at the time of recurrence, was
on maintenance immunosuppressive therapy, which
included cyclosporine (100 mg twice daily), mycophe-
nolate mofetil (750 mg twice daily), and methylpred-
nisolone (4 mg daily). For treatment of the recurrence,
methotrexate (10 mg/week) was introduced, the dose
of steroid (prednisone 25 mg) was increased, and my-
cophenolate mofetil was discontinued (Table 1).

The therapy was also personalized with antico-
agulants and inhaled drugs to manage concomitant
ventricular thrombosis and pulmonary involvement.
After six months of treatment, the patient showed
significant clinical improvement, with a large reduc-
tion in inflammatory uptake on PET-CT (Figures 1
and 2, lower panels) and an improvement in the left
ventricular ejection fraction (EF) from 35% to 50%,
as measured by echocardiography.

Spirometry also improved, with an increase in
alveolar-capillary diffusion of CO, which became
normal, while the obstructive deficit remained sta-
ble, as shown in Table 2. Further indicators of the ef-
fectiveness of the therapy were the recovery of good

quality of life and the absence of tachyarrhythmia.

METHODS

This critical literature review, integrated with a
case report, was conducted by analyzing original arti-
cles, narrative and systematic reviews, clinical guide-
lines, and case reports published up to January 2025.
The main research sources were the electronic data-
bases PubMed, Scopus, and Web of Science, using

relevant keywords, including “cardiac sarcoidosis”,

“post-transplant recurrence”, “immunosuppression’,
“PET-CT”, “cardiac magnetic resonance” and “en-
domyocardial biopsy.” Clinical studies, narrative
reviews, and case reports that reported data on the
diagnosis, treatment, and prognosis of cardiac sar-
coidosis (CS) recurrence after heart transplantation
were included. The inclusion criteria comprised:
(1) studies on patients undergoing heart transplanta-
tion for CS with a confirmed diagnosis of recurrence;
(2) studies that described the use of advanced imag-
ing (PET-CT, CMR) and/or endomyocardial biop-
sies for the diagnosis and monitoring of recurrence;
and (3) studies that provided details on the therapeu-
tic regimens used for the management of recurrence.
Studies without specific data on post-transplant CS
recurrence, studies on unrelated pathologies, and ab-
stracts not published in full were excluded. The se-
lected articles were further divided based on study
design, population characteristics, diagnostic meth-
ods used, and therapeutic regimens employed to pro-
vide a clear synthesis of the most common strategies
and to identify the strengths and weaknesses of
available evidence. In parallel, a case report of post-
transplant CS recurrence at our center was analyzed,
with particular attention to the diagnostic process, the
therapeutic approach adopted, and the patient’s clini-
cal response. This case was chosen as a representative
example of the clinical and therapeutic complexities
related to the management of recurrent CS. All di-
agnostic and therapeutic procedures described were
performed in accordance with current ethical and
clinical guidelines. Data extracted from the literature
were organized and synthesized in a narrative review,
highlighting both the progress made and the gaps still
existing in the understanding of the pathology. Par-
ticular attention was paid to the analysis of therapeutic
recommendations, with a focus on immunosuppres-
sive therapies, the use of biological therapies, and the
multidisciplinary approach (23). The entire process
was supervised by a multidisciplinary team compris-
ing cardiologists, pulmonologists, radiologists, and
immunologists, ensuring an integrated and multidi-
mensional approach to the literature review and the
presentation of the case report.

REesuLts

From the literature analysis, 18 relevant ar-
ticles were selected: 7 case reports, 4 observational
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Figure 1. PET/CT scans of the patient before (A1 and B1, left panel) and after (A2 and B2, right panel) therapy for
cardiac sarcoidosis recurrence in the transplanted heart: left panel shows lower tracer uptake in the lungs and at splenic
levels, the disease remains active, albeit to a lesser extent, even after the first course of therapy.

Figure 2. PET/CT scans before (A1 and B1) and after (A2 and B2) therapy for recurrence of cardiac sarcoidosis on
transplanted heart showing low tracer uptake findings at the inferior vena cava and anterior basal to the left ventricle,
reduced in extent and gradient from previous, minimal residual active disease.
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Table 2. Spirometric data of our patient at time 0, i.e. at the time of relapse on heart transplant, and at time 3 and time 6, i.e. 3 and 6 months
after the start of therapy, respectively. At time 0 and time 6, only simple spirometry was performed, so data on residual volume and total lung

capacity are not available

Lower Limit of Normality | Spirometry at T, Spirometry at T Spirometry at T

FEV, 4,40 Lt 3,52 Lt (80%) 3,35 Lt (76%) 3,38 Lt (77%)
FVC 5,62 Lt 5,28 Lt (94%) 5,18 Lt (92%) 5,32 Lt (94%)
FEV1/FVC 78,78 66,66 64,63 63,53

RV 1,19 Lt Not available 1,58 Lt (130%) Not available
TLC 8,47 Lt Not available 7,11 Lt (83%) Not available
DLCO 70% 74% 89%

KCO 85% 91% 95%

Abbreviations: FEV: Forced expiratory volume, FVC: Forced vital capacity, RV: Residual volume, TLC: total lung capacity, DLCO: diffusing

capacity for carbon monoxide, KCO: Krogh’s kco.

studies, and 7 narrative reviews. Post-transplant CS
recurrence was reported in less than 10% of patients,
with a time interval ranging from 6 months to sev-
eral years post-transplant. The diagnosis was mainly
based on advanced imaging techniques, particularly
PET-CT and CMR, often combined with endomy-
ocardial biopsies to increase their diagnostic sensi-
tivity, especially in cases of atypical presentation or
doubtful diagnosis (10, 14, 16). Studies such as those
conducted by Seplowe et al. (11, 13, 14) emphasized
the importance of these techniques for timely and
accurate diagnosis. The treatments described in-
cluded the intensification of immunosuppression
with high-dose corticosteroids, methotrexate, or
mycophenolate mofetil, alone or in combination.
These approaches showed clinical improvements in
approximately 70% of the analyzed cases, with a re-
duction in granulomatous activity and stabilization
of cardiac function, as demonstrated by serial imag-
ing studies and cardiac function data. However, side
effects related to immunosuppression were frequent,
including opportunistic infections, liver toxicity, and
metabolic disorders, which required careful clini-
cal and laboratory monitoring (9, 10, 12, 21-24). In
more complex cases refractory to standard treat-
ments, a combination of therapies was observed,
including calcineurin inhibitors (e.g., tacrolimus, cy-
closporine) and biological drugs such as TNF-alpha
inhibitors (13, 26), with variable results. Studies have
also highlighted the role of methotrexate in the treat-
ment of recurrent CS, especially in patients refrac-
tory to corticosteroids (10, 12, 27-29). Rezvani et al.
(21) showed that PET-CT can be used to moni-

tor methotrexate therapy. The analyzed case report

confirmed a recurrence diagnosed by PET-CT and
endomyocardial biopsy, treated with a combination
of prednisone and methotrexate. After six months of
treatment, a significant reduction in inflammation
was observed, documented by the reduction in FDG
uptake on PET-CT, and an improvement in the ejec-
tion fraction (EF) from 35% to 50%, as measured by
echocardiography. The results obtained are consistent
with the evidence of Bobbio et al. (18, 19), which
emphasizes the importance of regular screening for
the early detection of recurrences and of personalized
therapies to optimize clinical outcomes. Further-
more, the analysis highlighted how the combined use
of advanced imaging and biomarkers, such as sIL-2R,
can improve the ability to monitor treatment re-
sponse, minimizing complications. The review un-
derscores the importance of standardized protocols
for the diagnosis and treatment of recurrent CS and
the need for further prospective studies to define
the optimal role of immunosuppressive therapies, as
reported in a case report by Rathore et al. (10, 29),
highlighting the efficacy of methotrexate as first-line
monotherapy.

DiscussionN

Post-transplant cardiac sarcoidosis recurrence
represents a rare but clinically relevant condition,
which requires a highly individualized and multi-
disciplinary approach (4, 10, 23). The data available
in the literature are limited and mainly derived from
case reports and small case series, making it difficult
to establish standardized and robust evidence-based
therapeutic protocols (Table 3). However, emerging
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evidence underscores the importance of immunosup-
pressive therapies in the management of these recur-
rences, with a key role for corticosteroids and agents
such as methotrexate or mycophenolate mofetil, as
illustrated by several studies (12, 10, 27-30). Previ-
ous studies have described cases of recurrence with
a variable prevalence between 5% and 18% in pa-
tients transplanted for CS (7), with a variable time
interval between 6 months and several years after
transplantation, although cases of early recurrence
have also been reported (11, 10). Diagnosis has of-
ten been complex (28, 16), with advanced imaging
such as PET-CT and CMR used to detect granu-
lomatous activity, while endomyocardial biopsies
have proven essential for histological confirmation,
even if with their limited sensitivity (10, 14, 16, 17).
Haanschoten et al. (31) suggest that 3D mapping-
guided endomyocardial biopsies may improve diag-
nostic yield. Immunosuppressive therapy, based on
corticosteroids and agents such as methotrexate or
mycophenolate, has shown variable results, high-
lighting the need for optimized protocols (23). Our
case illustrates how the use of methotrexate, associ-
ated with corticosteroids, led to a significant clini-
cal and functional improvement, with a reduction in
symptoms, improvement in contractile function of
the left ventricle, and reduction in tracer uptake on
PET-CT. PET-CT has proven to be a crucial tool
not only for diagnosis but also for monitoring treat-
ment response, identifying areas of granulomatous
activity that may not be detected with other diag-
nostic modalities, as evidenced by studies by Dotare
et al. (10, 26), which support the utility of PET-CT
for therapeutic monitoring (16, 22, 31). These results
are consistent with the observations of Bobbio et al.
(5, 18, 19), who have emphasized the importance of
regular screening in patients transplanted for CS, and
with evidence of the effectiveness of methotrexate as
a second-line treatment, or even first-line, in cases of
poor response to corticosteroids (10, 12, 27-30). The
efficacy of methotrexate in combination with cyclo-
sporine and prednisone suggests that these therapies
may be considered cornerstones in the management
of post-transplant CS recurrence. However, the risk
of side effects related to immunosuppression, such
as opportunistic infections, organ dysfunction, and
metabolic disorders, requires careful and continuous
monitoring of patients, as recommended by several
studies (9, 10, 12, 21, 24, 32-37). Some authors have

proposed the use of long-term therapies with reduced

doses of steroids to prevent further recurrences (26).
A multidisciplinary approach is essential, involving
specialists in cardiology, pulmonology, radiology, and
immunology, to address diagnostic and therapeutic
complexities, as emphasized in several studies that
report the importance of a team-based approach
(10, 38-48). Furthermore, the adoption of advanced
technologies, such as cardiac magnetic resonance and
PET-CT, has the potential to significantly improve
the ability to detect and manage these recurrences,
allowing for personalized therapy and reducing the
risk of adverse events related to disease reactivation.
Crucially, the evidence of active myocardial inflam-
mation on FDG-PET in conjunction with tachyar-
rhythmias was not immediately interpreted as CS
recurrence. In retrospect, a more proactive multidis-
ciplinary review at that stage could potentially lead
to earlier diagnosis and treatment initiation, poten-
tially improving outcomes. The management of heart
transplant recipients is heavily focused on preventing
organ rejection through a standardized immunosup-
pressive regimen. Typically, this includes induction
therapy followed by maintenance immunosuppres-
sion with corticosteroids, calcineurin inhibitors (like
tacrolimus or cyclosporine), and antimetabolites (like
mycophenolate mofetil). These medications are cru-
cial for preventing acute and chronic rejection, which
are major causes of graft failure and mortality post-
transplant. Routine endomyocardial biopsies are a
cornerstone of post-transplant care, performed at
scheduled intervals and in cases of suspected rejec-
tion, to monitor for cellular and antibody-mediated
rejection. However, this immunosuppression, while
necessary for graft survival, may not always be suf-
ficient to prevent CS recurrence and, in some
scenarios, could potentially contribute to a dysregu-
lated immune environment. Cessation or signifi-
cant reduction of immunosuppression, particularly
mycophenolate and tacrolimus, to manage CS recur-
rence carries a substantial risk of allograft rejection
a critical consideration in these patients. Therefore,
a multidisciplinary approach involving transplant
cardiologists, heart failure specialists, pulmonolo-
gists, and radiologists is paramount. This team needs
to carefully weigh the risks and benefits of adjust-
ing immunosuppression, considering both the po-
tential for CS recurrence and the ever-present threat
of organ rejection. The diagnostic challenge lies in
differentiating CS recurrence from acute rejection,
as both can present with myocardial inflammation
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and dysfunction. Advanced imaging and sometimes
repeat biopsies are crucial in this differential diagno-
sis. Further prospective studies are needed to better
define the role of immunosuppressive therapies in
recurrent cardiac sarcoidosis, with particular atten-
tion to the identification of more effective and safe
therapeutic strategies. These studies could provide a
basis for developing more robust guidelines and im-
proving clinical outcomes in transplanted patients.
There is growing interest in new therapeutic options,
such as biological therapies, which may offer new
opportunities for the treatment of CS refractory to
conventional treatments (23, 26).

CONCLUSION

The purpose of this review is to make a sig-
nificant contribution to the understanding of the
management of recurrent cardiac sarcoidosis post-
transplantation. Our research emphasizes that,
despite the rarity of the condition, recurrences
represent a clinical challenge that requires a tar-
geted and personalized therapeutic approach. Ad-
vanced imaging, particularly PET-CT and CMR,
and intensified pharmacological therapies based on
corticosteroids and immunosuppressants such as
methotrexate are essential tools to improve clinical
outcomes and monitor the response to treatment.
Although current evidence is limited, the reported
data reinforce the need for further research aimed
at optimizing treatment strategies and identify-
ing biomarkers that can better predict recurrences.
Furthermore, the introduction of standardized
guidelines based on prospective studies and real-
world data could optimize the treatment of this rare
but complex pathology, ensuring a better long-term
prognosis for patients.
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