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Cardiac sarcoidosis is a chronic inflammatory disease characterized by non-caseating patchy granulomatous
lesions of the heart with suspected immunopathological response to an unidentified antigenic trigger in a genetically
susceptible individual. Cardiac sarcoidosis is known to be the second most common cause of death in sarcoidosis
patients globally. Sarcoidosis often occurs as a systemic inflammation with multi-organ involvement, although, rarely
it can occur in isolated forms.

The above-mentioned particular phenotype is difficult to diagnose as it requires exclusion of a number of other
diagnoses and when left untreated can progress to fibrosis while cardiac dysfunction eventually leads to sudden cardiac
death, which encourages the researchers and clinicians to modify a new framework of diagnostic modalities and
management tactics. Depending on the prevalence and severity of a particular phenotype of the disease, the clinical
picture can vary from an asymptomatic form to severe fatal cardiac manifestations such as decompensated heart failure,

severe forms of ventricular and atrial malignant arrhythmias, conduction abnormalities and sudden cardiac death.
Therefore, early diagnosis and timely initiation of the treatment tactics including immuno-suppressive medicine

remain crucial to combat this pathological condition.
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Goal of the article

This review was done to emphasize on the
importance of the early diagnosis and timely
management of Cardiac Sarcoidosis (CS) using new
diagnostics modalities along with newly developed
treatment protocols established to minimize the
catastrophic outcomes from the disease progression.

Epidemiology

CS has a significant prevalence in North
American, African-Americans and in FEurope
comparatively to low known cases in Asia and
Hispanics. Furthermore, its frequency of occurrence
depends on many contributing factors such as
age, sex, ethnicity and geographical localization.
CS is diagnostically proven to exist in 5% of all
sarcoidosis patients [1]. In addition, 3.8 times
increased risk in the afro-american groups in
comparison with Caucasians and the average age
of disease occurrence is 48 years old. Almost 70%
of the patients are diagnosed between 25 to 60
years of age [2, 3]. Over the past few years, there
has been an increase in number of cases due to
increased awareness among clinicians and advanced
diagnostic modalities.

Etiological factors

Etiological  factors influencing on the
development of the inflammatory process, are
known to be combination of genetic predisposition,
environmental triggers including insecticides,
mold, mildew, birds, radiation and certain bacteria
(Mycobacteria and Proprioni bacterium), lifestyle
and occupational risk such as automobile factory
staffs, and blue-collar workers [4].
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Pathophysiology

Hallmark of sarcoidosis is the formation of
noncaseating granulomas characterized by the
presence of epithelioid histiocytes, macrophages, giant
cells and lymphocytes, significantly T Helper cells 1
type (Thl) and subsequently Th17 cells too [5, 6, 7,
8]. Although, mostly CS is multifactorial, sometimes
the development of inflammation may occur due to
overlap between the monogenic cardiomyopathies
and myocarditis. Thus, non-caseating granulomatous
inflammation is the main pathophysiology of CS
hence, it is not pathognomonic.

Histological complexities of CS is almost
similar to giant cell myocarditis, which is known
as non-necrotizing granulomatous myocarditis
with macrophages and multinucleated giant cells
surrounded by fibrosis and a lymphocytic infiltrate.
Notably, smoking is thought to be a protective factor
against sarcoidosis due to, it is inhibiting effect
on the macrophagic-lymphocytic association of
forming granulomas [9].

Genetic Predisposition of CS

Interestingly, a proposition evolving the genetic
susceptibility of CS has been made that reveals, there
is a fourfold higher prevalence within a particular
ethnic group (northern European and African
American descendants) in homozygotic twins and
first-degree relatives [10, 11, 12]. CS consists of a
complicated genetic formula that includes Human
Leukocytic Antigen gene, Annexin All, NOTCH4
and X-linked inhibitor of apoptosis associated factor
1 gene and DQB10601 and DRB1*0803 alleles
specially in cardiac phenotypes of sarcoidosis, while
DRB1*0101 and DQB1*0501 known to be the
protective alleles against a predominant pulmonary
sarcoidosis [13].
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Clinical manifestations

According to the clinical picture, the disease can
be recognized as following various pathological
subtypes’ thus subclinical, active, quiescent and
burnt-out disease. The clinical manifestations of CS
mostly denotes a broad spectrum of features due to
its progressive development of inflammation leading
to fibrosis and scarring in the cardiac tissues. After
an intense study, it has been brought to the light that
the specific clinical signs and symptoms of CS can
be accommodated into following groups:

1. Unexplained mobitz type Il or third degree
atrioventricular (AV) block in young patients

2. Sustained  monomorphic  Ventricular
Tachycardia (VT), Ventricular Fibrillation and
premature ventricular contractions of unknown
etiology

3. Arrythmogenic
Cardiomyopathy (ARVC)

ARVC and CS may have overlapping clinical
features making difficult to diagnose. Phillips et al.
described 15 patients who met task force criteria for
a diagnosis of ARVC but were subsequently found
to have CS [14].

4. Idiopathic Heart Failure

Patient may have edema, cough and dyspnea.
Reduced cardiac output resulting in oliguria, malaise,
and neurological sign such as syncope, confusion
and decreased level of consciousness. Core left
ventricular (LV) biopsies during LV assist device
implantation identified previously undiagnosed CS
in 6 of 177 mixed cardiomyopathy patients (3.4%)
[15]. Examination of previously implanted hearts
found that among 130 heart transplants with a
clinical diagnosis of non-ischaemic cardiomyopathy,
8 (6.2%) had undiagnosed CS [16].

Diagnosis

Intensive diagnosing techniques should be
focused with respect to cardiac sarcoidosis, as it
plays a vital role in minimizing the life threatening
complications or even sudden cardiac death (SCD).
Initially, a detailed clinical anamnesis of the patient
along with genetic counselling is recommended as a
part of diagnostic plan of genotype-specific aspects
for probable CS. Patients displays features of the
classical triad of cardiac sarcoidosis which are 1)
compatible clinical and/or radiological picture; 2)
histological evidence of non-caseating granulomas
and 3) exclusion of other diseases [17, 18]. The
diagnostic strategy for patients with known extra
cardiac sarcoidosis should be more extensive,
initiating with thorough clinical anamnesis,
biomarkers, electrocardiography, Holter monitoring
and echocardiography.

Electrocardiography (ECG) and  24-hour
Holter monitoring. Sensitivity of ECG in detecting
CS has been improved from 69% to 81% in patients
with cardiac manifestations. The most frequent
abnormal findings of ECG in CS includes cardiac
conduction abnormalities progressing towards
complete AV heart block Mobitz type-II and third
degree (complete), premature ventricular contraction
and ventricular tachy-arrhythmia, complete or
partial right bundle branch block, furthermore QRS

Right Ventricular
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complex fragmentation, pathological Q waves
(mimicking myocardial infarction), ST segment
changes and epsilon waves. Holter monitoring is
a useful diagnostic tool for the assessment of the
therapeutic prognosis in treatment with immune-
suppressive in CS complicated with arrhythmogenic
abnormalities can be a predictor of CS with a
sensitivity of 89% and can be used to monitor the
response to treatment with immuno-suppressive in
arrhythmological abnormalities in CS.

Trans-Thoracic ~ Echocardiography  (TTE).
The modern tactic of using echocardiography
together with ambulatory ECG has improved
combined sensitivity to 63% in diagnosing CS as
per the American Thoracic Society records [19].
In cases of cardiac sarcoidosis, echocardiography
reveals cardiac-wall anomalies, interventricular
septal thinning, LV hypertrophy or hypertrophic
cardiomyopathy, segmental post-systolic
contractions, delayed reduced ejection fraction and
aneurysms [20]. Also it noteworthy that regional
wall motion anomalies are displayed even in non-
coronary distribution. If patients who are clinically
insignificant shows any of the following signs:
LV enlargement, dysfunction, global hypokinesis,
aneurysms, diastolic dysfunctions, pericardial
effusion and increased echogenicity it points
out towards the presence of cardiac sarcoidosis.
New modalities such as strain rate has been
incorporated to TTE in order to improve sensitivity
of echocardiography and Speckle tracking
echocardiography has showed promising results in
detecting CS.

Endomyocardial  Biopsy. The  specificity
of endomyocardial biopsy depends on the
following factors mentioned; 1) In the biopsy
there is non-caseating granulomas and increased
lymphatic vessels 2) In immune-histology there is
increased dendritic cells with decreased M2 type-
macrophages in non-granulomatous areas of the
cardiac biopsy. Advancements have been made to
increase the sensitivity of procedure, which includes
electrophysiological (electro-anatomic mapping),
and imaging (PET/MRI) guided biopsy hence there
has been a significant rise of 50% of positive biopsy
rates as per the consensus guidelines [21].

Cardiac  Magnetic ~ Resonance  Imaging
(CMR). The gold standard diagnostic technique
is the use of CMR imaging simultaneously
with 18-fluorodeoxyglucose positron emission
tomography (18F-FDG PET CT). Cardiac MRI
illustrates multifocal late gadolinium enhancement
(LGE) along with the involvement of mainly the
basal segments: the interventricular septum, left
lateral wall, right ventricle. Commonly displayed in
the epicardium, mid myocardium and a possibility of
sub-endocardial coronary artery disease like pattern
[22]. LGE has a key feature of prognosticating the
fatal future complications such as VT, AV block,
heart failure and even SCD. Interestingly CMR
also recognizes small areas of myocardial damage
in-patient with preserved LV systolic function,
which detects silent cardiac sarcoidosis. In order
to improve the imaging diagnostics, novel CMR
techniques that utilizes the T1 & T2 mapping allows
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to detect the myocardial inflammation that helps in
monitoring the patient’s response to the treatment
[23], maintain the high specificity and sensitivity of
CMR.

F18-Flurodeoxyglucose PET-CT. In cases of
a strong suspicion of cardiac sarcoidosis PET Scan
is performed together with the CMR in order to
increase the diagnostic specificity as it allows to
get the imaging of both stages (inflammation and
fibrosis/scarring) simultaneously. F18-FDG PET
scan displays focal, focal on diffuse FDG uptake
patterns that indicates active cardiac sarcoidosis
[24]. The anomalies and perfusion defects are often
associated with increased possibility of having
ventricular tachy-arrhythmias or death therefore it
has a significant role in early diagnosis along with
directing the necessary treatment plans with a follow
up done every 6 months. Myocardial perfusion
imaging with rubidium-82 or ammonia N-13 is done
together with PET scan to enhance the presence and
characterize the type of CS. Notably PET scan depicts
regional myocardial abnormalities that maybe due to
cardiac sarcoidosis or atherosclerotic coronary artery
disease therefore concurrently coronary angiography
must be performed to exclude pathologies related to
coronary arterial disease. To assess the extra-cardiac
association along with aiding to find biopsy targets
it is necessary to perform whole body FDG-PET
scanning. Many preparatory guidelines have been
established to elevate the specificity of scan results
which include:

Prolonged fasting of a minimum of 12 hours and
with respect to the day prior the testing, the diet
must be rich in fat and low in carbohydrates as the
inadequate preparation can eventually lead to false
positive PET scans.

Bio Markers. Sarcoidosis specific and cardiac
specific are the two major groups of biochemical
markers play the pivotal role in terms of diagnosing
CS, in which B-type natriuretic peptide (BNP),
N-terminal pro-B-type natriuretic peptide (NT-
proBNP) and High-sensitivity troponin are the
typical cardiac specific biomarkers used for both
screening and risk stratification of CS. Among
various sarcoidosis specific bio markers, Serum
Angiotensin-Converting Enzyme is being the most
useful for the diagnosis and monitoring purposes
as it’s sensitivity varying from 41% to 100% and
the specificity ranging between 83-99% [25].
Furthermore, according to many intense studies have
been done recently regarding to biological markers
in the diagnosis of CS reveal that, neopterin and
soluble interleukin-2 Receptor (sIL-2R) levels are
high in patients with active CS disease, marking its
sensitivity and specificity 88% and 85% respectively
[26]. Also, there are other several bio markers
such as chitotriosidase, chemokines (CXCL9-11),
lysozyme, KL-6, vitamin D dysregulation, and serum
amyloid A which can be used in the assessment of
CS.

Treatment

Due to the multimodal distribution of the disease,
the treatment strategies of CS is mostly multifarious
with the combination of multi-disciplinary team
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approach, Immuno-suppressant, Anti-arrhythmic
medications, Heart failure medications, Anti-
inflammatory medications, Implantable Cardiac
devices (ICDs - cardioverter defibrillator) and
Ablation. The main therapeutic aims of the treatment
is to slowdown the ongoing active inflammation,
recurrent relapses, minimize the myocardial damage
and prevent development of complications.

Steroids and ~ Immuno-suppressants:  Early
administration of steroid therapy in high doses could
help in the reversal of severe form of AV block
leading to keep the patient away from the Right
ventricular pacing and the need for a pacemaker [27,
28].

Recommended initial dose for the prednisolone
is 30-40 mg/day and according to the assessment of
the treatment response slowly the initial dose can be
tapered off. The follow-up for the initial treatment
response should be done in 1-3 months with the dose
adjustment as needed. If there is, a good response
observed the initial dose could be gradually reduced
to 5-15 mg /day and continued for 9-12 months.
The follow-up should be done for 3-4 years after
completing the full course of treatment due to the
possible alarming risk of relapse. There are other
immune-suppressive have been identified as second
line steroid sparing agents in the treatment sarcoidosis
such as Methotrexate, Azathioprine, Mycophenolate-
mofetil, Leflunomide, Cyclophospamide, Infliximab
and Adalimumab.

Conduction abnormalities. Most common
presentations of cardiac conduction abnormalities
in patients with CS are known to be AV block and
ventricular arrhythmias. Patients with significant risk
of ventricular arrhythmias are highly suggested to be
managed with the implantation of ICD. The patients
with complete AV block are well treated with the
implantation of permanent pacemaker. Furthermore,
anti-arrhythmic medications and catheter ablations
are also effective treatment modalities in refractory
Ventricular arrhythmias to other medications. There
are some well-known anti-arrthythmics used in the
treatment of CS associated conduction disorders
such as, amiodarone, sotalol, mexiletine, quinidine,
dofetilide, or a combination of these. In patients
with pulmonary sarcoidosis and CS, amiodarone
should be avoided due to the pulmonary toxicity
and Class-I anti-arrhythmics due to possibility of
inducing pro-arrhythmias. Additionally, there has
been an underlying arrhythmogenic effect observed
in a well-reputed cohort study denoting that, in
patients with CS who underwent implantable cardiac
defibrillator in-situ, treatment with steroids resulted
a considerable amount of reduction of myocardial
inflammation on FDG-PET, though simultaneously
the rate of premature ventricular contractions and non-
sustained ventricular tachycardia has been increased.
As well as, CS can lead to autonomic instability or
dysfunction [29].

Management of Heart Failure (HF). Deve-
lopment of extensive myocardial fibrosis is the main
cause of HF associations in CS. Complete AV block
requires ICD implantation and resultant pacing can
lead to cardiac dyssynchrony progressing to HF. CS
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patients with reduced ejection fraction and elevated
levels of BNP or NT-proBNP are known to have
bad prognosis. Restrictive cardiomyopathy with
inflammation is treated by administering immune-
suppressive medications and diuretics to control the
volume status, and improve symptoms while dilated
cardiomyopathy is treated with neuro-hormonal
blockade along with immune-suppression drugs [30].

Sudden cardiac death. SCD 1is the leading
cause of death in CS and often occurs due to life-
threatening arrhythmias. According to the last five
years of cohort studies on CS, that the incidence
of SCD and sustained VT in CS was reported
to be 24.6% [31].

Implantable cardiac electronic devices therapy.
As per the recommendation of the American Heart
Association, American College of Cardiology and
Heart Rhythm Society comprehensive guideline for
the management of patients with ventricular tachy-
arrhythmias and prevention of SCD emphasizes
implantable cardioverter defibrillators with Class-I
antiarrhythmics for the secondary prevention and LV
ejection fraction <35%. It is also recommended as a
possible treatment method for the Class-Ila patients
with bradycardia despite a LV ejection fraction >35%
apart from the use of pacemaker in such cases [32].

Catheter Ablation. Ablation plays a vital role in
the management of cases where immunosuppression
and use of anti-arrhythmic drugs had little or no
response. It is useful in the treatment of recurrent
ventricular arrhythmias without any active disease.
In the right ventricle usually the scar areas are widely
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POJIb JUATHOCTUKU APUTMUM U HAPYIIEHU
MNPOBOJJUMOCTHU, CEPAEYHOM HEJOCTATOYHOCTHU

B ITPOI'HO3E MNAIIMEHTOB C CAPKOUA030M CEPALIA
B. A. Cuexncuyxui, I X. M. Xumepwiu Kaevsa, M. /. /I>icaxac Axameo

I'poonenckuii cocyoapcmeennuiti meouyunckuti ynusepcumem, I poorno, benapyce

Caproudos cepoya — 5mo XpoHuueckoe 0CNaIUmenbHoe 3a00ae6anue, nPoAGIAIWeecs HeKa3e03HbIMU 04A208bl-
MU SPAHYIEMAMOZHBIMU NOPANCEHUAMU CEPOYA ¢ NOOO3PEHUEM HA UMMYHONAMOIOSUYECKUL OMEen HA HEYCMaHO8-
JICHHUIU QHMUSEHHBLI PAKMOP Y YeN08eKA ¢ 2eHeMmUiecKoll npeopacnoIoNceHHocmyio. Hzeecmuo, umo capkouoos
cepoya Aeusemcs 6mopoil o pacnpoCmMpaHeHHOCIU NPUYUHOL CMepMU NAYUEHMO8 C CAPKOUOO30M 80 8CeM Mupe.
Caproudos wacmo npomexaem Kax CUCEMHOE BOCNAIEHUE C NOPAICEHUEM MHOSUX OP2AHO8, X0 PEOKO OH MOXHCem
NPOAGIAMBCA 8 UOIUPOBAHHBIX POPMAX.

Bouueynomanymonii cneyuguyeckutl penomun mpyoHo ouazHoOCmMupo8ams, NOCKOIbKY OH mpedyem psaod opyeux
UCKTIFOUeHUU, U Npu OMCYMCMEUU JledeHUs MOdCem Npozpeccuposams 0o Gubposa, a cepOeyHas OUCHYHKYUA 8 KO-
HEeYHOM umoze npueooum K 6He3anHol cepOeyHou cmepmu, 4ymo nobysjxcoaem ucciedosameneli U KIUHUYUCTIO8 MOOU-
Puyuposams Hosble MeMOObl OUACHOCUKY U MAKMUKY 6e0eHUs. B 3asucumocmu om pacnpocmpanenus u maxcecmu
KOHKPemHo20 peHomuna 3a001e6anus, KIuHU4eckas Kapmuna Mojcen 8apbuposamucs om 6eccuMnmomHoul Gpopmul
00 MANCENBIX PAMATLHBIX CePOUHBIX NPOAGNEHUI, MAKUX KAK 0eKOMNEHCUPOSAHHAS cepOeyHas HeOOCHAmMOYHOCb,
msiicenvle Qopmbl HCeTyOOUKOBOU U NPeOCePOHOU apUMMULL, HAPYUIEHUS NPOBOOUMOCHIU U BHE3ANHOU CMePMU.

Tlosmomy parHsAs OUASHOCMUKA U C80eBPEMEHHOe HAYAL0 NeYeOHOU MAKMUKU, 8KII0YAs UMMYHOCYNPECCUBHbLE
npenapamul, NO-NPedCHEMY UMeIom pewaroujee 3HaveHue 0 OopbObL ¢ IMUM RAMOTOSULECKUM COCTNOSHUEM.

Kniouesvte cnosa: capxouoos cepoya, apummuu, Hapyuienus npogooUMOCmU, cepoeunas HedoCmamouHoCmy,
8He3aNnHaAs cepOeunas cmMepmy, OUASHOCTNUKA, eyeHue
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