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Abstract

Cardiac sarcoidosis (CS) is a distinctive manifestation of sarcoidosis, a multisystemic inflammatory disorder
that is characterized by non-necrotizing granulomas. CS can lead to arrhythmias, heart failure (HF), and
sudden cardiac death. The diagnosis of CS involves imaging in the form of a two-dimensional
echocardiogram, cardiac magnetic resonance imaging (MRI), an 18-fluoro-deoxyglucose positron emission
tomography (FDG-PET) scan, and an endomyocardial biopsy. Treatment of CS entails corticosteroids,
immunosuppressive agents, monoclonal antibodies, and, in advanced cases, heart transplantation (HTx).
This systematic review follows Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guidelines, focusing on HF in sarcoidosis patients. Eligibility criteria include recent (2019-
2024) research papers on sarcoidosis-induced heart failure, excluding other causes. The databases searched
were PubMed, Google Scholar, and ScienceDirect. From 36,755 initial articles, 2,060 remained after filtering,
and 17 were selected for quality assessment. Based on quality assessment, 11 studies were included in the
final review. In CS, a variety of treatment strategies can be implemented. Corticosteroids are the first-line
therapeutic options, and in the majority of cases, they are very successful in controlling the disease
progression. Immunosuppressive agents like methotrexate and azathioprine are used to avoid long-term
steroid use. Both corticosteroids and immunosuppressives act by reducing inflammation and preventing
myocardial scarring. Biological agents like infliximab and adalimumab prevent disease progression by
targeting specific inflammatory pathways and are used in refractory cases. Regular HF management drugs
like angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs), sodium-glucose
transport protein 2 (SGLT2) inhibitors, beta-blockers, and diuretics help in optimizing cardiac function. In
severe cases, a left ventricular assist device (LVAD) may be required. The ultimate treatment for end-stage CS
is HTx, which has to be supplemented with a strong, individualized regimen of glucocorticoids and
immunosuppressives to avoid graft rejection and to control sarcoidosis. Due to a lack of standard protocols
for management and limited knowledge about CS, the ideal treatment of HF is still a matter of debate.
Hence, further research and clinical trials need to be performed to optimize patient outcomes.

Categories: Internal Medicine, Rheumatology, Cardiology
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Introduction And Background

Sarcoidosis is a multisystemic disorder with an uncertain etiology that causes non-necrotizing granulomas
to infiltrate numerous organs. African Americans and Scandinavians are more likely to have the condition,
which has a greater prevalence in individuals under 50, especially in the 25-40 age range, attaining a
subsequent peak in women over 50. The yearly incidence of sarcoidosis varies between 2.3 and 11 per
100,000 people [1]. According to autopsy data, cardiac involvement is seen in up to 25% of individuals with
systemic sarcoidosis, and this is linked to a poorer prognosis. The degree and location of the heart
involvement determine the symptoms of cardiac sarcoidosis (CS), which can range from asymptomatic
illness to serious conditions such as heart failure (HF), high-grade atrioventricular block, or ventricular
tachycardia (VT) [2]. Patients with sarcoidosis had a much greater incidence of HF than individuals without
the disease (240 versus 12 per 1000 patient-years, respectively; P<0.001). The risk of developing HF was
significantly greater in individuals with sarcoidosis upon adjusting for age, sex, race/ethnicity, and
comorbidities. Compared to other known risk factors, sarcoidosis showed the highest relative risk of HF,
with a hazard ratio of 11.2 (P<0.01) [3]. Initial assessments using a chest computed tomography (CT) scan
and X-rays are part of the diagnostic approach for CS. The use of speckle-tracking echocardiography has
allowed for more nuanced monitoring than conventional echocardiography. With its excellent diagnostic
accuracy, cardiac magnetic resonance imaging (MRI) uses late gadolinium enhancement and native T1
mapping to identify fibrosis and edema. Biopsies are guided by 18-fluoro-deoxyglucose positron emission
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tomography (FDG-PET) scans, which identify areas of metabolic activity, and by hybrid PET/MRI scanners,
which efficiently integrate both modalities. The gold standard for diagnosis is still endomyocardial biopsy,
with imaging-guided methods improving accuracy [4].

The treatment of CS is challenging, and the optimal course of action remains a subject of ongoing debate.
Experts advise initiating immunosuppressive treatment for cardiac involvement, such as arrhythmias and HF
symptoms. Although steroid-sparing regimens are recommended, trustworthy, long-term therapeutic
guidelines are lacking. It's uncertain if immunosuppressives are often beneficial for symptoms that are not
life-threatening. Research is currently ongoing to determine the best ways to assess therapy response,
treatment duration, and dose recommendations [5]. To reduce myocardial inflammation and treat the
implications of cardiac damage and scarring, effective medicines are critical in the management of CS.
Prednisone is frequently used as a first-line therapy, with dosage and other immunomodulators modified
according to the severity of clinical symptoms. Second-line treatments, such as methotrexate or
azathioprine, are used when corticosteroids are inadequate or must be lowered owing to harmful side effects.
Biologic drugs such as infliximab, adalimumab, and rituximab are third-line therapies that require patient
screening for infection prior to their use [6]. Currently, trials are being conducted to investigate novel
therapy alternatives and enhance treatment procedures. Severe occurrences, such as fulminant myocarditis
associated with CS, may require strong immunosuppression along with mechanical assistance. Left
ventricular assist device (LVAD) and cardiac transplantation are options for individuals with terminal HF;
studies have shown that post-transplant results for people with and without CS are comparable and that CS
recurrence in transplanted hearts is uncommon [6]. The prognosis for CS varies significantly by type, with
isolated CS showing poorer event-free survival (63.0% adverse events) compared to systemic sarcoidosis
(12.7%). It is theorized that delayed diagnosis and treatment contribute to worse outcomes in isolated CS,
while early corticosteroid therapy in systemic cases improves left ventricular function. Early diagnosis and
treatment are critical for improving outcomes in CS, particularly in isolated cases, highlighting the need for
further research into optimal management strategies [7].

Review
Methods

The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 2020 guidelines have
been followed in this systematic review [8]. Participants are patients diagnosed with sarcoidosis and
presenting with HF. Interventions include various therapeutic strategies aimed at managing HF in
sarcoidosis. Finally, the outcome included an assessment of improvement in cardiac function and a
reduction in HF symptoms. Table I illustrates the inclusion and exclusion criteria that were introduced.

Inclusion criteria

Heart failure due to sarcoidosis

Last five years (2019-2024)

Published literature

Narrative reviews, systematic reviews, meta-analyses, case
reports, observational, RCT, cohort studies

People with cardiac sarcoidosis
Both female and male

English

Free full text only

RCT: Randomized controlled trial

Exclusion criteria

Heart failure due to other causes except sarcoidosis

More than five years or before 2019

Author letters, conference abstracts, books, gray
literature, non-published literature

Nil

Those not affected by cardiac sarcoidosis
Nil

All languages other than English

Abstracts, paid full text

Using the databases ScienceDirect, Google Scholar, and PubMed, a methodical search was carried out. The
databases were last searched in July 2024. Heart failure and sarcoidosis were the terms entered into the
search engines, and the medical subject headings (MeSH) approach was employed in PubMed. Table 2
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provides more details about the search strategy used in PubMed and other databases.

Number
of
. . Search
Databases Search strategy articles  Filters
result
before
filters
2019-
) ) ) ) . ) . ) 2024,

Heart Failure OR ("Heart Failure/diagnosis"[Mesh] OR "Heart Failure/diagnostic imaging" Free full
[Mesh] OR "Heart Failure/etiology"[Mesh] OR "Heart Failure/history"[Mesh] OR "Heart text. in
Failure/pathology"[Mesh] OR "Heart Failure/physiopathology"[Mesh] ) AND Sarcoidosis OR (20,633 ’

PubMed . L . . the last 888
"Sarcoidosis/complications"[Mesh] OR "Sarcoidosis/diagnosis"[Mesh] OR five
"Sarcoidosis/epidemiology"[Mesh] OR "Sarcoidosis/history"[Mesh] OR "Sarcoidosis/mortality” cars
[Mesh] OR "Sarcoidosis/pathology"[Mesh] OR "Sarcoidosis/physiopathology"[Mesh] ) Luma’ns

English

Googl 2019-

999€ " Heart failure AND Sarcoidosis 64 28
Scholar 2024
2019-
2024,
English,
Science ) L Open
i Heart failure AND Sarcoidosis 16,058 1,144
Direct access
and
Open
archive

TABLE 2: Search strategy used to obtain literature for the study

MeSH: Medical subject headings

The records were filtered by title and abstract, which allowed for the elimination of articles that were
irrelevant. The full-text articles were retrieved. In order to reduce the possibility of bias in this study, the
articles that were successfully retrieved were examined using the proper quality assessment tools. The Scale
for the Assessment of Non-Systematic Review Articles (SANRA) checklist was used to evaluate the narrative
reviews. The systematic reviews and meta-analyses were assessed using the Assessment of Multiple
Systematic Reviews (AMSTAR) checklist. Finally, we used the Newcastle-Ottawa Scale (NOS) to assess the
cohort studies [9-11].

After the data was extracted, each co-author contributed equally to the completion of the retrieved data. The
core outcomes, such as improvement in the cardiac function as measured by the ejection fraction and
symptomatic improvement, were thoroughly examined in all the shortlisted publications.

Results

We obtained 36,755 articles from our initial search of PubMed, Google Scholar, and ScienceDirect. After
applying the filters and removal of the duplicates using EndNote (version 21, Clarivate, Philadelphia, PA),
the number of articles narrowed down to 2060. Following a screening process, out of 2060 articles, we
discarded 2043 articles. After this process, 17 articles were left for retrieval. For a comprehensive
quality/bias assessment utilizing standardized quality assessment methodologies, these 17 papers were
included. Following a quality analysis, six papers were deemed unsuitable for inclusion in this systematic
review, leaving the remaining 11 research studies to be reviewed. Figure I shows the PRISMA 2020 flow
diagram [8].
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Not published in the last 5
years (n = 26534)
Not free full text (n = 4360)
Non-human studies (n = 107)
Non-English studies (n = 56)

Records screened
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(n=17)
l

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=17)

Reports excluded: based on

quality appraisal tools (n= 6)
SANRA score <9 (n = 4)
AMSTAR score <70% (n = 1)
NOS score <7 (n=1)

Studies included in review
(n=11)

Reports of included studies
(n=11)

FIGURE 1: PRISMA chart

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-analyses [8].

SANRA: Scale for the Assessment of Non-systematic Review; AMSTAR: Assessment of Multiple Systematic

Reviews; NOS: Newcastle-Ottawa Scale

Table 3 provides detailed insights into the quality assessment of the narrative reviews using the SANRA

checklist.

2024 Palvia et al. Cureus 16(8): e66515. DOI 10.7759/cureus.66515

Behavioral Neurosciences & Psychology

4 0of 12


https://assets.cureus.com/uploads/figure/file/1160355/lightbox_6e7f1ac0565411ef93d361bf49a7283c-Corrected-PRISMA_Figure1.png
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Published via California Institute of
il Behavioral Neurosciences & Psychology

Concrete aims or Literature
Justification of the Scientific ~ Presentation
First author, year formulation of the search Referencing Sum Pass/Fail
article’s importance reasoning of data

question described
Eleftherios Markatis et

1 0 2 2 2 9 Pass
al., 2020 [12]
Maria Giovanna
Trivieri et al., 2020 2 1 0 2 2 2 9 Pass
[13]
Jukka Lehtonen et al.,

2 0 1 2 2 9 Pass
2023 [6]
Richard K. Cheng et

2 0 2 2 2 10 Pass
al., 2024 [14]
Pranav Mankad et al.,

1 0 2 2 2 8 Fail
2019 2]
Nisha A. Gilotra et al.,

2 0 2 2 2 10 Pass
2022 [15]
Alessandro De Bortoli

2 1 1 1 2 8 Fail
etal., 2023 [4]
Nisha Gilotra et al.,

2 0 2 1 2 8 Fail
2020 [16]
llias C. Papanikolaou

1 0 2 2 1 7 Fail

etal, 2022 [17]

TABLE 3: Evaluation results of narrative reviews using the SANRA 2 evaluation method

Passing score: 9/12
SANRA 2: Scale for the Assessment of Non-systematic Review Articles 2

Reference: Baethge et al. [9]

Table 4 presents the evaluation results of the AMSTAR checklist for the systematic reviews.
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Emanuele Bobbio Julien Stievenart Siavosh Fazelpour Golnaz Roshankar
et al., 2021 [18] et al., 2022 [19] et al., 2021 [20] et al., 2022 [21]

Checklist

Was an "a priori" design provided? Yes Yes Yes Yes

Were there duplicates in study selection and data

i Yes Yes Yes Yes
extraction?
Was a comprehensive literature search performed? Yes Yes Yes Yes
The status of publishing was considered as an
. . o Yes Yes No Yes
inclusion criteria
Was a list of studies provided? Yes Yes No Yes
Were the characteristics of the included studies
. Yes No Yes No
provided?
Was the scientific quality of the included study used
. . ' . Yes Yes Yes Yes
appropriately in formulating conclusions?
Were the methods appropriate? Yes Yes Yes Yes
Was the likelihood of publication bias assessed? No No No No
Was the conflict of interest included? Yes Yes No Yes
Total Score 90% 80% 60% 80%
Pass/Fail Pass Pass Fail Pass

TABLE 4: Evaluation results of systematic review articles using the AMSTAR checklist

The passing score is >70%
AMSTAR: Assessment of Multiple Systematic Reviews

Reference: Shea et al. [10]

Lastly, we used the NOS to evaluate retrospective cohort research as described in Table 5.
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First author, Year

Representativeness of the exposed cohort
Selection of the non-exposed cohort
Ascertainment of exposure

Demonstrate that the outcome of interest was
not existent at the start of the study

Comparability of the cohort-based
design/analysis

Assessment of the outcome
Was the follow-up long enough?
Adequacy of follow-up cohorts

Pass/fail

David G. Rosenthal
et al., 2019 [22]

Yes
No

Yes

Yes

Yes

Yes
Yes
Yes

Pass

Matthew C. Baker Rabea Asleh et
et al., 2019 [23] al., 2022 [24]

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Pass

Yes

No

Yes

Yes

No

Yes

Yes

Fail

TABLE 5: Details of the NOS assessment tool used in our study

The passing score is 7/9.

NOS: Newcastle-Ottawa Scale.

Reference: Stang [11].
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Matthew T.
McGoldrick et al.,
2021 [25]

Yes
No

Yes

Yes

Yes

Yes
Yes
Yes

Pass

Table 6 highlights the 11 studies that were used for this review based on satisfactory performance on their

respective quality assessments.

First author

Jukka Lehtonen et al. [6]
Eleftherios Markatis et al. [12]
Maria Giovanna Trivieri et al.[13]
Richard K. Cheng et al.[14]
Nisha A. Gilotra et al.[15]
Emanuele Bobbio et al.[18]
Julien Stievenart et al. [19]
Golnaz Roshankar et al. [21]
David G. Rosenthal et al. [22]
Matthew C. Baker et al.[23]

Matthew T. McGoldrick et al. [25]

Year

2023

2020

2020

2024

2022

2021

2022

2022

2019

2019

2021

Type of study

Narrative review

Narrative review

Narrative review

Narrative review

Narrative review

Systematic review

Systematic review

Systematic review
Retrospective cohort research
Retrospective cohort research

Retrospective cohort research

TABLE 6: Details of the studies that passed the quality assessment and were selected for this

systematic review

Our review highlights the essential roles of corticosteroids, immunosuppressants, and biologic drugs in

treating CS. We examined 11 important studies that provide great insights into how well these treatments
work. Corticosteroids were the go-to first-line therapy in every study, showing their crucial role in reducing
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inflammation and helping maintain heart function. Following corticosteroids, steroid-sparing medications
like methotrexate were frequently used. Biologic therapies such as adalimumab and infliximab showed
promise in targeting specific inflammatory pathways in difficult cases. Advanced imaging techniques,
including cardiac MRI and FDG-PET, are essential for diagnosing, monitoring, and planning CS treatment.
We explore deeper into these concepts to find an ideal therapeutic strategy for HF in CS. This review
underscores the necessity for personalized care, continuous monitoring, and advanced treatment to improve
patient outcomes.

Discussion

Role of Corticosteroids, Immunosuppressives, and Biological Agents

A comprehensive approach involving immunosuppressive agents that are aimed at reducing inflammation
and preventing disease progression is involved in the treatment of CS. Corticosteroids like prednisone are
usually initiated immediately after diagnosis to counteract myocardial scarring and preserve the left
ventricular ejection fraction (LVEF). The optimal dose and duration of corticosteroids vary depending on the
severity of the disease and the patient's response [12]. To reduce the long-term corticosteroid dependence
and to avoid the adverse effects, steroid-sparing agents like methotrexate, azathioprine, and mycophenolate
are typically employed as adjunctive therapies. These drugs provide stronger disease control when
corticosteroids alone are not fully effective. A very crucial role is played by the biological agents, especially
in refractory cases of CS where the corticosteroids and immunosuppressive agents have failed. Agents such
as infliximab and adalimumab target specific inflammatory pathways involving tumor necrosis factor-alpha
(TNF-0) to mitigate granuloma formation and disease progression [6,13,14]. Rituximab, which targets B
cells' CD20, has shown promise in some CS patients and is now being investigated further for its potential
uses [13].

Treatment Strategies and Their Impact on CS Remission

David G. Rosenthal et al. conducted a single-center retrospective cohort study with 28 individuals who were
diagnosed with CS between January 2009 and November 2018. Following an initial high dosage of
prednisone, patients with CS were treated with corticosteroid-sparing regimens primarily incorporating
methotrexate and/or adalimumab. The primary goal of the study was to evaluate the effectiveness of
sustaining illness remission by consecutive FDG-PET scans and clinical endpoints, such as VT and HF
symptoms. The significance of continued immunosuppressive medication and close observation are
highlighted by the findings, which demonstrated that stopping immunosuppression dramatically raised the
likelihood of VT episodes, CS recurrence, and unfavorable clinical outcomes [22].

A retrospective study by Matthew C. Baker et al. examined 77 patients with CS from a cohort of 936
sarcoidosis patients seen between 2009 and 2018. The study was composed predominantly of Caucasians
(66%), with a mean age of 55 years at diagnosis, and 39% were females. The study concluded that 32% of the
participants had isolated CS and the typical initial presentations included heart block and tachyarrhythmias.
FDG-PET and cardiac MRI were critical for establishing cardiac involvement. Prednisone (90%) and
methotrexate (71%) were the common treatment modalities; TNF-a inhibitors like infliximab or adalimumab
were used in 26% of the patients. This led to a significant improvement in image-based findings and a
notable improvement in LVEF. The utility of TNF-a inhibitors in managing CS is highlighted by this study
[23].

Comprehensive Management of Ventricular Arrhythmias and Advanced HF

CS management necessitates a customized strategy combining corticosteroids, steroid-sparing medications,
and biological agents based on disease severity, treatment response, and patient-specific variables. In order
to improve results for individuals with this difficult illness, ongoing research is still being done to
investigate novel therapy alternatives and optimize existing treatment methods. Ventricular arrhythmias
associated with CS are managed by antiarrhythmic drugs like amiodarone and sotalol, usually in association
with corticosteroids during active inflammation [12]. These agents are critical to managing VT and atrial
fibrillation and are used along with immunosuppressive drugs [6,14]. When it comes to treating severe cases
of CS where HF has developed, angiotensin-converting enzyme (ACE) inhibitors and beta-blockers are
essential [6,12]. Because of their dual effects in managing arrhythmia and heart failure, beta-blockers may
occasionally be used. Optimizing cardiac performance and managing symptoms are the goals of using ACE
inhibitors, angiotensin receptor blockers (ARBs), aldosterone antagonists, and sodium-glucose
cotransporter-2 (SGLT-2) inhibitors [14]. ARBs, aldosterone antagonists, and diuretics are crucial in
managing CS-related ventricular dysfunction. Beta-blockers, however, need careful use because of their
ability to exacerbate atrioventricular block, necessitating pacemaker implantation [19,21]. Arrhythmias in
CS can be controlled with a combination of antiarrhythmic drugs, catheter ablation for refractory cases, and
implantable cardioverter-defibrillator (ICD) placement to prevent sudden cardiac death (SCD) [12-14]. In the
context of heart transplantation (HTx), an extensive but personalized immunosuppressive regimen is
important to balance graft survival and manage disease recurrence. Thymoglobulin or basiliximab are used
as induction therapies to modulate the immune response, which leads to reduced rejection rates.
Prednisolone and other immunosuppressants are utilized to optimize outcomes in long-term maintenance
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therapy [18,19].

Treatment strategies are influenced by multimodal imaging studies like cardiac PET and MRI scans. They
help in evaluating the inflammation and scar burden [13]. Ventricular arrhythmias, refractory to
antiarrhythmic drugs, may improve after the implementation of immunomodulators [6]. ICD helps in the
prevention of sudden cardiac deaths, particularly in patients with advanced conduction defects [6,14]. The
unpredictable nature of ventricular arrhythmias poses a serious threat in cases of CS; drugs like amiodarone
and sotalol are the initial treatment options. In recurrent cases or in cases where there is intolerance to
antiarrhythmic therapy, catheter ablation has been proven to be highly effective. Advanced atrioventricular
blocks and bundle branch blocks may be triggered in cases of CS where the interventricular septum is
involved. Placement of a permanent pacemaker may be required in such cases [15]. Cardiac MRI and FDG-
PET scans are important in monitoring CS progression. TNF-a inhibitors are newer agents that have proven
efficacious in reducing disease activity and improving patient outcomes [21].

A study by Matthew T. McGoldrick et al. used the organ procurement and transplantation network (OPTN)
database to examine the outcomes of patients aged 18 years and older who underwent their HTx between
January 1, 1999, and March 20, 2020 [25]. Patients were categorized into three groups based on their primary
indication for transplant: restrictive cardiomyopathy due to cardiac sarcoidosis (RCM-sarcoidosis),
restrictive cardiomyopathy due to other causes (RCM-other), and non-RCM indications. It was found that
there was a significant increase in HTx for RCM-sarcoidosis over the study period, underscoring its rising
prevalence. Patients in the RCM-sarcoidosis group were more likely to be younger, female, and chronically
using steroids but less likely to have comorbidities such as diabetes or a history of tobacco use. The RCM-
sarcoidosis group demonstrated superior long-term survival rates as compared to non-RCM patients after
adjusting for relevant variables. Comparing RCM-sarcoidosis patients to their peers, secondary outcomes
and causes of death analysis revealed unique disparities in morbidity and mortality patterns, including
higher rates of fungal infections and other pulmonary causes. The study draws attention to the unique
clinical features and shifting landscape of RCM-sarcoidosis in heart transplant recipients [25].

Treatment of patients suffering from advanced HF due to CS is challenging. There is no one-size-fits-all
approach; the management has to be personalized. To tackle conduction abnormalities, cardiac
resynchronization therapy (CRT) may be required in spite of mixed results, mainly due to widespread
myocardial scarring. The use of ICDs to prevent SCD is common practice in the treatment [6,12,13]. In
selected cases, a LVAD may be incorporated, after which HTx is the only definitive option for end-stage
disease [6,14,15]. Evaluation of patients includes consideration of large-scale systemic involvement of the
disease and immunosuppression such as diabetes or adrenal insufficiency [14]. Modern imaging modalities
like cardiac MRI and FDG-PET are very important to diagnose and monitor CS. They allow us to examine the
level of myocardial inflammation, scar burden, and response to treatment. These imaging techniques are
therefore essential for pre-transplant assessment and post-transplant follow-up. Novel strategies in
treatment are being studied to improve patient outcomes and to minimize the adverse effects of
immunosuppression. Initiation of immunosuppressive therapy in the early stages based on imaging studies
and the use of low-dose prednisone and methotrexate in combination with or without biologics like TNF-a
antagonists are examples of the available measures undertaken to counteract CS. Table 7 provides a quick
overview of the key findings of each study. The lack of standard protocols and validated biomarkers
demonstrates the need for further clinical research and collaboration to refine these strategies and lay down
clear guidelines for clinical practice [12-19].
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Conclusion(s)

TNF-a inhibitors such as infliximab and adalimumab mitigate granuloma formation and progression of CS. Antiarrhythmic
drugs like amiodarone and sotalol are used to manage ventricular arrhythmias and atrial fibrillations along with
corticosteroids, which decrease inflammatory activity.

Prednisone has proven to mitigate myocardial scarring and preserve LVEF. ACE inhibitors, ARBs, aldosterone antagonists,
and SGLT-2 inhibitors are used to optimize cardiac performance and manage symptoms of HF. Ventricular arrhythmias are
managed with the use of antiarrhythmic drugs like amiodarone and sotalol.

Rituximab is effective in controlling CS without any cardiac adverse effects. ICD helps prevent SCD in patients with
advanced conduction defects. TNF-a inhibitors have a proven record of reducing disease activity and improving outcomes.
Cardiac MRI and FDG-PET scans are essential for monitoring CS progression and treatment response.

Infliximab and adalimumab hamper the progression of CS. ACE inhibitors, ARBs, aldosterone antagonists, and SGLT-2
inhibitors are the cornerstones of the management of ventricular dysfunction. ICD helps in the prevention of sudden cardiac
deaths. Cardiac MRI and FDG-PET scans are essential for monitoring CS progression.

In advanced atrioventricular blocks and bundle branch blocks, the use of a permanent pacemaker is key. Medically
uncontrolled HF can be managed by the use of LVAD. End-stage disease may require a HTx.

In HTx, the use of thymoglobulin or basiliximab helps in modulating the immune response and reduces the risk of rejection.
Prednisolone and immunosuppressives can be utilized for their dual role in preventing graft rejection as well as control of
systemic sarcoidosis.

Beta-blockers, though they are helpful in HF, need to be used judiciously as they can exacerbate atrioventricular blocks
necessitating a pacemaker implantation. Modern imaging modalities like cardiac MRI and FDG-PET are very important in
helping clinicians learn about the response that the patient is showing to therapy.

TNF-a inhibitors have proven efficacious in reducing disease activity and improving patient outcomes. Modern imaging
modalities like cardiac MRI and FDG-PET are crucial for diagnosing and monitoring CS. Beta-blockers can be used to
preserve LVEF, but they have the potential to cause life-threatening heart blocks.

Cessation of immunosuppressants leads to a rebound effect in the disease manifested by VT episodes and a drop in
ventricular function; this highlights the importance of long-term relapse control using an effective regimen of
immunosuppressives without compromising patient safety.

The effectiveness of TNF-a inhibitors, such as infliximab or adalimumab, in significantly improving image-based findings
and LVEF is demonstrated.

HTx in the RCM-sarcoidosis group has proven to show a superior long-term survival rate as compared to their non-RCM
counterparts, hinting that HTx can be an effective option in end-stage disease.

TABLE 7: A summary of the key points of each study

ACE inhibitors: angiotensin-converting enzyme inhibitors, ARBs: angiotensin receptor blockers, CS: cardiac sarcoidosis, FDG-PET: fluorodeoxyglucose
positron emission tomography, HF: heart failure, HTx: heart transplantation, ICD: implantable cardioverter-defibrillator, LVEF: left ventricular ejection
fraction, LVAD: left ventricular assist device, RCM: restrictive cardiomyopathy, SCD: sudden cardiac death, SGLT-2 inhibitors: sodium-glucose
cotransporter-2 inhibitors, TNF-a: tumor necrosis factor-alpha, VT: ventricular tachycardia, MRI: magnetic resonance imaging

Limitations

Treatment outcomes may be inconsistent due to the variability of corticosteroid dosing, durations, patient
compliance, adverse effects, and the use of adjunctive therapies. Some of the content discussed has been
derived from single-center studies; these results may not be generalizable to a broader population. The
heterogeneous nature of CS can be demonstrated by its wide range of clinical manifestations and varied
disease course, which might complicate the standard approach to therapy. Confounding factors such as
other comorbidities may have played into the holistic patient management, which could have affected the
study outcomes. Finally, the treatment protocols are subject to evolution over time, which may lead to some
inconsistencies.
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Conclusions

CS is a serious presentation of sarcoidosis. It is characterized by the formation of non-necrotizing
granulomas in the myocardial tissue. Effects of CS can primarily manifest in the form of arrhythmias and HF.
Cardiac MRI, PET scan, and endomyocardial biopsy are used to diagnose CS and assess the level of
inflammation and scar burden. HF in CS is managed by a personalized combination of conventional HF
therapies like neurohormonal blockers and corticosteroids. Immunosuppressive agents and biological
agents are used to reduce steroid dependence and to improve outcomes. Advanced and refractory HF can be
managed by the use of LVAD. HTx is the ultimate solution to manage end-stage CS, with better outcomes of
survival as compared to HTx due to other conventional cardiovascular causes. Appropriately tailored therapy
can counteract myocardial scarring and improve the LVEF. Management of CS requires long-term therapy
and monitoring, as very high disease recurrence is encountered with premature cessation of therapy. Many
studies are in progress that aim to refine the treatment protocol and add more effective and safer treatment
options. As CS is a very rare cause of HF, there is much need for international collaboration to set clear
guidelines for treatment.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Aadi R. Palvia, Avneet Kaur, Mounika Thirunagari, Abhinav Anand, Gibran A. Azeez,
Sondos T. Nassar

Acquisition, analysis, or interpretation of data: Aadi R. Palvia, Avneet Kaur, Nazeefa Fatima, Gibran A.
Azeez

Drafting of the manuscript: Aadi R. Palvia, Avneet Kaur, Nazeefa Fatima, Mounika Thirunagari, Abhinav
Anand

Critical review of the manuscript for important intellectual content: Aadi R. Palvia, Gibran A. Azeez,
Sondos T. Nassar

Supervision: AadiR. Palvia, Sondos T. Nassar

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

We would like to express our sincere gratitude towards California Institute of Behavioral Neurosciences &
Psychology research program for all the guidance. Special thanks to Dr. Hassaan Tohid and Dr. Sondos
Nassar, who were very helpful throughout.

References

1. Seve P, Pacheco Y, Durupt F, et al.: Sarcoidosis: a clinical overview from symptoms to diagnosis . Cells. 2021,
10:766. 10.3390/cells10040766

2. Mankad P, Mitchell B, Birnie D, Kron J: Cardiac sarcoidosis. Curr Cardiol Rep. 2019, 21:152. 10.1007/s11886-
019-1238-1

3. Rosenthal DG, Fang CD, Groh CA, et al.: Heart failure, atrioventricular block, and ventricular tachycardia in
sarcoidosis. ] Am Heart Assoc. 2021, 10:e017692. 10.1161/JAHA.120.017692

4. De Bortoli A, Birnie DH: Diagnosis and treatment of cardiac sarcoidosis. Circ J. 2023, 87:471-80.
10.1253/circj.CJ-22-0671

5. Ueberham L, Hagendorff A, Klingel K, et al.: Pathophysiological gaps, diagnostic challenges, and
uncertainties in cardiac sarcoidosis. ] Am Heart Assoc. 2023, 12:e027971. 10.1161/JAHA.122.027971

6. Lehtonen J, Uusitalo V, P6yhonen P, Mayranpad MI, Kupari M: Cardiac sarcoidosis: phenotypes, diagnosis,
treatment, and prognosis. Eur Heart J. 2023, 44:1495-510. 10.1093/eurheartj/ehad067

7. Okada T, Kawaguchi N, Miyagawa M, et al.: Clinical features and prognosis of isolated cardiac sarcoidosis
diagnosed using new guidelines with dedicated FDG PET/CT. ] Nucl Cardiol. 2023, 30:280-9.
10.1007/512350-022-03034-0

8. Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. Syst Rev. 2021, 10:89. 10.1186/513645-021-01626-4

2024 Palvia et al. Cureus 16(8): €66515. DOI 10.7759/cureus.66515 110f 12


https://dx.doi.org/10.3390/cells10040766?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/cells10040766?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11886-019-1238-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11886-019-1238-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/JAHA.120.017692?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/JAHA.120.017692?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1253/circj.CJ-22-0671?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1253/circj.CJ-22-0671?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/JAHA.122.027971?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/JAHA.122.027971?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/eurheartj/ehad067?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/eurheartj/ehad067?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12350-022-03034-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12350-022-03034-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13643-021-01626-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13643-021-01626-4?utm_medium=email&utm_source=transaction

Cureus

Part of SPRINGER NATURE

10.

11.

12.

13.

14.

15.

16.

20.

21.

22.

23.

24.

25.

Published via California Institute of
Behavioral Neurosciences & Psychology

Baethge C, Goldbeck-Wood S, Mertens S: SANRA - a scale for the quality assessment of narrative review
articles. Res Integr Peer Rev. 2019, 4:5. 10.1186/s41073-019-0064-8

Shea BJ, Reeves BC, Wells G, et al.: AMSTAR 2: a critical appraisal tool for systematic reviews that include
randomised or non-randomised studies of healthcare interventions, or both. BMJ. 2017, 358:j4008.
10.1136/bmj.j4008

Stang A: Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of
nonrandomized studies in meta-analyses. Eur ] Epidemiol. 2010, 25:603-5. 10.1007/s10654-010-9491-z
Markatis E, Afthinos A, Antonakis E, Papanikolaou IC: Cardiac sarcoidosis: diagnosis and management. Rev
Cardiovasc Med. 2020, 21:321-38. 10.31083/j.rcm.2020.03.102

Trivieri MG, Spagnolo P, Birnie D, et al.: Challenges in cardiac and pulmonary sarcoidosis: JACC state-of-
the-art review. ] Am Coll Cardiol. 2020, 76:1878-901. 10.1016/j.jacc.2020.08.042

Cheng RK, Kittleson MM, Beavers CJ, et al.: Diagnosis and management of cardiac sarcoidosis: a scientific
statement from the American Heart Association. Circulation. 2024, 149:e1197-216.
10.1161/CIR.0000000000001240

Gilotra NA, Griffin JM, Pavlovic N, et al.: Sarcoidosis-related cardiomyopathy: current knowledge,
challenges, and future perspectives state-of-the-art review. ] Card Fail. 2022, 28:113-32.
10.1016/j.cardfail.2021.06.016

Gilotra N, Okada D, Sharma A, Chrispin J: Management of cardiac sarcoidosis in 2020. Arrhythm
Electrophysiol Rev. 2020, 9:182-8. 10.15420/aer.2020.09

Papanikolaou IC, Antonakis E, Pandi A: State-of-the-art treatments for sarcoidosis . Methodist Debakey
Cardiovasc J. 2022, 18:94-105. 10.14797/mdcvj.1068

Bobbio E, Bjorkenstam M, Nwaru BI, et al.: Short- and long-term outcomes after heart transplantation in
cardiac sarcoidosis and giant-cell myocarditis: a systematic review and meta-analysis. Clin Res Cardiol.
2022, 111:125-40. 10.1007/s00392-021-01920-0

Stievenart |, Le Guenno G, Ruivard M, Rieu V, André M, Grobost V: Cardiac sarcoidosis: systematic review of
the literature on corticosteroid and immunosuppressive therapies. Eur Respir J. 2022, 59:2100449.
10.1183/13993003.00449-2021

Fazelpour S, Sadek MM, Nery PB, Beanlands RS, Tzemos N, Toma M, Birnie DH: Corticosteroid and
immunosuppressant therapy for cardiac sarcoidosis: a systematic review. ] Am Heart Assoc. 2021,
10:e021183. 10.1161/JAHA.121.021183

Roshankar G, Zhang JY, Parekh D, Lyons K, Isaac D, Miller RJH: Steroid sparing immunosuppression in
management of cardiac sarcoidosis: a systematic review. Health Sci Rev. 2022, 4:100034.
10.1016/j.hsr.2022.100034

Rosenthal DG, Parwani P, Murray TO, et al.: Long-term corticosteroid-sparing immunosuppression for
cardiac sarcoidosis. ] Am Heart Assoc. 2019, 8:e010952. 10.1161/JAHA.118.010952

Baker MC, Sheth K, Witteles R, Genovese MC, Shoor S, Simard JF: TNF-alpha inhibition for the treatment of
cardiac sarcoidosis. Semin Arthritis Rheum. 2020, 50:546-52. 10.1016/j.semarthrit.2019.11.004

Asleh R, Briasoulis A, Doulamis I, et al.: Outcomes after heart transplantation in patients with cardiac
sarcoidosis. ESC Heart Fail. 2022, 9:1167-74. 10.1002/ehf2.13789

McGoldrick MT, Giuliano K, Etchill EW, Barbur I, Yenokyan G, Whitman G, Kilic A: Long-term survival after
heart transplantation for cardiac sarcoidosis. ] Card Surg. 2021, 36:4247-55. 10.1111/jocs.15783

2024 Palvia et al. Cureus 16(8): €66515. DOI 10.7759/cureus.66515

12 0f 12


https://dx.doi.org/10.1186/s41073-019-0064-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s41073-019-0064-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.j4008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.j4008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10654-010-9491-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10654-010-9491-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.31083/j.rcm.2020.03.102?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.31083/j.rcm.2020.03.102?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2020.08.042?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2020.08.042?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIR.0000000000001240?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIR.0000000000001240?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.cardfail.2021.06.016?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.cardfail.2021.06.016?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.15420/aer.2020.09?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.15420/aer.2020.09?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.14797/mdcvj.1068?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.14797/mdcvj.1068?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00392-021-01920-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00392-021-01920-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1183/13993003.00449-2021?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1183/13993003.00449-2021?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/JAHA.121.021183?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/JAHA.121.021183?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.hsr.2022.100034?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.hsr.2022.100034?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/JAHA.118.010952?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/JAHA.118.010952?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.semarthrit.2019.11.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.semarthrit.2019.11.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/ehf2.13789?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/ehf2.13789?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/jocs.15783?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/jocs.15783?utm_medium=email&utm_source=transaction

	Current Practices and Emerging Therapies to Optimize Heart Failure Management in Cardiac Sarcoidosis: A Systematic Review
	Abstract
	Introduction And Background
	Review
	Methods
	TABLE 1: Specifics of the inclusion and exclusion criteria
	TABLE 2: Search strategy used to obtain literature for the study

	Results
	FIGURE 1: PRISMA chart
	TABLE 3: Evaluation results of narrative reviews using the SANRA 2 evaluation method
	TABLE 4: Evaluation results of systematic review articles using the AMSTAR checklist
	TABLE 5: Details of the NOS assessment tool used in our study
	TABLE 6: Details of the studies that passed the quality assessment and were selected for this systematic review

	Discussion
	TABLE 7: A summary of the key points of each study


	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


