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Background: Severe heart failure or cardiogenic shock might arise as a consequence of fulminant myocarditis if it manifests and 
advances swiftly. The effective implementation of an immunological modulation regimen and mechanical circulatory support has 
proven instrumental in preserving the lives of individuals experiencing hemodynamic disturbance.
Case Presentation: The current report described a severe instance of fulminant myocarditis in an 18-year-old young woman who 
presented with severe hypoxemia and hemodynamic instability. The patient was treated with a combination of optimal medical therapy, 
immunological modulation, extracorporeal membrane oxygenation (ECMO), and an intra-aortic balloon pump (IABP) to support him 
through his critical period of hemodynamic collapse.
Conclusion: The case presented herein underscored the prompt reversal of life-threatening fulminant myocarditis subsequent to 
a comprehensive treatment regimen encompassing optimal medical therapy and aggressive mechanical circulatory support.
Keywords: fulminant myocarditis, cardiogenic shock, comprehensive treatment regimen, mechanical circulatory support

Introduction
Fulminant myocarditis, frequently precipitated by viral infections or autoimmune disorders, presents as a clinical 
syndrome marked by hemodynamically unstable states accompanied by symptoms of acute heart failure and cardiogenic 
shock.1,2 In real-world scenarios, individuals afflicted with fulminant myocarditis faced an elevated likelihood of 
mortality or necessitating heart transplantation.2,3 In order to manage hemodynamic collapse, early implementation of 
Venous-arterial extracorporeal membrane oxygenation (VA-ECMO) and intra-aortic balloon pump (IABP) could be 
employed for cardiopulmonary support.1 This case report detailed the condition of a young female patient experiencing 
severe fulminant myocarditis with hemodynamic instability.

Case Presentation
Clinical Manifestation
A 18-year-old previously healthy female (165 cm, 65 kg, body mass index (BMI) 23.9), without pre-existing comorbid-
ities or a family history for cardiac pathologies, was admitted to the cardiac care unit (CCU) at nine o’clock with cold- 
like symptoms and progressive dyspnea after five days of cold-like symptoms (fever, cough and expectoration). She had 
shortness of breath, palpitation (Heart rate: 156 beats per minute), and hypotension [Blood pressure (BP): 98/58 mmHg 
without vasoactive drugs usage]. Upon examination at an external hospital, a pulmonary computerized tomography (CT) 
revealed indications of cardiogenic pulmonary edema and moderate pulmonary inflammation. The patient presented upon 
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admission in an alert and coherent state, but with a diminished overall condition, exhibiting sinus tachycardia at a rate of 
150–160 beats per minute and experiencing oxygenation impairment. Due to hypoxia, the patient necessitated supple-
mental oxygen administration through both nasal cannula (at a flow rate of 3 L per minute) and mask inhalation (at a flow 
rate of 6 L per minute) to maintain a transcutaneous pulse oxygen saturation (SPO2) level of approximately 93%. The 
arterial blood gas analysis revealed a pH value of 7.44, a partial pressure of oxygen of 93 mmHg, and a partial pressure 
of carbon dioxide of 32 mmHg following the administration of oxygen.

The patient reported no history of smoking or alcohol consumption. Additionally, there was no evidence of illicit drug 
use, immune-checkpoint inhibitor usage, or anti-tuberculosis medication intake. The patient received two doses of the 
Coronavirus Disease 2019 (COVID-19) vaccine on July 26th and August 17th, 2021, respectively. The patient contracted 
COVID-19 infection three months prior as a result of the implementation of a “herd immunity” policy.

Laboratory results on admission showed an increased aspartic transaminase (AST) level of 56 IU/L, creatine kinase 
(CK) level of 373 IU/L, creatine kinase-MB (CK-MB) level of 36.5 IU/L, troponin I (TnI) level of 4.1 ng/mL (reference 
range: < 0.02 pg/mL), N-terminal pro brain natriuretic peptide (NT-proBNP) levels of 14,100 pg/mL, and serum 
creatinine levels of 119 umol/L. The lactate value was 1.7 mmol/L. The D-dimer was in the normal range (1.590mg/ 
L). In addition, the inflammatory markers of white blood cell count, absolute neutrophil count, serum C-reactive protein 
(CRP), serum procalcitonin, amyloid A and interleukin 6 were 8.27×10^9/L, 6.26×10^9/L, 124.05 mg/L, 0.768ng/mL, 
1114.5mg/L and 6235.0pg/mL, respectively. Thyroid function test suggested that hypersensitive thyrotropin (TSH) was 
decreasing (0.39 mIU/L), but triiodothyronine (T3) and tetraiodothyronine (T4) were normal.

Twelve lead electrocardiogram (ECG) admitted to hospitalization (April 13th, 2023) demonstrated sinus tachycardia. ECG 
showed QS complex only in V1-V3 leads and 1–2 mm ST-segment depression in II, III, aVF, V4-V6 leads (Figure 1A). Chest 
radiograph showed bilateral pulmonary scattered inflammatory changes and possible pulmonary oedema after IABP implan-
tation (Figure 1B). After a period of treatment, the ECG findings on April 18th revealed flat or inverted T waves in leads V1- 
V6 (Figure 1C). On April 19th, chest radiograph showed no signs of pulmonary congestion or inflammation (Figure 1D).

The transthoracic echocardiography (TTE) revealed a severely impaired left ventricular ejection fraction (LVEF 
~35.7%), a moderately reduced right ventricular function [tricuspid annular plane systolic excursion (TAPSE) =12 mm)], 
moderate to severe regurgitation of the mitral valve and tricuspid valve (the estimated pulmonary artery systolic blood 
pressure was 49 mmHg) (Figure 2A). The inferior vena cava was widened and its’ respiratory collapse rate was less than 
50%. The patient was admitted with a diagnosis of fulminant myocarditis: acute heart failure, cardiac function Grade III 
(New York Heart Association classification system); pulmonary infection; upper respiratory tract infection.

Due to the patient’s hemodynamic instability caused by acute heart failure, a continuous intravenous treatment 
regimen was administered. This included furosemide (4.1 ug/kg/min), dopamine (2.5 ug/kg/min), and metaraminol 
bitartrate injection (0.2 ug/kg/min) using microinjection pumps. Additionally, methylprednisolone sodium succinate 
(320 mg daily) was intravenously administered for five consecutive days to inhibit myocardial inflammation, while 
being protected by intravenous human immunoglobulin (PH4, 20 mg daily). Pulmonary infection was managed through 
transvenous administration of cefuroxime sodium every eight hours.

Drug and Instrumental Treatment
Three hours after admission, the patient exhibited a gradual progression into cardiogenic shock, specifically reaching the 
classic stage as defined by the cardiogenic shock staging of the American Society for Angiocardiography and 
Intervention. This was characterized by hypotension (blood pressure: 97/50 mmHg with the use of vasoactive drugs) 
and severely impaired oxygen saturation (SPO2 80%) at twelve o’clock. The patient’s heart rate was measured at 148 
beats per minute, and the lactate value was recorded as 2.9 mmol/L at that time. Despite the administration of dopamine 
and metaraminol bitartrate to stabilize the patient’s vital signs, the cardiogenic shock remained uncorrected.

Thus, an IABP was initially used for cardiogenic shock management in cardiac catheterization room in hospital day one. An 
IABP device (Impella cardiac power, IAB-06840-U; Teleflex®, Arrow International LLC, USA) was placed to decrease afterload 
and improved diastolic BP in order to increase pulsatility and improve coronary perfusion. Because of reduced vigilance and 
ongoing hemodynamic instability, the patient was intubated and ventilated. Subsequently, on the first day of hospitalization in the 
evening, femoro-femoral veno-arterial extracorporeal membrane oxygenation (VA-ECMO) was administered using the 
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Cardiohelp device (Getinge AB, Göteborg, Sweden). Following initiation, there was a partial reduction in aortic valve opening, 
leading to the discontinuation of metaraminol bitartrate. Additionally, a daily administration of human blood albumin (10 g) was 
implemented to enhance colloid osmotic pressure. Furthermore, fresh frozen plasma was administered to improve coagulation 
function and minimize the risk of bleeding associated with the instrumentation.

On the first day following the initiation of IABP (Counterpulsation pressure: 110 mmHg) and VA-ECMO (Rotation 
speed: 3495 RPM/min; Flow: 2.62 L/min), TTE still indicated a decrease in myocardial contractility, with an LVEF of 
36.6% (Figure 2B). High dose of dopamine combined with furosemide were continued as treatment, while the invasive 
radial arterial BP was measured at 95/56 mmHg. By the third day after instrument implantation, there was an 
improvement in myocardial contractility and hemodynamic stabilization was achieved, resulting in a gradual reduction 
in vasopressor levels to 1.5 ug/kg/min. Thus, extracorporeal membrane oxygenation (ECMO) was discontinued on the 
fourth day after implantation, resulting in arterial blood pressure (BP) of 112/72 mmHg without the use of dopamine. 
Due to the patient’s hemodynamic stability, the intra-aortic balloon pump (IABP) was removed on the fifth day after 
implantation, resulting in arterial BP of 114/74 mmHg. The patient experienced a rapid recovery, as mechanical 
ventilation was discontinued the following day and arterial BP remained at 112/72 mmHg.

Eight days after she was admitted, TTE revealed that the patient had a normalized cardiac function with no sign of 
persisting heart failure (left ventricular end diastolic diameter (LVEDD), 42.5 mm; interventricular septum thickness 
(IVS), 10.5 mm; LVEF, 50.8%) (Figure 2C). We stopped using diuretics because of almost normal cardiac function.

Figure 1 The dynamic changes of electrocardiogram and chest radiograph. (A) Electrocardiogram (ECG) showed QS complex only in V1-V3 leads and 1–2 mm ST-segment 
depression in II, III, aVF, V4-V6 leads on April 13th. (B) Chest radiograph showed bilateral pulmonary scattered inflammatory changes and possible pulmonary on April 13th. 
(C) Discordant terminal negative T waves in leads V1–V6 was observed in ECG on April 18th. (D) Chest radiograph showed no pulmonary congestion and obvious 
inflammation on April 19th.
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Etiology
Coronary angiography revealed no artery stenosis in hospital day one (Figure 3). Fulminant myocarditis may be caused 
by a variety of factors, including viral, bacterial, toxic, and autoreactive. In this patient, legionella pneumophila A IgM 
antibody, mycoplasma and chlamydia IgM antibody, adenovirus IgM antibody, respiratory syncytial virus IgM antibody, 
influenza virus A and B IgM antibody, and parainfluenza virus antibody were negative. The laboratory test of 
toxoplasmosis, cytomegalovirus, rubivirus, herpes simplex virus type 1 and 2, parvovirus B19 IgM antibody showed 
negative but IgG antibody revealed positive. In addition, SARS-CoV-2 RNA was negative through the throat swab test.

The antinuclear antibody (ANA) was weakly positive (Spotty type 1:100), anti-mitochondrial antibody M2 was positive, 
anti-Ro-52 antibody and anti-SS-A antibodies were strongly positive. Both myeloperoxidase-ANCA (MPO-ANCA) and 
proteinase 3-ANCA (PR3-ANCA) were negative. Anti-double-stranded DNA and other autoimmunity anti-body were 
negative. We considered the patient might suffer from with Sjogren’s syndrome but the labial gland biopsy data were lacking.

Figure 2 The transthoracic echocardiography (TTE). (A) TTE on April 13th revealed severely impaired movement of the ventricular wall (left ventricular end diastolic 
diameter (LVEDD), 47.3 mm; interventricular septum thickness (IVS), 8.4 mm; left ventricular ejection fraction (LVEF), 35.7%; left ventricular fraction shortening (LVFS), 
17.1%; stroke volume, 37.1 mL), moderate to severe regurgitation of the mitral valve and tricuspid valve (the estimated pulmonary artery systolic blood pressure was 49 
mmHg) and deteriorated diastolic function (E/E′, 9.1) as well as a moderately reduced right ventricular function [tricuspid annular plane systolic excursion (TAPSE), 12 mm]. 
The inferior vena cava was widened (inferior vena cava diameter, 22.3 mm]) and its’ respiratory collapse rate was less than 50%. (B) TTE on April 14th still showed 
decreased myocardial contractility (LVEDD, 51.9 mm; IVS, 8.0 mm; LVEF, 36.6%; LVFS, 17.7%; stroke volume, 47.3 mL), severe regurgitation of the mitral valve and 
deteriorated diastolic function (E/A, 3.3; E/E′, 21.5) as well as a moderately reduced right ventricular function. The respiratory collapse rate of inferior vena cava (diameter, 
17.2 mm) was less than 50%. (C) TTE on April 21th revealed a normalized cardiac function (LVEDD, 42.5 mm; IVS, 10.5 mm; LVEF, 50.8%; LVFS, 30.3%; stroke volume, 
46.9 mL), moderate regurgitation of the mitral valve and restored diastolic function (E/A, 1.8; E/E′, 9.7) without reduced right ventricular function.
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Fever and Depressive State
On hospital day 8, the patient developed fever, with body temperature fluctuating between 38 and 39 degrees. In addition, 
the inflammatory markers of white blood cell count, absolute neutrophil count, serum CRP and procalcitonin were 
23.91×10^9/L, 20.69×10^9/L, 11.04 mg/L and 0.62 ng/mL, respectively. Serological tests for tuberculosis (T-SPOT, TB 
test), Widal reaction and blood cultures were negative. On the eighth day of hospitalization, a lung CT scan exhibited 
dispersed streaks in the lower right lung (Figure 4A), prompting a modification in the antibiotic regimen to piperacillin 

Figure 3 The Coronary angiography. Coronary angiography revealed that there was no stenosis or obstructive lesions in the coronary artery April 13th.

Figure 4 The lung and abdominal computerized tomography. (A) Lung computerized tomography showed scattered streaks in the right lower lung April 21th. (B) Full 
abdominal computerized tomography scan revealed that colorectal dilatation, which need being ware of paralytic intestinal obstruction April 24th.
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sulbactam (4.5g intravenous every eight hours). Nevertheless, by the tenth day of hospitalization, the patient’s tempera-
ture did not show any signs of reduction, raising doubts regarding the association between the fever and the progression 
of pneumonia. Subsequently, on the eleventh day of hospitalization, a comprehensive abdominal CT scan revealed 
colorectal dilatation, necessitating heightened awareness for the possibility of paralytic intestinal obstruction (Figure 4B). 
Following the administration of warm saline retention enema, the patient’s body temperature rapidly declined the 
following day.

Moreover, the patient exhibited notable levels of anxiety, depression, and suicidal inclinations on the ninth day of 
hospitalization. To address these concerns, psychological counseling therapy and the administration of sertraline hydro-
chloride tablets were implemented. Over time, the patient experienced a gradual recovery, leading to their transfer to the 
intermediate care unit on the thirteenth day and eventual discharge on the fourteenth day. The chronological sequence of 
events subsequent to the clinical intervention is depicted in Figure 5. Follow-up for seven month after discharge showed 
the patient had no chest tightness and shortness of breath after activity and the cardiac function was maintained at grade 
I (New York Heart Association classification system).

Discussion
The condition is characterized by a sudden onset of severe congestive heart failure, followed by a decrease in 
hemodynamics or the development of severe arrhythmia in the context of acute fulminant myocarditis.4 The progression 
was notably rapid, with an initial mortality rate ranging from 50% to 70%.4 Etiological factors encompassed infection, 
autoimmune disease, and toxin/drug toxicity, with viral infection being the primary cause.4 Wang et al5 introduced 
a novel life support-based comprehensive treatment regimen, incorporating mechanical support through the use of VA- 
ECMO and IABP, aggressive medical therapy with sufficient doses of glucocorticoids and immunoglobulins.

In this particular case, the patient demonstrated optimal clinical outcomes by employing immunological modulation, 
promptly escalating mechanical support through the utilization of IABP and VA-ECMO. Adequate quantities of human 
immunoglobulins were administered to enhance immune response, while appropriate glucocorticosteroids were adminis-
tered to suppress myocardial inflammatory reactions upon admission. The early initiation of steroid therapy significantly 
enhances clinical outcomes, prognoses, and long-term survival rates.6

After administering high-dose oral steroids with a gradual tapering regimen, three cases demonstrated complete 
recovery and normalization of cardiac contractility.7 Subsequently, an IABP device was promptly inserted to reduce 
afterload, enhance coronary perfusion, increase pulsatility, and unload the left ventricle posterior pressure. Additionally, 
VA-ECMO was actively provided on the first night. By the third day of combined implantation, the patient’s myocardial 
contractility improved, leading to stabilized hemodynamics and a reduced dosage of vasopressors.1,5 This combined 
mechanical circulatory support approach has proven successful in facilitating the recovery of patients with acute 
myocarditis.

Naturally, it was imperative to acknowledge a sequence of issues that arose in the patient subsequent to the cessation 
of the aircraft, including the manifestation of fever on the eighth day of hospitalization and the conspicuous display of 
symptoms associated with depression on the ninth day. These circumstances underscored the necessity for 

Figure 5 The timeline following the clinical treatment of the patient. The main treatment measures of the patients were clearly listed in chronological order. 
Abbreviations: VA-ECMO, venous-arterial extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump.
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a comprehensive approach to patient care, encompassing prompt psychological counseling interventions. The etiology of 
the fever was presumed to be linked to the presence of paralytic ileus, as evidenced by the patient’s rapid decline in body 
temperature following the administration of a warm saline retention enema.

The potential association between paralytic ileus and the administration of sedative drugs (midazolam, propofol, 
and remifentanil) for mechanical ventilation analgesia was suggested.8 This implied that healthcare professionals 
should enhance the surveillance of adverse reactions to general anesthetic agents and remain vigilant regarding the 
possibility of paralytic intestinal obstruction when utilizing remifentanil hydrochloride for injectable analgesia. The 
occurrence of a dual cardiac condition in the young patient could be attributed to the unfamiliar and anxiety-inducing 
environment in the intensive care unit, as well as the presence of intricate tubes affixed to their body. Therefore, we 
should pay more attention to the comprehensive management of patients’ physical and mental problems under the 
modern medical model.9

Histological and immune-histological specimens can be obtained through biopsies for clinical diagnosis purposes.10,11 

Nevertheless, the patient in question was unable to undergo myocardial biopsy and cardiac magnetic resonance (CMR) 
due to cardiogenic shock during the initial stages of the disease and the excessively cautious healthcare environment 
prevalent in China. Ultimately, based on the patient’s medical history, clinical presentation, and supplementary examina-
tions, viral myocarditis emerged as the principal consideration.

Conclusions
The case presented herein underscored the prompt reversal of life-threatening fulminant myocarditis subsequent to 
a comprehensive treatment regimen encompassing optimal medical therapy and aggressive mechanical circulatory support.
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