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Abstract

Fulminant myocarditis is a life-threatening clinical condition. It is the
inflammation of myocardium leading to acute heart failure, cardiogenic shock
and cardiac arrhythmias. Incidence of fulminant myocarditis is low and mortality
is high. Most grievous complications of fulminant myocarditis is mainly cardiac
arrhythmias; if there is delay on active management of the patient, it may be
fatal. Here, we describe a case of llI° atrioventricular block due to fulminant
myocarditis that was managed with non-invasive transcutaneous cardiac
pacing in the absence of ECMO. The non-invasive transcutaneous pacemaker
is a safe, effective and convenient device to revert arrhythmias.
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;57553 Amendments from Version 1

We have tried to clarify some queries of reviewers and added
few points. 1. Regarding types of arrhythmias on fulminant
myocarditis: Cardiac arrhythmias are varied in presentation,
ranging from Sinus arrest, AV block, Ventricular tachycardia and
Ventricular fibrillation during acute phase’. 2. Uses of medicines:
High dose of vitamin C is used to reduce the risk of myocardial
injury; Coenzyme Q 10 is used for myocardial preservation,
fructose diphosphate to improve cardiac metabolism and
mannitol to reduce cerebral edema. 3. Regarding prognosis:
Acute fulminant myocarditis, if properly and aggressively treated,
has excellent long-term survival even if the patient may present
with severe hemodynamic compromise'®. Complete heart block
on initial ECG may also have an excellent prognosis, although
mechanical assistance may be warranted as shown in the

study by Lee E'Y et al.". 4. We have not done any viral marker,
autoimmune marker or endomyocardial biopsy.

See referee reports

Abbreviations

A-V block- Atrioventricular block; ECG- Electrocardiogram;
ECMO- Extracorporeal Membrane Oxygenation; LVEF- Left
ventricular ejection fraction

Introduction

Fulminant myocarditis is a life-threatening clinical condi-
tion. It is inflammation of myocardium leading to acute heart
failure and cardiac conduction abnormalities with rapid dete-
rioration. There are about 10-38% cases of fulminant myocar-
ditis among all cases of acute myocarditis'. Causes of fulminant
myocarditis may be of viral, bacterial or non-infectious origin'~.
Diagnosis of fulminant myocarditis is very difficult because of
non-specific symptoms and diagnostic tools. There may be signs
of acute heart failure, cardiogenic shock, or life-threatening
cardiac arrhythmias. Cardiac arrhythmias are varied in pres-
entation, ranging from Sinus arrest, AV block, Ventricu-
lar tachycardia and Ventricular fibrillation during acute
phase’. Here we present a case of fulminant myocarditis
presenting with different clinical features and III° A-V block,
which was successfully managed with non-invasive transcutaneous
pacing.

Case report

A 3 V2 year old female child having a productive cough and 5-6
episodes of the passage of loose stool for 2 days was taken to local
hospital after she had sudden convulsion for about 2 minutes.
At the hospital, she again had convulsion for 1-2 minutes and
her heart rate dropped to 30 bpm. She was given atropine, dex-
amethasone, dextrose and per rectal choral hydrate at the
local hospital (doses not known) and immediately referred to Ren-
min Hospital. She had no significant past medical history, drug
sensitivity or allergies. On arrival she was conscious but lethar-
gic and dyspnoeic. Both pupils were round, 4mm and reactive
to light. Her vitals were T36.4 °C, HR 62 bpm, RR 65/min, BP
90/41mmHg and SPO2 80%. Table 1 shows the results of routine
laboratory measurements. Her lips were cyanosed and she had
pale and cold extremities. Neck and throat examination was
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normal. Chest examination showed b/l crackles and irregular
heart rate with no murmurs. The abdomen was soft and non-ten-
der. Electrocardiogram (ECG) showed- III° atrio-ventricular (A-
V) block; left anterior fascicular block, ST-T changes (Figure 1).
She had cardiac arrest three times in the emergency department at
15-20 minutes interval. She was resuscitated with chest compres-
sion along with Isoproterenol and adrenaline. Subsequently, her
heart rate was maintained in between 70-90 beats/min. Provi-
sional diagnosis was acute fulminant myocarditis with bronchial
pneumonia.

The patient was admitted to hospital after explaining the dis-
ease condition and prognosis to parents. She was on continu-
ous oxygen, dopamine, diazepam, Immunoglobulin, ceftriax-
one, IV fluids on a maintenance dose and nebulization with
Ipratropium bromide (250mcg/ nebulization) along with a high
dose of vitamin C (to reduces the risk of myocardial injury),
Coenzyme Q 10 (for myocardial protection), fructose diphos-
phate (to improve cardiac metabolism) and mannitol (to reduce
cerebral edema). However, she again had a cardiac arrest. In
addition, ECG showed sinus P wave and no QRS with heart
rate dropped from 70 to 20bpm. The patient was resuscitated
with chest compression, atropine, and adrenaline. Isoproterenol
was started at 1.5mcg/kg/min and increased up to 2mcg/kg/min.
Subsequently, her heart rate was maintained at 60-70 bpm. Her
heart rate again decreased to 30bpm when isoproterenol was
discontinued. As there was no extracorporeal membrane oxy-
genation (ECMO) machine in our hospital and transfer was not
possible, the patient was prepped for non-invasive transcutaneous
cardiac pacing.

Cardiac pacing was adjusted to 16 mA and rate 90 bpm. The
patient’s heart rate was controlled at 80-100 bpm. Her com-
plexion gradually became reddish, cyanosis gradually improved
but she had developed eyelid edema. She had passed urine
about 130ml twice in 12 hours. Dopamine was increased to
7mcg/kg/min and she was started on furosemide.

At first 24 hours after cardiac pacing, the patient was conscious.
She had passed urine 4 times about 700ml. But facial puffi-
ness was still present. Her heart rate was maintained at the rate
of 110-130bpm and SPO2 was 96% with oxygen. Chest pac-
ing was reduced to 14 mA, and the frequency was changed to
70 bpm. After 48hours of pacing, the heart rate was improved to
100-110bpm with few ventricular premature beats. Then pacing was
reduced to 12 mA, frequency changed to 60bpm. The pacing
current and frequency were gradually slowed down and discon-
tinued. Then, sinus rhythm was established with the heart rate of
100-110bpm with ECG monitoring. The heart rate fluctuated at
80-100bpm with frequent ventricular premature beats. Echocar-
diography showed left ventricular myocardial wall thickening and
thickening of endocardium with left ventricular ejection frac-
tion (LVEF 50%), suggestive of endocardial fibroelastosis (EF).
Chest radiograph showed increased lung texture and enlarged
cardiac shadow (Figure 2). Captopril, hydrochlorothiazide,
and spironolactone were started to reduce cardiac remodeling
and to protect heart function. Furosemide was continued.
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Table 1. Laboratory investigations from day of admission to discharge.

Blood Investigations 0 1 2 3 4 7 12 19 27
DOA DOA DOA DOA DOA DOA DOA DOA DOA

WBC (4-10x10A9/L) 19.86 T 2002 1716 T 1842 T 1561 T 1251 T 1052 T 1001 T 843

Neutrophils (50-75%) 68.7 70.8 854 T 8047 T 476 | 558 69.3 57.6 57.8

Lymphocytes (20-40%)  23.9 224 104 o 144 | 459 T 37 27 359 35

Monocytes (3-8%) 7.3 6.2 41 41 5.6 5 3.1 5.6 5

Eosinophils (0.5-5%) 0 l o5 0 l 0 l 06 1.6 04 1 06 1.6

Basophils (0-1%) 0.1 0.1 0.1 0.1 0.3 0.6 0.2 0.3 0.6

ANC (2-7.5x1019/L) 13.65 T 144 1467 T 1367 T 7.42 3.89 783 T 442 3.89

ALC (0.8-4x10/9/L) 474 T 222 1.78 1.88 716 T 586 T 168 3.16 2.86

Hemoglobin (110-170 g/L) 110 L 107 95 I 97 d 108 L 110 1 116 122 129

Platelets count (100- 203 200 143 132 403 T 257 311 T 403 T 257

300x1019/L)

ESR (0-15 mmin 1 hr) 1

Blood Glucose (3.89-6.11 11.2 T 6.1 38 4.6 4.2 72 T 53

mmol/L)

Potassium (K) (3.5-5.4 4.3 l 518 4.46 3.5 3.52 413 4.4

mmol/L)

Sodium (Na) (135-148 131 l 138 129 | 1338 | 1346 | 141 142

mmol/L)

Calcium (Ca) (2.05-2.55  1.58 l 16 L 162 | 2.27 2.23 2.38

mmol/L)

Blood Urea (1.8-7.1 21.35 T 2145 T 2179 7T 6.88 4.98 5.29 4.1

mmol/L)

creatinine (44-106 umol/L) 158.5 T 167 T 2116 7T 63.5 57.5 49.6 50

Uric Acid (129-417 umol/L) 977 T 90 T 93 T 274 253 169

ALT (8-40 U/L) 8526 T 6589 T 1406 7T 552 T 52 ) 27

AST (5-40 U/L) 4724 T 3245 T 2319 1T 309 T 309 T 31

o. HBDH ( 72-182 IU/L) 3895 T 2145 T 1061 7T 631 T 489 7T 192 1T

ALP (40-150 IU/L) 151 T 144 140 7T 127 126 141

YGGT (7-54 U/L) 26 28 28 58 T 53 48

LDH (100-300 IU/L) 10140 T 9876 T 2155 T 746 T 456 T 223 145

Total Protein (60-85 g/L)  56.8 l 604 63.6 66.8 72.8 727

Albumin (35-55 g/L) 335 Jas a2 4 39 43 411

Globulin ( 20-35 g/L) 23.3 26.9 316 34 34 31.6

Creatine Kinase (25-200 1170 T 1245 T 1679 1T 109 89 39 35

IU/L)

CKMB (0-25 U/L) 247 T 187 T 104 7T 48 T 48 ) 10 13

Troponin T (0-0.08 ng/ml) 0.361 T 0.024 0.018

ASO Titre (0-166 IU/ml) 7 24

CRP (0-10 mg/L) 0.9 0.1

Atrial Blood Gas

PH (7.35 - 7.45) 7.34 l 739 ANC: Absolute Neutrophil count

FEOR IO il 2] 821 88 ALC: Absolute Lymphocytes cont

PaCO2 (35-45 mmHg) 23 l 36

HCO3 (22-26 mEq/L) 13.3 I 242

Anion Gap (10-15 mEg/L) 31 T 152

Stool Routine Normal

Urine routine Normal

Mycoplasma titer Negative
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Figure 1. (A) Electrocardiogram (ECG) at emergency showing- III'atrio-ventricular block; left anterior fascicular block, ST-T changes;
(B) ECG recording during transcutaneous pacing; (C) ECG at the time of discharge, which is normal.

Figure 2. (A) Patient on non-invasive transcutaneous pacing; (B) Echocardiography after 48 hours of admission showing left ventricular
myocardial wall thickening and thickening of endocardium; (C) Chest X ray showing increased lung texture and enlarged cardiac shadow.
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Mannitol was stopped after the patient’s MRI scan revealed normal
findings.

The patient’s HR was in between 80-100 bpm, with blood pres-
sure was increasing gradually. Dopamine was tapered and
stopped at 72 hours, after her BP reached 110/78 mmHg. The
chest became gradually clear and her heart sounds were also
normal. ECG monitoring also showed improvement with decreased
numbers of premature beats and gradual change of S-T segments
towards normal.

The patient was discharged on the 28th day after admission
after her all routine investigations returned to normal
(Table 1). ECG showed sinus rhythm with heart rate 102 bpm.
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Echocardiography showed normal cardiac chambers, normal wall
motion with EF 60%. Her final diagnosis was fulminant myocar-
ditis with III° A-V block and bronchial pneumonia. On discharge,
the patient was advised to continue captopril 6.25mg bid,
metoprolol succinate 6.25mg bid, prednisone 1mg / kg orally for
six months.

At six month follow up the patient’s echocardiography had
returned to normal with LVEF 65%, and prednisone was reduced
to 0.5mg/kg orally for 15 days and with a tapering dose for the
next 15 days. After one year follow-up, she had no complaints
and no significant abnormalities noted on echocardiography.

All doses of medications can be seen in Table 2.

Table 2. List of medications, including doses and duration, given to the patient

during hospital admission.

Doses of medicine and duration

Medicine Doses
Atropine 0.25mg
Adrenaline 0.2mg
Isoproterenol 0.2mcg
0.15mcg/kg/min
0.2mcg/kg/min
Dopamine 3-bmeg/kg/min
Diazepam 0.5mg/kg
Phenobarbital 2mag/kg
Mannitol 42 mi
42 ml
42ml
Fructose diphosphate  3.4g /OD
Ceftriaxone 100mg/kg/day

Piperacillin tazobactam 1.125gm/day

Immunoglobulin 5gm

Methylprednisolone 1.5mg/kg/day

prednisone 10 mg /0D
Captopril 6.25mg / BID
Spironolactone 10mg/OD
Furosemide 10mg
Hydrochlorothiazide 10mg
Coenzyme Q10 5mg

Vitamin C 3gm

Route/duration

IV When reqgired

IV When reqgired

IV- bolus at ER

IV in 50ml of 5% glucose

IV in 50ml of 5% glucose

IV in 50ml of 5% glucose

IV when reqired

IV when regired

IV 6 hourly for 2 days from DOA

IV 8 hourly for next 2 days

IV 12 hourly for next 2 days then stop
IV for 10 days

IV 12 hourly from DOA for 10 days

IV 12 hourly from 3 DOA for 10 days

IV daily for 5 days

|V for 5 days

PO from 6 DOA and on discharge also
PO from 3 DOA and on discharge also
PO from 5 DOA and on discharge also
IV 12hourly from 2nd DOA to 5DOA
PO 12 hourly from 5 DOA till discharge
PO 8hourly from 2nd DOA till discharge
IV 12 hourly from 2nd DOA till discharge
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Discussion

In children, sometimes myocarditis is self-limiting. However,
if it progresses there is the risk of acute cardiac failure, hemo-
dynamic disturbances, and arrhythmias leading to significant
morbidity and mortality. Mortality due to myocarditis for infants
is more than 75%, whereas for children it is more than 25%'°~".
There is no any specific clinical course and investigations to
diagnose fulminant myocarditis. Initially, they present with
flu-like symptoms and later develop sudden onset of cardiac symp-
toms that rapidly deteriorate’. Neonates may present with fever,
poor feeding, and listlessness and sometimes with danger signs
like apnea, episodic cyanosis, and diaphoresis. Older children
present with respiratory or gastrointestinal symptoms. Among
them only a few present with chest pain'’. Diagnosis is mainly
done on the basis of: Clinical presentation, blood profile, includ-
ing CBC, electrolytes, creatinine kinase, creatine kinase MB
isoenzyme, C-reactive protein, Troponin T, Troponin I, antistrep-
tolysin O titer, polymerase chain reaction to detect viral antigens,
autoantibodies marker, liver enzymes, ECG, Echocardiography,
ultrasonography and even Cardiac MRI° which are mostly
supportive. If echocardiography shows low LVEF in chil-
dren with fulminant myocarditis, the prognosis is poor''.
Mortality in fulminant myocarditis is mainly due to cardiac
arrhythmias among which structural changes, parameters of ven-
tricular dynamics and vascular changes are responsible for the
increased incidence'”. Acute fulminant myocarditis, if properly
and aggressively treated, has excellent long-term survival even if
the patient may present with severe hemodynamic compromise'”.
Complete heart block on initial ECG may also have an excel-
lent prognosis, although mechanical assistance may be warranted
as shown in the study by Lee EY ef al.'. This can be managed
with percutaneous cardiopulmonary support, ECMO, intra-aortic
balloon pumping, or the ventricular assisted device'*'>. ECMO
remains an effective approach in children for the management
of acute fulminant myocarditis'®. In addition, intravenous immu-
noglobulin and high dose steroids help to reduce inflammation'’.
Patients managed with immunoglobulin, steroids or mechanical
support for fulminant myocarditis may have higher survival rate
compared to those not receiving these therapies'”.

In the present case, we tried to manage initially with Isoprot-
erenol but were unsuccessful. So we applied the non-invasive
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transcutaneous pacemaker to revert the A-V block. Pads or
electrodes detachment, patient non-cooperation and skin-burn
due to high voltage electric current are its limitations. In con-
trast, intraventricular cardiac pacing is time-consuming; much
more risky and surgical site wound infection is common.
Beland ez al, Kelly e al in their articles note that non-invasive
transcutaneous pacemaker is the safe, effective and suitable
equipment for children'®"”.

Conclusion

Acute fulminant myocarditis is a grievous condition with high
morbidity and mortality. No delay should be had on start-
ing immunoglobulin and steroids if suspected. If there is the
arrhythmia, the patient should be immediately started on ECMO,
percutaneous cardiopulmonary support or ventricular assisted
device. If these are not available, then non-invasive transcutane-
ous cardiac pacing must be started, which is a safe, convenient and
cost-effective device to revert arrhythmias caused by myocarditis.
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Competing Interests: No competing interests were disclosed.

| have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.
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v

Sabine Pankuweit
Department of Cardiology, Angiology and Intensive Care, Philipps University of Marburg, Marburg,
Germany

The authors described a case of llI° atrioventricular block due to fulminant myocarditis that was managed
with non-invasive transcutaneous cardiac pacing in the absence of ECMO. In this case the non-invasive
transcutaneous pacemaker was a safe, effective and convenient device to revert arrhythmias.

Nevertheless, as the authors stated, if there is the arrhythmia, the patient should be immediately started
on ECMO, percutaneous cardiopulmonary support or ventricular assisted device.

Authors should specify and discuss, what the most important arrythmias with negative prognosis to what
extend are.

Are there any efforts made in this case, to get information on the etiology of the disease (e.g. viral,
autoimmune), was there any discussion on an endomyocardial biopsy.

Data in children with regard to the prognosis and outcome in fulminant myocarditis should be added.

Is the background of the case’s history and progression described in sufficient detail?
Yes

Are enough details provided of any physical examination and diagnostic tests, treatment given
and outcomes?
Partly

Is sufficient discussion included of the importance of the findings and their relevance to future
understanding of disease processes, diagnosis or treatment?
Partly

Is the case presented with sufficient detail to be useful for other practitioners?
Partly

Competing Interests: No competing interests were disclosed.
Referee Expertise: Myocarditis, cardiomyopathies, heart failure

| have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.
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Department of Medicine, Bharatpur Hospital, Chitwan, Nepal

Page 10 of 12


http://dx.doi.org/10.5256/f1000research.15216.r31964
http://dx.doi.org/10.5256/f1000research.15216.r31290

FIOOOResearch F1000Research 2018, 7:239 Last updated: 26 MAR 2018

The Authors have discussed an interesting case of fulminant myocarditis in a child which have been
managed with transcutaneous pacing for the third degree AV block along with other supportive care
including intravenous methylprednisolone and immunoglobulin. In overall the article is at satisfactory
level in its scientific contents and usefulness to other practitioners. But there is some space to improve its
rating. The background information provided here is an overall information, it would have been better if the
author has also focused on various arrhythmias associated with fulminant myocarditis as the myocarditis
tends to have various refractory arrhythmias including ventricular tachycardia. It would have been better
if the authors were focused on particular theme, such as on various arrhythmias and their medical
management or overall medical management. The case description is somehow lacking smoothness in
the flow of information. That could be because lack of cohesion in sentences and writing in the form of
clinical vignette can improve its content. Similarly there are a lot of English grammar related errors and
rampant use of short form that should be corrected. In addition, it is advised to use scientific words rather
than layman terms in academic writings. Taking help from an English language expert might also improve
its contents. The case report section should be made little bit short. The discussion section should be
more descriptive by discussing clinical features of myocarditis including various arrhythmias and medical
management of myocarditis. The use of Vitamin C, Coenzyme Q10, Fructose diphosphate and Mannitol
can not be understood from the discussion section which | was expecting there. | hope, the revision after
considering above advice will improve the scientific content of the article.
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Is the background of the case’s history and progression described in sufficient detail?
Partly

Are enough details provided of any physical examination and diagnostic tests, treatment given
and outcomes?
Yes

Is sufficient discussion included of the importance of the findings and their relevance to future
understanding of disease processes, diagnosis or treatment?
Partly

Is the case presented with sufficient detail to be useful for other practitioners?
Yes
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it is of an acceptable scientific standard, however | have significant reservations, as outlined
above.
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