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Introduction to Sarcoidosis 

• First described as a skin disorder in 1869 

• Further descriptions of lymph-node disease lead to the 

proposed name “sarkoid” i.e. sarcoma-like 

• Multi-system granulomatous disease of unknown 

aetiology. 

• Lifetime prevalence 5-40/100 000 in Caucasians 

 3X higher in African Americans 

• Typically presents <40 years 

• ?Immune reaction to unknown antigen in genetically 

predisposed individual 



Introduction to Sarcoidosis 

• Activation of Th1 T-cells and production of IFNγ, TNFα, 

TGFβ, IL-2 and IL-12 

• The immune response ultimately leads to the formation 

of granulomas that consist of a central core of 

mononuclear cells surrounded by CD4+ T-cells and a 

small number of CD8+ T-cells and B-cells 

• Non-caseating, non-necrotic granulomas are the 

histological hallmark 

• The disease can affect any organ symptoms but most 

frequently the LN and lungs. The majority of sarcoidosis 

with organ involvement are not life-threatening. 
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Cardiac Sarcoidosis 

• Clinically evident in 2-7% of sarcoid patients but autopsy studies 

suggest cardiac sarcoid occurs in up to 25% of patients with 

sarcoidosis. More than 50% of these are subclinical. 

• Most commonly affects: 

 Myocardium especially basal ventricular septum 

 LV free wall 

 Papillary muscles 

 RV 

• Cardiac sarcoid accounts for 10-25%  

of all deaths from sarcoidosis 

 Need for recognition and intervention 



Cardiac Sarcoidosis: Epidemiology and Aetiology 

• Prevalence unclear due to lack of standardised criteria 

• M>F 3.4% vs. 1.7% 

• Genetic association: 

 HLADRB1*1101 plus insecticide exposure 

 HLADQB1*0601, HLADRB1*1502, HLADQA1*0103 and 

HLADRB1*0803 in Japanese 

 Other studies have found HLA types that are protective 

 These studies have compared Cardiac sarcoid to healthy volunteers 

(not sarcoid patients with no cardiac involvement) 

 

 



Cardiac Sarcoidosis: Presentation 

• Asymptomatic 

• Pre-syncope or syncope 

• Atrial arrhythmias are increasingly recognised as early 

manifestation 

• Ventricular dysfunction that is directly related to 

granulomatous infiltration 

• 25% present with sudden cardiac death 

• 65% of all cardiac sarcoid occurs without evidence of 

extra-cardiac sarcoidosis 

 

 



Cardiac Sarcoidosis: Screening 

• Current American Thoracic Society/European Respiratory 

Guidelines recommend screening for asymptomatic cardiac 

sarcoidosis in patients diagnosed with sarcoid in other organs: 

Medical history and cardiac examination 

 12-lead ECG (abnormal in <50% of pts with cardiac sarcoidosis) 

looking for fragmentation of QRS complex, LBBB and RBBB 

 Echocardiography (Sens 25%; Spec 95%) 

• Cannot detect infiltration; May see reduced LV function, wall 

motion abnormalities, increased LV wall thickness or thinning and 

aneurysm formation 

• At present there is no biomarker used in the screening of cardiac 

sarcoidosis 

  ACE, lysozyme, urinary calcium levels, hstroponin and BNP are 

often elevated in patients with cardiac sarcoid but have low sensitivity. 

 



Cardiac Sarcoidosis: Screening 

Birnie et al Hear Rhythm 2014 



Cardiac Sarcoidosis: Diagnostic Imaging 

• Cardiac MRI with gadolinium (sens 76-100%; spec78-92%) 

 Looking for the presence of delayed enhancement 
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sarcoidosis. Furthermore, we recommend the inclusion 

of event monitoring and an echocardiogram if suspicion 

arises of underlying cardiac involvement based on our 

suggested screening algorithm. The presence of cardiac 

sarcoidosis should be confirmed by diagnostic imaging 

testing and electrophysiological evaluation (Figure 2).

Diagnostic imaging

Cardiac MRI and cardiac 18FDG PET scans are currently 

used as diagnostic and complementary tests for cardiac 

sarcoidosis, although with some limitations. Cardiac MRI 

with gadolinium has a sensitivity of 76–100% and specif-

icity of 78–92% for the diagnosis of cardiac sarcoidosis, 

but its use is limited in patients with implantable cardiac 

devices.54,55 The presence of delayed enhancement on 

gadolinium-enhanced MRI that is not consistent with 

a coronary artery distribution is suggestive of cardiac 

sarcoidosis and scar tissue formation (Figure 3).56,57 T2 

hyperenhancement has also been used to detect wall 

oedema in cardiac sarcoidosis and is thought to correlate 

with active granulomatous disease of the myocardium.58,59

In addition to its diagnostic utility, cardiac MRI also 

has a role in risk assessment for adverse events in cardiac 

sarcoidosis. The extent of delayed myocardial enhance-

ment, based on the number of segments involved and its 

location (subepicardial, subendocardial, or transmural) 

is associated with LV end-diastolic volume, LV end-

systolic  volume, and LVEF.60,61 The presence and extent of 

delayed enhancement is also predictive of adverse events 

(ventricular arrhythmias and death), and is associated 

with a hazard ratio of 31.6 for lethal events and 33.9 for 

cardiac events, independent of LVEF or LV end-diastolic  

volume.28,62,63 The extent of the delayed enhancement on 

cardiac MRI was also predictive of the patients’ response 

to corticosteroids, with a large extent of delayed enhance-

ment being associated with no improvement in LV 

functio n and a high incidence of adverse outcomes.63

18FDG PET uses radioactive glucose to detect areas 

of active inflammation and requires a strict protocol of 

carbo hydrate restriction and prolonged fasting to force 

the myocardium into free fatty acid metabolism and 

reduce the background myocardial activity.64 A pattern 

of focal uptake (patchy with no background activity) and 

focal on diffuse uptake (intense patchy uptake with less 

intense diffuse uptake) have been considered indicative 

of active granulomatous myocarditis, whereas diffuse 

uptake, no uptake, and free lateral wall uptake are con-

sidered to be normal physiological variants (Figure 4).65 

A meta-analysis to examine the role of 18FDG PET scans 

in cardiac sarcoidosis showed 89% sensitivity (range 

79–100%) and 78% specificity (range 38–100%).65 The 

use of 18FDG PET as a marker of active granulomatous 

myocarditis should be interpreted carefully because 

several studies have shown the limitations of such proto-

cols that force the myocardium to generate energy using 

exclusively free fatty acid metabolism.66–68 In addition, 

studies have also shown that the presumed pathologi-

cal p atterns—focal and focal on diffuse uptake—are also 

found in healthy controls and patients with ischaemic 

congestive heart failure who have undergone 18FDG 

PET,66 and that a blood glucose level of >7.5 mmol/ l 

(>137 mg/dl) at the time of the study results in absent or 

minimal myocardial FDG activity.69

Diagnostic criteria

A standardized set of criteria for the diagnosis of cardiac 

sarcoidosis is yet to be established.70 Endomyocardial 

biopsies have a very low yield owing to the patchy nature 

of the disease and are associated with a high risk of sub-

stantial complications.71 The JMHW published a set 

of criteria for the diagnosis of cardiac sarcoidosis and 

defined two specific groups: patients who have under-

gone an endomyocardial biopsy showing evidence of 

non-necrotizing granulomas, and patients who will 

not undergo an endomyocardial biopsy or have a non-

diagnostic biopsy.72 For the first group, the presence of 

a positive biopsy is adequate to confirm a diagnosis, 

whereas for the second group, major and minor criteria 

were defined to assist in reaching a diagnosis. The World 

Association of Sarcoidosis and Other Granulomatous 

Disorders (WASOG) published an updated sarcoidosis 

organ assessment instrument in 2014 and character-

ized organ involvement based on the likelihood of sar-

coidosis affecting the organ as highly probable (>90%), 

probable (50–90%), and possible (<50%).73 Sarcoidosis 

experts voted on the likelihood of sarcoidosis causing 

each manifestation using the Delphi study methodology, 

with a 70% agreement needed for a consensus.73 Both the 

WASOG and JMHW criteria emphasize the importance 
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Figure 2 | An algorithm used to screen patients with 

sarcoidosis for cardiac involvement. Abbreviation: ECG, 

electrocardiogram.

Nature Reviews | CardiologyFigure 3 | Cardiac MRI with evidence of delayed 

enhancement. The presence of delayed enhancement  

(arrows) is suggestive of cardiac sarcoidosis and scar 

tissue formation.
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Cardiac Sarcoidosis: Diagnostic Imaging 

• Cardiac FDG-PET (Sens 79-100%; Spec38-100% 

 Patten of focal uptake or focal on diffuse uptake are most consistent with 

cardiac sarcoidosis 

 Beware false negatives with BSL>7.5 mmol/L 
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of having an underlying diagnosis of sarcoidosis based 

on histopathological confirmation by biopsy from an 

extracardiac organ and/or by endomyocardial biopsy, in 

addition to electrocardiographic changes or results from 

a reliable imaging modality, such as MRI or PET.

Treatment and management
Immunosuppressive therapy

The management of cardiac sarcoidosis involves both 

immunosuppressive therapy for the treatment of sar-

coidosis and cardiac-specific therapy to manage ventric-

ular dysfunction and heart rhythm disturbances. Very 

little guidance is available on the approach to the man-

agement of cardiac sarcoidosis.70 The goal of immuno-

suppressive therapy in cardiac sarcoidosis is to reverse 

any ongoing active granulomatous myocarditis and 

potentially prevent the progression of myocardial granu-

lomatous inflammation to scar tissue, which can lead to 

the development of arrhythmias, conduction defects, and 

ventricular dysfunction.74 In a Delphi study conducted 

in the USA, sarcoidosis experts agreed on the treatment 

of cardiac sarcoidosis with immunosuppressive therapy 

when LV dysfunction, ventricular arrhythmias, hyper-

metabolic activity on cardiac 18FDG PET, presence of 

conduction defects, delayed enhancement on cardiac 

MRI, or right ventricular dysfunction in the absence of 

pulmonary hypertension was present.70

Immunosuppressive therapy is also beneficial for 

arrhythmias that arise from active inflammation. Several 

studies have shown that corticosteroid therapy in patients 

with cardiac sarcoidosis can revert advanced AVB to 

normal sinus rhythm or first-degree AVB.23,75–78 In addi-

tion, frequent premature ventricular contractions on 

ambulatory electrocardiographic monitoring are also 

reduced with corticosteroid therapy. The presence of pre-

served LV function predicts a good electrocardiographic 

response to immunosuppressive therapy.77,78 A similar 

beneficial effect was noted on LV function—in patients 

with normal LVEF (≥55%) or severely reduced LVEF 

(≤30%), LV function did not improve with immuno-

suppressive therapy, whereas patients with mild-to-

moderately reduced LVEF (30–54%) who received 

immunosuppressive therapy tended to show an improve-

ment in LV function.75,79 Patients with severely reduced 

LVEF have a high scar burden and are unlikely to respond 

to immunosuppressive therapy, whereas those with 

normal LVEF have no or minimal scar burden, and scar 

formation is further prevented by immunosuppressive 

therapy. Patients with moderately reduced LVEF most 

likely have a combination of scar tissue and active granu-

lomatous myocarditis that is potentially reversible by 

immunosuppressive therapy, translating into improved 

LV function. The extent of delayed enhancement was 

predictive of corticosteroid response; a large extent of 

delayed enhancement was associated with an unfavour-

able response to corticosteroids.64 In addition, immuno-

suppressive therapy is associated with preservation of LV 

function—patients with cardiac sarcoidosis who were not 

receiving immunosuppressive therapy tended to develop 

worsening LV function compared with those receiving 

immunosuppressive therapy.75

Immunosuppressive therapy can also affect survival in 

patients with cardiac sarcoidosis. The overall survival 

rates in patients diagnosed with cardiac sarcoidosis has 

been reported to be 98% at 1 year, 93% at 3 years, 90% at 

5 years, and 84% at 10 years, but these rates are affected 

by several factors including NYHA functional class, LV 

function, and the presence of ventricular arrhythmias.76,79 

Survival rates are excellent in patients with preserved 

LVEF. The survival rate in patients with cardiac sar-

coidosis with mild-to-moderately reduced LV function 

(LVEF 30–54%) has been reported at 100% after 1, 3, and 

5 years, and falls to 67% after 10 years.79 The survival rate 

in patients with cardiac sarcoidosis with severely reduced 

LV function (LVEF <30%) was worse, with 91% survival 

after 1 year, 72% after 3 years, 57% after 5 years, and 

19% after 10 years.79

The choice and duration of therapy for cardiac sarcoido-

sis remains controversial.70 Several retrospective studies 

have shown that a corticosteroid dose of 30 mg per day 

tapered to a maintenance dose of 10 mg per day over a 

6-month period was effective in managing cardiac sar-

coidosis.23,75–79 The effect of immunosuppressive therapy 

on survival is dependent on LV function—patients with a 

LVEF ≥50% had a higher survival rate than those who had 

a LVEF <50%, regardless of the dose of prednisone given 

(≥40 mg per day versus <40 mg per day).76 The evidence 

for the use of steroid-sparing agents in cardiac sarcoidosis 

is sparse, although they are routinely used by sarcoido-

sis specialists in the USA.70 An open-label study of metho-

trexate demonstrated no significant change in LVEF or 

LV end-diastolic diameter in patients who received a 

combination therapy of low-dose methotrexate (6 mg per 

week) and low-dose corticosteroids (5–15 mg per day) 

compared with those who received corticosteroids alone 

over a 5-year period.80 Unfortunately, no details were 
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Figure 4 | Pattern of uptake on an 18F-fluorodeoxyglucose PET scan. a | No uptake. 

b | Patchy uptake. c | Diffuse uptake. d | Patchy on diffuse uptake.
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Cardiac Sarcoidosis: Diagnostic Imaging 

• Cardiac FDG-PET appears to have the highest sensitivity compared with other 

imaging modalities 

Aggarwal et al Eur Heart J Card Imag 2015 

• In a study of 21 pts who underwent both FDG-PET and CMRI  

• FDG-PET had Sens 87.5% Spec 38.5% 

• CMRI Sens 75% and Spec 76.9% using JWMH as gold std 



Cardiac Sarcoidosis: Emerging role of combined FDG-PET and MRI 

• Cardiac MRI and PET likely image different pathophysiology of cardiac 

sarcoid. The strengths of each modality may be combined. 

Aggarwal et al Eur Heart J Card Imag 2015 



Cardiac Sarcoidosis: Diagnosis 

• There is no standardised diagnostic criteria and none have supporting RCT evidence or 

prospective evaluation 

• Endomyocardial biopsies are low yield (sensitivity 25%) due to the patchy nature of 

disease and are associated with significant complications 

 

 

 

 

 

 

 

 

Birnie et al Hear Rhythm 2014 



Cardiac Sarcoidosis: Treatment 

• Paucity if evidence based data; largely based on expert 

opinion 

• Immunosuppressive therapy 

 Corticosteroids most common first line agent 

 Methotrexate second most common 

• One study found no difference LVEF or LVEDD between 

corticosteroids vs. corticosteroids and MTX over 5 years 

 Azathioprine and Mycophenolate have also been used 

 TNFα blockade has been reported in case studies but should 

only be used with caution if LVEF<35% as may worsen LV 

function 



Cardiac Sarcoidosis: Treatment 

• Cardiac specific therapy to manage heart failure and arrhythmias 

• Implantable defibrillator therapy  

 General cardiac guidelines are inadequate 

 Class I indication for AICD for patients with cardiac sarcoidosis AND 

ventricular arrhythmias AND LVEF<35% 

 Unnecessary shock occur in 10-30% of patients 

• Antiarrhythmic therapy 

• VT ablation 

• Management of heart failure 

 B-blockers 

 ACEi 

• Consideration for Heart transplant (1.5% of all transplants) 



Cardiac Sarcoidosis: Prognosis 

• Prognosis is closely related to LV function and patients with preserved 

LV function appear to have better prognosis with immunosuppression 

• One study showed that in patients with normal (>55%) or reduced 

(<30%) LV function this did not improve with immunosuppression 

while patients with moderate (30-54% LVEF) showed improved LV 

function with immunosuppression. 

• Overall survival of patient with cardiac sarcoidosis: 

 98% 1 year; 90% 5 years; 84% 10 years 

• But survival rates if LV<30% are 

 91% at 1 year; 57% at 5  years; 19% at 10 years 



Neurosarcoidosis 



Neurosarcoidosis: Introduction 

• Emerging evidence of CNS involvement of sarcoidosis 

documented from 1948 

• Rare disorder affecting 5-15% of patients with sarcoidosis 

 Incidence much higher in autopsy studies where 50% of cases 

were not detected ante mortem. 

 The majority (99%) have concomitant extra neural disease 

• Is a differential for a number of neurological conditions: 

 Atypical meningitis 

 Cranial neuropathies 

 Myelopathy 

 Cerebral mass lesion 

 Headache 



Neurosarcoidosis: Introduction 

• No conclusive predisposing factors, triggers or demographics 

associated with the development of neurosarcoidosis. 

• Difficult to diagnose and to treat 

 



Neurosarcoidosis: Histopathology Findings 

• Meningo-encephalitomyelitic infiltration resulting in focal or 

disseminated nodules or plaques with a tendency to affect 

basal meningies. 

 Note: Multinucleated cells may be sparse in neurosarcoid  and if 

present smaller that in sarcoid at other locations 

 

Schwendimann et al Am J Ther 2013 



Neurosarcoidosis: Clinical Presentation 

• Cranial Nerves 

 Facial Nerve (CNVII) most frequently affected and bilateral in 30% 

of cases 

 Optic neuritis also common 

 Anosmia and sensorineural hearing loss reported 

• Intracranial Lesions 

 Parenchymal sarcoid lesions at any location 

 Common in hypothalamus/pituitary axis 

 Brainstem infiltration resulting in intractable hiccups, binocular 

diplopia, sudden death from autonomic dysfunction 



Neurosarcoidosis: Clinical Presentation 

• Spinal Cord Lesions 

 Myelopathy from intramedullary sarcoid lesions 

 Most prevalent in cervical spine 

 Average size 3.9 segments; Tends to affect older patients with 

more established disease 

• Cerebrovascular events 

 May occur in the absence of atherosclerotic risk factors or embolic 

source 

 Granulomatous invasion of the cerebral vessel wall is not 

uncommon 

 



Neurosarcoidosis: Diagnosis 

• Challenging due to inaccessibility of tissue for biopsy 

• Clinicians frequently default to extra-neural site for biopsy 

Probable neurosarcoidosis is justified by:  

1. Signs of neuroinflammation on imaging 

• Gadolinium enhancing MRI 

 May mimic MS 

• FDG PET 

– Superior to gallium-67 

– may help identify biopsy sites 

2. Positive histology from extra neural site 

3. And positive for 2 of: 

• Gallium scan 

• HRCT 

• BAL with elevated CD4:CD8 ratio >3.5 or >5 in CSF 



Neurosarcoidosis: Diagnosis 

• Other biomarkers: 

 CSF often shows T-cell pleocytosis and raised protein 

 ?Emerging role for CSF soluble IL-2R 

Schwendimann et al Am J Ther 2013 



Neurosarcoidosis: Treatment 

• Informed by case series only 

• Corticosteroids is mainstay of treatment at 1mg/kg/day or 3-5 

days of pulse methyl prednisone 

• Systemic immunosuppression 

 Azathioprine 

 Methotrexate 

 Hydroxychloroquine 

 Cyclosporin A 

 Mycophenolate Moefetil 



Neurosarcoidosis: Treatment 

• In disease refractory to above measures: 

 Anti-TNFα agents e.g. infliximab and adalimumab as an 

adjunctive treatment 

• TNFα plays a role in granulomata formation 

 Case reports report successful use of Rituximab ?reduction in 

B-cell priming 

 Trial of ustekinumab (anti-IL-17/22) 



Neurosarcoidosis: Prognosis 

• Overall prognosis for patients with neurosarcoidosis is less 

favourable than those without 

 40% of patients with sarcoid optic neuritis had significant recovery 

following treatment 

 73% of patients with spinal cord disease deteriorated over 18 

months 

• Patient with acute or subacute presentation appear to have 

better outcome than those with a insidious onset 

• Better prognosis group appears to include patients with cranial 

neuropathy or aseptic meningitis. 


