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Abstract (244 words) 

Aims: Giant-cell myocarditis (GCM) is a rare and often fatal form of myocarditis. Only 

a few reports have focused on fulminant forms. We describe the clinical characteristics, 

management and outcomes of GCM patients rescued by mechanical circulatory support 

(MCS).  

Methods and results: The clinical features, diagnoses, treatments and outcomes of MCS-

treated patients in refractory cardiogenic shock secondary to fulminant GCM admitted to 

eight French intensive care units (2002–2016) were analysed. We also conducted a 

systematic review of this topic. Thirteen patients (median age 44 [range 21–76] years, 

Simplified Acute Physiology Score II 55 [40–79]) in severe cardiogenic shock (median 

[range] left ventricular ejection fraction 15% [15–35%] and blood lactate 4 [1–11] 

mmol/L) were placed on MCS 4 [0–28] days after hospital admission. Severe arrhythmic 

disturbances were frequent (77%), with six (46%) patients experiencing an electrical 

storm prior to MCS. Venoarterial extracorporeal membrane oxygenation was the first 

MCS option for 11 (85%) patients. GCM was diagnosed in five (38%) patients before 

transplant or death and treated with immunosuppressants; infections were the main 

complication (80%). Four patients died on MCS and no patient presented long-term 

survival free from heart transplant (nine patients, 69%). All transplanted patients were 

alive 1 year later and no GCM recurrence was reported after median follow-up of 42 [12–

145] months.  

Conclusion: Outcomes of fulminant GCMs may differ from those of milder forms. In 

this context, heart transplant might likely be the only long-term survival option.  

 

Keywords: Giant-cell myocarditis • Extracorporeal membrane oxygenation • Myocardial 

biopsy • Immunosuppressive therapy • Heart transplant 
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1. Introduction 

Giant-cell myocarditis (GCM) is a rare and often fatal form of myocarditis that mainly 

affects young healthy subjects with no prior co-morbidities [1]. The latest cardiac imaging 

techniques and proactive search with repeated biopsies recently highlighted this rare 

aetiology [2] that may have various clinical onset characteristics. Indeed, congestive heart 

failure, atrioventricular block, ventricular tachycardia (VT) or even acute myocardial 

infarction-mimicking syndromes have been described so far, with variable symptom-

onset-to-diagnosis intervals reported [1, 3]. In the 1990s, landmark studies aiming to 

report incidence, clinical presentations and outcomes of this rare disease were mostly 

conducted by the International Multicentre GCM Registry group [1, 4-7]. In their first 

report, nearly 90% of their patients were dead or transplanted 1 year after symptom onset 

[1]. More recent studies stressed the better outcomes obtained with combined 

immunosuppressants [2, 3]. However, the aforementioned cohorts did not specifically 

report the clinical course, management and outcomes of the most severe forms, namely 

fulminant myocarditis that rapidly required mechanical circulatory support (MCS). We 

describe, herein, a multicentre national experience with MCS-assisted fulminant GCM 

patients, and report their short- and long-term outcomes.  

 

2. Patients and Methods 

2.1. Study population  

Eighteen French cardiac, surgical or medical intensive care units (ICUs) with a MCS 

program were contacted to participate in the study. Each ICU retrospectively analysed its 

database and that of their Pathology Laboratory to identify all patients with 1) confirmed 

GCM diagnosis and 2) MCS support (i.e., venoarterial extracorporeal membrane 

oxygenation [VA-ECMO] or another ventricular assist device [VAD]). Histology 
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samples were obtained by endomyocardial biopsy (EMB), apical sample at LVAD 

implantation, explanted heart histology or autopsy. GCM diagnosis required myocardial 

histology confirmation showing multinucleated giant cells with or without myocyte 

necrosis, associated with an inflammatory infiltrate comprised of lymphocytes, 

histiocytes and eosinophils (Figure electronic supplemental material 1). The time of 

diagnosis was defined as the day the pathologist confirmed GCM in a myocardial sample. 

MCS indications were defined as acute-refractory cardiovascular failure, with evidence 

of tissue hypoxia (e.g., extensive skin mottling or elevated blood lactate) concomitant 

with adequate intravascular volume status; severely diminished right ventricular or left 

ventricular ejection fraction (LVEF); low cardiac index (≤2.1 L/min/m2); sustained 

hypotension despite high-dose catecholamine infusion (epinephrine ≥1 γ/kg/min or 

dobutamine ≥10 γ/kg/min + norepinephrine ≥1 γ/kg/min); or refractory electrical storm 

[8]. MCS-exclusion criteria were malignancies with fatal prognosis within 5 years or 

irreversible neurological pathologies and decisions to limit therapeutic interventions. 

Trained cardiovascular surgeons surgically inserted VA-ECMO cannulas with femoral–

femoral cannulation as previously described [9, 10]. An additional 7F catheter was 

systematically inserted into the femoral artery to prevent leg ischemia. Other MCSs used 

in our population were left ventricular assist device (LVAD), total artificial heart and 

biventricular MEDOS Assist System.   

 

 2.2. Pre-MCS data collection 

At ICU admission, the following informations were collected for each patient: 

demographics (age, sex, body mass index), initial clinical characteristics and date of 

symptom onset. Admission disease-severity scores [Acute Physiology And Chronic 

Health Evaluation II (APACHE) [11], Simplified Acute Physiology Score (SAPS)II [12] 
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and Sequential Organ Failure Assessment (SOFA) score [13]] were assessed during the 

first 24 hours of admission, trying to obtain the predicted mortality according to severity 

at ICU admission (see table ESM-1 in the supplemental material for further details on 

severity scores). During the pre-MCS period, the inotrope score was defined as 

dobutamine dose (γ/kg/min) + [norepinephrine dose (γ/kg/min) + epinephrine dose 

(γ/kg/min)] × 100 [14]. Severity of illness was assessed by the Interagency Registry for 

Mechanically Assisted Circulatory Support (INTERMACS) scale [15]. Thus, the 

occurrence of cardiac arrest, laboratory tests, blood-gas analyses, electrocardiogram and 

echocardiographic parameters (LVEF and left ventricular dilation) were collected.  

 

 2.3. Outcome data 

The main prognostic variables included ECMO-weaning or heart transplant, 

immunosuppressant use and related infections, survival to hospital discharge, 90-day 

survival, 1-year survival post-transplant and long-term survival (evaluated in July 2017). 

We also recorded: the total number mechanical ventilation (MV) days; ventilator-

associated pneumonia (VAP); ICU and hospital lengths of stay; and in-ICU 

complications, e.g., severe haemorrhage, surgical wound or cannula infection, and 

requiring renal replacement therapy. Severe haemorrhage was considered life-threatening 

when intracerebral bleeding or haemorrhage resulting in substantial hemodynamic 

compromise required transfusion or increased vasopressor doses. In July 2017, survival 

and GCM-recurrence status were obtained for all survivors.  

 This investigation conforms with the principles outlined in the Declaration of 

Helsinki. In accordance with the ethical standards of our hospital’s Institutional Review 

Board and French law, informed consent was not necessary for analyses of demographic, 

physiological and hospital-outcome data, because this retrospective observational study 
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did not modify existing diagnostic or therapeutic strategies. The National Commission 

for Informatics and Liberties approved this study (no.1950673).  

 

 2.4. Literature review 

We conducted a systematic MEDLINE-database literature review through the PubMed 

search engine with a global search strategy applying pre-specified selection with the terms 

“giant-cell myocarditis” or “giant-cell myocarditis” and “outcome”. Our query was 

restricted to controlled or observational studies (retrospective and prospective) and case 

series focused, exclusively, on prognosis of GCM with more than five patients published 

before August 2017. 

 

 2.5. Statistical analyses 

Results were expressed as numbers (%) or median [range]. Continuous variables were 

compared with Student’s t-test or the Mann–Whitney U-test, as appropriate, whereas 

categorical variables were compared with χ2 tests. Analyses were computed using 

StatView v5.0 software (SAS Institute Inc., Cary, NC, USA) and a two-sided P < 0.05 

defined significance. 

 

3. Results 

3.1. Study population 

During the 15-year study period (2002–2016), 13 patients (7 males; median age 44 [21–

76] years) from eight centres received MCS for fulminant GCM (Figure 1). Two patients 

were retrieved to the referral ECMO centre on VA-ECMO. ICU admission, median SAPS 

II and SOFA scores were high, respectively, 55 [40–79] and 10 [4–19]. Two (15%) 

patients had pre-existing autoimmune disorders, i.e. hypothyroidism and vitiligo (Table 
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1). Seven (54%) patients were initially hospitalised for heart failure, while four (31%) 

had arrhythmic disorders. Throughout the GCM course, arrhythmic disturbances were 

frequent, with 10 (77%) patients having VT, ventricular fibrillation (VF), 

supraventricular arrhythmias or complete heart block. Six (46%) patients experienced an 

electrical storm. The coronary angiograms available for 11 (85%) patients were 

unremarkable.  

 VA-ECMO was the first MCS option for 11 (85%) patients, one patient received a 

biventricular MEDOS Assist system in 2002 and another a HeartMate II LVAD for 

inotrope-dependent dilated cardiomyopathy. One patient was bridged from VA-ECMO 

to a total artificial heart. Five (38%) patients suffered pre-ECMO cardiac arrest, with two 

(15%) of them cannulated during cardiopulmonary resuscitation (CPR). INTERMACS 

status for 11 (85%) patients was ≤2 (Table 2). All patients required hemodynamic support 

with vasoactive drugs, resulting in a median inotrope score of 10 [3–523] γ/kg/min at 

MCS cannulation. Pre-MCS median pH, blood lactate and LVEF were, respectively: 7.4 

[7.0–7.6], 4 [1–11] and 15% [10–35%].  

 

3.2. GCM diagnosis and treatment  

Six (46%) patients underwent pre-MCS magnetic resonance imaging that confirmed the 

myocarditis diagnosis. EMBs were obtained from five (38%) patients: two of which were 

false-negatives. In addition, two other patients were diagnosed based on myocardial 

samples obtained during VAD implantation (i.e. total artificial heart and biventricular 

MEDOS Assist System). GCM-diagnosis confirmation was most frequently obtained by 

histological analysis of the explanted heart (Figure electronic supplemental material 2). 

Thus, only five (38%) patients were diagnosed prior to death or transplant, with three of 

them receiving at least one immunosuppressant. In addition, two more patients, whose 
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disease was highly suspected clinically, were also treated with immunosuppressant drugs. 

Various combinations of ≥2 drugs were used, combining corticosteroids (n = 3), 

cyclosporine (n = 2), thymoglobulin (n = 2) or mycophenolate mofetil (n = 1) (more 

details about clinical characteristics, diagnostic approach and management of each patient 

can be found in Table 3). Among the five immunosuppressant-treated patients, four (80%) 

developed nosocomial infections (i.e., VAP and/or cannula infection); one of them died 

of septic shock secondary to Clostridium difficile colitis and multiresistant Acinetobacter 

baumannii cannula infection. Notably, none of them achieved sufficient LVEF recovery 

to be weaned-off MCS. Moreover, it is worth noting that two patients received 

levosimendan, and three underwent VT-substrate ablation after an electrical storm, with 

no LVEF recovery, and VT subsequently recurred in all of them. 

 

3.3. Outcomes 

 ECMO-related complications and outcomes according to 90-day status are reported in 

Table 2. As expected, 90-day survivors had significant lower disease-severity scores at 

ICU admission, without any significant differences in hemodynamic characteristics or 

cardiac function. Almost all patients experienced at least one major ECMO-related 

complication; eight (61%) had severe haemorrhages and eight (61%) received in-ICU 

renal replacement therapy, with no impact on 90-day survival. Compared with patients 

who died within 90 days, 90-day survivors had significantly lower bacteraemia (P = 0.02). 

 Four patients died within 90 days post-ICU admission, all on MCS (one of cardiac 

arrest-related multiorgan failure and three of refractory cardiogenic shock deemed 

ineligible for heart transplant). Notably, no patient cannulated during CPR survived to 

discharge (Table 1). Eight (89%) of the nine 90-day survivors were transplanted and 

discharged after 8 [1–13] days on ECMO, 26 [9–75] in-ICU days and 66 [24–157] in-
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hospital days. The remaining survivor was initially implanted by LVAD while awaiting 

potential recovery that never occurred and he was transplanted 10 months after his first 

ICU admission. Pertinently, all 90-day survivors were alive 1-year post-transplant, with 

no patient admitted with heart failure nor presenting rejection ≥ 2R in the follow-up 

biopsies. Besides, unlike the high incidence recently reported by Elamm et al. [16], no 

early rejection was reported.  In July 2017, long-term follow-up was 42 [12–145] months 

post-transplant. No patient has had documented GCM recurrence so far, and eight of the 

nine transplanted patients are still alive (July 2017). One patient died 9.5 years after heart 

transplant.  

 

 

3.4. Literature review 

In addition to our cohort study, eleven others including more than five GCM patients 

between 1984 and 2016 have been published to date (Table 4). Almost half of them came 

from the GCM Multicenter Registry, which published one of the first landmark studies 

on this entity. Initial arrhythmias were frequent (19–71%), while lifetime diagnosis was 

obtained for 60–100% of the patients. The wide variability of patients’ GCM severities 

yielded different mortality rates. However, cardiogenic shock at hospitalisation was 

frequently associated with death, transplantation or VAD, despite combined 

immunosuppressants.  

 

4. Discussion 

To our knowledge, this is the largest follow-up cohort study on life-threatening GCM 

with MCS in the modern era. Despite extreme disease severity at MCS implantation, 

frequent multiorgan failure and 57.5% SAPS II-predicted mortality, 69% of these patients 
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were alive at 90 days. In fact, none recovered native heart function and all survivors were 

eventually transplanted despite immunosuppressants. Nevertheless, lifetime biopsies 

were diagnostic for only 38% of them. 

 Although poor prognosis has been continuously emphasised, with 42% transplant-

free–survival probability 5 years after symptom onset [2], outcomes of fulminant GCMs 

with refractory cardiogenic shock have been poorly described. Indeed, the literature on 

MCS-rescued severe GCM forms had been limited to small case series or case reports 

(Table 4) [5, 17-20]. For instance, only four (9%) of 46 GCM patients received MCS in 

a recent study on long-term outcomes [2]. In accordance with several published case 

series [5, 17-19], none of our MCS-rescued patients recovered native heart function. 

However, it is worth noticing that few studies reported favourable outcome for fulminant 

GCM patients, including patients on MCS, with early aggressive immunosuppressant  

protocol [21-27].  

Several factors could explain the lack of heart recovery in our extremely ill patients. First, 

the severity of GCM myocardial injury and, to a lesser degree, cardiac dysfunction at 

hospitalisation, constitute key predictors of transplant-free cardiac survival [2]. The 

median 4 [0–34] days from symptom onset to ICU admission was shorter for our cohort 

than previously reported (median 3 weeks) [1], which might reflect the former’s more 

extensive myocardial necrosis and fibrosis [2]. Second, almost half of our patients 

experienced an electrical storm before MCS implantation, corroborating the strong 

impact of arrhythmias on prognosis in these severe GCMs. Recently, 22% of a 51-patient 

GCM cohort had initial sustained VT or VF causing cardiac arrest, which markedly 

enhanced the risk of long-term life-threatening arrhythmias (up to 50% at 5 years) [28]. 

In addition, the severity of myocardial damage at ECMO implantation, indicated by 

elevated creatine-kinase cardiac isoform or troponin-I concentrations (>12 mg/L), 
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predicted unsuccessful weaning and fatal myocarditis [10]. Similar findings were also 

reported for GCM [2]. However, a recent and smaller study on MCS-assisted GCMs 

failed to demonstrate the predictive performance of cardiac troponin levels [18]. Lastly, 

although EMB is considered the gold-standard diagnostic tool, only 5 (38%) of our cohort 

patients underwent this procedure, so lack of GCM confirmation have surely limited 

immunosuppressant initiation in more patients.  

 Although most of our patients fulfilled the current recommended criteria to perform 

EMB in the acute heart failure setting [29], EMB was mostly underused in our cohort. 

Similarly, in a recent Italian cohort of 57 ECMO-treated fulminant myocarditis patients, 

only 26% of them had EMB-proven myocarditis [30]. EMB’s low negative-predictive 

value has been reported frequently [30-32]. For GCM patients, EMB sensitivity may 

change throughout the disease course as endocardial inflammation progresses. Indeed, 

first-EMB sensitivity for our patients reached 60%. When GCM is strongly suspected 

clinically, a second EMB may be indicated because its sensitivity improved to 93% [3]. 

Moreover, magnetic resonance imaging-guided [33] or systematic left ventricular 

biopsies [34-36] could further enhance EMB sensitivity.  

 Rapidly progressive myocardial necrosis with rapid onset of heart failure (lasting <1 

month) requires prompt diagnosis and aggressive treatment in most patients to contain 

this overwhelming process. The results of several studies, which frequently excluded 

severe and fulminant GCMs because they were diagnosed at the time of transplant, LVAD 

implantation or death, highlighted a potential benefit of combined immunosuppressants. 

In the landmark study by Cooper et al., combined immunosuppressants significantly 

prolonged the time to death or transplant from 3.0 to 12.3 months [1]. In 2008, the same 

author’s team reported that the combination of high-dose steroids, cyclosporine and 

muromonab-CD3 for 4 weeks limited the extent of necrosis, cellular inflammation and 



12 
 

giant cells in biopsies, with unclear impact on prognosis [4]. In a recent study aimed at 

assessing the prognosis of fulminant myocarditis, Ammirati et al. [27] showed dismal 

outcome for 6 patients with fulminant GCM and MCS, with half of them treated with 

immunosuppressants. One died, and only one other survived without heart transplant. On 

the other hand, Suarez-Barrientos et al. [26] recently reported left ventricular recovery in 

6 patients with cardiogenic shock, including 3 patients with MCS, after combined 

immunosuppressant therapy with high-dose steroids and rabbit anti-thymocyte globulin.  

Although this promising treatment regimen has been also reported in other case reports 

[21-25], larger studies on the benefit of antibodies against T-cell populations in this 

context are still warranted.  

Early diagnosis and prompt aggressive immunosuppressant initiation are both of major 

importance. Indeed, in a Finnish cohort, 1-year transplant-free survival reached 69% after 

combined immunosuppressants [3], and 5-year transplant-free survival rose from 42% to 

48% when GCM had been diagnosed by lifetime biopsies and specific treatment initiated 

[2]. However, such intense immunosuppression exposes patients to infectious 

complications. For instance, half of a 26 patients cohort treated with a cyclosporine-based 

regimen developed a nosocomial infection [6]. Similarly, 80% of our 

immunosuppressant-treated patients experienced ≥1 infections while on MCS (i.e., VAP 

and/or cannula infection. Notwithstanding, combined immunosuppression should be the 

gold-standard treatment in GCM patients. An exhaustive search for infections should be 

performed while immunosuppressants are given. If case of no rapid improvement on VA-

ECMO after a treatment with combine immunosuppressant treatment, including high-

dose steroids, thymoglobulin and cyclosporine, heart transplant seems urgently warranted 

[18-20]. Importantly, at 1-year post-transplantation, all transplanted patients were alive 

and GCM had not recurred after 42 (12–145) months of follow-up. However, among the 
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largest series, GCM-recurrence rates in allografts ranged from 6% to 25% after different 

follow-up durations [1-3]. Moreover, the impact of immunosuppressant in pre-transplant 

to prevent GCM recurrence remains unknown.  

 The main strengths of our study are the number of patients, the detailed 

characterization of their fulminant GCMs on MCS and their long post-transplant follow-

up. However, our study also has several limitations. First, although a multicentre cohort 

was necessary to gather patients with this rare disease, the small size of our population 

remains its main drawback. Ten centres looked back at their databases without finding 

any case of GCM, which could be explained by differences in digitalization of medical 

charts and difficulty to found past cases. Furthermore, worldwide studies focusing on 

MCS-treated GCM patients are needed to confirm our findings [37]. Second, only a 

limited number of patients were diagnosed and given immunosuppressants before death 

or transplantation. This inhomogeneous treatment management does not allow to confirm 

the absence of immunosuppressant benefit in that severe population. However, it 

illustrates the complicated management of these severely ill patients, for whom EMB may 

lead to significant complications while on MCS. Third, the surgical implantation of VA-

ECMO in our patients may increase the risk of cannulas-related infections. Further studies 

with percutaneous approach are needed to better define the impact of this issue in GCM 

patients treated with immunosuppressants. Lastly, our study covered a 15-year period 

with different MCS types and new-generation ECMO devices used more recently. 

Therefore, we cannot exclude changes of global MCS management for refractory 

cardiogenic shock throughout the study period. However, most of our patients received 

VA-ECMO support, now widely available in tertiary-care centres. 

 

5. Conclusions 
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Predicting the likelihood of native cardiac recovery or dismal outcome of patients with 

fulminant GCM is of utmost importance, particularly for resource allocation and planning 

more definitive treatments. Our findings highlight that outcomes of severe GCMs may 

have different features compared to milder forms. In this context, heart transplantation 

appears associated with good long-term survival, although the risk of long-term GCM 

recurrence has been reported. Immunosuppressants, including high-dose steroids, rabbit 

anti-thymocyte globulin and cyclosporine, should be initiated, although their benefit 

remains unclear in MCS-treated fulminant GCM patients. A worldwide cohort of 

fulminant GCM patients is urgently needed to assess the optimal management of this 

population. 
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Figure legends 

Figure 1 Flow chart. GCM, giant-cell myocarditis; VA-ECMO, venoarterial 

extracorporeal membrane oxygenation; VAD, ventricular assist device.  

 

 

 

 

 

 

 

 

 

 

 

  



21 
 

Table 1 Clinical characteristics of the 13 cohort patients at the time of MCS 

implantation 

Variable Values  

Male  7 (54) 

Age, years  44 [21–76] 

Body mass index, kg/m2 23 [20–36] 

SOFA score 12 [6–18] 

Cardiovascular risk factors  

      Hypertension 3 (23) 

      Active smoking 4 (44) 

Autoimmune disorders 2 (15)   

Days from onset to first hospital admission 4 [0–34] 

Clinical manifestation  

      Congestive heart failure 

      Chest pain 

      Arrhythmia symptoms* 

7 (54) 

2 (15) 

4 (31) 

Rhythm and conduction disturbances† 10 (77) 

      Complete atrioventricular heart block 4 (31) 

      Ventricular tachycardia 6 (46) 

      Electrical storm pre-MCS 6 (46) 

      Co-existing atrioventricular block & ventricular 

Tachycardia 
2 (15) 

Type of MCS  

      Venoarterial ECMO 11 (85) 

      Left ventricular assist device 1 (8) 

      Biventricular MEDOS 1 (8) 

Values for categorical variables are expressed as n (%) and continuous variables as median [range], 
unless stated otherwise. 
SOFA, Sequential Organ Failure Assessment; MCS, mechanical circulatory support; ECMO, 
Extracorporeal Membrane Oxygenation. 
*Palpitations, syncope or dizziness.  
†Advanced atrioventricular block, ventricular tachycardia, ventricular fibrillation or supraventricular 
arrhythmia. 
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Table 2. Hemodynamic status, ICU events and outcomes of MCS-treated giant-cell 
myocarditis patients according to 90-day survival status 
 

Event/outcome All patients 

(n = 13) 

Survivors 

(n = 9) 

Non-survivors 

(n = 4) 

P value 

At ICU admission     

 APACHE II  13 [4–37] 9 [4–37] 29 [21–30] 0.08 

 SAPS II  55 [40–79] 46 [40–68] 76 [67–79] 0.03 

 SOFA score 10 [4–19] 8 [4–18] 12 [12–19] 0.02 

INTERMACS     

 INTERMACS 1 5 (38) 2 (22) 3 (75) 0.22 

 INTERMACS 2 6 (46) 5 (55) 1 (25) 0.56 

 INTERMACS 3 2 (15) 2 (22) 0 (0) 0.99 

Hospital admission-to-MCS interval, 

days 
4 [0–28] 6 [0–28] 2.5 [0–7] 0.31 

Cardiac arrest before MCS 5 (38) 3 (33) 2 (50) 0.99 

At MCS cannulation      

   ECMO-CPR 2 (15) 0 (0) 2 (50) 0.08 

   Heart rate, bpm 118 [0–140] 116 [42–140] 120 [0–125] 0.90 

   Inotrope score, γ/kg/min 10 [3–523] 15 [5–323] 10 [3–523] 0.76 

   pH  7.4 [7.0–7.6] 7.4 [7.0–7.6] 7.4 [7.2–7.5] 0.99 

   Blood lactate, mmol/L 4 [1–11] 5 [3–9] 3 [1–11] 0.23 

   Natremia, mmol/L 130 [125–142] 127 [125–139] 138 [133–142] 0.04 

   Creatinine, µmol/L 106 [68–409] 106 [68–409] 108 [80–154] 0.80 

   AST, U/L 62 [22–288] 48 [22–288] 66 [60–108] 0.27 

   Haemoglobin, g/L 121 [95–48] 126 [95–148] 120 [112–141] 0.64 

   QRS duration, msec 126 [84–204] 140 [93–160] 100 [84–204] 0.46 

   Right bundle-branch block 3 (23) 2 (22) 1 (25) 0.99 

   Left ventricular dilatation 5 (38) 5 (55) 0 (0) 0.10 

   LVEF at implantation, % 15 [10–35] 15 [10–30] 20 [10–35] 0.24 

In-ICU complications     
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 Bacteraemia 6 (46) 2 (22) 4 (100) 0.02 

   VAP 6 (46) 5 (55) 1 (25) 0.56 

   Severe haemorrhage  8 (61) 4 (44) 4 (100) 0.10 

   Renal replacement therapy 8 (61) 4 (44) 4 (100) 0.10 

ECMO duration, days  10 [1–33] 8 [1–23] 17 [8–33] 0.15 

MV duration, days  9 [1–28] 3 [1–21] 16 [8–28] 0.09 

ICU LOS, days  21 [8–75] 26 [9–75] 16 [8–33] 0.17 

Hospital LOS, days 40 [12–157] 66 [24–157] 16 [12–40] 0.02 

Values for categorical variables are expressed as n (%) and continuous variables as median [range], 

unless stated otherwise. 

APACHE II, Acute Physiology And Chronic Health Evaluation II; ICU, intensive care unit; SAPS II, 

Simplified Acute Physiology Score II; SOFA, Sequential Organ-Failure Assessment; INTERMACS, 

Interagency Registry for Mechanically Assisted Circulatory Support” scale; MCS, mechanical circulatory 

support; CPR, cardiopulmonary resuscitation; bpm, beats per minute; AST, aspartate aminotransferase; 

LVEF, left ventricular ejection fraction; VAP, ventilator-associated pneumonia; ECMO, extracorporeal 

membrane oxygenation; MV, mechanical ventilation; LOS, length of stay.  
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Table 3: Details about clinical characteristics, diagnostic approach, management 
and outcome of each patient. 
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AS, arrhythmic symptoms*; CHF, congestive heart failure; CP, chest pain. VT, ventricular tachycardia; CAVB: complete atrioventricular heart block; AF: atrial fibrillation; 

VF, ventricular fibrillation; INTERMACS, “Interagency Registry for Mechanically Assisted Circulatory Support” scale; LVEF, left ventricular ejection fraction; EMB, 

endomyocardial biopsy; MCS, mechanical circulatory support; VA ECMO, Venoarterial extracorporeal membrane oxygenation; HM II, HeartMate II; TAH, total artificial 

heart; MMF, mycophenolate mofetil; LVAD, left ventricular assist device. NA, Not applicable. NR, Not reported.  

*Palpitations, syncope or dizziness. † Apical sample obtained at LVAD implantation 

Characteristics 

Gender Age Year 
Initial 

symptoms 

Time from first 

hospital admission to 

diagnosis 

Time from symptoms’ 

onset to diagnosis 

Time from symptoms’ 

onset to MCS 

Arrhythmic 

issue 
INTERMACS 

LVEF pre-

ECMO 
EMB 

Way of 

diagnosis 

Type of 

MCS 

Days on VA 

ECMO  
Immunosuppressants Transplant LVAD 

90-day 

survivor 

1-year 

survivor 

Years of 

follow up 

after 

transplant 

1 Female 53 2015 AS 23 26 10 VT, CAVB 1 55 + Biopsy VA ECMO 33 - - - - - NA 

2 Female 31 2013 CHF 11 145 135 None 2 15 - 
Explanted 

heart 
VA ECMO 10 - + - + + 3,4 

3 Female 61 2015 CHF 0 5 5 VT 1 35 + Biopsy VA ECMO 17 
Steroids, cyclosporine, 

thymoglobulin 
- - - - NA 

4 Male 41 2014 AS 25 25 21 CAVB 3 10 + Biopsy VA ECMO 23 
Steroids, cyclosporine, 

MMF, thymoglobulin 
+ - + + 2,2 

5 Female 28 2008 AS 34 43 37 VT, CAVB 1 25 - 
Explanted 

heart 
VA ECMO 6 - + - + + 8,5 

6 Male 76 2009 CHF 12 21 13 AF, flutter 2 10 - Autopsy VA ECMO 8 Steroids - - - - NA 

7 Male 22 2006 CHF 3 7 6 VF 2 12 - 
Explanted 

heart 
VA ECMO 1 - + - + + 9,5 

8 Male 44 2012 CHF 311 NR NR None 3 15 - 
Explanted 

heart 

LVAD – HM 

II 
NA - + + + + 3,8 

9 Male 21 2002 CP 1 4 4 CAVB 1 20 - Apical sample† BiV MEDOS NA - - + - - NA 

10 Male 44 2014 CHF 20 54 40 VT 2 20 - Apical sample† 
VA ECMO / 

TAH 
14 Steroids + + + + 2,1 

11 Male 44 2005 CHF 4 NR NR None 2 10 + 
Explanted 

heart 
VA ECMO 4 - + - + + 11,9 

12 Female 31 2016 CP 20 897 889 VT 2 30 + 
Explanted 

heart 
VA ECMO 6 Steroids + - + + 0,8 

13 Female 55 2016 AS 26 176 151 VT 1 15 - 
Explanted 

heart 
VA ECMO 12 - + - + + 0,6 

 

PATIENTS NOT ASSISTED WITH MCS 

14 Female 52 2010 CHF NR NR NA None 3 20 - 
Explanted 

heart 
NA NA - + - + - 

 

3 

15 Male 54 2013 CHF NR NR NA None 3 25 - 
Explanted 

heart 
NA NA - + - NR NR 0,25 
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Table 4: Giant-cell myocarditis series with more than 5 patients included in the systematic review 
Reference Inclusion 

dates 

Patients, 

n 

Arrhythmia at 

admission (%) 

Lifetime 

diagnosis* 

(%) 

CS (%) LVEF (%) LVAD 

(%) 

ECMO 

(%) 

Transplanted 

(%) 

Combined 

ISs† (%) 

Outcome (%) 

Overall survival Transplant-free survival 

Cooper et al.[1] 1995–1997 63 19 

 

60 NR – 8 – 54 35 No IS; average survival 3.0 months without 

OHT; 

NA 

 combined IS; average survival 12.3 months 

or OHT 

 

Cooper et al.[4] 1999–2005 11 – 100 27 44 ± 18 0 0 18 100  NA 72% alive without transplant at 1 year 

Murray et al.[19] 2000–2010 6 67 

 

– 100 13 ± 8 100 0 67 50 100% survival after 5.7 ± 4.1 years post-

OHT 

NA 

Davies et al.[5] 1984–2002 7 71 0 86 – 57 0 100 0 86% alive after 44 ± 34 months post-OHT NA 

Brilakis et al.[17] GCM MR 9 – – – – 100 – 78 – 29% 1-year post-OHT survival of previously  

VAD-supported patients 

NA 

Maleszewski et 

al.[6] 

GCM MR 26 – 100 – – 4 – 19 96 88% overall survival after 4.8 (1–16.6) years 

of follow-up starting 1-year post-diagnosis 

72% of survival free from transplantation at 

5 years of follow-up 

Gilotra et al.[18] – 6 50 (overall) 67 83 15 ± 9 83 0 33 17 33% survival at index hospitalisation 16% survival free from death or 

transplantation at index hospitalisation 

Kandolin et al.[3] 1991–2011 32 56 81 – 38 ± 13 3 0 31 81 85% overall survival after a median follow-up 

of 14.5 months [0.3-90 months] 

69% and 52% transplant-free survival rates 

at 1- & 5-year, respectively, post-symptom 

onset after combined IS 

Ekström et al.[2] 1991–2015 46 48 83 – 41 ± 15 4 4 39 70‡ 80% and 58% global survival rates at 1 & 5 

years, respectively.  

65% and 42% transplant-free survival at 1 & 

5 years, respectively, after symptom onset 
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Suárez-Barrientos 

et al.[26]  

2008-2012 6 33 100 83 20 33 17 33 100 67% global survival at 1-year 50% survival free from death or 

transplantation at 1-year after combined ISs 

(rATG and steroids). 

Ammirati et al. [27] 2001-2016 6 NR NR 100 22 (12-35) 17 83 67 50 83% survival at hospital discharge 17% survival free from death or 

transplantation at hospital discharge 

This study 2002–2016 13 31 38 100 15 (10–35) 23 84 69 15 69% survival at 90-days & 1-year post- 

symptom onset 

0% survival free from transplantation at 1 

year after symptom onset 

 
*Diagnosed before death or transplantation, either by endomyocardial biopsy or by examination of apical samples obtained at ventricular assist device implantation.  
†Immunosuppressant regimen consisting of 2 or more agents before transplant.  
‡Patients treated with triple combination therapy. 
CS, cardiogenic shock; LVEF, left ventricular ejection fraction; LVAD, left ventricular assist device; ECMO, extracorporeal membrane oxygenation; IS, immunosuppressant; NR, not reported; 
NA, not applicable; OHT, orthotopic heart transplant; GCM MR, giant-cell myocarditis multicenter registry; rATG, rabbit anti-thymocyte globulin.
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Table 1 : Severity scores at ICU admission 

 Year Journal Number 

of 

patients 

Variables included Aims and comments Limitations 

SAPS II  1993 JAMA 13152  12 physiology variables, age, type of admission 

(scheduled surgical, unscheduled surgical, or 

medical), and three underlying disease variables 

(acquired immunodeficiency syndrome, 

metastatic cancer, and hematologic malignancy). 

Based on a large international sample of 

patients, the score provides an estimate 

risk of death regardless of the primary 

diagnosis at admission. 

Burn patients, coronary care patients and cardiac 

surgery patients were excluded in the initial study. 

SOFA 1996 Intensive 

Care Med 

1643 Evaluation of separated organ dysfunction, 

assigning 1 to 4 points to each of the following 

systems: respiratory, circulatory, renal, 

haematology, hepatic and central nervous system.  

To objectively and quantitatively describe 

the degree of organ dysfunction over time 

and to evaluate morbidity in intensive care 

unit (ICU) septic patients. 

SOFA was initially designed not to predict outcome 

but to describe a sequence of complications in the 

critically ill. Since its introduction the SOFA score 

has also been used for predicting mortality, although 

it was not developed to this purpose. 

APACHE II 1985 Crit Care 

Med 

5815 The score consisted of three parts: 12 acute 

physiological parameters, patient’s age and 

chronic diseases and surgical procedures. The data 

for measurements are gathered within the first 24 

h of intensive care unit stay, choosing the farthest 

result from baseline for the final calculations.  

APACHE II allows the probability of 

death before discharge from hospital to be 

estimated. It has been considered the gold-

standard in intensive therapy for years. 

Subsequent versions have been developed 

every few years, but APACHE II remains 

to be used in practice 

APACHE II score was not validated to be used to 

evaluate patients <16 years of age, those who are 

hospitalised in the ICU < 8 h, those who have burns 

or those who underwent coronary bypass grafting. 

Moreover, database cohorts did not include patients 

who were readmitted to the ICU during the same 

hospitalisation. 



Figure ESM-1 Histological samples of giant-cell myocarditis (haematoxylin and eosin staining. (A) Fibroconnective tissue, without preserved 

myocardium, showing multinucleated giant cells (black arrows) and a diffuse infiltrate of lymphocytes, histiocytes and plasmacytoid cells. An 

asteroid body is seen (asterisk). No well-formed granulomas are seen (20×). (B) Higher magnification (40×) showing a giant cell, lymphocytes 

(dotted line), histiocytes (dashed black arrow) and plasmacytoid cells (white arrow).  

  



Figure ESM-2 Giant-cell myocarditis diagnosis. VAD, ventricular assist device.  
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