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Introduction
Diagnosing myocarditis still poses a conundrum in  
cardiology practice, due to the disease’s complexity and  
dynamic evolution [1, 2]. Presentation of myocarditis is 
non-specific; ranging from infarct-like chest pain, to heart 
failure, and even to sudden cardiac death [1]. Symptoms 
can last for days up to months, yet the duration and the 
progress of symptoms does not necessarily reflect the 
phases of myocarditis. 

Endomyocardial biopsy was introduced in 1987 and  
became the gold standard for the diagnosis of myocarditis.  
It was the only way to access the histological changes of 
active inflammation in the myocardium (the presence of 
lymphocytes or macrophages, or evidence of myocyte  
necrosis) and to detect the presence of viral infection.  
Immunohistochemistry analysis has further improved the 
diagnostic sensitivity of this approach, and is particularly 
useful in subacute or chronic myocarditis [3]. 

Unfortunately, endomyocardial biopsy comes with  
several clinical and technical challenges. It requires skilled 
operators, adequate quality of myocardial sample, and an 
accredited pathologist to interpret the results. There is also 
a lack of standardization across pathology labs, and the 
procedure carries some clinical risk [3, 4].

Technical advances in cardiovascular magnetic reso-
nance (CMR) enable both qualitative and quantitative  
assessment of myocardial inflammation non-invasively. 
CMR also offers the advantage of a diagnostic approach 
without ionizing radiation, and provides online image 
availability, unlike nuclear techniques.

The following cases illustrate the effective diagnosis 
and assessment of myocarditis with non-invasive CMR  
imaging.

1   On admission.  
(1A) shows cine image 
of dilated left ventricle 
(LV), (1B) shows 
T2 STIR image with no 
evidence of hyperinten-
sity signal, (1C) shows 
LGE image with no 
hyperenhancement.

1A 1B 1C

2   At 3 months.  
(2A) shows cine image 
of normalization of LV 
size, (2B) shows T2 STIR 
with no hyperintensity 
signal, (2C) shows LGE 
image with focal 
epicardial enhancement.
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Case 1
A 45-year-old male was referred for evaluation with a one-
week history of dyspnea. He was clinically in heart failure 
on presentation. His troponin T was normal. Coronary  
angiography revealed normal coronary arteries. He tested 
positive for human immunodeficiency virus (HIV). The  
patient was sent for a CMR exam to assess the etiology  
of his heart failure. 
Figures 1A-C show imaging performed at admission.  
The LV chamber was dilated with global hypokinesia.  
Systolic function was depressed. There was no evidence  
of edema on the T2 STIR image (Fig. 1B), or presence of  
replacement scar on late gadolinium enhancement (LGE) 
imaging, except the presence of apical LV clot. The patient 
was treated with guideline directed medical therapy for 
heart failure, plus anticoagulants.

Follow-up CMR imaging, performed after three 
months, is shown in Figures 2A-C. LV volume had  
normalized, with marked improvement of systolic function 
to 45%. The LV clot had resolved. However, there was 
non-ischemic focal epicardial LGE (Fig. 2C blue arrow), 
seen at the mid inferior wall, suggestive of myocarditis.

Case 2
A 68-year-old male, with known atypical chest pain for  
one month, was sent for CMR to assess his underlying risk 
for coronary ischemia and possible non-coronary chest 
pain etiology. He was known to have had HIV for five years, 
and to have been very compliant to his highly active anti- 
retroviral therapy (HAART) medications. He also had a  
history of previously treated syphilis seven years before.

Figures 3C-D show the presence of non-ischemic LGE 
at the basal to mid inferolateral and inferior wall. On a 3T 
scanner (MAGNETOM Skyra, Siemens Healthcare, Erlangen, 
Germany) native T1 and native T2 values (Figs. 3A, B) are 
both markedly elevated. Viral load remained suppressed, 
but reevaluation of syphilis serology showed reactivation 
of syphilis, which was treated again. A follow-up scan three 
months after syphilis treatment showed a similar replace-
ment fibrosis burden. However, active inflammation  
had now resolved, with normalization of native T2 value 
(36 ms) and improvement in native T1 (1150 ms).

3   (3A) shows a native T1 value 1188 ms (normal < 1010 ms), (3B) shows elevated native T2 (normal < 37 ms), (3C–E) show LGE images with 
intramyocardial and epicardial enhancement at the inferolateral and inferior wall, as marked by the blue arrows.

3A

3C 3D 3E

3B

Native T1 1188ms Native T2 40ms
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Discussion
Case 1 illustrates a case of HIV myocarditis in which a retro-
spective diagnosis was made after detection of myocardial 
scar during follow-up imaging. The etiology of the patient’s 
non-ischemic heart failure could not be determined during 
the initial scan, because CMR detects only the presence or 
absence of signal changes that are the result of underlying 
tissue inflammation. 

Case 2 illustrates a case of syphilis in which the diag-
nosis of active myocarditis was made with elevated values 
of native T1 at 1188 ms and native T2 at 40 ms. Recovery 
progress was monitored at four months with improvement 
of bioimaging marker of native T1 (1150 ms) and native  
T2 (36 ms) despite a similar burden of non-ischemic scar as 
the initial scan.

These cases show that native T1 and native T2 tech-
niques can objectively reveal interstitial fibrosis and tissue 
edema occurring as reactions to initial triggers (either viral 
or non-viral). Compared with biopsy, this approach allows 
better and earlier recognition of myocardial changes before 
the replacement fibrosis takes place. 

Although LGE imaging is a sensitive technique to de-
tect focal myocardial damage, it lacks the ability to differ-
entiate the state of disease activity, especially in myocardi-
tis. Qualitative assessment of the inflamed myocardium 
with T2-weighted and LGE imaging allows visualization of 
disease activity at the time of the scan, but can only track 
disease progress with follow-up scans. 

The revolution of parametric mapping with CMR has 
narrowed the knowledge gap in myocarditis. The old para-
digm, which categorized the condition as either acute or 
chronic myocarditis, has not allowed us to move forward  
in studying effective treatment for myocarditis as well as 
effective methods to monitor disease evolution. With these 
new insights from MyoMaps, we should view myocarditis 
with a new temporal perspective – as active myocarditis, 
recovering myocarditis, and healed myocarditis (which may 
have reoccurrences). 

Despite differences in sequences employed to obtain  
mapping, the incorporation of bioimaging signatures with 
parametric maps and LGE imaging, using our standardized 
exam card, allows for shorter examination time and at the 
same time provides a productive and highly reproducible 
technique for diagnosing myocarditis. Now the task is to 
make parametric mapping with CMR technically available 
across the globe, especially in the Southeast Asia region, 
where I reside.
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