
Mechanical circulatory support in
refractory cardiogenic shock due to
influenza virus-related myocarditis

Jan-Thorben Sieweke 1,6, Muharrem Akin1,6, Sebastian Stetskamp1,
Christian Riehle1, Danny Jonigk2, Ulrike Flierl1, Tobias J. Pfeffer1,
Valentin Hirsch1, Jochen Dutzmann3, Marius M. Hoeper 4, Christian Kühn5,
Johann Bauersachs 1 and Andreas Schäfer1

Affiliations: 1Cardiac Arrest Center and Advanced Heart Failure Unit, Dept of Cardiology and Angiology,
Hannover Medical School, Hannover, Germany. 2Dept of Pathology, Hannover Medical School, Hannover,
Germany. 3Mid-German Heart Center, Dept of Cardiology, Angiology, and Intensive Care Medicine, University
Hospital, Martin Luther University Halle-Wittenberg, Halle (Saale), Germany. 4Dept of Respiratory Medicine
and the German Center for Lung Research (DZL), Hannover Medical School, Hannover, Germany. 5Dept of
Cardiothoracic, Transplant and Vascular Surgery, Hannover Medical School, Hannover, Germany. 6These
authors contributed equally to the manuscript.

Correspondence: Jan-Thorben Sieweke, Dept of Cardiology and Angiology, Hannover Medical School,
Carl-Neuberg-Straße 1, 30625 Hannover, Germany. E-mail: sieweke.jan-thorben@mh-hannover.de

@ERSpublications
Combined mechanical circulatory support in refractory cardiogenic shock (ECMELLA) might not
salvage patients with influenza-associated myocarditis and severe end-organ damage, in contrast to the
favourable effects in primary cardiac causes https://bit.ly/3dmonC4

Cite this article as: Sieweke J-T, Akin M, Stetskamp S, et al. Mechanical circulatory support in refractory
cardiogenic shock due to influenza virus-related myocarditis. Eur Respir J 2020; 56: 2000925 [https://doi.
org/10.1183/13993003.00925-2020].

ABSTRACT
Background: There is scarce evidence for mechanical circulatory support (MCS) in patients with
influenza-related myocarditis complicated by refractory cardiogenic shock (rCS). We sought to investigate
the impact of MCS using combined veno-arterial extracorporeal membrane oxygenation (VA-ECMO) and
micro-axial flow pumps (the ECMELLA concept) in influenza-related myocarditis complicated by rCS.
Methods: This is a prospective, observational analysis from the single centre HAnnover Cardiac Unloading
REgistry (HACURE) from two recent epidemic influenza seasons. We analysed patients with verified
influenza-associated myocarditis complicated by rCS who were admitted to our intensive care unit (ICU)
on MCS. Subsequently, we performed a propensity score (PS) matched analysis to patients with acute
myocardial infarction (AMI) complicated by rCS and non-ischaemic cardiomyopathy (DCM) related rCS.
Results: We describe a series of seven patients with rCS-complicated influenza-related myocarditis (mean age 56
±10 years, 58% male, influenza A (n=2)/influenza B (n=5)). No patient had been vaccinated prior to the influenza
season. MCS was provided using combined VA-ECMO and Impella micro-axial flow pump. In two patients with
out-of-hospital cardiac arrest, VA-ECMO had been implanted for extracorporeal cardiopulmonary resuscitation.
All patients died within 18 days of hospital admission. By PS-based comparison to patients with AMI- or DCM-
related rCS and combined MCS, 30-day mortality was significantly higher in influenza-related rCS.
Conclusion: Despite initial stabilisation with combined MCS in patients with rCS-complicated influenza-related
myocarditis, the detrimental course of shock could not be stopped and all patients died. Influenza virus infection
potentially critically affects other organs besides the heart, leading to irreversible end-organ damage that MCS
cannot compensate for and, therefore, results in a devastating outcome.
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Introduction
Influenza virus commonly causes seasonal respiratory infections and periodically leads to epidemics and
pandemics. Respiratory failure and pneumonia are common respiratory complications and are associated
with impaired survival [1]. The myocardium is affected in about 10% of cases, usually starting between
Day 4 and Day 7 after symptom onset [1, 2]. Myocardial manifestations are underdiagnosed due to
variability, non-specificity and onset of symptoms [3]. Definite acute myocarditis was diagnosed in one
third of 33 cases with unexpected death without prior suspicion of myocardial involvement during the
Asian influenza pandemic of 1957 [4]. Influenza-related myocarditis presents in a variable manner, from
subclinical to fulminant myocarditis with or without overt cardiogenic shock (CS), which can ultimately
result in cardiac failure leading to death [1]. CS-complicated influenza-related myocarditis is scarce and, in
their systematic review of 184 cases of myocarditis-complicated influenza infection, HÉKIMIAN et al. [5]
reported 48 CS cases treated with mechanical circulatory support (MCS).

Catecholamines are recommended by guidelines to stabilise blood pressure in patients with CS, but
contribute to secondary multi-organ failure due to systemic vasoconstriction [6, 7]. In refractory
cardiogenic shock (rCS), percutaneous MCS is considered as an optional treatment for patients
unresponsive to fluid load and vasopressors [7]. In this analysis we sought to investigate the efficacy of
MCS with combined veno-arterial extracorporeal membrane oxygenation (VA-ECMO) and Impella
micro-axial flow pump (the ECMELLA concept) in rCS-complicated influenza-related myocarditis.

Methods
Study design and participants
Our analysis was performed in accordance with the Declaration of Helsinki and has been approved by the
local ethics committee (#3566-2017). In the analysis, all patients with rCS-complicated influenza who were
admitted to the Department of Cardiology at Hannover Medical School during two recent influenza
epidemic seasons (2013 and 2018) and who were treated with MCS using VA-ECMO and Impella
micro-axial flow pump, were analysed. Of 400 consecutive patients treated with micro-axial flow pumps
included in a local database (the HAnnover Cardiac Unloading REgistry (HACURE) [8]), those who had
received MCS with combined VA-ECMO and Impella micro-axial flow pump for rCS due to acute
myocardial infarction (AMI) or non-ischaemic cardiomyopathy (DCM) from January 2013 to June 2018,
labelled as the AMI-rCS group and the DCM-rCS group, respectively, were considered for propensity score
(PS) matching as described in figure 1. Shock severity score at admission, the Survival After Veno-arterial
ECMO (SAVE) score [9], demographic data, laboratory data and complications during in-hospital stay
were recorded.

Patient treatment and definitions
Influenza infection was confirmed by PCR analysis of pharyngeal swab tests. rCS was defined as
persistence or deterioration of hypotension and/or end-organ hypoperfusion, i.e. elevated lactate levels
(⩾2.5 mmol·L−1) plus one or more clinical sign of hypoperfusion (e.g. clammy skin, tachycardia, altered
mental status, oliguria (<30 mL·h−1), or pulmonary oedema), despite catecholamine administration
(weight-adjusted maximal dosing of two or more catecholamines) and appropriate standard shock therapy
according to groups D and E of the Society for Cardiovascular Angiography and Interventions (SCAI)
clinical expert consensus statement [10, 11]. Patients were treated according to current guidelines [7] and
a local treatment algorithm (HaCRA) for CS and cardiac arrest [12]. Detailed patient treatment
information is given in figure 2 and in the supplementary material.

Statistical analysis
Categorical parameters are given as n (%), normally distributed metric variables are presented as mean
±standard deviation (SD) and non-normally distributed metric variables as median (interquartile range
(IQR)). Comparison between time points was performed with ANOVA and the Mann–Whitney U-test as
a nonparametric test, followed by correction for multiple comparisons by the Bonferroni test or Dunn’s
test. Statistical analyses for comparison between PS-matched groups of metric parameters were performed
using unpaired t-tests as parametric tests and Mann–Whitney tests as nonparametric tests. The
Chi-squared test was applied to compare nominally scaled parameters. Thirty-day survival was calculated
using Kaplan–Meier curves and performing log-rank comparisons between the groups. Cox regressions
analysis was performed to calculate hazard ratios with 95% confidence intervals (CIs). Reported p-values
are two-sided, with p<0.05 considered statistically significant. Data were analysed using GraphPad Prism
version 7.04 (GraphPad Software, San Diego, CA, USA), R version 3.3.3 (The R Foundation for Statistical
Computing, www.r-project.org) and SPSS Statistics version 25 (IBM Inc, Armonk, NY, USA). Detailed PS
matching is presented in the supplementary material and supplementary figure S1.
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Results
Patient characteristics
A total of seven Caucasian patients without prior influenza vaccination and with rCS-complicated
influenza infection, who were treated with MCS, were analysed (mean age: 56±10 years). PCR analysis
confirmed influenza B in five patients and influenza A in two patients (numbers four and seven). In four
patients (numbers one to four), left-ventricular endomyocardial biopsy had been performed. Histological
examination revealed interstitial lymphocytic infiltration and focal myocyte necrosis (figure 3). Myocarditis
was clinically diagnosed based on symptoms, cardiac enzyme elevation and echocardiographic findings
[13] in the other three patients. A median SAVE score of −11 (IQR −12 to −8) indicated an estimated
mortality of 82% even when supported on VA-ECMO. Between January 01, 2013 and June 30, 2018, a
total of 87 patients with AMI-related rCS (n=49) or DCM-related rCS (n=38) had been treated with
ECMELLA at our institution. After 1:2 PS matching, 14 patients from the AMI-related rCS group (the
“AMI-rCS group”) and 14 patients from the DCM-related rCS group (the “DCM-rCS group”) were
included for further comparison as described in figure 1. Baseline characteristics between the groups did
not differ in a statistically significant way. Patient characteristics are shown in table 1 and in
supplementary table S1.

Intensive care and MCS characteristics
During a median intensive care unit (ICU) stay of 3 days (IQR 1–16 days) all patients were mechanically
ventilated. Transfer from a referral hospital had been performed on VA-ECMO in two patients (numbers
three and four). Four patients suffered from cardiac arrest prior to hospital admission. All resuscitated
patients had witnessed arrest and bystander resuscitation. VA-ECMO was implanted for extracorporeal
CPR (eCPR) in two patients (numbers one and six). Respiratory failure due to acute respiratory distress
syndrome (ARDS) occurred in two patients (numbers three and four ) resulting in escalation to
veno-arterial venous extracorporeal membrane oxygenation (VAV-ECMO) [14]. Impella micro-axial flow
pumps were inserted secondary to VA-ECMO based on left-ventricular distension and pulmonary
congestion in two patients (numbers one and six). Admission lactate level, frequency of cardiac arrest and
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FIGURE 1 Flow diagram of study enrolment. AMI: acute myocardial infarction; DCM: non-ischaemic
cardiomyopathy; rCS: refractory cardiogenic shock; AMI-rCS: AMI-related rCS; influenza-rCS:
influenza-related rCS; DCM-rCS: DCM-related rCS; MCS: mechanical circulatory support; VA-ECMO:
veno-arterial extracorporeal membrane oxygenation; ECMELLA: MCS with combined VA-ECMO and Impella
micro-axial flow pump; PS: propensity score; OHCA: out-of-hospital cardiac arrest.
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duration from shock onset to either first device, VA-ECMO, or Impella micro-axial flow pump use did not
differ significantly between the matched groups. Clinical course based on ICU and MCS characteristics is
summarised in table 2 and supplementary table S2. MCS provided haemodynamic stabilisation (figures 4a
and b), resulting in decreased infusion of inotropes and vasopressors (figure 4c) in patients with
influenza-related myocarditis-associated rCS. Lactate levels declined rapidly during MCS and increased in
two patients after left-ventricular recovery, probably based on subsequent sepsis following pneumonia and
ARDS (figure 4d).
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FIGURE 2 Time course of treatment in patients with refractory cardiogenic shock (rCS)-complicated
myocarditis induced by influenza virus infection. ARDS: acute respiratory distress syndrome; CAG: coronary
angiography; CS: cardiogenic shock; PE: pericardial effusion; PCI: percutaneous coronary intervention; ABD:
anoxic brain damage; CPR: cardio-pulmonary resuscitation; VA-ECMO: veno-arterial extracorporeal
membrane oxygenation; VAV-ECMO: veno-arterial venous extracorporeal membrane oxygenation; MHH:
Hannover Medical School; ICU: intensive care unit.
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Safety outcome
In one patient (number seven), the Impella micro-axial flow pump could not be repositioned in the left
ventricle after dislocation to the ascending aorta. In two patients (numbers two and three), the Impella
micro-axial flow pumps were explanted after primary left-ventricular recovery (following active
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FIGURE 3 Endomyocardial biopsies of patients supported by percutaneous mechanical circulatory support
(MCS) with refractory cardiogenic shock (rCS)-complicated non-ischaemic cardiomyopathy (DCM) and
influenza-related myocarditis. (a–c) Controls: cardiac left-ventricular biopsies of patients with
rCS-complicated DCM with percutaneous MCS. In these endomyocardial biopsies cardiomyocytes show signs
of irregular hypertrophy with varying hyperchromasia of the corresponding nuclei. Also present are unevenly
dispersed, mildly eosinophilic contraction bands, as well as a mild intracellular and extracellular oedema.
While there is some sparse interstitial inflammatory infiltration, the criteria of an active myocarditis
(according to the Dallas classification) are not met. By definition, the histological changes in dilated
cardiomyopathy are nonspecific, rendering the histopathological diagnosis one of exclusion. Signs of specific
disorders, such as granulomatous inflammation, myocardial inclusions or siderosis are absent. (d–f )
Influenza-associated myocarditis: endomyocardial biopsies of patients with rCS-complicated influenza-related
active myocarditis. There is a pronounced if unevenly distributed interstitial inflammatory infiltrate, for the
most part made up of activated T-lymphocytes. All biopsies show evidence of myocyte damage, which ranges
from prominent contraction bands to hyper-eosinophilic (early) stages of necrosis. Adjacent capillaries are
dilated, packed with erythrocytes and their endothelial nuclei are activated. Cardiomyocytes as well as the
cardiac interstitium show accompanying oedematous changes. As in (a–c), signs of specific disorders such as
granulomatous inflammation, myocardial inclusions or siderosis are absent. Scale bars=50 µm.

TABLE 1 Patient characteristics in the study

Characteristic Patients with a condition complicated by rCS

Influenza-related myocarditis
(n=7)

Myocardial infarction
(n=14)

p-value# DCM (n=14) p-value¶

Age years 55.6±9.5 57.1±8.8 NS 54.9±11.3 NS

Female gender 3 (43) 2 (14) NS 4 (29) NS

Card Shock score 5 (4–6) 5 (5–6) NS 6 (5–6) NS

SAPS II score 59.9±11.8 56.8±12.1 NS 55.3±13.1 NS

SAVE score −12 (−13 to −8) −10 (−13 to −10) NS −10 (−11 to −8) NS

SOFA score 15 (14–16) 14 (13–15) NS 14 (12–16) NS

Pre-existing conditions
Arterial hypertension 5 (71) 10 (71) NS 4 (29) NS

COLD 2 (29) 1 (7) NS 3 (21) NS

Smoking 3 (43) 5 (36) NS 7 (50) NS

Coronary artery disease 1 (14) 7 (50) NS 1 (7) NS

Transferred from referral
hospital

5 (71) 8 (57) NS 11 (79) NS

Biventricular failure 4 (57) 7 (50) NS 11 (79) NS

Data are presented as n (%), mean±SD, or median (IQR). DCM: non-ischaemic cardiomyopathy; NS: not statistically significant; SAPS: Simplified
Acute Physiology Score; SAVE: Survival After Veno-arterial ECMO; SOFA: Sequential Organ Failure Assessment; COLD: chronic obstructive lung
disease; SD: standard deviation; IQR: interquartile range. AMI: acute myocardial infarction; rCS: refractory cardiogenic shock; AMI-rCS:
AMI-related rCS; DCM-rCS: DCM-related rCS; influenza-rCS: influenza-related rCS. #: influenza-rCS versus AMI-rCS; ¶: influenza-rCS versus
DCM-rCS.
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left-ventricular unloading of 369 h (number two) and 312 h (number three)). Pulmonary influenza
infection was complicated by ARDS in three patients (numbers one, three and four) and by secondary
bacterial pneumonia in two patients (numbers two and five), with consecutive septic shock. Liver failure at
admission was present in five patients (71%; number one and numbers four to seven). No patient survived
for 30 days after hospital admission (figure 5). Withdrawal of further life support was decided upon by a
consensus view due to multi-organ failure and protracted rCS (patient number two) and distinct anoxic
brain damage (ABD) following resuscitation (patient number six) (figure 2). The remaining five patients
(numbers one, three to five and seven) died while on maximal escalated intensive care. During MCS, no
apparent thromboembolic events occurred.

Patients with influenza-related myocarditis-associated rCS suffered more frequently from secondary pneumonia
and subsequent respiratory failure necessitating escalation to VAV-ECMO compared to the DCM-rCS
group. Safety outcomes are summarised in table 2, supplementary figure S2 and supplementary table S3.

30-Day mortality in propensity score matched groups
In PS-matched groups, 57% of patients in the AMI-rCS group (n=8) and 50% in the DCM-rCS group
(n=7) survived until Day-30 after ICU admission, while their predicted mortality on VA-ECMO, based on
the SAVE score, had been 82% for both groups. All patients with influenza-related myocarditis-associated
rCS died within 18 days. Thus, 30-day survival was significantly different between the influenza-rCS group
(n=7) and both the matched AMI-rCS group (hazard ratio 3.56, 95% CI 1.07–12.83; p=0.006; n=14) and
the DCM-rCS group (hazard ratio 3.39, 95% CI 1.30–13.86; p=0.003; n=14). Kaplan–Meier curves are
provided in figure 5.

Review of the literature
A detailed literature review is provided in the supplementary material. We identified 10 cases of which
70% (n=7) were female. Mean age was 39.5±13.2 years and influenza type was determined in each case

TABLE 2 Intensive care and mechanical circulatory support (MCS)

Patients with a condition complicated by rCS

Influenza-related myocarditis
(n=7)

Myocardial infarction
(n=14)

p-value# DCM
(n=14)

p-value¶

Resuscitation 4 (57) 11 (79) NS 7 (50) NS

OHCA 2 (29) 7 (50) NS 4 (29) NS

Initial rhythm (VT/VF) 2 (100) 7 (100) NS 4 (100) NS

Witnessed arrest 4 (57) 9 (64) NS 4 (29) NS

Bystander CPR 4 (57) 8 (57) NS 4 (29) NS

ROSC min 53 (15–97) 30 (17–64) NS 15 (5–23) NS

eCPR 2 (29) 2 (14) NS 1 (7) NS

MCS
Escalation to VAV-ECMO 2 (29) 2 (14) NS 0 0.035
Biventricular support with Impella
micro-axial flow pump and VA-ECMO

7 (100) 14 (100) NS 14 (100) NS

Duration from shock to first device min 20 (2–32) 6 (4–22) NS 17 (5–28) NS

Bridge to 0.019 0.019
recovery 0 (0) 8 (57) – 2 (14) –

LVAD 0 (0) 1 (7) – 7 (50) –
transplant 0 (0) 0 (0) – 0 (0) –

Secondary pneumonia 2 (29) 0 (0) 0.035 0 (0) 0.035
Secondary ARDS 3 (43) 2 (14) NS 0 (0) 0.008
AKI at admission 6 (86) 12 (86) NS 12 (86) NS

Renal replacement therapy 6 (86) 9 (64) NS 7 (50) NS

30-day mortality 7 (100) 6 (43) 0.011 7 (50) 0.035

Data are presented as n (%) or median (IQR). p-Values in bold indicate statistical significance. DCM: non-ischaemic cardiomyopathy; NS: not
statistically significant; OHCA: out-of-hospital cardiac arrest; VT: ventricular tachycardia; VF: ventricular fibrillation; CPR: cardio-pulmonary
resuscitation; ROSC: return of spontaneous circulation; eCPR: extracorporeal CPR; VAV-ECMO: veno-arterial venous extracorporeal membrane
oxygenation; ECMO: extracorporeal membrane oxygenation; LVAD: left-ventricular assist device (durable); ARDS: acute respiratory distress
syndrome; AKI: acute kidney injury. AMI: acute myocardial infarction; rCS: refractory cardiogenic shock; influenza-rCS: influenza-related rCS;
AMI-rCS: AMI-related rCS; DCM-rCS: DCM-related rCS. #: influenza-rCS versus AMI-rCS; ¶: influenza-rCS versus DCM-rCS.
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(influenza A (n=2) and influenza B (n=8)). These patients were supported with VA-ECMO (n=8) or
Impella micro-axial flow pump (n=2) (ECMELLA (n=0)), with an in-hospital survival rate of 80% as
provided in supplementary table S4. Two patients (20%) fulfilled the applied definitions of rCS [10, 11]. A
prior influenza vaccination was not reported in any case. Three patients were in need for renal
replacement therapy and two patients (20%) suffered cardiac arrest. No patients suffered from secondary
pneumonia or ARDS and escalation of ECMO cannulation strategy was not performed.

Discussion
Our present analysis includes seven patients with rCS-complicated influenza-related myocarditis treated
with combined Impella micro-axial flow pump and VA-ECMO circulatory support (the ECMELLA
concept). Based on the extent of shock, as determined by the SAVE score (median −11, IQR −12 to −8),
these patients were at extreme risk of death. The ECMELLA strategy [16, 17] obviously improved
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FIGURE 4 Haemodynamic effects of mechanical circulatory support (MCS) in patients with refractory cardiogenic shock (rCS)-complicated
myocarditis induced by influenza virus infection (where a) systolic blood pressure (SBP); b) heart rate (HR); c) inotropic equivalent level; d) lactate
level). Despite stabilisation of haemodynamic parameters (with consequent decrease of the inotropic equivalent level) and counteracting of rCS
status (with consequent decrease of the lactate level), based on percutaneous MCS, patients died within 18 days of admission to the intensive care
unit (ICU) and cardiac arrest centre of Hannover Medical School (MHH). Catecholamine dose was evaluated by the inotrope equivalent method
(where [ug·kg−1·min−1]=dopamine+dobutamine+100·epinephrine+100·norepinephrine+100·isoproterenol+15·milrinone) [15]. *: p<0.05 versus
baseline.
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haemodynamic compromise in these patients, reduced the need for inotropes and led to Impella
micro-axial flow pump weaning in two patients after left-ventricular recovery. However, despite initial
haemo-metabolic improvement by ECMELLA, none of our severely compromised patients with
influenza-related, myocarditis-associated rCS survived. When applying PS matching to patient cohorts
with AMI-related rCS or DCM-related rCS, to account for haemodynamic compromise, patients with
influenza-related, myocarditis-associated rCS showed a significantly higher 30-day mortality rate. Patients
with rCS-complicated, influenza-related myocarditis suffered from irreversible end-organ failure
complicated by cardiac arrest (n=4, 57%) and/or liver failure (n=5, 71.4%), which was not necessarily a
consequence of rCS but rather a direct extra-cardiac organ injury caused by the influenza infection itself.
Therefore, combined MCS with ECMELLA may have had a minor impact on prognosis in these patients,
in comparison to patients with either AMI or DCM resulting in rCS. In these entities, symptoms of
end-organ failure are most probably a consequence of haemodynamic deterioration. In contrast, influenza
infection causes multiple extra-cardiac injuries that are independent of haemodynamic deterioration and
haemodynamic stabilisation by MCS is unable to improve end-organ injury. MCS strategies have yielded a
promising therapeutic concept with which to interrupt the fatal consequences of rCS [18, 19]. Due to the
lack of evidence for many MCS devices in general and their application in rarer diseases such as rCS in
myocarditis in particular, decision making with respect to MCS is an individual process based on local
experience.

In patients with rCS, MCS by combined treatment (ECMELLA) has been associated with improved
outcomes compared to singular VA-ECMO treatment [20]. Notably, that retrospective analysis also
included patients with myocarditis-associated rCS, but probably only involved infections restricted to the
heart itself. To the best of our knowledge, the MCS approach of either VA-ECMO or Impella micro-axial
flow pump in CS-complicated, influenza-related myocarditis is limited to sporadic case reports [5, 21, 22].

In our analysis, five patients (71%) were transferred from referral hospitals to our department after some
delay (median duration from shock to first device 26 h, IQR 18–40 h). Early diagnosis of myocarditis in
the case of a concomitant influenza infection is challenging based on the length of the disease course prior
to hospital admission, variability in clinical presentation, comorbidities and challenges in influenza virus
detection [23, 24]. This might delay the transfer of severely compromised patients to tertiary hospitals.
Furthermore, invasive haemodynamic monitoring is not commonly performed in all patients with
borderline or compensated CS. An obvious contributor to counteracting the cardio-metabolic deterioration
of CS is door to support time [8, 25]. Therefore, we considered duration from shock to first device in
PS-matching, in addition to biventricular failure at admission and out-of hospital cardiac arrest (OHCA).
Both matched cohorts showed a significantly higher survival rate compared to the influenza cohort within
30 days of ICU admission and as predicted by the SAVE score.

The ECMELLA concept, as well as the standardised care on our ICU, was thus clearly able to benefit
extremely compromised rCS patients. However, patients suffering from influenza-related,
myocarditis-associated rCS did not profit from haemodynamic stabilisation. Cardiac end-organ damage
owing to influenza-related, rCS-complicated myocarditis is presented in left-ventricular endomyocardial
biopsies (figure 3). Additionally, the severity of myocardial damage in influenza-related myocarditis is
enhanced owing to cytokines and an overwhelming inflammatory response [24, 26–28]. We concluded
that in these patients the probability of myocardial recovery was less than expected in comparison to the
PS-matched DCM cohort.

On first sight, our results seem to be in contrast to previous case reports, which indicate a low mortality
rate in patients with influenza-related, CS-complicated myocarditis supported by VA-ECMO or Impella
micro-axial flow pump (supplementary table S4). Overall, the variance of in-hospital survival of patients
with influenza-related myocarditis between our cohort and the historic patient examples may be explained
by their younger age (55.6±9.5 years versus 39.5±13.2 years), absence of additional influenza-related
complications, the severity of CS and subsequent differences in end-organ damage.

Similarly, in the current pandemia of another challenging RNA-virus (severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)), older age and comorbidities, as well as virus-related complications and
end-organ damage, are associated with impaired outcome [29]. The infection presents with influenza-like
symptoms (e.g. fever, cough, headache, fatigue, myalgia, and shortness of breath) and can ultimately result
in multi-organ dysfunction involving ARDS, acute liver failure, acute kidney injury (AKI) and acute heart
failure [29–31]. Two recently published articles describe coronavirus disease 2019 (COVID-19) associated
myocardial injury detected by elevated high-sensitivity troponin I and troponin T levels [32, 33]. Notably,
in both of these analyses, myocardial injury was associated with a higher degree of in-hospital mortality.
In a similar fashion to influenza virus infection, the cases reported by INCIARDI et al. [34] describe
myocardial injury that might be represented by acute myocarditis. However, due to scarce reports of cases
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of MCS in rCS related to confirmed COVID-19 diagnoses, the effect of ECMELLA on mortality in these
patients cannot be extrapolated from our analysis and, therefore, remains uncertain [29, 35]. Nevertheless,
the experience of futile causes gained in influenza-related, myocarditis-associated rCS patients, due to the
extra-cardiac end-organ damage caused by the virus, might well be applicable in the case of COVID-19.

In summary, all cases of rCS related to influenza-infection were observed in non-vaccinated patients over
two epidemic seasons. Therefore, physicians should emphasise the importance of influenza vaccination in
both healthy people and in patients with pre-existing cardiac disease [36]. Furthermore, AMI- and
DCM-related rCS affect primarily cardiomyocytes selectively, while influenza infection secondarily affects
the heart by a systemic inflammatory response while it also hits other vital organs. Thus, influenza causes
severe end-organ damage that might not be salvageable by MCS, in contrast to the beneficial effects
observed in the primary cardiac causes of rCS. As such, MCS should be considered carefully in patients
with influenza-related myocarditis-associated rCS, in particular in relation to the fatal outcome. However,
without indicators for the irreversible stage of end-organ failure or the diagnosis of influenza infection in
these patients, MCS strategies seem to be the only option to treat acute haemodynamic deterioration and
prevent early death. Further analyses of ECMELLA support in patients with influenza-associated,
myocarditis-related rCS are warranted to verify our hypothesis.

Limitations
Based on the retrospective and observational design, no randomised control group is available. The
observational registry reports only a small series of patients with rCS-complicated influenza virus infection.
Registries provide relevant information for therapeutic approaches in rare diseases and, while the results
may be hypothesis generating, patients with influenza-associated, myocarditis-related rCS are scarce and
represent a subset of severely compromised patients. Therefore, we cannot extrapolate in this analysis on
whether an earlier implantation of MCS would have resulted in a beneficial effect and to what extent
respiratory failure, ARDS and secondary pneumonia contributed to mortality. Furthermore, the results of
PS-matching with small patient numbers can only be carefully extrapolated based on possible biases
regarding potentially unknown covariates [37].

Conclusions
We show that rCS in influenza-related myocarditis seems to have a fatal course despite implantation of
combined MCS. As such our data do not support the concept of standardised aggressive use of MCS in
these patients. Nevertheless, the alternative without MCS being an immediate fatal outcome will often
trigger implantation; however, this might not influence prognosis in a relevant fashion.
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