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Abstract

Multisystem Inflammatory Syndrome in Adult (MIS-A) is a rare COVID-19 complication, presenting as fever with laboratory
evidence of inflammation, severe illness requiring hospitalization and multisystem organ involvement. We report on a
25-year-old man presenting with fever, rash, abdominal pain, diarrhoea and vomiting following prior asymptomatic
COVID-19 infection. He developed refractory shock and type 1 respiratory insufficiency requiring mechanical ventilation.
Diagnostic testing revealed significant inflammation, anemia, thrombocytopenia, acute kidney injury, hepatosplenomegaly,
colitis, lymphadenopathy and myocarditis necessitating inotropy. Ventilatory, vasopressor and inotropic support was weaned
following pulse corticosteroids and intravenous immunoglobulins. Heart failure therapy was started. Short-term follow-up
shows resolution of inflammation and cardiac dysfunction.
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Introduction and adolescents up to 21 years old, termed Multisystem
Inflammatory Syndrome (MIS-C).**™*3 Rare reports of this
Severe Acute Respiratory Syndrome CoronaVirus 2 (SARS-  syndrome were described in adults (MIS-A).***°
CoV-2) is the causative agent of the current COronaVlrus
Disease-2019 (COVID-19) pandemic.® About 40% of adult
COVID-19 infections are asymptomatic.? Clinical presentation
of COVID-19 is heterogeneous ranging from a mild to severe
respiratory phenotype.? Gastro-intestinal and dermatological

symptoms are also reported, suggesting multisystem

Case Report

A 25-year-old man, with a recent (four weeks earlier)

involvement.* Some patients present with critical respiratory
disease, often complicated by acute respiratory distress
syndrome, acute kidney injury, thrombo-embolism and
secondary infections with septic shock, associated with high
mortality.”® In children, clinical presentation is generally mild
and rarely critical.>*° An atypical Kawasaki disease or toxic
shock-like syndrome was reported, occurring four weeks
after an asymptomatic or mild COVID-19 infection in children

asymptomatic COVID-19 infection, was referred to our
Intensive Care Unit (ICU) for evaluation and treatment of an
unexplained shock syndrome. There was no history of
smoking, alcohol or drug use. There was no exposure to other
infectious or toxic agents and he exercised recreationally. The
patient was double BNT162b2 vaccinated with the last dose
nine months before admission. He presented to his general
practitioner with fever (>39°C), abdominal pain, vomiting
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and diarrhoea for four days. Ambulatory biochemical
evaluation revealed elevated Erythrocyte Sedimentation
Rate and C-Reactive Protein (CRP) with normal white
blood cell count (Supplementary Table S1). Chest
radiography was normal (Figure 1A). Amoxicillin/clavulanic
acid was prescribed which was switched to cefuroxime
following the occurrence of a diffuse erythematous and
maculopapular rash.

Worsening clinical condition caused the patient to present
to the emergency department. Clinical examination showed
an ill patient with dyspnoea and diffuse abdominal pain.
Heart-lung auscultation was normal. Rash persisted with
associated bilateral conjunctivitis without other mucosal
lesions. Blood pressure was 141/80 mmHg, pulse 110 bpm,
temperature 37.8°C and oxygen saturation 98% without
supplemental oxygen. ECG showed sinus tachycardia with
new, diffuse PR-depression (Figure 2). Blood analysis
demonstrated neutrophilia, thrombocytopenia, lymphopenia,
high ferritin and D-dimer test, CRP doubling since visiting his
GP and increased serum creatinine, gamma-glutamyl
transferase, alkaline phosphatase and total bilirubin
(Supplementary Table S1). Thoraco-abdominal Computed
Tomography (CT) was performed because of suspected
intra-abdominal sepsis and revealed uncomplicated
ileocaecal inflammation, mesenteric lymphadenopathy,
splenomegaly, normal lung parenchyma and discrete pericar-
dial effusion. Transthoracic echocardiography (TTE) showed
normal cardiac morphology and function without significant
pericardial effusion. Blood, sputum, stool and urine cultures
were incubated and the patient was switched to intravenous
ciprofloxacin and metronidazole because of suspected
intra-abdominal sepsis. Over the next two days, the patient
developed hypotension and high anion gap metabolic
acidosis due to lactic acid accumulation, necessitating fluid
resuscitation and norepinephrine.  Concurrently, he
developed type 1 respiratory insufficiency treated with High

Flow Nasal Oxygen and, finally, sedation, intubation and
mechanical ventilation.

Because of further clinical deterioration, thoraco-
abdominal CT was repeated upon arrival in our hospital and
showed terminal ileitis and diffuse colitis with increased
lymphadenopathy, hepatosplenomegaly, new ascites and
bilateral pleural effusions (Figure 3). Failure of shock
resolution and persistent inflammation prompted antimicro-
bial escalation to meropenem and vancomycin. With
persistent suspicion for intra-abdominal septic shock and
no etiological explanation on repeat imaging, an urgent
exploratory laparoscopy was performed and showed
moderate clear ascites without any signs of infection. Ascites
was recovered for culture. Because of unexplained shock
with increasing vasopressor doses, worsening peripheral
perfusion and increasing lactate, a repeat TTE was
performed. It showed a mildly dilated left ventricle with
moderately decreased ejection fraction due to anteroseptal
akinesia and hypokinesia of the other segments, as well as
a 6 mm circumferential pericardial effusion without
tamponade physiology (Supplementary Video S1 and
Supplementary Table S2). New chest radiograph showed
cardiomegaly, bilateral pleural effusions and pulmonary
edema (Figure 1B). High sensitive troponin T was dynamically
elevated up to 288 ng/L and NT-pro-BNP was 28,770 pg/mL
(Supplementary Table S1). Because of suspected myocarditis
and cardiogenic shock, dobutamine was associated, as well as
levosimendan. Cardiac MRI (CMR) was performed four days
after hospital admission and showed a moderately dilated
left ventricle with moderately reduced systolic function,
evidence for non-ischemic myocardial injury (increased
myocardial extracellular volume by T1-mapping) and focal
myocardial edema in the anterior and apicolateral segments
on T2-weighted images, but no focal myocardial late gadolin-
ium enhancement, fulfilling the 2018 Lake Louise criteria for
myocarditis (Figure 4).*° Pericardial inflammation was

Figure 1 Ambulatory chest radiograph (panel A) and following transfer to the referral ICU department (panel B).
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Figure 2 12-lead ECG showing sinus tachycardia and diffuse PR-depression. ECG recorded at 25 mm/s and 10 mm/mV.
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Figure 3 Computed tomography following transfer to the academic ICU department showing bilateral pleural effusion and mild pericardial effusion
(white arrowheads) (panel A), hepatosplenomegaly (panel B) and colitis with adjacent ascites (white arrowheads) in the right lower quadrant (panel C).

(A)

apparent by the presence of pericardial effusion, thickening
and gadolinium enhancement on CMR (Figure 4). Retrospec-
tive CT evaluation confirmed normal coronary arteries.
Rhythm monitoring revealed no arrhythmia. Cultures,
auto-immune and viral serology remained negative. PCR
revealed persistently high SARS-CoV-2 viral load, more than
four weeks after the initial positive test, in the presence of
anti-N IgG.

MIS-A was diagnosed because of the suggestive rash,
conjunctivitis, gastro-intestinal symptoms, thrombocytope-
nia, fever, major inflammation, shock and severe myocarditis
with cardiac failure and lack of any other explanation and
underlying infection. Intravenous immunoglobulins (IVIGs,
2 g/kg for 1 day, maximum 100 g) and pulse corticosteroids
(10 mg/kg/d for 3 days, maximum 1 g/d) were started.'”:*
The patient improved and was weaned off ventilatory,
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Figure 4 Cardiac MRI scan showing dilated left ventricle and mild pericardial effusion (white arrowheads) on cine images (panels A). Myocardial
edema in the anterior and lateral apical segments (white arrowheads) on STIR-T2 weighted images (panels B). Pericardial enhancement, and no myo-
cardial late gadolinium enhancement (panels C). Pre- and postcontrast T1 maps from which a myocardial extracellular volume of 31% (normally
25.3 + 3.5%) was calculated (panels D). Indexed myocardial mass was augmented (193 g/mz, normally <107 g/mz).

inotropic and vasopressor support within three days.
Antibiotics were discontinued two days later. ECG showed
regression of PR depression. TTE showed improved
anteroseptal contractility, increased LVEF and regressed
pericardial effusion (Supplementary Table S2). Corticoste-
roids were continued orally (2 mg/kg/d) and slowly tapered
over six weeks. Proton pump inhibitor and calcium/vitamin
D supplements were associated. Heart failure therapy
(bisoprolol 2.5 mg and lisinopril 10 mg daily) was titrated.
Because left ventricular function improved rapidly following
start of pulse corticosteroids and IVIGs, lisinopril was not
escalated to valsartan-sacubitril and no mineralocorticoid
receptor antagonist was associated. Low-dose aspirin was
associated to prevent vascular events. At ambulatory

short-term follow-up following hospital discharge the patient
was asymptomatic and without inflammation. Resting ECG
was normal and TTE showed lower septum and posterior wall
thicknesses, as well as normalisation of left ventricular
diameters and systolic function (Supplementary Table S2
and Supplementary Video S2). Heart failure therapy and low
dose aspirin will be discontinued in the future.

Discussion

COVID-19-associated MIS was first reported in children in
April 2020 as a Kawasaki disease- and toxic shock-like
hyperinflammatory syndrome.>™® The Center for Disease
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Figure 5 Development and clinical presentation of MIS-C/A. SARS-CoV-2-infection results in hyperinflammation with tissue damage resulting in
multisystem organ damage and/or failure that may be treated with immunomodulatory agents.
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Control (CDC) released a MIS-C definition (Box 1) in May
2020.%° Since June 2020, a similar syndrome was described
in adult patients.***>2° MIS is a rare COVID-19 complication:
316 per 1000000 SARS-CoV-2 infections in children.?
Currently, more than 221 MIS-A cases have been reported
and analysed in two systematic reviews.?>?* Patients gener-
ally develop MIS-A four weeks after COVID-19 infection. Most
are male (70%) and 21-34 years old, but the oldest is
84 years.*? Currently, COVID-19 vaccination is not associated
with MIs.**

MIS-A is diagnosed by exclusion. The CDC defines MIS-A in
patients aged > 21 years old hospitalized for > 24 hours, or
with an illness resulting in death, who meet the clinical
criteria and laboratory evidence summarized in Box 1.%° The
criteria must be met by the end of the third hospital day.
The patient should not have a more likely alternative diagno-
sis for the illness such as sepsis or exacerbation of a chronic
medical condition. In this case, intra-abdominal sepsis was
initially suspected and repeated cultures, assessments by
computed tomography and a laparoscopy were performed
to exclude sepsis before initiating immunomodulatory
treatment for MIS-A. In this 25-year old man, MIS-A was
diagnosed at the start of the third hospital day based on

the presence of two primary (severe cardiac illness in
combination with rash and non-purulent conjunctivitis) and
three secondary clinical criteria (shock, abdominal pain and
thrombocytopenia) in the presence of elevated CRP and
ferritin as well as recent positive SARS-CoV-2 PCR.

Although not mandatory for the diagnosis of MIS-A,
endomyocardial biopsy (EMB) may be performed in
suspected myocarditis and may provide differentiation
between inflammatory, infectious and infiltrative causes.?*
In MIS-A, EMB histopathology has shown an inflammatory
infiltrate of  macrophages, T lymphocytes and
eosinophils.>’3° It may be particularly useful if histological
evaluation is expected to impact therapy. In this case, we
estimated EMB would not add diagnostic clues given the
typical clinical course of MIS-A in the absence of a more likely
alternative diagnosis, nor would it alter our therapeutic
management. And indeed, the patient improved rapidly upon
treatment with pulse corticosteroids and IVIGs.

The organ systems most affected in
hematological  (41.8-92%), cardiovascular
gastro-intestinal (73.4-83%) and respiratory (29.1-74%).
Mucocutaneous  (46-52.1%), musculoskeletal (30.4%),
neurological (16.4-47%) and renal (43%) manifestations are

MIS-A are
(81-87%),

ESC Heart Failure 2022; 9: 4315-4324
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less frequent.?*?* Organ system involvement is comparable
between adults and children.®* Cardiovascular findings in
MIS-C/A include perimyocarditis (11-33%), hypotension and
shock (50-60%), coronary artery dilatation or aneurysm
(4-8%), mitral regurgitation (14%) and arrhythmia
(12-18%).2%2%31733 | eft ventricular dysfunction is present in
55% of adults with mean left ventricular ejection fraction
(LVEF) 39%.2%%® Left ventricular dysfunction with ejection
fraction <55% is present in 38% of MIS-C patients.3* >3
Additionally, 28.6% of MIS-A patients and 3% of MIS-C patients
show severe LV dysfunction with LVEF <30%.%%2331733
Patients with LVEF <45% are more likely to present in shock
(60% vs 9%) and be admitted to ICU (100% vs 55%) as
compared to patients with LVEF >45%.3* Patients with lower
LVEF also resided longer on ICU with more need for inotropy,
but showed no significant differences in total hospital stay,
ventilatory support or mortality. Treatment generally causes
normalisation of LVEF after 1 week.?>***¥33 Mortality is
1.9% in MIS-C and 7% in MIS-A and has been reported in
patients that require mechanical circulatory support and do
not show improvement in LVEF.>%%°

Early diagnosis is crucial since MIS-C/A is severe, but
treatable. Cardiovascular complications triggered
recommendations for immunomodulation and intensive
cardiac observation.>**® Cardiac complications generally
regress with these interventions.?*?*3*33 Cardiac involve-

Box 1. CDC MIS-C/A definition.

ment may be diagnosed by a combination of ECG, cardiac
biomarkers, echocardiography and radiography. Very limited
data (9 adults, 4 children) are available on CMR in MIS.378
This case report shows that the 2018 Lake Louise criteria
may be performant for the diagnosis of MIS-associated
myocardial inflammation. More research is needed to
describe long term effects and identify risk factors or imaging
criteria for MIS development and associated mortality.

MIS pathophysiology is currently incompletely understood.
An immunopathological cascade is suggested based on
natural history,  immunological phenotyping  and
histopathology.>*™** Failure of the innate and adaptive
immune response to SARS-CoV-2 causes hyperinflammation.
Abnormal IFNy production activates macrophages, natural
killer cells and T-cells, activating inflammatory cytokine
cascades that damage multiple organ systems (Figure 5). In
MIS-C, several studies have shown activation of oligoclonally
expanded T cells, reminiscent of disease driven by
superantigen exposure such as in toxic shock syndrome.
These T cells harbor the TRBVII-2 gene, encoding for the
T cell receptor VB 21.3, which seems to be a highly sensitive
and specific feature.3¥**** The resemblance with Kawasaki
disease and toxic shock syndrome spurred experts to adopt
analogous treatments including IVIGs, aspirin, corticosteroids,
and anti-IL-1, -IL-6, or -TNFa.”*® Evidence-based data remain
scarce to date.

MIS-C

MIS-A

An individual aged <21 years presenting with fever*,
laboratory evidence of inflammation**, and evidence of
clinically severe illness requiring hospitalization, with
multisystem (>2) organ involvement (cardiac, renal,
respiratory, hematologic, gastrointestinal, dermatologic or
neurological);

AND

No alternative plausible diagnoses;

AND

Positive for current or recent SARS-CoV-2 infection by
RT-PCR, serology, or antigen test; or exposure to a suspected

or confirmed COVID-19 case within the 4 weeks prior to the
onset of symptoms.

A patient aged >21 years hospitalized for >24 hours, or with
an illness resulting in death, who meets the following clinical
and laboratory criteria. The patient should not have a more
likely alternative diagnosis for the illness (e.g., bacterial sepsis,
exacerbation of a chronic medical condition).

. Clinical Criteria

Subjective fever or documented fever (>38.0 C) for >24 hours
prior to hospitalization or within the first THREE days of
hospitalization* and at least THREE of the following clinical
criteria occurring prior to hospitalization or within the first
THREE days of hospitalization*. At least ONE must be a
primary clinical criterion.

Primary clinical criteria

1 Severe cardiac illness Includes myocarditis, pericarditis, coronary
artery dilatation/aneurysm, or new-onset right or left ventricular
dysfunction (LVEF<50%), 2nd/3rd degree A-V block, or
ventricular tachycardia. (Note: cardiac arrest alone does not
meet this criterion)

2 Rash AND non-purulent conjunctivitis

Secondary clinical criteria

1 New-onset neurologic signs and symptoms Includes
encephalopathy in a patient without prior cognitive impairment,

(Continues)
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MiIs-C

MIS-A

*Fever >38.0 °C for >24 hours, or report of subjective fever
lasting >24 hours

**Including, but not limited to, one or more of the following:
an elevated C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), fibrinogen, procalcitonin, d-dimer,
ferritin, lactic acid dehydrogenase (LDH), or interleukin 6
(IL-6), elevated neutrophils, reduced lymphocytes and low
albumin

seizures, meningeal signs, or peripheral neuropathy (including
Guillain-Barré syndrome)

2 Shock or hypotension not attributable to medical therapy
(e.g., sedation, renal replacement therapy)

3 Abdominal pain, vomiting, or diarrhea

4 Thrombocytopenia (platelet count <150,000/microliter)

Il. Laboratory evidenceThe presence of laboratory evidence of
inflammation AND SARS-CoV-2 infection.

1 Elevated levels of at least TWO of the following: C-reactive
protein, ferritin, IL-6, erythrocyte sedimentation rate,
procalcitonin

2 A positive SARS-CoV-2 test for current or recent infection by
RT-PCR, serology, or antigen detection

*These criteria must be met by the end of hospital day 3,
where the date of hospital admission is hospital day 0.
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Table S1. Results of laboratory testing.
GP = General Practitioner, ER = Emergency Room,
ICU = Intensive Care Unit, ESR = Erythrocyte Sedimentation

Rate, CRP = C-Reactive Protein, Hb = Hemoglobin,
Hct = Hematocrit, PLC = Platelet Count, WBC = White Blood
Cells Count, AST = Aspartate Aminotransferase,
ALT = Alanine Aminotransferase, ?GT = Gamma-Glutamyl
Transferase, AP = Alkaline Phosphatase, LDH = Lactate Dehy-
drogenase, PCT = Procalcitonin.

Table S2. Longitudinal analysis of transthoracic echocardiog-
raphy.

IVSd = end-diastolic Interventricular Septum thickness,
LvDd = Left Ventricular end-diastolic Diameter,
LVPWd = end-diastolic Left Ventricular Posterior Wall thick-
ness, LVDs = Left Ventricular end-systolic Diameter,
LVEF = Left Ventricular Ejection Fraction, RWMA = Regional
Wall Motion Abnormalities, LVCO = Left Ventricular Cardiac
output, LA = Left Atrium, RA = Right atrium,
DT = Deceleration Time, RVEDD = Right Ventricular End-Dia-
stolic Diameter, TAPSE = Tricuspid Annular Plane Systolic Ex-
cursion, sPAP = systolic Pulmonary Artery Pressure,
CVP = Central Venous Pressure.

Video S1. Parasternal short axis view from transthoracic
echocardiography following transfer to academic ICU
department.

Video S2. Parasternal short axis view from transthoracic
echocardiography at one week follow-up.
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