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Introduction

Acute myocarditis is associated with various electrocardiogram 
(ECG) alterations, including ST-T changes, Q-waves, atrioventricu-
lar- and intraventricular-conduction delays, atrial and ventricular 
tachyarrhythmia, and low voltage. Fulminant myocarditis with ven-
tricular arrhythmia or atrioventricular block is associated with a high 
mortality rate. Extracorporeal membrane oxygenation (ECMO) is in-
stituted for the management of life threatening pulmonary or car-
diac failure, when no other forms of treatment are likely to be suc-
cessful. We describe life salvage of ECMO in a patient with cardio-
genic shock and malignant arrhythmia caused by acute fulminant 
myocarditis. 

 

Case Report

http://dx.doi.org/10.4070/kcj.2013.43.8.565
Print ISSN 1738-5520 • On-line ISSN 1738-5555

A Case of Reversible Very Low Voltage Electrocardiogram  
in Fulminant Myocarditis
Jong Min Lee, MD1, Suk Min Seo, MD1,2, Min Ji Seo, MD1, Hong Ki Min, MD1, Min Jung Cho, MD1,  
Yu Seung Kim, MD1, Young Shin Kim, MD1, and Sang Hong Baek, MD1,3

1Department of Internal Medicine, College of Medicine, The Catholic University of Korea, Seoul, 
2Cardiovascular Center and Cardiology Division, Incheon St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Incheon, 
3Cardiovascular Center and Cardiology Division, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

Clinical features of acute myocarditis range from a subclinical state to a fulminant state. Fulminant myocarditis with ventricular arrhythmia 
or atrioventricular block is associated with a high mortality rate. In cases in which aggressive medical therapy for fulminant myocarditis 
is not likely to be successful, intensive and emergency mechanical circulatory support, such as extracorporeal membrane oxygenation 
(ECMO) or intra-aortic balloon pump, should be considered. We report life salvage of acute fulminant myocarditis in a 53-year-old wom-
an presented with malignant arrhythmia and cardiogenic shock supported by ECMO. (Korean Circ J 2013;43:565-568)

KEY WORDS: Myocarditis; Arrhythmia; Extracorporeal membrane oxygenation.

Received: October 25, 2012
Revision Received: January 24, 2013
Accepted: February 14, 2013
Correspondence: Sang Hong Baek, MD, Cardiovascular Center and Cardi-
ology Division, Seoul St. Mary’s Hospital, College of Medicine, The Catholic 
University of Korea, 222 Banpo-daero, Seocho-gu, Seoul 137-701, Korea
Tel: 82-2-2258-1122, Fax: 82-2-591-1506
E-mail: whitesh@catholic.ac.kr

• The authors have no financial conflicts of interest.

This is an Open Access article distributed under the terms of the Creative 
Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, 
distribution, and reproduction in any medium, provided the original work 
is properly cited.

Case

A 53-year-old Korean-Chinese woman was brought into the em-
ergency department of our hospital by an ambulance, with compl-
aints of progressive chest pain and dyspnea. She had a high fever, 
cough, and general fatigue over the three days. Upon arrival, she 
was fully conscious and had signs of cold sweating, cyanosis and 
general pallor. The initial creatine kinase (CK), CK-MB and Troponin-I 
levels were 626 U/L, 47.27 ng/mL, >50 ng/mL, respecitvely. Emer-
gent coronary angiogram was performed because of low blood pres-
sure (88/56 mm Hg), ST-segment depression in the precordial leads 
of ECG (Fig. 1A), and systolic dysfunction with left ventricular wall 
motion abnormality on echocardiography. Coronary angiographic 
findings were normal, and an intra-aortic balloon pump (IABP) was 
immediately inserted for hemodynamic support (Fig. 2). On the ba-
sis of prodromal symptoms, elevated cardiac enzymes and normal 
coronary angiographic findings with ventricular wall motion abnor-
mality, we contemplated acute decompensated heart failure due to 
clinical suspicion acute myocarditis. She was admitted to the coro-
nary care unit, and mechanical ventilation and inotropic agents 
were started. Although aggressive supportive therapies were pro-
vided, her blood pressure continued to decline. We decided to sup-
port the patient with ECMO, which was inserted in a veno-arterial 
configuration by cannulation on both femoral vessels. We were able 
to reduce the amount of inotropic agents using mechanical circu-
latory support. However, ECG showed wide QRS tachycardia with 
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left bundle branch block (Fig. 1B and C), and echocardiography 
showed severe global hypokinesia (Fig. 3A). The serum creatinine 
level was elevated, and the amount of urination was decreased. Soon 
after, pulmonary edema developed. Because of low blood pressure 
and the lack of diuretic effect, continuous renal replacement therapy 
was started using the ECMO circuit on day 1. Ventricular wall move-
ment was gradually decreased, and ECG showed little or no electri-
cal activity (Figs. 1D and 3B). On day 2, IABP had to be removed be-
cause of its malfunction. We continued intensive supportive care. 
However, the laboratory data and general medical conditions grad-
ually deteriorated. ECG showed little or no electrical activity. On day 
5, ECG revealed weak electrical activities (Fig. 1E), and echocardiog-
raphy showed a slight improvement of systolic function (Fig. 3C). 
She gradually recovered, and her ECG showed sinus rhythm (Figs. 1F 
and 3D). Since then, her condition started to gradually recover. Me-
chanical ventilator was weaned off on day 18, and ECMO was we-
aned off on day 20. She underwent cardiac magnetic resonance 
imaging after making sure that she was medically stable, which sh-
owed diffuse wall thinning, decreased wall motion and delayed en-

hancement of diffuse ventricular wall sparing of the infero-septal 
wall (Fig. 4). During hospitalization, she was complicated with isch-
emic insult in the lower extremities, hepatitis with jaundice, and 
acute tubular necrosis. On day 76, she was discharged from the hos-
pital. The ejection fraction on the echocardiogram before discharge 
was approximately 30%. She receives wound dressing once a day 
and maintains hemodialysis every other day.

Discussion

Fulminant myocarditis is an inflammatory process that occurs in 
the myocardium and has a fatal course due to the rapid develop-
ment into acute heart failure or cardiogenic shock.1) Fulminant myo-
carditis is associated with various ECG alterations, including ST-T ch-
anges, Q-waves, atrioventricular- and intraventricular-conduction 
delays, atrial and ventricular tachyarrhythmia, and low voltage.2)

Our case demonstrated various alterations of ECG, which are some 
of the characteristics that are observed in the fulminant myocarditis. 
At first, ECG showed ST segmental changes associated with myo-

Fig. 1. The electrocardiogram findings. A: incomplete right bundle branch block with ST-segment depression in diffuse precordial leads. B: wide QRS tachy-
cardia with left bundle branch block (LBBB) pattern. C: atrial fibrillation with LBBB pattern of QRS. D: little or no electrical activities. E: junctional rhythm 
with low voltage and atrioventricular dissociation. F: sinus rhythm with Q-wave in V 1-3, negative T wave in II, III, aVF, V 5, V 6.
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cardial ischemia, then ECG showed various manifestations, such as 
ventricular tachycardia, atrial fibrillation with left bundle branch 
block, and complete atrioventricular block. It also displayed very little 
electrical activity on the whole leads, resembling an ECG after arrest. 
Low voltage on ECG can be observed in obesity, lung emphysema, 

pericardial effusion, pulmonary edema, hypothyroidism and amyloi-
dosis, however low voltage on precordial leads, which is less com-
mon than on limb leads, implies cardiac tamponade or post-defibril-
lation state.3) Low voltage ECG in our case was probably due to 
pulmonary edema, pericardial effusion and edema of the ventricular 

A   B  

Fig. 2. Coronary angiography shows a near-normal coronary artery. A: left coronary artery. B: right coronary artery.
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Fig. 3. M-mode of echocardiography findings. A: akinesia of anterior wall motion. B and C: worsening of wall motion abnormality. D: slight improvement 
of wall motion.
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wall. 
Patients presented with syncope, new ventricular arrhythmia or 

atrioventricular block, ejection fraction of less than 40 percent, and 
lack of response to usual care within 1 to 2 weeks are associated 
with a high mortality rate in acute myocarditis.4)5)

Extracorporeal membrane oxygenation is instituted for providing 
emergent circulatory support to patients with cardiogenic shock. 

Extracorporeal membrane oxygenation is not only useful for acute 
decompensated heart failure with low cardiac output, but also for 
life-threatening arrhythmia.6) It provides a bridge-to-recovery or de-
cision regarding either heart transplantation or ventricular assist de-
vice. Its adaptation can physiologically reduce wall stress, decrease 
cytokine activation, and improve myocardial contractility. However, 
its use is limited by complications such as thromboembolic events.7) 
It is reported that patients with ischemic insult in the lower extremi-
ties or multi-organ failure due to thromboembolic events have po-
orer prognosis.6)

Long term mechanical circulatory support such as implantable left 
ventricular assist devices is better treatment modality for advanced 
heart failure patients with NYHA functional class III B or IV, INTER-
MACS level 1 to 5 as a bridge to recovery or bridge to transplanta-
tion.8) Unfortunately the device is not yet commercially abailable in 
Korea.

In summary, this patient had multiple factors associated with high 
mortality, such as low cardiac output and malignant arrhythmia. In 
addition, ischemic insults in the lower extremities and multi-organ 
failure (lung, kidney and liver) occurred during intensive therapy. 
These conditions further aggravated the anticipated poor progno-

sis. However, early adaptation of mechanical circulatory support, 
such as IABP and ECMO, combined with intensive medical therapy 
could save our patient with high-risk fulminant myocarditis.
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A   B  
Fig. 4. Cardiac MRI shows delayed enhancement on the transmural thickness of the mid to apical antero-septal wall. A: 2 chamber view. B: 4 chamber 
view.


