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ABSTRACT

COVID-19 and sepsis pose great challenges to clinicians and growing evidence is demonstrating links between the
two conditions. Both can be complicated by acute heart failure. The use of levosimendan in patients with ventricular
dysfunction during COVID-19 infection and sepsis has very little evidence. A 46-year-old, hypertensive and obese
patient was admitted for severe left ventricular failure and shock during sepsis following a COVID-19 infection. The
patient was treated first with norepinephrine, which was partially effective, then with the addition of levosimendan
as a continuous 24 hours infusion. Vital signs and echocardiographic systolic performance indices, such as FE, SVi, Cl,
dP/dT, TAPSE, and tricuspid S-wave velocity, as well as diastolic function, were recorded at access, 12 and 24 hours.
After initiation of levosimendan, a rapid improvement in vital signs and systolic and diastolic performance indices
was observed, not depending on changes in preload, afterload, and inflammatory status. Blood cultures were
negative for the presence of bacteria, thus defining the picture of likely viral sepsis. Cardiac magnetic resonance was
determinant, showing a picture of myocarditis sustained by immune processes rather than direct viral injury, which
was confirmed by endomyocardial biopsy. In conclusion, this case highlights the efficacy of levosimendan in acute
heart failure complicated by shock due to COVID-19-related myocarditis and concomitant sepsis and confirms cardiac
magnetic resonance as the gold standard for the diagnosis of myocardial inflammatory disease. To the best of our
knowledge, this is the first documented case of effective use of levosimendan in this context.

KEYWORDS: acute heart failure; cardiovascular magnetic resonance imaging; COVID-19 disease; levosimendan;
myocarditis; viral sepsis

Bl INTRODUCTION sepsis in phenotype. On the other hand, COVID-19 infection
i . is associated with an increased risk of developing bacterial

_The COVID-19 pandemic has been and continues to be a  gepsis. Among the most impactful complications of both
difficult trial for health systems and physicians around the COVID-19 disease and sepsis is heart failure, almost always

world. Similarly, sepsis is a frequent clinical condition in the secondary to inflammatory-type damage. Levosimendan
hospital setting and still presents a challenge to the clinician. represents one of the new milestones in the treatment of
Indeed, both conditions are associated with serious and acute heart failure, as it is characterized by a positive ino-

potentially life-threatening consequences. The !ink between tropic effect not associated with increased oxygen consump-
COVID-19 disease and sepsis has been a subject of study tion. However, there is still little evidence on the efficacy of
from the earliest moments. Growing evidence shows that, in levosimendan in acute heart failure in course of sepsis,
the COVID-19 era, a certain percentage of cases labeled as  COVID-19-related myocarditis, or both. We present a case of
bacterial sepsis are COVID-19 disease courses that mimic  effective levosimendan therapy in a patient with acute heart

failure and cardiogenic shock due to acute left ventricular
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B CASE

A 46-year-old man with a history of arterial hypertension
and obesity as the only known diseases was admitted for
fever, hypotension, and marked asthenia. A few weeks
earlier, the patient underwent a cardiological examination
with an electrocardiogram (ECG) and transthoracic echocar-
diography (TTE) for hypertension follow-up, showing
normal findings. Two weeks prior to hospital admission,
a COVID-19 infection characterized only by rhinitis and mild
cough had occurred. On admission to our intensive care unit
(ICU), the patient was alert, oriented, cooperative, and
asthenic. He presented with blood pressure (BP) of 85/55
mmHg and a heart rate (HR) of approximately 120 bpm,
arterial oxygen saturation of 85% in spontaneous respiration,
and fever with a body temperature of 38.3 C° (Table 1).
A femoral central venous catheter (CVC) was positioned. The
ECG showed sinus tachycardia with a rate of 122 beats
per minute (bpm), diffuse low voltages, and the absence of
significant repolarization abnormalities (Fig. 1). The blood

Table 1. Vital signs on access and at 12 and 24 hours.

access 12" hour 24 hour
BP (mmHg) 85/50 100/60 125/70
HR (bpm) 122 110 95
BT (C) 38.3 37.6 37.9

VR

e et i e A e A e o A PN A P ANA e A i

e e\ ey A e A et et s\t et ot et A et strn i i i
| | |

P —r— e —— (i —, (. e e st e, e ety g,

| =B | R et B e 3 | P "
Jm N el el v N o) s VLT UGN

Archive of Clinical Cases

test showed neutrophilic leukocytosis with a white blood cell
count of 26800 x 1000/mm3, C-reactive protein (CRP) eleva-
tion with a value of 17.4 mg/dl, Procalcitonin elevation with
a value of 11.7 ng/ml, elevated high sensitivity Troponin
(hs-Tn) with a value of 23000 ng/L, elevated brain natriuretic
peptide (BNP) with a value of 6890 pg/ml, elevated creati-
nine with a value of 1.8 mg/dl and transaminases and total
bilirubin; reverse transcription-polymerase chain reaction
(RT-PCR) nasopharyngeal swab for COVID-19 was negative.
COVID-19 IgM antibody test was performed resulting in
high IgM levels. The TTE showed normal left ventricular
(LV) cavitary dimensions, as expressed by an indexed end-
diastolic volume (EDVi) of 41 ml/m2, diffuse LV parietal
thickening with thicknesses of 15-16 mm, not present in a
TTE performed a few weeks earlier, with several areas of
increased myocardial echogenicity (Fig. 2), severely reduced
LV global systolic function with an ejection fraction (EF)
quantified by Simpson biplane method of 26%, a dP/dT ratio
of 672 mmHg/sec, indexed stroke volume (SVi) calculated
by velocity-time integral (VTI) method of 11 ml/m2 with a
cardiac index (CI) of 1.3 1/min/m2, elements defining the
picture of low output. Grade II LV diastolic dysfunction was
also present. The TTE also showed normal cavitary dimen-
sions and reduced global right ventricular (RV) systolic
function defined by a basal end-diastolic diameter (EDD) of
37 mm and mean diameter of 28 mm, and TAPSE 14 mm
tricuspid S-wave velocity at tissue doppler imaging (TDI) of
7.3 cm/sec. The inferior vena cava (IVC) was dilated with a
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Fig. 1. ECG. Diffuse low voltage in the acute phase with gradual normalization over a period of about 20 days was observed.
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Fig. 2. TTE. Several areas of increased myocardial echogenicity (arrows) involving the ventricular septum, the anterior, lateral, inferior

walls and the RV free wall were detected.

maximum diameter of 26 mm with inspiratory collapse
<50%. The right ventricular systolic pressure (RVSP) was
41 mmHg (26 + 15). The examination also showed the absence
of hemodynamically significant valvulopathy and a slight
amount of pericardial effusion, not associated with signs of
hemodynamic involvement.). The patient was then evalu-
ated by a thoracic computed tomography scan that showed a
picture of perivascular aortic and pulmonary adipose tissue
imbibition and by abdominal ultrasonography that showed
no significant findings. Blood cultures were started, and the
patient was then treated with broad-spectrum antibiotic
therapy, including INN-daptomycin and piperacillin/tazo-
bactam, crystalloid hydration, and nasal cannula ventilatory
therapy with four 1/min oxygen flow. Therapy with
norepinephrine in continuous intravenous infusion at a
dosage of 0.6 micrograms (mcg)/Kg/min was also initiated,
obtaining a poor hemodynamic response, despite increasing
the dosage to 0.9 mcg/Kg/min, defined by BP of 90-95/
60 mmHg and persistence of oliguria. For these reasons,
therapy with levosimendan was initiated. Bolus administra-
tion was avoided in light of the general clinical condition
characterized by renal and hepatic organ damage. Contin-
uous maintenance intravenous infusion was directly initiated
at a 0.1 mecg/kg/min dosage. At 12 hours after the start of
the infusion, BP had increased to 100/60 mmHg, and HR
had decreased to 110 bpm. Further hemodynamic improve-
ment was observed 24 hours after the start of infusion with
evidence of BP 125/70 mmHg, HR 95 bpm, diuresis since
the start of infusion of 1800 ml. A control with TTE was
performed at the 12th and 24th hours after the start of
infusion with evidence of clear and progressive improve-
ment of systolic performance indices. In fact, at the 24th hour
after the start of the infusion, LV EF was 66%, dP/dT ratio
was 1275 mmHg/sec, TAPSE 23 mm, the tricuspid S-wave
velocity at TDI was 11.2 cm/sec, SVi was 27 ml/m2 with a CI
of 2.51/min/ma2. LV diastolic function showed improvement
from grade II to normal. IVC showed a maximum diameter
of 18 mm with complete inspiratory collapse, RVSP was 28
mmHg (23 +5) (Table 2), diffuse parietal thickening persisted
with increased myocardial reflectivity with unchanged
features. Twenty-four hours after the start of levosimendan
infusion, no significant changes were observed in LV and RV

Table 2. Echocardiographic parameters on access and at 12 and
24 hours.

TO 12" hour 24 hour

LV EDV index (ml/m2) 41 43 42
LV EF (%) 26 42 64
dP/dT (mmHg/sec) 672 808 1275
SV index (ml/m2) 11 17 27
Cl (I/Kg/min) 1.3 1.87 2.5
LV DF Grade I Grade I Grade |
RV basal EDD (mm) 37 37 39
RV mid EDD (mm) 28 27 29
TAPSE (mm) 14 17 23

S’ wave TDI (cm/sec) 7.3 9 11.2
IVC diameter (mm) 26 20 18
IVC collapse (%) <50 <50 100
RSVP (mmHg) 46 38 28

Table 3. Blood test parameters on access and at 12 and 24 hours.

access 12" hour 24 hour
WBC (x1000/mm3) 26800 24300 25000
CRP (mg/dl) 23 24 21
Procalcitonin (ng/ml) 11.7 12.1 11.6
Hs Tn (ng/L) 23000 17000 9000
BNP (pg/ml) 6890 3740 1080

volumes and inflammation indices showed no substantial
differences compared with access (Table 3). Figure 3 depicts
the trend of the indices of LV and RV systolic performance as
well as the indices of preload, afterload and inflammation
over time. Meanwhile, blood culture results were available,
all negative. After obtaining clinical stability, the CVC was
removed and a culture of its tip was performed, also with
negative results. The patient was evaluated with cardiac
magnetic resonance imaging (CMR). Steady-state free pre-
cession-CINE (SSFp-CINE), double inversion recovery/T1
weighted (DIR/T1w), triple inversion recovery/T2 weighted
(TIR/T2w), EGE (early gadolinium enhancement), and LGE
(late gadolinium enhancement) sequences were performed.
Normal LV and RV volumes and systolic function were
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Fig. 3. This graph depicts the improvement in left ventricular systolic performance indices over time. Of note, concomitant with this
improvement was no substantial change in afterload, as expressed by LV and RV size, afterload in relation to Norepinephrine rate

infusion, and indices of inflammation.

confirmed in the SSFp-CINE sequences. There was evidence
of mild hypokinesia of the mid and basal segments of the
lateral and inferolateral walls in the same sequences. In the
TIR/T2w sequences, there was increased signal intensity
defined as the ratio of skeletal muscle intensity > 1.9,
suggesting edema, spread to almost all LV myocardial
segments, with a higher ratio seen with subendocardial
localization at the basal and mid segments of the interven-
tricular septum, both on the right and the left side of it, the
inferior basal wall, and the basal and mid segments of the
lateral and inferolateral walls, in the latter case with nearly
total transmurality. In these last segments, in the area
characterized by enhancement, a stria with an isointense
signal compared with healthy myocardium was found,
suggesting a spared area. Furthermore, edema and EGE/
LGE, involving basal segments of the free wall of the RV and
the pericardium at the lateral level, were detected. (Fig. 4).
CMR findings defined a picture compatible with immune-
mediated myocarditis. An endomyocardial biopsy per-
formed two days later confirmed a painting of lymphocytic
myocarditis. Given the subendocardial distribution of edema
and LGE, a result that did not allow us to exclude an
ischemic origin, we proceeded to perform coronary arterio-
graphy, which showed normal coronary circulation. After 21
days of hospitalization, the patient was discharged with
excellent hemodynamic compensation and normal labora-
tory, electrocardiographic, and echocardiographic findings.
TTE performed at 1 and 3 months after discharge showed
normal findings, particularly normal LV and RV systolic and
diastolic function.

B DISCUSSION

Sepsis is a clinical condition still representing a challenge
for the clinician as well as a high economic impact condition
for national systems worldwide. This condition has an
estimated incidence of more than 49 million cases per year,
of which about one-fifth die [1] and is frequently under-
diagnosed, misdiagnosed or diagnosed with delay and is
often associated with serious and potentially fatal conse-
quences [2]. The link between COVID-19 disease and sepsis
represents one of the most widely considered issues being
studied since the beginning of the pandemic era. While it has
been shown that COVID-19 infection may be a risk factor for
the development of bacterial sepsis, likely due to an immune
system imbalance during the COVD-19 infection [3], on the
other hand, growing evidence is showing how, in a certain
percentage of cases COVID-19 presents acute manifestations,
including those regarding blood tests, very similar to those
of bacterial sepsis, most likely due to cytokines and other
factors that are typically released during sepsis [4,5] leading
to the definition of viral sepsis in the course of COVID-19
infection [5]. This phenomenon often leads to misdiagnosis
of bacterial sepsis when the patient is actually in the course
of viral sepsis [6]. In this case, the negative result of blood
and CVC cultures performed could suggest the hypothesis
that the inflammatory manifestations were due to viral sepsis
with immune mechanisms sequelae of COVID-19 infection
rather than bacterial sepsis. Among the most feared
complications of sepsis, multi-organ failure is described,
including acute cardiac failure, which plays a central role in
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Fig. 4. CMR. In the TIR/t2w sequences, there was an increase in signal intensity compatible with edema, spread to almost all LV
myocardial segments, with a higher ratio seen with subendocardial localization to the basal and middle segments of the
interventricular septum, both on the right and left sides of it, the inferior basal wall, and the basal and middle segments of the lateral
and inferolateral walls, in the latter case with almost total transmurality. In addition, edema was seen involving the basal segments of
the RV free wall and the pericardium at the lateral level (A and B, white arrows). To the areas of edema, corresponded enhancement in
the EGE (not shown) and LGE sequences (C and D, white arrows). At the level of the lateral wall, in the area characterized by edema and
enhancement, there was a stria with the same signal intensity as in healthy myocardium suggesting a spared area (yellow arrows).

the pathogenesis of other organ failures such as renal and
hepatic failure [7,8]. On the other hand, COVID-19 infection
is also associated with acute cardiovascular manifestations,
even major ones such as myocarditis [9]. Several modalities
by which COVID-19 disease determines myocardial inflam-
mation or injury have been hypothesized. Among the most
accredited hypotheses are direct viral damage, systemic
inflammation, myocarditis mediated by immune mechan-
isms and exaggerated cytokine dismission [10]. A certain
percentage of cases of myocarditis related to COVID-19
present heart failure at onset, in turn complicated by
cardiogenic shock in about 50% of cases [11]. Levosimendan
represents one of the new cornerstones in treating acute heart
failure and its efficacy has also been studied and confirmed
in cardiogenic shock (12 Buerkem). One of the main
advantages of levosimendan over other inotropes is repre-
sented by a positive inotropic effect not associated with
increased oxygen consumption due to its mechanism of
action of sensitizing myocyte Troponin C to calcium, regard-
less of intracellular calcium concentration. However, levosi-
mendan also has a pulmonary and systemic vasodilator
effect due to its action on adenosine triphosphate-dependent
mitochondrial potassium channels [13]; thus, its use should
be very cautious and, in any case, used in conjunction with

the administration of a vasoconstrictor when in the presence
of conditions characterized by a vasodilatory component
such as septic shock. Less evidence is available regarding the
use of levosimendan in septic shock and its benefits are
uncertain in these cases [14]. However, the studies conducted
on levosimendan have considered patients with anamnestic
chronic heart failure in the decompensation phase of
ischemic, primary, and valvular origin in the vast majority
of cases. In these studies, otherwise healthy patients who
presented with an acute reduction in global left ventricular
systolic function in the course of a septic state are poorly
represented, as well as patients with heart failure secondary
to myocarditis. Even lesser evidence is available regarding
the use of levosimendan in acute left ventricular systolic
dysfunction during COVID-19-related myocarditis. In our
patient, since the first evaluation, acute LV dysfunction could
be attributed with sufficient certainty to an inflammatory
process, considering the presence of echocardiographic
elements suggestive of myocardial inflammation and the
fact that routine echocardiography a few weeks earlier
showed normal findings. Indeed, the genesis of hypotension
and subsequent shock was less defined. These, in fact, could
have depended both on the acute cardiac dysfunction
and the presence of sepsis. In any case, the concomitant
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administration of norepinephrine allowed the opportunity to
use levosimendan with a good margin of safety in light of
the above reasons. The improvement in LV and RV systolic
performance indices can be legitimately attributed to the
levosimendan effect in this case. First, LV and RV volumes
were essentially stable throughout the evaluation, making
it unlikely that the functional improvement was due to
different preload conditions. Carrying the same concept to
the afterload state, Noradrenaline posology was not changed
over the described time frame. Last but not least, two
elements deserve to be considered. One is represented by the
fact that the value of the inflammatory indices at the 24th
hour from the start of levosimendan infusion remained
substantially superimposable on the one detected at access;
the other element consists in the fact that the TTE signs
suggestive of myocardial edema, such as diffuse parietal
thickening with increased myocardial echogenicity [15],
persisted at the 24th-hour control. These findings make it
unlikely that the improvement in the hemodynamic picture
was secondary to a significant improvement in the general
condition of a non-cardiovascular nature, specifically the
inflammatory state. The improvement in RV systolic function
confirms the effectiveness of levosimendan in increasing the
inotropic state of both ventricles [16]. In the first instance, the
reduction in RVSP may be interpreted as consensual with
the improvement in global LV systolic function resulting in
improved pulmonary postcapillary pressures. However, the
known vasodilator effect of levosimendan on the pulmonary
circulation may have contributed to this as well [17].
Regarding the positive trend that LV diastolic function had,
some considerations can be made. In the first instance, the
simplest and most direct hypothesis is that improving
diastolic function could be consensual to that of systolic
function [18]. However, levosimendan therapy could also
represent at least a concomitant cause of the phenomenon, as
demonstrated by some evidence showing that levosimendan
could positively affect LV diastolic function even indepen-
dently of any improvement in systolic function [19]. Finally,
a reduction in parietal edema could also have contributed to
improving diastolic function. However, the latter hypothesis
seems less likely in this context because echocardiographic
elements suggestive of myocardial edema/inflammation
persisted even at 24th hours. As for the inflammatory
process leading to the acute reduction in left ventricular
systolic and diastolic function, in this case, the differential
diagnosis should include bacterial myocarditis, sepsis-
related cardiac dysfunction and myocarditis related to
COVID-19 infection, in turn, possibly expressed as myocar-
ditis with direct viral injury and myocarditis mediated by
immune pathways, or both. The hypothesis of myocarditis
sustained by bacteria is in itself unlikely in this context in
light of the serial search for bacteria in the blood and on the
CVC, all of which were negative as already mentioned. The
search for the presence of COVID-19 by RT-PCR nasophar-
yngeal swab, which was negative, together with the
detection of high values of IgM anti-COVID-19, correlates
well with the hypothesis of phlogistic involvement likely
secondary to infection by COVID-19 but sustained by an
immune process rather than by direct viral damage [20,21].
However, CMR imaging played a key role in this case. First,
the absence of subepicardial involvement made myocarditis
from direct viral or bacterial damage very unlikely. On the
other hand, subendocardial involvement is not typical of a
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septic heart; in fact, this finding is typically an expression of
ischemic damage. Nevertheless, subendocardial involvement
may also represent an atypical and rarer pattern related to
myocarditis, particularly for the types sustained by immune
mechanisms [22]. Endomyocardial biopsy, showing lympho-
cytic myocarditis, confirmed the latter hypothesis. As men-
tioned above, subendocardial localization is typically related
to ischemic damage. Thus, given the normal angiographic
picture under stable conditions, it is not excluded that there
may also have been a coronary vasospastic component
induced by the inflammation, as already shown by some
evidence [23]. Nevertheless, the involvement of basal
segments with sparing of middle and apical ones, the mild
regional Kkinetics abnormalities despite the nearly total
transmurality in some segments, the mid-wall myocardial
sparing zone into the damaged myocardium are elements
that make the ischemic hypothesis less likely in this case. The
behavior of ECG was characterized by the absence of
ischemic repolarization changes and new Q waves, diffuse
low voltage in the acute phase with gradual normalization
despite the constant quantity of the pericardial effusion,
which appears to be in keeping with the presence of diffuse
myocardial edema [24] with gradual resolution rather than
the development of ischemic necrosis. To the best of our
knowledge, this is the first documented case of effective use
of levosimendan in this context.

Bl CONCLUSIONS

Levosimendan was found to be effective towards both left
ventricular and right ventricular systolic function and left
ventricular diastolic function in this case of acute heart
failure due to COVID-19 related myocarditis in the course
of viral sepsis. Further studies are needed to confirm the
efficacy of this drug in this population. The case confirms the
role of cardiac magnetic resonance imaging as the gold
standard for diagnosing and defining inflammatory myo-
cardial disease before the endomyocardial biopsy stages. The
diagnosis of bacterial sepsis in the COVID-19 era, especially
in critically ill patients, is more complex and must always
consider the possibility of viral sepsis in the differential
diagnosis. Further studies are needed to delineate better
the aspects that will allow an early differential diagnosis
between the two conditions.

Key messages

e Both COVID-19 and sepsis can be complicated by acute
heart failure and growing evidence is demonstrating links
between the two conditions.

o The use of Levosimendan still has very little evidence in
those contexts.

o We present a case that highlights the efficacy of levosi-
mendan in acute heart failure complicated by shock due to
COVID-19-related myocarditis and concomitant sepsis and
confirms CMR as the gold standard for the diagnosis of
myocardial inflammatory disease.

Informed consent

Written informed consent was obtained from the patient
for publication of this case report and accompanying images.
A copy of the written consent is available for review by the
Editor-in-Chief of this journal.
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