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Abstract 
Giant cell myocarditis (GCM) is a rare, rapidly progressive and highly lethal disease in young and 
middle-aged adults. It is attributed to an inflammation of the heart muscle, and mediated by T 
lymphocytes and anti-myosin autoantibodies. Making diagnosis of GCM with multiple noninvasive 
imaging modalities is possible in a small percentage of patients, so myocardial tissue diagnosis is 
often required. An early diagnosis is very important, because immunosuppressive treatment may 
significantly improve clinical course and survival of these patients. GCM often escapes diagnosis 
until autopsy or transplantation and has defied proper treatment trials for its rarity and deadly 
behavior. This review will focus on the diagnostic approach to patients with suspected GCM and 
currently evidence-based treatment strategy for this disease. 
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1. Introduction 
Myocarditis is a non-familial form of heart muscle disease [1], defined as an inflammation of the heart muscle 
and identified by clinical or histopathologic criteria [2]. Several insults have been implicated as causes of myo-
carditis: infectious, autoimmune, toxic, drug-induced, hypersensitive and vasculitic diseases. Histologic patterns 
of myocarditis are usually characterized by predominant inflammatory cells and can be divided into lymphocytic 
(including viral and autoimmune forms); neutrophilic (bacterial, fungal and early forms of viral myocarditis), 
eosinophilic (hypersensitivity myocarditis or hypereosinophilic syndrome) and granulomatous (cardiac sarcoi-
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dosis and giant cell myocarditis). Among several categories of myocarditis, a significant overlap is present and 
no finding is specific for a single etiology.  

Giant cell myocarditis (GCM) is a rare cardiac inflammatory disorder that is characterized by diffuse ventri-
cular myocardium infiltration, by lymphocytes, abundant multinucleated giant cells, mainly eosinophilis, necro-
sis and fibrosis. Functional consequences of myocardial injury are similar to those seen in other kind of myocar-
ditis, including ventricular dysfunction and ventricular arrhythmias, although usually much more are severe in 
GCM. 

2. Historical View 
In 1905, Saltykow [3] published the first case report of idiopathic GCM: he described a case of fatal myocarditis 
characterized by giant cells associated with widespread inflammation and myocyte necrosis, unassociated with 
tubercolosis, syphilis or other known causes. Since then, additional reports of this lesion have been published 
infrequently [4]. In 1939, Jonas [5] recorded 5 typical cases, in which myocardium and other tissue were in-
volved by a granulomatous process characterized by tubercle-like foci with giant cells, necrosis and mononuc-
lear cell infiltration. In Magner’s [6] report, too, giant cells were preeminent among the mononuclear cells and 
proliferating fibroblasts in the myocardium.  

Until the late 1950s, GCM and cardiac sarcoidosis (CS) were grouped together: the terms “giant cell myocar-
ditis” and “granulomatous myocarditis” were interchangeable and they were used to describe myocardial disease 
in which multinucleated giant cells were present, either as granulomas (CS) or as diffuse inflammatory myocar-
dial infiltrates (GCM) [7]. Since the late 1960s, however, most publication distinguishes the well-organized 
granulomatous lesions of CS from the diffuse nongranulomatous inflammatory infiltrates of GCM [8]. Okura et 
al. [9] showed that GCM and CS have different histologic features: CS specimens had significant more granu-
lomas and fibrosis, while GCM had more necrosis and eosinophils; the number of giant cells was similar in both 
disorders.  

3. Epidemiology, Etiology and Pathophysiology 
The GCM incidence is low and it varies with the studied population and diagnostic method used. GCM inci-
dence is known primarily from autopsy studies. From a recent autopsy case series, the incidence of GCM in In-
dia is evaluated at 0.051% [10]. In England and in Japan the incidence at autopsy is reported at 0.023% and 
0.007% respectively [11] [12]. The incidence of giant cell myocarditis was similarly low (3 of 12,815 necropsies) 
in the period from 1959 to 1963 at the Oxford Infirmary [13]. A clinical report of endomyocardial biopsies car-
ried out for native heart disease reported 2 of 462 biopsied had GCM [14]. Since autopsies are not routinely 
performed on an unselected population, the true incidence is likely lower than these estimates. 

The aetiology of GCM is unknown, likely GCM has multiple causes. Viral infection may occasionally trigger 
GCM: single case reports have suggested that infection with Human Herpes virus [15], coxsackie B2 virus [16] 
[17] and parvovirus [18] may each play a role. Autoimmune disorders are associated with approximately 20% of 
cases of GCM: systemic lupus erythematosus [19], Sjogren syndrome [20], myositis [21], Hashimoto’s thyroidi-
tis, rheumatoid arthritis, autoimmune hepatitis [19], myastenia gravis [21], Takayasu’s arteritis, pernicious ane-
mia. Also inflammatory bowel disease has been described as being associated with GCM [22] [23] and tumors, 
mostly thymoma [21] and lymphoma [24] [25]. GCM has also been described as a manifestation of drug hyper-
sensitivity [26]; this link is important because early offending drug interruption and treatment with steroids can 
lead to improving outcomes.  

Myocarditis that resembles human Giant Cell Myocarditis can be induced in the Lewis rat by immunization 
with cardiac myosin; thus supporting hypotesis of an autoimmune mechanism [27] [28], although these anticar-
diac myosin antibodies are not specific for GCM [29]. Both human and experimental giant cell myocarditis are 
characterized by an infiltrated of T lymphocites producing interferon gamma and macrophages producing tumor 
necrosis factor (TNF) [27]. There is an early infiltrated of CD4-positive T cells with a T helper type 1 response, 
secreting Il-2 and interferon gamma and a later stage of lesion evolution, in which a dominant T helper 2 re-
sponse may lead to fibrosis [30] [31]. Recent studies focused on the role of Il-17 and Th17 lymphocytes [32]. 

Genetic factors influence susceptibility to GCM: Shioji et al. [33] studied histocompatibility characteristics of 
5 inbred strains of rats in which myocarditis was induced with porcine cardiac myosin. Immune-mediated GCM 
was induced in Lewis and Fisher rats but not in brown Norway rats and the disease was most severe in former. 
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Kittleson et al. [34] examined left ventricular samples from two GCM patients and six unused donor hearts: they 
found 115 differentially expressed genes between GCM and nonfailing hearts. The majority of upregulated 
genes were involved in the immune response, primarly the Th1 pathway. 

Altered desmosomal proteins may also play a role in the pathogenesis of GCM, especially in the pathogenesis 
of arrhythmias [35]. Plakoglobin, from intercalated disks, was found reduced in patients with GCM (similarly to 
patient with arrhythmogenic right ventricular dysplasia and sarcoidosis, disorders associated to ventricular arr-
hythmias), while it was found normal in patients with lymphocytic myocarditis and in control tissue. Neonatal 
rat myocytes were incubated with various concentrations of cytokines: Il-9, Il-12, Il-4 and INF gamma, which 
have been implicated in nongranulomatous inflammation, had no apparent effect on plakoglobin distribution. In 
contrast, Il-17 and TNFa, both of which are thought to mediate granulomatous myocarditis, caused a marked 
loss of plakoglobin signal from myocardial cell-cell junction. 

Sex differences may play a role in GCM; Fairweather et al. [36] recently found that testosterone promotes 
myocarditis, including GCM, through the soluble ST2 pathway. Soluble ST2 levels are higher in male versus 
female with GCM and increased soluble ST2 levels in male mice correlate with poorer heart function and a 
more severe myocarditis. Further investigation is needed to determine whether differences in pathogenesis will 
impact prognosis or treatment. 

4. Clinical Presentation and Diagnosis 
Heart failure is the widespread symptom in the majority of cases (approximately 75%). Unfortunately it often 
progresses to death or cardiac transplantation despite optimal treatment [9]. Other common presentation symp-
toms are ventricular tachycardia (14%), chest pain with ECG signs of acute myocardial infarction (6%) and 
complete heart block (5%) [37] [38]. In less than 10% of patients, heart failure symptoms progress more slowly 
or may even be self-limited [9] [39] [40]. 

Classic echocardiography findings in patients with acute GCM include wall thickening, normal left ventricu-
lar size and poor left ventricular systolic function in early phases, whereas left ventricle usually dilates as dis-
ease progresses. Right ventricular function often deteriorates after left ventricular function worsens and it is a 
powerful independent death predictor or heart transplantation in patients with myocarditis [41]. Sometimes 
segmental wall motion abnormalities can mimic myocardial infarction. Although the echocardiographic features 
of myocarditis are often non-specific, a careful review of findings may be helpful in suggesting a diagnosis and 
to rule out other causes of heart failure, such as valvular and congenital heart disease. Echocardiographic fea-
tures are also important to help distinguish between fulminant and acute myocarditis [42]: patients with fulmi-
nant myocarditis have near normal left ventricular diastolic dimensions and increased septal thickness, second-
ary to acute myocardial edema, whereas patients with acute myocarditis have a dilated left ventricle. 

Cardiac magnetic resonance (MRI) offers various imaging sequences that target acute and chronic myocardi-
tis [43].  

MRI has the unique potential to visualize tissue changes and can detect the typical changes in myocarditis in-
cluding intracellular and interstitial edema, capillary leakage, hyperemia and, in more severe cases, cellular ne-
crosis and fibrosis. Tissue edema can be demonstrated by T2-weighted imaging. Hyperemia and capillary leak 
can be detected by contrast-enhanced fast spin echo T1-weighted MR and early gadolinium enhancement. Nor-
mally gadolinium contrast material is excluded from the intracellular space of the myocytes by the sarcolemmal 
membranes, whereas in acute myocarditis, rupture of myocyte membranes enables gadolinium to diffuse into the 
cells, resulting in an increased tissue concentration and subsequent contrast enhancement. Necrosis and fibrosis, 
as irreversible tissue damage, are demonstrated by late gadolinium enhancement. MRI can also play a role in 
discriminating myocarditis from myocardial infarction: in myocarditis, the infiltrates are characteristically lo-
cated in the mid-wall and tend to spare the sub-endocardium, whereas in myocardial infarction the sub-endo- 
cardium is first involved.  

Compared with histopathology, currently available MRI techniques allow non invasive diagnosis of myocar-
ditis with a high specificity, but suboptimal sensitivity [44]-[46]. Presence of myocarditis is visualized by car-
diac MRI if at least one area of myocardial inflammation approaches the typical values of in-plane resolution for 
MRI techniques (1.4 × 1.4 mm in case of T1-weighted LGE or T2-weighted imaging). Such a “confluent hot 
spot” of myocardial inflammation is present at advanced and severe phase of disease; therefore diagnosis of 
myocarditis is more frequently made by cardiac MRI in patient with active myocarditis than those with border-
line disease [47]. Another drawback of the use of cardiac MRI in myocarditis diagnosis is the potential thera-
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peutic options if the exact cause (such as viral, bacterial, giant cell or eosinophilic) is known (Figure 1).  
Data regarding cardiac MRI in GCM diagnosis are limited because the majority of patients are instable and 

can’t undergo cardiac MRI, so myocardial tissue diagnosis is required to making the diagnosis of GCM on ini-
tial clinical presentation. 

Right ventricular endomyocardial biopsy (EMB) has a high sensitivity because GCM is characterized by a 
diffuse involvement of the endocardium. EMB sensitivity was found to be 82% - 85% in patients who present 
early in the course of fulminant disease, compared to the gold standard of surgical pathology [48]. Because of 
the possibly life-threatening complications associated with GCM and the potential benefit from treatment, early 
percutaneous or surgical myocardial biopsy is recommended. The 2007 AHA/ACC/ESC scientific statement on 
the role of EMB recommended that biopsy should be performed in the clinical scenario of new onset heart fail-
ure of 2 weeks to 3 months duration associated with dilated left ventricle and new ventricular arrhythmias, 
second or third degree heart block, or failure to respond to usual care within 1 - 2 week [49]. In up to 20% of 
cases a false negative EMB may occur and dictate a need for a second biopsy if the clinical course strongly sug-
gests GCM [50]. Repeated endomyocardial biopsies are frequently needed to diagnose GCM, as recently at-
tested by Kandolin et al. [51]. They reviewed diagnostic procedures in 32 patients with histologically verified 
GCM: repeated procedures improved the yield of EMB from 68% to 93%. In Table 1, we summarized the cur-
rent indications for EMB. 

In patients with a fulminant clinical course, EBM is useful to differentiate between GCM and lymphocytic 
myocarditis [48]. Differential diagnosis is important because the transplant-free survival with GCM is signifi-
cantly lower than for lymphocytic myocarditis. Further different combinations of immunosuppressive agents 
may be needed to treat GCM.  

GCM is characterized by serpiginous areas of myocyte necrosis with mixed inflammatory infiltrate composed 
of lymphocytes, plasma cells, histiocytes, eosinophils and multinucleated giant cells, in absence of well-formed 
granulomas [52]. 
 

 
Figure 1. Infiltrated myocarditis with multinucleated giant 
cells.                                               

 
Table 1. Indications of endomyocardial biopsy.                                                                

• Exclusion of potential common etiologies of dilated cardiomyopathy (familial; ischemic; alcohol; postpartum; cardiotoxic exposures) 
and the following: 

• Subacute or acute symptoms of heart failure refractory to standard management. 

• Substantial worsening of EF despite optimized pharmacological therapy. 

• Development of hemodynamically significant arrhythmias, particularly progressive heart block and ventricular tachycardia. 

• Heart failure with concurrent rash, fever, or peripheral eosinophilia. 

• History of collagen vascular disease such as systemic lupus erythematosus, scleroderma, or polyarteritis nodosum. 

• New-onset cardiomyopathy in the presence of known amyloidosis, sarcoidosis, or hemachromatosis. 

• Suspicion for giant cell myocarditis (young age, new subacute heart failure, or progressive arrhythmia without apparent etiology). 
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It may be difficult to differentiate cardiac sarcoidosis (CS) from GCM on EMB. In GCM, giant cells are often 
located at the edges of the inflammation and are associated with myocyte destruction and active inflammation 
[9]. CS is characterized by noncaseating granulomas with limited lymphocyte infiltrate and patchy fibrosis; giant 
cells, if present, are generally in the centre of follicular granulomas [9]. Eosinophils are significantly more 
common in GCM, while fibrosis is more common in CS. In addition in GCM most lymphocytes are of the 
CD8+ phenotype, whereas in sarcoidosis they are predominantly CD4+ type [53]. Therefore we can say that the 
main differences between GCM and CS can be summarized: the absence of well formed granulomata in GCM as 
opposed to cardiac sarcoidosis, the lack of involvement of the epicardial fat in GCM, while in most cases of car-
diac sarcoidosis, granulomata were seen in the epicardial fat, the prominent eosinophilia in the inflammatory in-
filtrate seen in GCM is in general absent in cardiac sarcoidosis. 

EBM has proven to be useful for excluding other causes for cardiac disease, included hypersensivity myocar-
ditis and myocarditis associated with systemic lupus erythematosus or Takayasu’s aortitis. 

EBM is an invasive procedure with a 1:1000 risk of death and 1:2450 risk of perforation in adults [54], so the 
risk and cost must be weighed against the potential benefit of early initiating treatment. If EMB seems indicated 
based on clinical presentation, it should be performed by an experienced operator in a medical centre with a low 
procedural complication rate, surgical back-up and timely expert cardiac pathology consultation available. EMB 
has other method-specific limitations [46], such as the “sampling error” and false negative results due to the 
“patchy” distribuition of myocarditis and the inability to perform serial biopsies or even no biopsies in patient 
with preserved left ventricular function as guidelines do not support this in such patients. MRI non invasive im-
aging strategy allows the diagnosis of myocarditis without risk of complications and allows repeating the pro-
cedure at any time and follow-up changes in the extent and degree of inflammation. So it may be reasonable to 
initially perform non invasive cardiac MRI (when it is possible) in patients with clinically suspected myocarditis 
and, when MRI study is not conclusive, if symptoms are persistent, invasive biopsy can be employed as a 
second step. Baccouche et al. [47] demonstrated that a combined approach of cardiac MRI and EMB was supe-
rior to each single technique regarding the final diagnosis of myocarditis. A combined approach could be supe-
rior for future risk stratification and implementation of specific therapies, but the exact algorithm of this com-
bined approach is still not available. MRI may also be useful to guide tissue sampling of an endomyocardial bi-
opsy [44]. 

5. Treatment 
Patients with GCM should receive the same guideline-based treatment for heart failure and arrhythmias as pa-
tients with left ventricular dysfunction and symptomatic heart failure from other causes [55], including the ad-
ministration of diuretics and ACE inhibitors or Angiotensin Receptor II blockers. Beta blockers can be used 
cautiously in the acute setting. Digoxin should be avoided for the risk for heart block and arrhythmias in the set-
ting of acute inflammation, whereas amiodarone may be useful to treat ventricular tachyarrhythmias in GCM. 

Immunosuppressive therapy is a well established treatment in GCM, in contrast with other types of myocardi-
tis [56]. Treatment with cyclosporine and corticosteroids is associated with a median transplant-free survival of 
12.3 months compared with 3 month for those not treated with immunosuppressive agents [57], while corticos-
teroids alone had no effect [57]. More recently, the addition of CD-3 muromonad was also tried successfully in 
these patients [58]: an observation study of biopsy-proven GCM patients (excluding those with fulminant pres-
entation) reported that treatment with cyclosporine and corticosteroids for one year, with/without CD-3 muro-
monad pretreatment for ten days dramatically improved survival (64%) without cardiac transplantation.  

On contemporary immunosuppression, two thirds of patients reach a partial clinical remission characterized 
by freedom for severe heart failure and need of transplantation but remained subject to ventricular tachyarr-
hythmias [51]. There are no good data to guide immunosuppression for long-term maintenance of remission in 
GCM. Yet, continued treatment appears important because cessation of immunosuppression may lead to a fatal 
disease relapse [59]. Recurrence of GCM has been associated with a decrease or discontinuation of immunosup-
pression up to 8 years after initial diagnosis [60].  

Mechanical circulatory support with intra-aortic balloon pumps, extracorporeal membrane oxygenation and 
ventricular assist devices (VADs) has been used in GCM patients as a bridge to transplantation [61] [62] or oc-
casionally recover [63]. The use of mechanical circulatory support as a bridge to transplantation in GCM is 
usually successful, but has been associated with higher risk of GCM recurrence in the allograft [64]. GCM is 



A. Veia et al. 
 

 
321 

known to recur in the transplanted heart, but most histological recurrences in adults occur during routine survel-
laince biopsies. Of the 34 patients of the international GCM Registry that underwent cardiac transplantation, 9 
patients had a diagnosis of GCM by EBM after transplantation and only 3 of 9 had signs and symptoms of heart 
failure. One symptomatic patient died 3.5 years after transplantation, whereas in the remaining 2 patients, GCM 
infiltrates and symptoms resolved with heightened immunosuppressive therapy [37]. The 3-year mortality rate 
was 15% which at the time was similar to the overall survival rates for ischemic or dilated cardiomyopathy [37]. 
Therefore, the possibility of GCM recurrence should not be a controindication to transplantation. 

Although the outlook of GCM on combined immunosuppression looks like more favorable than usually 
thought, it still remains many deficiencies in our knowledge about GCM. 

6. Future Recommendations 
Future challenges include the optimal immunosuppressive regimens for acute phase and maintenance therapy, 
the most informative markers for disease follow-up and the best methods to control and prevent tachyarrhyth-
mias. We trust in the publication of new and larger case studies that can make clarity on these topics.  
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