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Abstract 
 
Introduction. Myocarditis is defined as an inflammation of 
a heart muscle, which can be caused by a number of agents, 
among which viruses are the most common. Fulminant myo-
carditis is a rapidly progressive, life-threatening myocarditis, fol-
lowed by the development of cardiogenic shock. Among virus-
es, there are a number of common ones, but according to our 
knowledge, there are only a few cases of fulminant myocarditis 
caused by influenza A virus described in the literature. Case 
report. We presented a 44-year-old man who was admitted to 
the Cardiology Intensive Care Unit because of the clinical as 
well as electrocardiographic signs pointing to the ST-segment 
elevated myocardial infarction with peracute development of 
heart failure and cardiogenic shock and subsequently lethal 
outcome, despite applied circulatory support. The urgent coro-
narography showed no signs of coronary artery disease, while 
the autopsy revealed myocarditis and the real-time polymerase 
chain reaction of nasopharyngeal swab revealed influenza 
A(H3) virus. Conclusion. Fulminant myocarditis is a life-
threatening cardiac disease which should be treated in Intensive 
Care Units with both medicament and mechanical circulatory 
support and antiviral therapy and which, despite the applied 
therapy, has a high mortality rate. Influenza A virus is a rare 
cause of fulminant myocarditis which should be taken into 
consideration. 
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Apstrakt 
 
Uvod. Miokarditis je zapaljenje srčanog mišića izazvano 
velikim brojem različitih agenasa, među kojima su najčešći 
virusi. Fulminantni miokarditis je rapidno progresivni, 
životnougrožavajući miokarditis, koji je praćen razvojem 
kardiogenog šoka. Različiti virusi su česti uzročnici 
međutim, u litaruri je, prema našem znanju, opisano samo 
nekoliko slučajeva fulminantnog miokarditisa izazvanog 
influenza A virusom. Prikaz bolesnika. Prikazali smo 
bolesnika starog 44 godine, primljenog u Jedinicu intenzivne 
kardiološke nege zbog kliničkih simptoma i 
elektrokardiografskih znakova koji su pobudili sumnju na 
akutni infarkt miokarda sa ST elevacijom. Zbog perakutnog 
razvoja akutne srčane slabosti do nivoa kardiogenog šoka i 
pored primenjene cirkulatorne potpore došlo je do fatalnog 
ishoda. Kod bolesnika je urgentnom koronarografijom 
isključeno postojanje koronarne bolesti, autopsijom dokazano 
prisustvo miokarditisa, a „real-time” metodom lančane reakcije 
polimeraze prisustvo virusa influenca A (H3) u 
nazofaringealnom brisu. Zaključak. Fulminantni miokarditis je 
teško kardiološko oboljenje koje se leči u jedinicama intenzivne 
nege medikamentnom i mehaničkom cirkulatornom 
potporom, uz hitno započinjanje antivirusne terapije koje, i 
pored primenjene terapije ima visoku stopu mortaliteta. Virus 
influenca A je redak uzročnik fulminantnog miokarditisa koji 
treba razmotriti pri postavljanju dijagnoze. 
 
Ključne reči: 
dijagnoza; grip a virus; grip; miokarditis; šok, 
kardiogeni; lečenje, ishod. 

 

Introduction 

Myocarditis is defined as an inflammation of a heart 
muscle, which can be caused by various of external antigens 
such as viruses, bacteria, parasites, toxins and medications as 
well as by internal triggers, such as autoimmune activation 
vs. own antigens 1, 2. 

Viruses are the most common cause of myocarditis. 
Among viruses, the most common are: enteroviruses includ-
ing coxsackie virus, adenovirus, parvovirus, hepatitis C vi-
rus, human immunodeficiency virus, while others, such as 
influenza A virus are rare causes of myocarditis, especially 
in a fulminant form. To our knowledge, there are only few 
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cases of fulminant myocarditis caused by influenza A virus 
described in the literature 3–6. 

Case report 

A 44-year-old male patient, previously healthy driver 
instructor, was admitted to the Cardiology Intensive Care 
Unit because of short loss of consciousness, nausea and vom-
iting one hour prior to admission. A history of flu-like symp-
toms four days prior to admission and profuse sweating night 
before admission, without measured fever was provided. No 
history of typical angina-like chest pain was reported. 

At admission, the patient was conscious, adequately 
communicative, oriented, normotensive (120/80 mmHg), 
tachycardic (heart rate of 120 beats per minute), afebrile 
(35.9ºC), dyspnoic and tachypnoic (respiratory rate of 30 per 
minute), with signs of a heart failure, Killip class II/III. 

An arterial blood gas analyses obtained at admission 
showed pH 7.38 [normal range (nr) 7.35–7.45], pCO2 42 
mmHg (nr 35–45 mmHg), pO2 65 mmHg (nr 90–100 
mmHg), SaO2 92%, (nr > 95%), lactate 1.2 mmol/L (nr < 
1.0 mmol/L), BE- 0.2 mmol/L (nr -2 to +2 mmol/L). 

Electrocardiogram (ECG) at admission showed sinus tach-
ycardia (120 beats per minute) with ST elevation of +2 mm in 
DII, DIII, aVF, V2-V6 leads (Figure 1). Bedside echocardiog-
raphy was performed in the Intensive Care Unit, and showed 
normal dimensions of left ventricle (end-diastolic dimension of 
4.5 cm, end-systolic dimension of 3.6 cm), with the presence of 
diffuse left ventricular hypokinesia, reduced ejection fraction 
(EF) of 45% (normal EF 50–70%) and a first grade diastolic 
dysfunction. Right ventricle dimension was normal, without di-
rect or indirect signs of pulmonary hypertension. 

Based on the echocardiography, one of the proposed 
differential diagnoses, acute pulmonary thromboembolism, 
was excluded. The possible other three differential diagnoses 
were the acute myocardial infarction, early phase of acute 
lung injury – pneumonia and myocarditis as well. 

Immediately after admission, in order to exclude the 
acute myocardial infarction, transradial coronary angi-
ography was performed, with only 30 cc of contrast media 
and with no complications and hemodynamic compromise 
during the procedure. It showed normal finding (Figure 2). 

 

 
Fig. 1 – Normal coronary angiogram electrocardiogram at admission showed sinus tachicardia  
(120 beat/min) and ST elevation of +2 mm in diaphragmatic and anteroseptal (V2–V6) leads. 

 

 a)   b)  c) 
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Fig. 2 – a) and b) left anterior and circumflex coronary arteries; c) right coronary artery. 
During the first two hours after admission to the Car-

diology Intensive Care Unit, the patient was conscious, 
breathing spontaneously using oxygen supplementation, 
normotensive (systolic pressure 110–130 mmHg), tachy-
cardic (100–120 beats per minute), and afebrile. Due to the 
symptoms and signs of acute heart failure, the furosemid 
and nitroglycerin intravenous infusion (5 µg/min) was ad-
ministered with continuous invasive arterial monitoring via 
the left radial artery. 

The laboratory tests showed the elevated levels of Tro-
ponin I, N-terminal pro-brain natriuretic peptide (NT-pro 
NDP) and C-reactive protein (Table 1). There were no other 
specific abnormalities in laboratory findings (Tables 1 and 
2). The chest X-ray showed the emphasized right pulmonary 
hilum and a stricter bronchovascular drawing (Figure 3). 

 
Table 1 

Laboratory findings at addmission 

Parameter Value Reference 
range 

Troponin I (μg/L) 0.16 < 0.01 
Creatine kinase – CK (U/L) 97 0–200 
CK myocardial band (U/L) 25 0–25 
C-reactive protein (mg/L) 7.7 0–5 
Fibrinogen (g/L) 3.3 2.2–4.9 
D-dimer (mg/mL) < 500 < 500 
NT-proBNP (pg/mL) 1552 125 
Urea (mmol/L) 4.2 2.5–7.5 
Creatinine (µmol/L) 95 65–120 
Lactat dehydrogenase (U/L) 336 230–460 
Aspartate aminotransferase (U/L) 38 0–40 
Alanine aminotransferase (U/L) 33 0–40 

NT-proBNP – N-terminal pro-brain natriuretic peptide. 
 

Table 2 
Complete blood count  

Parameter Value Reference 
range 

Leukocytes (×109/L) 6.60 4.0–10.0 
Erythrocytes (×1012/L) 5.23 3.9–6.0 
Hemoglobin (g/L) 153 120–170 
Hematocrit (g/L) 0.416 0.350–0.540 
Thrombocytes (×109/L) 235 150–400 
Lymphocytes (×109/L) 1.1 1.18–3.74 
Monocytes (×109/L) 0.2 0.24–0.86 
Neutrophils, (×109/L) 5.24 1.78–6.13 
Eosinophils, (×109/L) 0.06 0.04–0–36 

 
During that time, echocardiography in the Cardiology 

Intensive Care Unit as well as coronary angiography were 
performed. 

During the third hour of hospitalization, there was a 
rapid progression of antegrade heart failure with the rapid 
evolution to cardiogenic shock. The patient became hypoten-
sive (70/40 mmHg) and extremely dyspnoic, with low urine 
output (less then 0.5 mL/kg/hour). The fluid challenge of 250 
mL of 0.9% sodium chloride was performed without ade-

quate response, so inotropic and vasopressor stimulation was 
applied. Due to the rapid respiratory failure, the endotracheal 
intubation was performed immediately afterwards, and the 
patient was artificially ventilated. Bicarbonates were applied 
according to the blood gas analyses. 

 

 
Fig. 3 – Chest radiogram showed emphasized right 

pulmonary hilum and a stricter bronhovascular drawing. 
 
Despite the artificial ventilation and high inotropic (do-

butamine of 10 mg/kg/min) and vasopressor (norepinephrine 
of 1.8 µg/kg/min) support, there was no improvement of he-
modynamic status of the patient. Furthermore, the patient 
was markedly hypotensive with the mean arterial pressure 
not exceeding 50 mmHg. The deterioration of arterial blood 
gas analysis was noticed as well, with the high lactate levels 
(lactate of 9.1 mmol/L). 

To evaluate the cause of rapid and refractory cardiogen-
ic shock, bedside was echocardiography repeated and noticed 
the decrease in the global contractility (EF estimated of 
20%), and no mechanical complications were found. At the 
same time, the lung ultrasound revealed pulmonary edema. A 
diagnosis of acute respiratory distress syndrome (ARDS) 
with PaO2/FiO2 ratio = 60, was proposed, too. 

According to the clinical presentation, laboratory and 
echocardiography findings there was a high suspicion to my-
ocarditis and viral pneumonia. 

After the performed examinations, a possible correla-
tion of the patient's condition with influenza epidemic was 
suggested. Due to the epidemic of H1N1 viral infection in 
previous months with observed poor outcomes, empiric osel-
tamivir phosphate (Tamiflu®) was administered. An implan-
tation of intra-aortic balloon pump, as the only mechanical 
circulatory support at that time, was considered, but at the 
beginning of the fourth hour of hospitalization, a cardiac ar-
rest with pulseless electrical activity occurred. Cardiopulmo-
nary resuscitation was performed with no results and the pa-
tient died at the end of the fourth hour from the presentation 
to the Cardiology Intensive Care Unit. 
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The real-time polymerase chain reaction (PCR) of the 
nasopharyngeal swab was influenza A (H1N1) negative, but 
influenza A (H3) positive (Table 3). 
Table 3 

Real-time polymerase chain reaction of the  
nasopharyngeal swab 

Virus Result 
Influenza A (H1N1) Negative 
Influenza A (H1) Negative 
Influenza A (H3) Positive 
Influenza A (H5) Negative 
Influenza A (H7) Negative 
Influenza B Negative 

 
On autopsy, the macroscopic histopathological analysis 

showed the globally slightly dilated heart, weighted 410 g. 
The coronary arteries were slightly atherosclerotic without 
significant stenosis. Myocardium was pale, grayish, softened 
and thin, with focal small dotty hemorrhages. There were no 
signs of previous or new ischemic lesions. 

The microscopic histopathological analysis revealed the 
myocardium infiltrated with a dense inflammatory lympho-
cyte infiltrate, rare neutrophile and rare eosinophile granulo-
cytes and histiocytes with the focal areas of necrotic cardio-
myocytes and extensive interstitial edema (Figures 4–6).  

 

 
Fig. 4 – Dense lymphocyte infiltrate and interstitial 

edema [haematoxylin/eosin (HE), ×10]. 
 

 

Fig. 5 – Area of necrotic cardiomyocytes with  
lymphocyte infiltrate and rare neutrophil and  

eosinophil granulocytes (HE, ×40). 

 
Fig. 6 – Broken cardiomyocyte fibres with interstitial 

edema and focal dense inflammatory infiltrate  
(HE, ×40). 

 
The pulmonary histopathological findings revealed the 

thickened alveolar walls, interstitial edema and alveolar lu-
men filled with transudate – the picture of cardiogenic pul-
monary edema (Figures 7–8). 

 

 
Fig. 7 – Thickened alveolar walls with interstitial  

edema and transudate in alveolar lumen  
(HE, ×10). 
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Fig. 8 – Thickened alveolar walls with interstitial  
edema and transudate in alveolar lumen  

(HE, ×10). 
Discussion 

Fulminant myocarditis is a rapidly progressive, life-
threatening myocarditis, followed by the development of 
cardiogenic shock 7, 8. 

Precise incidence of myocarditis is difficult to evaluate 
and according to some data it is about 8 to 10 per 100,000 
population. A pathologic series of Fabre and Sheppard 8 
showed that the inflammatory disorders, including lympho-
cytic myocarditis and cardiac sarcoidosis, accounted for 
8.6% of all sudden adult cardiac deaths. 

Viruses are the most common cause of myocarditis. 
Among viruses, the most common are enteroviruses includ-
ing the coxsackie virus, adenovirus, parvovirus, hepatitis C 
virus, human immunodeficiency virus, while other viruses, such 
as influenza A virus, rarely cause myocarditis. Recently, by us-
ing the modern molecular methods, a simultaneous presence of 
more viral antigens is discovered. These viruses possibly 
strengthen the virulence of one another, but a genetic defect in a 
human immune system which leads to incapability to destroy 
multiple viral forms is possible, as well 9, 10. 

It is shown that during influenza epidemics, 5% to 10% 
of infected patients may have cardiac symptoms 2. The pa-
tients with fulminant myocarditis often have flu-like symp-
toms for 2–4 weeks prior the cardiac presentation. The phys-
ical examination at the time of presentation to the Intensive 
Care Unit shows the New York Heart Association (NYHA) 
class III or IV heart failure symptoms, hypotension, tachy-
cardia, livid cold extremities, hemodynamic instability and 
respiratory failure 2. 

In our case report, flu like symptoms (cough and sweat-
ing) were present four days prior to admission. However, 
body temperature was normal. To make a diagnosis even 
more difficult to establish, a short loss of consciousness was 
the main reason for the doctor’s attention. In the physical 
finding, the heart failure symptoms and signs of heart failure 
Killip class II/III were present. 

At the time of admission, the proposed differential di-
agnosis were the acute pulmonary thromboembolism, acute 
myocardial infarction with the heart failure, acute lung injury 
and fulminant myocarditis. 

The initial laboratory tests usually show elevated in-
flammatory markers (erytrocyte sedimentation rate and C-
reactive protein), however they do not confirm the diagnosis 
and are often increased in other circumstances such as acute 
pericarditis 11. 

Despite that cardiac troponins are more sensitive of 
myocyte injury than creatine kinase enzyme, they are not 
specific for myocarditis, and when normal, do not exclude 
myocarditis. Brain natriuretic peptides and circulating cyto-
kines are nonspecific for myocarditis, as well 12, 13. 

The current European Society of Cardiology (ESC) 
guidelines strongly recommend the assessment of troponins, 
erythrocyte sedimentation rate, C-reactive protein levels in 

all patients while a routine viral serology testing is not rec-
ommended 14. 

Except slightly elevation of troponin I (0.16 mg/L), NT-
pro BNP (1,550 pg/mL) and C-reactive protein (7.7 mg/L), 
there were no other specific abnormalities in our patient la-
boratory at admission. This is also a confirmation of severe 
and rapidly progressive form of fulminant myocarditis. 

The electrocardiographic abnormalities range from the 
T wave inversion to the ST segment elevation, as well as 
disorders in the intraventricular conduction (wide QRS com-
plex), and both supraventricular and ventricular arrhythmias. 
However, the ECG signs are neither specific nor sensitive for 
myocarditis 15. In combination with the elevated cardiac en-
zymes and echocardiography finding, the suspicion of acute 
myocardial infarction as differential diagnosis could be es-
tablished as well. 

Echocardiography is the first choice imaging technique 
in the evaluation of cardiac function. According to the study 
of Felker et al. 16, among the patients with fulminant myo-
carditis, echocardiogram usually shows low ejection fraction, 
normal end-diastolic diameter of left ventricle and increased 
left ventricle wall thickness due to inflammatory response re-
sulting in interstitial oedema. In our report, bedside echocar-
diography, a slightly decreased global contractility (EF of 
45%) was showed at first, along with a rapid progression of 
myocardial function and three hours after admission, EF was 
estimated to 20%. 

Coronary angiography is recommended for all adult pa-
tients in order to exclude thrombosis of epicardial coronary 
artery and it is extremely important among the patients with 
the known risk factors for coronary disease. 

Cardiac magnetic resonance imaging (MRI) is consid-
ered to be the most sensitive noninvasive imaging method 
for the diagnostics of myocarditis, showing a subepicardial 
late enhancement pattern, thereby visualizing myocarditis-
related necrosis 17. The cardiac MRI findings consistent with 
myocarditis should be based on the Lake-Louise criteria 18. 

However, most of the patients with fulminant myocar-
ditis are hemodynamically unstable and therefore MRI is not 
possible. In our report, the clinical deterioration was so rapid, 
that performing MRI could not be done. 

Furthermore, cardiac MRI cannot replace the endomyo-
cardial biopsy (EMB). 

The EMB and histopathological analysis has a critical 
role in the evaluation of the patients with an unexplainable 
acute heart failure and it has the American College of 
Cardiology/the American Heart Association (ACC/AHA) 
class I indication in the evaluation of the hemodynamically 
unstable patients with the cardiac insufficiency lasting less 
than two weeks, with the optimal sensitivity as soon as the 
symptoms started 2. 

Intensive myocardial inflammation with cardiomyocite 
necrosis is pathological, but it is a nonspecific sign of fulmi-
nant myocarditis. Histological findings can be classified ac-
cording to the Dallas criteria as the active myocarditis, bor-
derline myocarditis and negative. Despite being a gold 
standard for an unequivocal diagnosis of myocarditis, there 
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are a number of reasons for the insensitivity of Dallas 
criteria 17, 19. 

The myocardial samples, each 1–2 mm in size, taken 
from the EMB should be analysed using histology, immuno-
histochemistry and viral PCR. A high quality EMB confirms 
the diagnosis of myocarditis, identifies the underlying etiolo-
gy and the type of inflammation (e.g., giant cell, eosinophilic 
myocarditis, sarcoidosis), and therefore can guide different 
treatments and predict prognosis 14. 

According to the current position statement of the ESC, 
the diagnostic criteria for clinically suspected myocarditis 
include: ≥ 1 clinical presentations (acute chest pain, new on-
set (days up to three months), or worsening of dyspnea; sub-
acute/chronic (> 3 months) worsening of dyspnea; palpita-
tion, syncope, aborted sudden cardiac death; unexplained 
cardiogenic shock) and ≥ 1 diagnostic criteria from different 
categories (ECG/Holter/stress test features, myocardiocytol-
ysis markers, functional and structural abnormalities on car-
diac imaging [echo/angio/cardiovascular magnetic resonance 
(CMR)], tissue characterization by CMR) in the absence of 
angiographically identified coronary stenosis ≥ 50%, preex-
isting cardiovascular disease or extracardiac causes that 
could explain the syndrome 14. 

There is no specific therapy of fulminant myocarditis. 
Since the patients are usually hemodynamically unstable, 
supportive therapy is used as the first choice of therapy. In 
our report, endotracheal intubation, inotropic and vasopres-
sor support were the first line of therapy. However, the result 
of supportive measures was very poor. There was also a lack 

of time to implant the intra-aortic ballon pump (IABP) as the 
second line therapy, mainly due to a highly progressive car-
diogenic shock with the subsequent cardiac arrest. 

Despite the intensive treatment, the mortality associated 
with fulminant myocarditis is high, from 39% for the patients 
with fulminant myocarditis associated with the H1N1 report-
ed by Ukimura et al. 20 to the mortality rate of 83% reported 
by Saji et al. 21 in the patients with fulminant myocarditis 
who failed to respond to an initial supportive medical treat-
ment without a mechanical circulatory support. 

If the patient does not respond to the aggressive sup-
portive therapy during the first few hours or days, an implan-
tation of extracorporeal membrane oxygenation, because of 
its simplicity, should be considered to be the first choice, or 
the ventricular assist devices as an alternative. Many cases of 
spontaneous recovery without the need for the heart trans-
plantation after the use of extracorporal membrane 
oxygenation are reported 22. 

Conclusion 

Fulminant myocarditis is a life-threatening cardiac dis-
ease which should be treated in intensive care units with both 
medicament and mechanical circulatory support and antiviral 
therapy and which, despite a therapy applied, has a high mor-
tality rate. Influenza A virus is a rare cause of fulminant my-
ocarditis, which should be taken into consideration, especial-
ly in times of epidemic. 
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