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Discordant clinical presentation and pathophysiology: insights

with cardiac magnetic resonance
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Abstract: We report serial cardiac magnetic resonance (CMR) imaging finding in a 23-year-old man

admitted with wide complex ventricular tachycardia (VT), chest pain and syncope. Serial CMR was

performed prior to and following clinical stabilization after treatment for suspected myocarditis. The initial

CMR exam showed mildly thickened mid left ventricular septum with mild hyperintensity lesion on T2-

weighted image (T2WI). There was enhancement in subepicardial mid inferoseptal wall and right ventricular

insertion on late gadolinium enhancement (LGE) image. A subsequent CMR exam after resolution of

symptoms and normalization of cardiac markers demonstrated diffuse mid and subepicardial edema of

left ventricle on T2WI. Diffuse mid and subepicardial enhancement of left ventricle on LGE. The extent

of LGE was increased compared to the initial CMR exam. The potential explanation for the discordance

between clinical observations and imaging findings is discussed.
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Case presentation

A 23-year-old man was admitted to our hospital with
hemodynamically stable wide-complex ventricular
tachycardia (VT) for electrophysiological examination
and potential ablation therapy. Three years prior to this
admission, the patient had presented with palpitation
and loss of consciousness while playing basketball. An
electrocardiogram showed wide-complex VT and Holter
monitoring identified 4,814 premature ventricular
beat/24 h with 2 different morphologies. However,
electrophysiological examination failed to induce the
ventricular arrhythmias. The patient refused implantation of
an implantable cardiac defibrillator and was discharged on
metoprolol. Two years ago, the patient presented with chest
distress and fatigue. He was diagnosed with “myocarditis”
and received supportive treatment in other hospital. He
continued to have episodes of chest pain and 1 week prior
to admission he presented with chest pain, palpitation and
syncope. He was then referred to our tertiary center.
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Detailed review of available but limited medical
records did not provide evidence to support or rule-
out inflammatory injury of the myocardium prior to or
at the time of the initial presentation with VT. Further
documentation about the prior diagnosis and treatment of
myocarditis was insufficient; neither imaging studies nor
endomyocardial biopsy (EMB) were performed.

During the current admission, a chest X-ray was
unremarkable. Initial labs were significant for elevated
thyroid peroxidase antibody (TPOAb) of 779.7 IU/mL
(reference range, 0-9 IU/mL), and thyroglobulin antibody
(T'gAb) of 15.1 IU/mL (reference range, 0-4.9 IU/mL),
but total triiodothyronine (TT3), total thyroxine (TT4),
human thyroid-stimulating hormone (hW'TSH), free-T3
(FT3), free-T4 (FT4) were normal, troponin-I (TNI),
creatine-kinase MB (CKMB), myoglobin (MYO) and
whole blood count (WBC) were in the normal range
(Table 1). Ultrasound exam showed heterogeneity of thyroid
parenchyma. EMB was recommended, but the patient
refused. Cardiac magnetic resonance (CMR) imaging was
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Table 1 Initial main lab exams after admission
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Lab index Value Reference value
Thyroid peroxidase antibody, 1U/mL 779.7 0-9
Thyroglobulin antibody, IU/mL 15.1 0-4.9
Total triiodothyronine (TT3), nmol/L 1.18 1.01-2.48
Total thyroxine (TT4), nmol/L 137.31 69.97-152.52
human thyroid-stimulating hormone, mIU/L 2.05 0.49-4.91
Free-T3, pmol/L 4.58 3.28-6.47
Free-T4, pmol/L 13.65 7.64-16.03
Troponin-l, ng/mL 0.00 0-0.04
Creatine-kinase MB, ng/mL 0.8 0.6-6.3
Myoglobin, ng/mL 10.5 17.4-105.7
White blood cell, G/L 8.49 3.5-9.5
Lymphocyte, G/L 1.68 1.1-3.2
Monocyte, G/L 0.38 0.1-0.6
Eosinophils, G/L 0.19 0.02-0.52

performed and revealed mildly thickened mid-level left
ventricular septum, which showed mild hyperintensity
lesion on T2-weighted image (T2WI). There was
enhancement in subepicardial mid-level inferoseptal
wall and right ventricular insertion on late gadolinium
enhancement (LGE) image. Left ventricular ejection
fraction (LVEF) was 48% (Figure 14,B,C,D). Later that
evening, the patient complained about acute chest distress
and nausea. He had hypotension and his blood pressure
(BP) was 89/50 mmHg. His other physical examination was
unremarkable. Electrocardiographic monitoring showed
frequent premature ventricular beat, but no widened QRS
VT. Lab exams showed that TNI, CKMB, MYO were now
significantly elevated, eosinophils and lymphocyte count
were normal (Table 2, Figure 1A4). Glucose-insulin-potassium
infusion was given, but he continued to complain about
intermittent chest pain. Repeat labs showed elevated levels
of TNI of 26.38 ng/mL, CKMB of 229.2 ng/mL, MYO
of 429.2 ng/mL (Table 2, Figure 1B). Epstein-Barr virus
(EBV) serology showed elevated viral capsid antigen (VCA)
IgG (47.6 U/mL) and EBV nuclear antigen (EBNA) IgG
(254.0 U/mL), but VCA IgM and early antigen (EA)
IgG were in the normal range (Tuble 2, Figure 1B), which
indicated previous virus infection. Cytomegalovirus (CMV)
antibody detection showed that anti-CMV IgG was positive
and anti-CMV IgM was negative. Patient continued
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to complain about chest distress and nausea, BP was
90/40 mmHg, heart rate of 46 bpm. Considering clinical
presentation, CMR findings, and lab results, a diagnosis of
myocarditis was made and intravenous methylprednisolone
(200 mg/Qd) and immunoglobulin (10 mg/Qd) was given
for five days. Three days after methylprednisolone and
immunoglobulin stopped, TNI of 0.06 ng/mL (reference
range, 0-0.04 ng/mL) were nearly normal (Tuble 2, Figure 1C).
The patient’s symptoms resolved.

Repeated CMR after the prior CMR for 8 days,
demonstrated diffuse mid and subepicardial edema of
left ventricle on T2WI. Diffuse mid and subepicardial
enhancement of left ventricle on LGE. Left ventricular
systolic function was stable (LVEF 48%; Figure 1E,F,G,H).
Discharge medications are metoprolol, coenzyme Q10 and
trimetazidine. At a 12 months follow-up visit, the patient
reported intermitted mild chest discomfort and labs in
other hospital showed mild elevation of TNI (0.14 ng/mL,
reference range, 0-0.04 ng/mL). At the latest follow-up,
the patient reported no discomfort. Echocardiography was
performed, no segmental wall motion abnormalities was
reported, and LVEF was 51%.

Discussion

The etiology of wide-complex tachycardia includes a wide
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Figure 1 Cardiac magnetic resonance (CMR) imaging: upper panel images (A,B,C,D) are the first CMR exam. Lower panel images (E,EG,H)

are the second CMR exam. (A) four-chamber steady-state free precession (SSFP) image demonstrating mild thickened ventricular septum in
mid-level (black arrow); (B) short-axis SSFP showing mild thickened ventricular septum in mid-level (black arrow); (C) four-chamber T2-
weighted image with fat suppression (T2WI FS) revealing mild hyperintensity lesion in mid left ventricular septum (white arrow); (D) late
gadolinium enhancement (LGE) image showing enhancement in subepicardial mid inferoseptal wall and right ventricular insertion (black
arrow); (E) four-chamber SSFP and (G) four-chamber T2WI FS showing markedly hyperintensity lesion in mid ventricular septum (black
arrow), corresponding edema (white arrow); (F) short-axis SSFP demonstrating diffuse hyperintensity lesion in mid and subepicardial area
of left ventricle (black and white arrows); (H) LGE showing diffuse mid and subepicardial enhancement of left ventricle (black and white
arrows). LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.

Table 2 Lab exams in the course of episodes of symptom during admission

Time
Lab index A: after episodes of B: after glucose- C: after methylprednisolone
symptom, and before insulin-potassium and immunoglobulin treatment,
treatment infusion treatment and before discharge
Troponin-I (0-0.04)*, ng/mL 17.01 26.38 0.06
Creatine-kinase MB (0.6-6.3)*, ng/mL 141.7 229.2 0.9
Myoglobin (17.4-105.7), ng/mL 105.5 429.2 1.4
Lymphocyte (1.1-3.2)*, G/L 1.10 2.77 1.02
Eosinophils (0.02-0.52)*, G/L 0.09 0.05 0.01
Epstein-Barr Virus nuclear antigen IgG (0-20)*, U/mL NA 254.0 NA
Viral capsid antigen IgG (0-20)*, U/mL NA 47.6 NA
Viral capsid antigen IgM (0-40)*, U/mL NA <10.0 NA
Early antigen IgG (0-40)*, U/mL NA 14.6 NA

*, in the bracket are the reference ranges of lab indices; NA, not available.
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spectrum of conditions. In our patient, the normal chest
X-ray made active sarcoidosis unlikely. Because of the
elevated TPOAb and TgAb and heterogeneity of the thyroid
parenchyma, Hashimoto’s thyroiditis was considered.
We hypothesized that previous virus infection (molecular
mimicry mechanism), caused both myocardial and thyroid
injury. The findings of the initial CMR exam with mild
edema of the ventricular septum, may reflect subacute/
chronic persistent/recurrent myocardial inflammation.

We considered immune-mediated myocarditis as the most
likely cause of our patient presentation. Positive viral serology
just indicates the interaction of the peripheral immune
system with an infectious agent, polyclonal stimulation of
antibodies (IgM and IgG) may lead to incorrect diagnosis (1).
Serum cardiac autoantibodies are helpful for diagnosis of
immune-mediated myocarditis, which should be tested (1).
Definitive diagnosis relies on EMB, which supported by
the World Health Organization and scientific statements
by the European Society of Cardiology (ESC) (1,2). We
recommended EMB, which the patient refused.

Empiric treatment with methylprednisolone and
immunoglobulin was initiated with subsequent clinical
improvement and decreased serum markers. According
to clinical practice and experience, immunosuppression
therapy was stopped after 5 days.

Interestingly, a subsequent repeat CMR exam showed
that evidence of myocardial injury was more pronounced
than on the initial study. As described in the ESC position
statement on diagnosis of myocarditis, CMR has an
established role for non-invasive assessment of myocardial
edema, inflammation and necrosis in myocarditis (1,3).
The permeability of cellular membranes is increased due
to the inflammatory cell injury. Initially Na" influx causes
intracellular edema, then more severe injury allows for a net
efflux of water and larger molecules such as troponin into
the extracellular space, eventually leading to loss of cellular
functions and necrosis (4). In acute stages of myocarditis,
gadolinium contrast is distributed in the widened
extracellular space and necrotic myocytes. Therefore LGE
imaging reflects both edema and necrosis.

In our case, after a short course of aggressive treatment,
the symptom disappeared and lab results normalized, but
imaging evidence of myocardial injury persisted. The
discordance between clinical observations, lab results and
imaging findings raises questions about how best to guide
therapy. On the one hand, persistent imaging findings
may reflect incomplete resolution and would support
prolonged pharmacological intervention. This is relevant,
because development of dilated cardiomyopathy or other
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long-term complications are common in myocarditis, and
suboptimal therapy strategies may partially explain the poor
prognosis. On the other hand, resolution/improvement of
imaging findings of edema and scar may lag-behind clinical/
histologic resolution, similar to persistent finding on a chest
X-ray after clinical resolution of pneumonia.

The optimal therapeutic strategy in these scenarios
remains unclear. The balance of immune response by the
host after viral entry is a major determinant of outcome (5).
Modulating the immune response to control the infection
meanwhile to avoid excessive tissue damage from the
inflammatory response is difficult but important. Timing of
CMR exams should be coordinated with the comprehensive
workup and treatment approach. For the initial diagnosis,
CMR should be performed prior to EMB in patient with
suspected myocarditis (1). When CMR should be repeated
during or after treatment is not well defined. In fact,
currently, comprehensive clinical practice guidelines specific
to the treatment of myocarditis do not exist (3). Treatment
varies according to clinical scenario and physician’s
experience, which may partially accounted for the diversity of
prognosis. Our patient reported mild recurrent symptoms at
a 12 months follow-up with mildly abnormal lab results.

Myocarditis is an inflammatory disease with numerous
causes and complicated pathophysiological mechanism,
CMR can provide valuable information for treatment of
myocarditis both for clinical care and future research,
similar to the situation with pericarditis (6-8). Future
clinical trials, comparing treatment guided with and without
imaging will be necessary.
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