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rarely complicated with refractory ventricular fibrillation (RVF). Once RVF is induced, the
mortality rate of sepsis patients will be greatly increased. In this case, we reported a 26-year-old
female patient who was diagnosed sepsis-induced cardiomyopathy (SIC), presented with RVF for
36 hours. The patient was maintained by the mechanical circulatory support (MCS) devices and
experienced twice defibrillation. Finally, the patient was discharged without intracardial
thrombosis and severe craniocerebral complications. This case suggested that early application of
MCS and appropriate frequency of defibrillation may help the prognosis of SIC with RVF.

1. Introduction

Sepsis-induced cardiomyopathy (SIC) is generally characterized by decreased cardiac ejection fraction (EF) reversibility, and less
cardiac response to fluid resuscitation and catecholamines [1]. The general course of the disease can be recovered in 7-10 days, and
rarely complicated with refractory ventricular fibrillation (RVF). RVF is a severe threat to life ventricular arrhythmia, which is a
fundamental cause of sudden cardiac death and has a high mortality. Therefore, clinically effective medical decision-making is
particularly important for the prognosis of SIC with RVF.

2. Case presentation

On July 5, 2022, a 26-year-old lady came to the emergency department due to a fever and tachypnoea for 10 days. During the
period, she had gone to the pharmacy and bought antipyretic painkillers for treatment, but worsened with chest distress for 3 days
before coming to the hospital. There was no special medical, family, and psycho-social history and relevant genetic information for her.
Upon arrival at the emergency department, the patient felt chest tightness and vomited stomach contents several times with the vital
signs as follows: T: 37.6 °C P: 128 times/min R: 21 times/min BP: 76/50 mmHg. The emergency physician hospitalized the patient and
administered norepinephrine (0.06 pg/kg/min) to maintain blood pressure. The patient’s arterial blood gas analysis (High flow oxygen
therapy humidification, FiO5 70 %): PH 7.456, PCO2 16.7 mmHg, PO2 136.1 mmHg, cHCO3- 11.8mmol/L, K+:3.5mmol/l, NA+
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120.9mmol/L, CI - 91.6mmol/L, BE (ECF) —12.1 mmol/L, Lac 4.86 mmol/L, indicating respiratory alkalosis with metabolic acidosis.
PCT 1.84 ng/mL (<0.5), and the chest CT revealed pneumonia (Fig. 1). The emergency physician applied Peracillin tazobactam
sodium (4.5g q8h) to cure the infection. After treatment, the patient still had recurrent fever, the echocardiography indicated LVEF
decreased to 29.01 % (Fig. 2A), and the electrocardiogram indicated second degree atrioventricular block (Fig. 3A). After a general
consultation in the hospital, the patient was transferred to the ICU at 18:05 on 6th July. The endotracheal intubation with MV (model:
SIMV + PS, £:15, PC 12 mmHg, PS 12 mmHg, FiO, 100 %, PEEP 8 mmHg) and nor-epinephrine (0.1 pg/kg/min) was given to maintain
vital signs. The next-generation-sequencing (NGS) of alveolar lavage fluid indicated Enterococcus faecium, Stenotrophomonas mal-
tophilia, and Pseudomonas aeruginosa (Fig. 4A). The NGS of blood showed Enterococcus faecium, Akkermansia muciniphila and
Klebsiella pneumonia (Fig. 4B). The patient’s SOFA score was 12 (TBIL 31.90 pmol/L, Cr 211.9 pmol/L, PLT 45 x 109/L, nor-
epinephrine 0.1 pg/kg/min, oxygenation index 194 mmHg). The patient was diagnosed sepsis according to the sepsis 3.0 criteria
from the Surviving Sepsis Campaign Guideline. NT-proBNP 22639 pg/ml (0-900), c-TnI 20.00 ng/ml (0-0.1), suggested that the
patient’s myocardium was damaged. Suffering from sepsis, the patient’s myocardial damage and cardiac dysfunction occurred. As for a
young female being excluded from other heart disease, the patient was finally diagnosed with SIC. Considering that the patient has
been unresponsive to multiple antibiotics since onset, combined with mNGS results and the risk of nosocomial infection, Imipenem-
Cilastatin sodium hydrate (0.5g q8h) and Vancomycin (0.5g q6h) were used for anti-bacterial infection. At 3 hours after admitting to
ICU, the patient’s ECG showed a conduction block and the echocardiography showed the cardiac function was worse with EF 26.32 %
(Fig. 2B). Then ICU attending physician immediately performed venous-arterial extracorporeal membrane oxygenation (VA-ECMO)
(the rotate speed 2800 rpm and blood flow velocity 2.5 L/min) interconnecting with the continuous renal replacement therapy (CRRT)
(model: CVVH) on the patient. On 7th July, the patient developed the complications such as low distal extremity skin temperature,
cyanosis, and Lac 3.9mmol/L (0.5-1.7), which indicated microcirculation disturbance, the anisodamine (5 pg/h) and papaverine
(30mg q8h) were administered to improve patient’s microcirculation.

At 09:37 on 8th July, the patient’s ECG developed RVF (Fig. 3B), and we tried to take various antiarrhythmic drugs, such as
lidocaine (1 mg/kg, intravenous injection, qd) for ventricular tachycardia at the beginning and then amiodarone (1mg/kg/h, intra-
venous pump) for VF, but it did not work. Because the patient’s blood vessels were fragile and the low blood flow by bedside ultra-
sound, the intra-aortic balloon pump (IABP) was failed to performed. After cardiac defibrillation with a biphasic shock of 200 J, the
patient’s ECG signal changed from ventricular fibrillation to no electrical activity (Fig. 3C). At 02:00 on 9th July, the ECG of the patient
reappeared VF (Fig. 3D). IABP was successfully inserted at 13:00 (counterpulsation ratio 1:2). At 37th hour from the VF had begun, the
rhythm restored to third-degree conduction block (HR 50-60 times/min) (Fig. 3E and F) after the second defibrillation with a biphasic
shock of 200 J (supplementary materials 1) at 21:50. The echocardiography on 9th July also presented that the patient’s left ven-
tricular wall motion improved than before (Fig. 2C).

Finally, CRRT, ECMO and IABP were evacuated from the patient on 15th July. The patient was successfully transferred to the
department of Cardiology on 25th July. The entire process of this episode was summarized in a timeline (Fig. 5). 41 days later, the
patient’s echocardiography showed an estimated ejection fraction of 53 % (Fig. 2D), and she was discharged from the hospital with
normal cardiac function without cognitive impairment, but remained limb nerve damage.

In a follow-up 3 months later, the patient was still in good condition. She said that she had not been impressed with the period of
mechanical circulation assistance, and had no significant memories until after the withdrawal of the devices. She felt gradually
recovering after discharge, but could not tolerate strenuous exercise. The toe problem did not affect daily walking. For the medical
research, she was willing to a make her medical records a case report for public awareness.

Fig. 1. Chest CT scans at different levels showed exudative lesions.
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Fig. 2. (A) mNGS results of alveolar lavage fluid, indicated the sequence number of Enterococcus faecium was 42, Stenotrophomonas maltophilia
was 9, and Pseudomonas aeruginosa was 4; (B) mNGS result of bood, indicated the sequence number of Enterococcus faecium was 49, Akkermansia
muciniphila was 103, and Klebsiella pneumonia was 23.

3. Discussion and literature review

The current VF management guidelines emphasize early cardiopulmonary resuscitation, defibrillation, and drug treatment. In
addition, early effective mechanical circulatory support (MCS) interventions such as (ECMO) and (IABP), can effectively adjust the
stability of hemodynamic, avoid systemic perfusion insufficiency and vital damage to organs, and improve short-term survival [2].
However, there is a lack of evidence on how many times of defibrillation before cardioversion, and how long MCS could maintain for
the RVF without serious cranial complications.

A retrospective study showed that only 42.8 % patients were successfully discharged with the average 5.4 times of defibrillation
[3]. The frequent defibrillation may aggravate myocardial damage. Doherty et al. [4] found that when the energy of defibrillation was
more than 30 J, the injury of cardiomyocytes increased and the blood flow in cardiomyocytes decreased. It was observed under
electron microscope that the gaps between myocardial intercalated discs increased after defibrillation, thus affecting the myocardial
contractile function. Several potential mechanisms involved in shock related cardiac tissue injury include extreme physical conditions,
regulated cell death, metabolic remodelling, oxidative stress, calcium dysregulation, inflammation and fibrosis [5].

The choice of a MCS device depends on the characteristics of the patient, the level of support required, local expertise and logistics.
The role of MCS in SIC has not been extensively studied. The clinical consensus statement of the European Heart Rhythm Association of
the European Society of Cardiology (ESC) recommends that MCS may be helpful in acute haemodynamic decompensation because of
refractory, haemodynamically intolerant ventricular arrhythmia as a rescue therapy [6]. According to previous researches, ECMO can
ensure hemodynamic stability and tissue perfusion, can receive adequate levels of antiarrhythmic drugs during electrical storm (ES)
and rapidly wean catecholamines those may contribute to ES. In addition, ECMO’s reduction in myocardial oxygen consumption may
also contribute to the end of ES [7]. The ARREST study has proved that early ECMO-facilitated resuscitation for patients with RVF
significantly improved survival to hospital discharge compared with standard ACLS treatment [8]. MCS can maintain the stable cir-
culation in VF patients, but how long it maintained without severe complication, was still lack of evidence. There are few literatures on
the timing and frequency of re-defibrillation. In 7 case reports which had clearly stated the duration of VF and frequency of defi-
brillation, the longest duration of VF was 30 hours, and the frequency of defibrillation was over 10 times. The shortest duration was 26
minutes, and the defibrillation frequency was up to 7 times. Among all the reports, the frequency of defibrillation was at least 4 times
(Table 1). In this case, with the support of MCS, the patient totally experienced two times of defibrillations.

MCS has been widely used in refractory cardiogenic shock and cardiac arrest, especially ECMO [9]. However, there is still a lack of
evidence that the application of MCS improves the prognosis in VF patients. Even research indicated that rescue ablation of refractory
ventricular electrical storm requiring MCS was associated with higher 30-day mortality [10]. In this case, we regulated the
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Fig. 3. The evolution of the patient’s electrocardiogram. (A) On admission, the electrocardiogram (ECG) revealed ST-segment depression and
second-degree atrioventricular block; (B) At 09:37 on 8th July, the ECG developed VF; (C) At 23:12 on 8th July, after cardiac defibrillation, the
patient developed cardiac arrest; (D) At 02:00 on 9th July, the ECG of the patient reappeared VF; (E) After the second shock, the rhythm recovered
to third-degree conduction block; (F) On 11th July, the ECG of the patient became degree II atrioventricular block.

hemodynamic stability via MCS in the early stage to avoid systemic perfusion insufficiency, tried to minimize the frequency and the
adverse events of defibrillation.

There are certain limitations in this case report. Due to the patient’s mechanical circulatory support at that time, MRI examination
could not be performed, and the bedside ultrasound instrument was not up to the conditions for spot tracking, so the diagnosis of SIC
could only be based on pathogenesis, clinical manifestations, and laboratory findings. However, life-saving cardiogenic shock,
regardless of the cause, must be supported by mechanical circulation, and whether to insist on repeated defibrillation in RVF with MCS
is still controversial. Therefore, this case report suggests that sepsis can induce severe cardiac dysfunction, and attempts can be made to
choose appropriate defibrillation frequency in RVF with early MCS.

4. Conclusion

Cardiac function can be recovered quickly in general SIC, once RVF is induced, it will be a great challenge for clinicians. In this case,
we provided a clinical medical experience that if RVF caused by SIC, appropriate frequency of defibrillation with early MCS may be
considered, which was helpful for the prognosis.
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Fig. 4. The evolution of the patient’s echocardiography. (A) On admission, the echocardiography revealed that left ventricular wall motion was
generally weak, with an estimated ejection fraction (EF) of 29 %; (B) At 21:00 on 6th July, the cardiac function was worse with EF 26.32 %; (C) On
9th July, left ventricular wall motion improved with EF 36.05 %; (D) 41 days after admission, the patient’s echocardiography showed an estimated
ejection fraction of 53 %.
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Fig. 5. The entire process of this episode was summarized in a timeline.
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Table 1
Case reports of RVF with MCS.
Author Publish age gender  Diagnosis MCS The time of RVF  Times of defibrillation/
year ICD discharges
Thomas Fux et al. [11] 2010 39 male idiopathic VT VA-ECMO 30 hours >10
Naofumi Bunya et al. 2017 22 female sibutramine-containing weight ~ VA-ECMO 66 minutes 4
[12] loss pills
Misa Fister et al. [13] 2019 54 male Hypothermia VA-ECMO 4 hours and 16 4
minutes
Douglas Darden et al. 2020 67 male ventricular arrythmias from ECMO 12 hours >20
[14] the moderator band
Yumi Kato et al. [15] 2020 43 male caffeine intoxication VA-ECMO 26 minutes 7
Tharusan Thevathasan 2022 54 male ST-segment elevation acute VAV ECMO and 32 minutes 10
etal. [16] coronary syndrome Impala
Boldizsar Kiss et al. 2023 27 male cardiac arrest LUCAS, MV, 58 minutes 8
[17] VA-ECMO

*PCPS: percutaneous cardiopulmonary support system.
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