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ABSTRACT 
Acute viral myocarditis is an extremely diverse dis-
ease with a predictable good outcome with supportive 
therapy. The objective of this study was to look at the 
clinical outcome of patients receiving additional intra-
venous gamma globulin compared to those receiving 
conventional anti-congestive therapy alone. Patients 
and methods: This is a retrospective review of charts 
of children admitted with acute myocarditis. Group 1 
was children who received intravenous gamma globu-
lin (IVIG) along with conventional anti-congestive 
therapy. Group 2 were patients who received the 
conventional anticongestive therapy alone. Short-term 
outcome was survival to hospital discharge, and mid- 
term outcome was improvement of left ventricular 
ejection fraction at 6 months and one year follow-up. 
Results: A total of 36 patients were enrolled and 18 
were males. The mean age of all patients was 2.3 ± 2.6 
years and the mean duration of illness for the whole 
group was 6.7 ± 3.8 days. Group 1 comprised of 16 
patients. There was no difference in short-term out-
come with mortality of 2 patients in Group1 (12.5%) 
and 3(15%) in Group 2 (p = 0.2). At intermediate 
term follow up, recovery of ejection fraction in Group 
1 was in 4/14 (28%) and in Group 2 it was 9/17 (55%) 
and at 12 months it was 10/13 (77%) in Group 1 and 
15/16 (94%) in Group 2 (p = 0.02 and 0.19 respec-
tively). Conclusion: Acute myocarditis has a high 
spontaneous cure rate. Our study did not show any 
significant difference in the short-term or midterm 
outcome between children receiving IVIG compared 
to those who did not. 
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1. INTRODUCTION 
Acute viral myocarditis is an extremely diverse disease 
in its presentation and outcome. Clinical manifestations 
range from nonspecific systemic symptoms to cardiogenic 
shock and sudden death. The pathogenesis of myocardi-
tis has been extensively studied in murine models. Direct 
cytopathic effect of a cardiotropic virus rapidly progresses 
to the subsequent phase of immunologic activation [1]. 
The former leads to myofibril death due to direct viral 
invasion and the latter causes continued immune me-
diated myocardial damage. The natural history, however, 
is good and predictable, making influence of treatment 
strategies skeptical [2]. There are variable reports on the 
use of high dose intravenous gamma globulin (IVIG) in 
children and adults with acute myocarditis [3-9]. In many 
centers, IVIG has become the standard therapy of choice 
for adults and children with acute viral myocarditis. The 
objective of this study was to look at the clinical out-
come of patients receiving additional intravenous gamma 
globulin compared to those receiving conventional an-
ti-congestive therapy alone. 

2. PATIENTS AND METHODS 
Charts of children admitted with acute myocarditis dur-
ing the last five years were reviewed. A proforma ad-
dressing the symptoms, duration, hemodynamic status, 
cardiac enzymes, electrocardiographic tracings, radiologi-
cal abnormalities, echocardiographic findings, medical 
treatment, mechanical ventilation, complications and short- 
term and mid-term outcome was made. 

The diagnosis of acute viral myocarditis was made  
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when there was an evidence of acute myocardial dys-
function by history, physical exam, chest X-ray, electro-
cardiogram (ECG) and echocardiogram associated with 
an elevation of cardiac enzymes such as creatinine phos-
phokinase MB fraction (CK-MB) and cardiac troponin I. 
We excluded patients with possible dilated cardiomyo-
pathy by history, physical examination or investigations. 
Also children with acute congestive heart failure second-
ary to enteric fever, sepsis, Kawasaki disease, acute kid-
ney injury, thalassemia major, inborn error of metabol-
ism, skeletal myopathy and cardiotoxic chemotherapeu-
tic drug were excluded. 

Abnormalities on chest X-ray included cardiomegaly 
and pulmonary edema. Cardiomegaly was diagnosed if 
the cardiothoracic (CT) ratio was >50% in upright films 
and >60% in infants with supine shoots. Pulmonary ede-
ma was graded as evolving when streaky infiltrates were 
seen fanning out from the lung hila in “butterfly fashion” 
or frank, when all lung fields had homogenous opacities. 
Abnormalities on ECG included low voltage QRS com-
plexes in limb leads, ST segment and T wave changes 
and arrhythmias. Echocardiographic examination included 
measurements of left ventricular dimension and function 
from M-mode and two-dimensional images in the paras-
ternal long-axis view. Fractional shortening and ejection 
fraction were considered normal if the values were more 
than 28% and 60% respectively. Color flow mapping 
was used to evaluate the valve regurgitation and its se-
verity. Presence of pericardial effusion and intraventri-
cular thrombi were noted. In eleven patients, a right ven-
tricular endomyocardial biopsy was performed. The non- 
conformity in some tests was due to physicians’ prefe-
rences. 

Patients were grouped into two: Group 1 was children 
who received intravenous gamma globulin (IVIG) along 
with conventional anti-congestive therapy. The dose of 
IVIG was a single dose of 2 gm/Kg. Group 2 was pa-
tients who received the conventional anticongestive ther-
apy alone. The administration of IVIG was based on clin-
ical severity and on physician’s discretion. Some clini-
cians would use it in all patients and some only those 
with shock or arrhythmias. Short-term outcome was sur-
vival to hospital discharge, and intermediate term out-
come was at 6 months and one year follow-up. Echocar-
diography was done on admission, on discharge, 1 month, 
6 months, 9 months, 12 months and half yearly thereafter. 
Patient was considered recovered (if left ventricular ejec-
tion fraction was 60%), improved but not recovered, 
static or deteriorating. 

3. STATISTICAL ANALYSIS 
Data was computed on Statistical Package for Social 
Sciences (SPSS version 19). Most of the results were ex- 

pressed as mean (± SD). Between the groups, analysis of 
quantitative variables was done with independent sample 
Students, “t” test and categorical variables were per-
formed with chi-square. Recovery curves were generated 
using the Kaplan-Meir method. The level of significance 
of p < 0.05 was chosen for all statistical comparisons. 

4. RESULTS 
A total of 36 patients were enrolled in the study of which 
18 were males. Sixteen patients were in Group 1 and 
they received additional IVIG to conventional therapy 
whereas 20 children in Group 2 received conventional 
anti-congestive therapy. The mean age of all patients was 
2.3 ± 2.6 years (range 4 months to 13 years). The mean 
duration of illness in the whole group was 6.7 ± 3.8 days 
(range 12 hours - 30 days). The chief presenting symp-
toms are listed in Table 1. The mean age of children in 
Group 1 was 2.39 ± 3.46 years and 2.36 ± 1.75 years in 
Group 2.There were 11 (69%) females and 5 (31%) 
males in Group 1 and 7 (35%) female and 13 (65%) 
males in Group 2. Chest X-Ray showed cardiomegaly in 
70%, evidence of mild pulmonary edema in 20 (56%) 
and frank pulmonary edema in 10 (28%). Electrocardio-
graphy showed low voltage QRS complexes and/or ST-T 
changes in all patients. Six patients had ventricular ec-
topic beats and one had ventricular tachycardia. 

The two groups were compared with respect to clinical, 
investigational, treatment and outcome parameters (Table 
2). There was no statistical difference found in the mean 
age and duration of illness. The symptoms in the two 
groups did not differ either. The mean left ventricular 
ejection fraction for all patients was 27% ± 9.3% and 
fractional shortening was 13.9% ± 5.0%. Both the groups 
received intravenous inotropes with milrinone or dobu-
tamine, furosemide, angiotensin converting enzyme (ACE) 
inhibitor and carvedilol (after stabilization of blood pres-
sure) in the acute phase. The mean duration of stay was 
6.7 ± 3.8 days. Children receiving IVIG were in the hos-
pital for a significantly longer time (9.1 ± 4.2 versus 4.9 
± 3.4. p = 02). 

 
Table 1. Symptoms and signs at presentation in all children. 

Symptoms Frequency (%) 
Acute history < 1 week 24 (67) 

History of preceding fever 30 (83) 
Respiratory distress 33 (81) 

Vomiting 18 (44) 
Drowsiness 14 (13) 

Abdominal pain 06 (15) 
Stroke 01 (03) 
Pallor 30 (73) 

Cardiogenic shock 11 (31) 
Hepatomegaly 33 (93) 

Cardiomegaly on chest X-ray 29 (81) 
Pulmonary edema 10 (28) 
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Table 2. Comparison of variables between study groups. 

Variable Group I (IVIG)  
(n = 16) (mean ± SD) 

Group II (No IVIG)  
(n = 20) (mean ± SD) p value 95% Confidence Interval 

Age (yrs) 2.39 ± 3.46 2.36 ± 1.75 0.12 −1.77 - 1.83 
Gender (F/M) 11/5 7/13   

Duration of illness (days) 4 ± 4.9 5.9 ± 6.7 0.4 −5.99 - 2.19 
Duration of hospital stay (days) 9.1 ± 4.2 4.9 ± 3.4 0.02 1.633 - 6.816 

Cardiogenic shock 10/16 1/20 0.002 −0.7425 - 0.1825 
Arrhythmias 4/16 3/20 0.11 −0.440 - 0.051 

Serum calcium (mg/dl) 8.1 ± 1.3 8.6 ± 1.1 0.27 −1.34 - 0.37 
Serum magnesium (mg/dl) 2.34 ± 0.6 1.99 ± 0.4 0.10 −0.084 - 0.782 

Serum sodium (meq/L) 137 ± 5.7 134 ± 2.9 0.08 −0.863 - 5.73 
Serum sodium bicarbonate (meq/L) 15.75 ± 9.7 15.36 ± 5.3 0.49 −5.2 - 6.0 

Serum Alanine transaminase 949 ± 1183 141 ± 309 0.03 68.06 - 1547 
Maximum Troponin I 3.86 ± 5.56 2.0 ± 1.8 0.06 −1.022 - 4.65 

Serum Creatinine phosphokinase (MB) 21.3 ± 13.0 27.2 ± 24.2 0.16 −23.5 - 11.5 
Left ventricular ejection fraction (%) 24.9 ± 9.8 29.5 ± 8.9 0.7 −10.58 - 2.36 

Left ventricular fractional shortening (%) 12.9 ± 5.5 14.6 ± 4.7 0.65 −5.2 - 1.8 
Ventilator need 10/16 4/20 0.01 −0.733 - 0.117 

 
There was no difference in short-term outcome with 

mortality of 2 patients in Group 1 (12.5%) and 3 (15%) 
in Group 2 (p = 0.2). One patient had stroke in Group 2. 
At mid-term follow up, recovery of ejection fraction in 
group 1 was in 4/14 (28%) and in Group 2 it was 9/17 
(55%) and at 12 months it was 10/13 (77%) in Group 1 
and 15/16 (94%) in Group 2 (p = 0.02 and 0.19 respec-
tively). The Kaplan-Meir recovery curve showed a sig-
nificantly earlier mean recovery time in Group 2 (260.45 
± 25.11 days) compared to Group 1 (319.25 ± 24.45 days) 
(Log rank Mantel Cox comparison between groups, p = 
0.025) (Figure 1). One patient was lost to follow up in 
both groups after 6 months. 

5. DISCUSSION 
Acute myocarditis is a non-ischemic immune mediated 
inflammatory disorder and the most common cause is 
infection with a cardiotropic virus [10]. Children with 
mild myocarditis may be asymptomatic with spontane-
ous resolution of the insidious disease [11]. Fulminant 
myocarditis presents with severe heart failure, cardiogenic 
shock, and if not treated aggressively, carries a high mor-
tality, up to 45% [12-14]. However, recovery in this subset 
of children is paradoxically very high [15-18]. Despite 
well studied morbidity and mortality, clear clinical guide-
lines for management of acute viral myocarditis are lack-
ing [19,20]. 

In the European Study of Epidemiology and Treatment 
of Cardiac Inflammatory Diseases (ESETCID), 72% of 
patients presented with dyspnea, 32% had chest pain, and  
18% had arrhythmias [21]. In our study, dyspnea was 
present in 80% of patients and arrhythmia seen in 19%.  

 
Log rank (Mantel-Cox) overall comparison; Mean recovery time in Group 1 
= 319. 25 ± 24.45 days, in Group 2 = 260. 45 ± 25.11 days, p = 0.025. 

Figure 1. Kaplan Meir recovery curve. 
 

In a report by Blauwet and Cooper [2], clinical presenta-
tion varied with age, the most fulminant presentation was 
in infants, who present with non-specific symptoms of 
poor feeding, lethargy and respiratory distress. Older child-
ren may complain of abdominal pain, chest pain, cough, 
fatigue. 

Electrocardiographic abnormalities were reported in 
only 47% of adult and pediatric cases in the form of 
non-specific ST-T wave changes and 55% had new onset 
arrhythmias [2,22]. We found changes in all our patients 
either ST-T waves or low voltage QRS amplitude. Left  
ventricular systolic dysfunction (less commonly affected 
were diastolic and index of global function) is the com-
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monly used echocardiographic abnormality. In fulminant 
myocarditis, the left ventricular wall thickness may be 
preserved with smaller cavity as compared to insidious 
onset myocarditis in which the wall thickness may be 
thin [23]. Right ventricular systolic dysfunction is rela-
tively uncommon but is a strong predictor for death or 
cardiac transplant [24]. 

Spontaneous improvement in myocardial systolic func-
tion has been reported to occur in 70% of children [3]. In 
a study reported by McNamara et al., most of the im-
provement occurred within the first 6 months [25]. The 
present study showed that in children receiving conven-
tional therapy alone, 55% improved in the first six months 
and 90% in one year. 

Optimum treatment of acute myocarditis is probably 
unknown, but the management approach varies accord-
ing to disease severity. For acute presentation, the mains-
tay of therapy is largely supportive with anti-congestive 
medications because of the known natural improvement. 
Conventional therapy includes diuretics, angiotensin-con- 
verting enzyme inhibitors, beta-blockers, and low dose 
digoxin [2]. In fulminant cases, aggressive management 
of shock with ventilator support and mechanical assist 
devices has yielded good results [18]. Intensive care ther-
apy with mechanical ventilation was required in 14/36 
(39%) of cases. 

Several uncontrolled trials of immunosuppression with 
steroids, cytotoxic drugs, monoclonal antibodies (OKT3) 
and immunoglobulin have been reported [4,7,9,10,14,26]. 
These modalities had shown improvement in inflamma-
tory exudates within the myocardium but in many reports, 
it did not translate into significant improvement in myo-
cardial function or long term survival [1,21]. Investiga-
tors have even reported relapse after discontinuation of 
immunosuppressive therapy [26]. 

Intravenous immunoglobulin has antiviral, anti-inflam- 
matory and immune modulating effects and may sup-
press proinflammatory cytokines (TNF, INF, interleukins, 
release of nitric oxide) and reduce oxidative stress 
[2,27,28]. Numerous observational studies and case re-
ports are found in favor of use of IVIG in acute viral 
myocarditis [3,5], but no randomized controlled trials 
testifying its beneficial role are found to recommend its 
routine use in children [29]. In one of the earlier studies 
conducted in 21 children, intravenous immunoglobulin 
(2 g/kg) demonstrated a trend for better survival in the 
immunoglobulin treated group when compared to con-
trols receiving conventional treatment [4]. IVIG has 
shown to have significantly benefitted children present-
ing with fulminant myocarditis either in cardiogenic 
shock or complete heart block [4,7,9,30]. In our study 
80% (2/10) children presenting with cardiogenic shock 
recovered with aggressive management which also in-
cluded IVIG. 

Robinson et al. reviewed adults in Cochrane database 
and found only one relevant study in adults with acute 
viral myocarditis and did not find any beneficial effect of 
IVIG [31]. Similarly English et al. [32] did not find any 
benefit of IVIG alone or in combination with steroids in 
their patients in context with short-term or long term 
outcome, mortality, complete or incomplete recovery. 
Kim and colleagues [1] similarly found no statistical dif-
ference in the clinical outcome of children receiving 
IVIG. Klugman and colleagues [8] found no advantage 
of IVIG which was used in 49% of 216 children with 
acute myocarditis. In our series we did not find any sta-
tistical difference in the short- and midterm outcome in 
children who received IVIG. However in our series pa-
tient selection was not randomized and the sicker ones 
received IVIG. Lee et al. [27] have reported 45% mortal-
ity in patients with fulminant myocarditis. This was defi-
nitely reduced in our study, where this mortality was 
12.5%. On the other hand, time to recovery was shorter 
in the conventional group. 

Despite the lack of supportive clinical data for its use, 
IVIG is a part of standard therapy for the treatment of 
acute viral myocarditis in children and adults. A large 
randomized controlled trial is required to substantiate the 
benefit of IVIG in children. Until such trials we may be 
able to identify children who may have predictable bad 
outcome, providing rationale for use of IVIG. Clinical 
and investigational criteria for adverse outcome include 
tachycardia, hypotension, elevated C reactive protein and 
cardiac enzymes, wide QRS complexes on ECG, left 
ventricular end diastolic dimension and very low ejection 
fraction on echocardiography [3,27]. Fuse et al. found 
significant low systolic and diastolic blood pressures, 
high pulmonary capillary wedge pressures, more need 
for mechanical ventilation, and elevated protein sFas and 
sFas-L (type II transmembrane proteins belonging to tu-
mor necrosis factor family, involved in cell apoptosis and 
immune regulation) in patients who died of acute viral 
myocarditis [20]. The electrocardiographic predictors of 
poor outcome and sudden cardiac death include abnor-
mal QRS complexes, northwest QRS axis, new onset left 
bundle branch block, pseudo-infarct pattern of ST eleva-
tion, ventricular arrhythmias [16]. Mendes et al. found 
right ventricular dysfunction as an independent risk fac-
tor for poor outcome [24]. 

Limitation of this study was the small number in each 
group and the non conformity in management between 
consultants. The study compared use of IVIG in sicker 
children and the prolonged hospital stay may have been 
due to that itself. 

6. CONCLUSION 
Acute myocarditis is a potentially life threatening dis- 
ease in children but has a high spontaneous cure rate. 
IVIG has been used to treat acute viral myocarditis, but 
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its role has to be defined. Our study did not show signif-
icant difference in the short or midterm outcome between 
children receiving or not receiving IVIG. A large rando-
mized controlled trial is required to establish the benefit 
and advocate routine use of IVIG in childhood myocar-
ditis. 
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