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Abstract

Aims This study aims to demonstrate the characteristics of late gadolinium enhancement (LGE) assessed by cardiovascular
magnetic resonance (CMR) imaging in patients with giant cell myocarditis (GCM).
Methods and results Six patients histologically diagnosed with GCM were retrospectively recruited in this study. All of them
underwent CMR during hospitalization. The distribution and extent of LGE were assessed on both ventricles, and the AHA-17
segment model was used for left ventricular (LV) analysis. Nine case reports with CMR in GCM were reviewed and summarized
to investigate the features of LGE further. LGE was detected on both ventricular walls in all subjects. For a detailed analysis of
LGE in the LV, the extent ranged from 21.6% to 56%. Among 70 segments (68.6%) involved by LGE, the subendocardial LGE was
the most common pattern (46/102, including 24 segments located in the right-sided septum), followed by the subepicardial pat-
tern (23/102). The right-sided septum, the subepicardial anterior wall, and the subendocardial right ventricular (RV) wall were
observed in all subjects. To summarize the results of the present study with these case reports, the three most common pat-
terns of LGE are the right-sided septum (73%), the subepicardial anterior wall (60%), and the subendocardial RV wall (53%).
Conclusions Extensive LGE seems to be common in GCM, affecting both LV and RV walls. Apart from subepicardial LGE, sub-
endocardial LGE, which was used to be implicated in ischaemic disease, was frequently presented in GCM. The right-sided sub-
endocardial septum, the subepicardial anterior wall, and the subendocardial RV wall might be the vulnerable areas of LGE in
GCM.
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Background

Giant cell myocarditis (GCM), a rare but lethal myocarditis
subtype, remains to be a high risk of inducing life-threatening
ventricular arrhythmia and heart failure.1,2 It is crucial to
identify the devastating scenario timely with a high rate of
mortality and cardiac transplantation to ensure the definitive
treatment and obtain better outcomes.3,4

The early diagnosis of GCM is greatly dependent on the
endomyocardial biopsy (EMB), an invasive manipulation not
routinely performed in clinical practice on account of its
risk, cost, and uneven sensitivity. Cardiovascular magnetic
resonance (CMR) is represented by obtaining tissue

characterization non-invasively, which is becoming one of
the essential diagnostic criteria for myocarditis.5 However,
the classical late gadolinium enhancement (LGE) pattern of
myocarditis that plays a vital role in the differential diagnosis
mainly reflects the vital-related subtypes.6,7 No large sample
study has been published yet to investigate potential specific
characteristics in CMR of GCM except for a few case reports.

Aims

This study aims to demonstrate the CMR manifestations in
patients with histology-proven GCM in our tertiary referral
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centre and further summarizes the LGE features of GCM
combined with published case reports.

Methods

Our study retrospectively collected 12 patients with GCM
proven histologically by heart transplantation or EMB during
hospitalization in Fuwai Hospital (National Center for Cardio-
vascular Diseases of China) from August 2010 to November
2018. Only six of them underwent CMR were included in this
study. The histologic diagnosis criteria for GCM were based
on the inflammatory infiltrate composed of multinucleated
giant cells, lymphocytes, eosinophils, and histiocytes within
the myocardium associated with myocyte necrosis without
granuloma formation.3,4 Their relevant clinical data were
retrieved from the patients’ electronic medical records.
Patients were followed via telephone interview or clinical
visit, and the outcome measures were cardiac death, heart
transplantation, appropriate implantable cardioverter defi-
brillation discharge, hospitalization for heart failure, or recur-
rent myocarditis. All of the patients excluded coronary artery
disease and other heart diseases. The investigation conforms
with the principles outlined in the Declaration of Helsinki. The
hospital research ethics committee approved this study, and
informed consent was obtained from the patients.

All CMR images were performed on a clinical 3.0 T mag-
netic resonance scanner (Ingenia, Philips Healthcare, Best,
the Netherlands), including cine steady-state free precession
images, T2-weighted short tau inversion recovery images,
and LGE images obtained 10–15 min after I.V. gadolinium
contrast (0.15 mmol/kg) administration. All images were

acquired in long-axis views of two-chamber, four-chamber
and short-axis planes covering left ventricle (LV). The image
analyses were performed off-line workstation with dedicated
software (Circle CVI42, Calgary, Canada). The endocardial and
epicardial contours were semi-automatically drawn with
manual adjustment in end-systole and end-diastole excluding
papillary muscles in short-axis cine images to measure con-
ventional CMR parameters about structure and function. It
indicated oedematous changes when the T2 ratio (T2 signal
intensity ratio to skeletal muscle) ≥ 2. The pattern and
location of LGE were visually assessed by two experienced
radiologists characterized as subendocardial, subepicardial,
midwall, or transmural using standard AHA-17 segment
model and biventricular analysis after consensus. LGE extent
was quantified by the auto-threshold, tracing endocardial
and epicardial contours without papillary muscles and
trabeculations in short-axis LGE stack.

Results

Six patients [two men; median age 49.5 (21–56) years] with
GCM based on histological grounds underwent routine CMR
examinations. Table 1 presents the clinical data. The rate of
cardiac death and heart transplantation was 66.7% (4/6) that
indicated poor clinical outcomes. Conventional CMR and
echocardiography data among patients with GCM are shown
in Table 2. All subjects had impaired biventricular function,
and some of them showed the increased size of chambers.
Four patients (66.7%) had elevated T2 ratios.

Both ventricular walls showed LGE in all subjects. Multiple
layers of myocardium could be implicated by LGE. The

Table 2 Conventional cardiovascular magnetic resonance and echocardiography data of patients with giant cell myocarditis

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

CMR parameters
LVEF (%) 29 28 42 23 13 23
RVEF (%) 15 16 31 18 26 26
LVMi (g/m2) 48.4 50.5 70.5 46.1 50.8 41
LVEDVi (mL/m2) 53.5 110 87 78.7 124.3 97.5
LVESVi (mL/m2) 37.7 79 49.8 60 107.5 74.7
RVEDVi (mL/m2) 97.4 84.7 63.9 157.3 68.5 83.1
RVESVi (mL/m2) 82 70.9 43.8 129 50.3 61.1
T2 ratio 2.6 2.3 3.6 3 1.8 1.9
LGE extent (%) 21.6 44.2 31.2 38.3 56 47

Echocardiography
RWMA POS POS POS POS POS POS
RVSP (mmHg) 26 39 37 24 44 56
Mitral valve E/A NA NA NA >2 NA >2
Valve abnormality Moderate TR Moderate MR

and TR
Mild MR
and TR

Severe MR Moderate MR,
mild TR

Moderate MR
and TR

Pericardial involvement Small PE Small PE NI Small PE NI NI

CMR, cardiovascular magnetic resonance; LGE, late gadolinium enhancement; LVEDVi, indexed left ventricular end-diastolic volume; LVEF,
left ventricular ejection fraction; LVESVi, indexed left ventricular end-systolic volume; LVMi, indexed left ventricular mass; MR, mitral re-
gurgitation; NA, not available; NI, not involved; PE, pericardial effusion; POS, positive: hypokinesia in one or more segments; RVEDVi,
indexed right ventricular end-diastolic volume; RVEF, right ventricular ejection fraction; RVESVi, indexed right ventricular end-systolic
volume; RVSP, right ventricular systolic pressure; RWMA, regional wall motion abnormality; TR, tricuspid regurgitation.
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representative case is shown in Figure 1. For a detailed anal-
ysis of LGE in the LV, the extent of LGE ranged from 21.6% to
56%, and 70 segments (68.6%) were involved. The most com-
mon pattern was subendocardial (46/102, including 24
segments located in the right-sided septum, as shown in
Figure 2), followed by the subepicardial LGE (23/102) and
transmural LGE (14/102). Figure 3 presents the spatial distri-
bution of the prevalence of LGE segments. The right-sided
septum (100%) and the anterior wall (100%) were frequently
involved by LGE for subendocardial and subepicardial
patterns, respectively. For the right ventricular (RV) wall,
the subendocardial LGE was also presented in all subjects,
two of which showed an additional pattern—transmural

LGE. Half of them were mainly located in the distal portion
of RV, and the remaining three showed multiple, extensive
enhancing areas.

Nine case reports related to LGE in patients with GCM who
were proven histologically and excluded coronary disease be-
tween 2005 and 2019 (Table 3) were reviewed. It revealed that
multilayer infiltrations were also depicted by LGE. The most
common pattern was subendocardial LGE (7/9), but less often
in subepicardial (6/9). The septum (8/9) and the anterior wall
(6/9) of LV were the most vulnerable regions. Two of all cases
had LGE in the RV wall. To summarize the results of the pres-
ent study with these case reports (Figure 4), the three most
common patterns of LGE were distributed in the right-sided

Figure 1 Female, 51 years of age, presenting chest tightness for more than 1 year and syncope twice in 2 days (Case 4). Late gadolinium enhancement
(LGE) images of the short-axis (D), four-chamber (C), and two-chamber (E) views show enhancing area in the right ventricular (RV) wall, transmural and
both-sided LGE in the septum, transmural and epicardial LGE in the anterior wall, and epicardial LGE in the lateral and inferior walls (white arrows).
Histopathologic findings show the transmural fibrosis in the RV free wall (A: Masson stain, ×40), anterior septum and anterior wall of left ventricle
(G, Masson stain, ×100), and multinucleated giant cells in the anterior wall of left ventricle, septum (F: haematoxylin–eosin stain, ×200), and RV wall
(B: haematoxylin–eosin stain, ×400). Black arrows indicate multinucleated giant cells, black circle indicates lymphocytic infiltrate, yellow rectangles
indicate damaged myocardium, and red circles represent capillaries surrounded with lymphocytic infiltrates.
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septum (73%), the subepicardial anterior wall (60%), and the
subendocardial RV wall (53%).

Discussion

In the present study, we considered a mini-series of patients
with GCM evaluated with CMR focusing on the LGE presenta-
tions. Consistent with the results derived from the nine case
reports, we found that subendocardial LGE was frequently
presented in GCM despite subepicardial LGE. Additionally,
LGE in the right-sided septum and the subepicardial anterior
wall were common in all cases, but more RV involvement in
our group. A previous study also reported that RV is usually
involved in the process of GCM.8

Many experimental animal models have proposed that
GCM is induced by auto immunization with cardiac
myosin,9,10 a main structural protein distributed in the

myocardium. Thus, it was reasonable to find multilayer LGE
with extensive lesions. Notably, despite subepicardial en-
hancement, which is considered the most frequent pattern
in myocarditis,6,7 most aforementioned cases of GCM had
subendocardial or transmural LGE not following the distribu-
tion of coronary arterial territory. Nevertheless, the mecha-
nism of this atypical LGE pattern used to be regarded as
ischaemia-mediated injury is still unclear for GCM. To some
extent, one of the possible mechanisms may be related to
ischaemia factors. Klein et al.11 found that patients with
biopsy-proven inflammatory infiltrate with a diminished coro-
nary reserve due to reduced coronary vasodilator capacity.
Fallon et al.12 showed a histologic image of GCM with a cap-
illary surrounded by the lymphocytic infiltrates, which is also
found in our patients (Figure 1F). Additionally, previous inves-
tigations have shown the infiltrate mixed with multinucleated
giant cells in the subendocardial area in GCM by autopsy.13–15

Therefore, we would like to assume that the subendocardial
LGE is a relatively specific LGE distribution in GCM caused

Figure 2 Four-chamber view (left panel) and short-axis view at the mid-ventricular level (right panel) of late gadolinium enhancement images show
the extensive enhancement predominantly involving the right-sided septum and the anterior papillary muscle (arrows). Besides, there is a right ven-
tricular apical thrombus (arrowheads).

Figure 3 Spatial distribution of the prevalence of segments involved by late gadolinium enhancement (blue), as well as subendocardial, subepicardial,
and transmural late gadolinium enhancement (purple) in 17 segments of left ventricular myocardium, represented as bull’s eye map.
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by the extensive myocardium damage itself and coronary
microvascular involvement. Further work on this direction is
warranted.

Our results have found some patients with an unmatched
relationship between LGE and T2 ratio. The LGE is limited to
depict diffuse lesions accurately because of the mistakes in
myocardial nulling, such as oedema and fibrosis that lead to
increased interstitial space. Besides, the T2 ratio may be influ-
enced by a long duration of disease, the therapy, and the in-
herently low signal-to-noise ratio of T2-weighted imaging.

The sensitivity of EMB for GCM is variable but
generally higher than lymphocytic myocarditis.16 Firstly, the
right-sided septum was noted to be the targeted sampling
area in most cases,4 which proposed the common LGE loca-
tion in our study so that it might be one reason for the rela-
tively high biopsy-positive rate. Besides, GCM usually has
extensive infiltrates of the myocardium,16 as depicted by
LGE in our results, so it may be easier to capture the lesions
for EMB.

Our study was limited by the mini amount of patients with
GCM because of its rare morbidity and the intolerance to
CMR scanning. The T1 and T2 mapping sequences were not
applied in this retrospective study, which is essential to the
diagnosis of myocarditis, especially with a diffuse myocardial
injury such as GCM.

Conclusions

Extensive LGE seems to be common in GCM, affecting both
LV and RV walls. Apart from subepicardial LGE, subendocar-
dial LGE used to be implicated in ischaemia disease was
frequently presented in GCM. The right-sided subendocardial
septum, the subepicardial anterior wall, and the subendocar-
dial RV wall were the primary LGE areas, which might be the
potential specific LGE features in GCM. These LGE patterns
may be suggestive of GCM and guide to utilizing EMB earlier,
which is necessary for suspected patients with GCM.
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