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1. Abstract

COVID-19 patients have a heterogeneous disease course; it may
be asymptomatic or cause only mild symptoms, while immunolog-
ic complications resulting in cytokine storm syndrome may also
occur. Hereby, we present a young patient with cardiogenic shock
and multi organ failure, suggesting Pediatric Multi-System Inflam-
matory Syndrome (MIS-C), which developed myocardial dysfunc-
tion that led to cardio-respiratory arrest, therefore required ECMO
support. Whilst on ECMO, the patient stabilized very quickly
however suffered from an acute event of severe hypoxemia and
brain injury, possibly secondary to Harlequin syndrome. He was
therefore converted to VA-V ECMO, and then to VV ECMO once
the heart recovered completely, and managed to wean off ECMO
support.

2. Introduction
The rapid spread of Coronavirus disease 2019 (COVID-19) caused
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by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has led to a global pandemic, with infected individuals of
all ages residing in almost every country in the world. At the time
of writing this case report, the World Health Organization reported
more than 20 million global cases of confirmed COVID-19 with
nearly 800,000 deaths [1, 2].

In adults, COVID-19 is typically characterized by severe intersti-
tial pneumonia and hyper-activation of the inflammatory cascade.
In children, the respiratory involvement appears to have a more
benign course, with almost no fatalities reported in this age group
and only 2% of cases described in patients under age 20 [1, 3, 4].

Starting in March of 2020 there have been an increasing num-
ber of reports of an outbreak of Kawasaki-like illness following
coronavirus infection. Pediatricians have identified children with
symptoms ranging from gastrointestinal manifestations to a severe
inflammatory systemic disease with myocarditis and shock [1, 7].
The Kawasaki-like disease described is a rare condition, probably
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affecting no more than one in 1000 children exposed to SARS-
CoV-2. This estimate is based on the limited data from few case
series [1, 5, 6]. This presentation of multisystem inflammatory
syndrome in children associated with SARS-CoV-2 (MIS-C) may
lead to serious and life-threatening illness in previously healthy
children and adolescents [7].

The cause of Kawasaki disease remains unknown; however, earli-
er evidence suggests that an infectious agent triggers a cascade that
causes the illness. The most accepted hypothesis supports an ab-
errant response of the immune system to one or more unidentified
pathogens in genetically predisposed patients [1, 5, 6, 8].

In the past 20 years, viruses of the coronavirus family have been
proposed as possibly implicated in the pathogenesis of Kawasa-
ki disease. As SARS-CoV-2 being a particularly virulent strain,
it might be able to elicit a powerful immune response in the host.
The mechanism for the Kawasaki-like disease described might
represent post-infectious inflammatory syndrome, which might be
antibody or immune-complex mediated [1].

3. Case Report

Here we present a case report of a 26-year-old man, previously
fit and well, who presented to the emergency department with fe-
ver and gastro_intestinal (GI) complaints. The differential diag-
nosis was lymphadenitis or GI infection and he was admitted to
the internal medicine department for further management. Over
the next 72 hours, the patient has deteriorated, suffered from on-
going dyspnea, chest pain and acute renal failure. CTA revealed
bilateral new lung infiltrates. Full laboratory, rheumatologic and
infectious investigations were inconclusive including negative
PCR for COVID-19. He was then semi-electively intubated for
Broncho alveolar lavage (BAL), when he started deteriorating
rapidly. He became severely hypoxemic, required high-pressure
ventilation, showed hemodynamic instability, and was treated with
high dose vasopressors. Three hours later, the patient was in deep
cardiogenic shock and subsequently went into pulseless electrical
activity. Three full rounds of cardiopulmonary resuscitation were
required; therefore, he was commenced on VA E-CPR (veno-ar-
terial extracorporeal cardiopulmonary resuscitation). Additional
tests revealed IgG positive serology for COVID-19 and the BAL
was also positive for COVID-19, therefore he was transferred to
the corona intensive care unit. More laboratory tests revealed very
high troponin levels, which raised the possibility of myocarditis.
Lymphopenia, thrombocytopenia, hyperbilirubinemia and high
transaminases, high D-dimer, procalcitonin and CRP, severe meta-
bolic acidosis — were all suggestive of severe inflammatory storm.
All lab results are shown in (Table 1). ECG was abnormal with
ST-T changes and small complexes. Echocardiography showed
ejection fraction (EF) of 5-10%. The patient received steroids,
methylene blue, broad-spectrum antibiotics, blood products, and
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intravenous immunoglobulin (IVIG). He was later established on
continuous hemofiltration due to renal failure. Over the next 24-48
hours, he became more stable; Echo showed improving cardiac
contractility with EF 45%. The patient had spontaneous breaths,
normal pupillary response, as well as cough and gag. On day 5
of VA-ECMO, the patient suffered an acute event of severe upper
body hypoxemia, his pupils became dilated, which correlated to a
drop in the brain NIRS (Near-infrared spectroscopy). He was then
commenced on full treatment for brain edema, whilst correcting
hypoxemia with maximal effort on the ventilation side. Brain CT
was not performed due to his unstable condition. Assuming that
the reason for this acute event was low perfusion of oxygenated
blood to the brain due to high cardiac output opposing the ECMO
flow, he was started on B-blockers, and the ECMO configuration
was changed to VA-V ECMO. Later it was changed to VV. The pa-
tient gradually stabilized and we managed to wean him off ECMO.
However, he continued to demonstrate severe anoxic brain injury,
and unfortunately passed away.

Table 1: laboratory result

day Day 3-4 |Day 8 (severe hypoxic
Laboratory test . .

0 (admission) |(collapse) |episode)
WBC (K/microL) 5.98 16.541 23.221
Hemoglobin (M/microL) 13.72 9.82] 9.06]
Platelets (K/microL) 126 145 56|
Lymphocytes% 5.7] 10.5] 5.5)
Urea (mg/dl) 19 591 1921
Creatinine (mg/dl) 0.78 3.171 3411
SGOT (AST) — (IU/1) 631 9611 1961
SGPT (ALT) — (IU/1) 1331 3867 2781
GGT (IU/1) 34 791 3111
Alkaline phosphatase (IU/1) |87 1291 2101
LDH (1U/1) 268 20301 29381
Bilirubin total (mg/dl) 1.257 3.391 8.037
CPK total (IU/1) 4811 8061 82871
CRP 2661 2761 981
Troponin I (ng/l) 146 72161 16431
D-dimer 684917 190621
Fibrinogen (mg/dl) 6431 333 234
Ferritin (ng/ml) 6067 171871 18631
INR 1.17 2.95¢% 1.05
Procalcitonin (ng/ml) 3.85 2691 1821
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4. Discussion

The above case report of a young patient who presented with ab-
dominal pain and high fever, later deteriorated to cardiogenic shock
and inflammatory storm, is suggestive of Pediatric Multi-System
Inflammatory Syndrome (MIS-C) which has been previously de-
scribed in the literature. The differential diagnosis for this patient
also included cardiomyopathy/myocarditis, or cardiogenic shock
secondary to sepsis. As the patient stabilized very quickly and car-
diac function improved dramatically within 48 hours, the diagno-
sis of hypoxic cardiogenic shock cannot be ruled out. Basic brain
stem function was preserved.

On day 5 of ECMO support, the patient had an acute event of se-
vere hypoxemia and brain injury, possibly secondary to Harlequin
syndrome (Figure 1). He was therefore converted to VA-V ECMO,
and then to VV ECMO once the heart recovered completely. The
patient finally stabilized and weaned off ECMO support, but un-
fortunately, suffered from severe anoxic brain damage and did not
survive.

CARDIAL BLOOD FLOW

Figure 1: Harlequin syndrome
*adopted from Rupprecht et al.

Various genetic mutations may constitute a risk factor for a severe
disease course and occurrence of cytokine storm in COVID-19.
Once immunologic complications like cytokine storm occur, an-
ti-viral treatment alone is not enough and should be combined with
appropriate anti-inflammatory treatment, such as corticosteroids
and IVIG, as our patient received [1, 9].

As previously described in 2005 by Ruiz-Bailen et al. [10], revers-
ible myocardial dysfunction may be due to myocardial stunning
following global myocardial ischemia during cardio-respiratory
arrest, in the absence of acute or previous coronary artery disease.
Experimentally, a correlation has been found between the degree
of ventricular dysfunction and the duration of the resuscitation,
in our patient -3 prolonged resuscitations and a result of EF of
5-10%. The young age of our patient, precludes previous ischemic
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heart disease as the cause for the myocardial dysfunction.

Harlequin syndrome is described in patients on VA ECMO, where
differential oxygen saturation is observed between the upper and
lower parts of the body. In VA ECMO, the upper body hypoxia
occurs due to compromised arterial return, while the heart func-
tion is recovering, and the lungs are still poorly functioning. The
arterial jet flows upstream in the aorta and may meet the antegrade
flow generated by the left ventricle. Depending on the amount of
native cardiac function, the location of the interface between an-
tegrade and retrograde flow will vary, but will usually be in the
aortic arch. It is a rare complication; however, it can be as high
as 8.8%. Therapeutic options of Harlequin syndrome consist of
relocation of the arterial cannula into the right subclavian artery or
aorta, or converting to central VA-ECMO. It can also be solved by
converting the system into a VA-V setting, as in this case described
above [11, 12].

5. Conclusion

COVID-19 patients have a heterogeneous disease course; it may
be asymptomatic or cause only mild symptoms, while immunolog-
ic complications resulting in cytokine storm syndrome may also
occur. Therefore, a patient who presents with cardiogenic shock
and multi organ failure should be considered to be suffering from
post-inflammatory syndrome. Furthermore, the development of
myocardial dysfunction might also be post cardio-respiratory arrest
and the need for prolonged resuscitation. For patients who require
ECMO support, the decision should be made between VA-ECMO
and VV-ECMO, according to the cardiac function, whilst perform-
ing careful monitoring for myocardial improvement.

References

1. Lucio Verdoni, Angelo Mazza, Annalisa Gervasoni, Laura Martelli,
Maurizio Ruggeri, Matteo Ciuffreda, et al. An outbreak of severe
Kawasaki-like disease at the Italian epicentre of the SARS-CoV-2
epidemic: an observational cohort. Lancet. 2020; 395: 1771-8.

2. https://www.who.int/emergencies/diseases/novel-coronavirus-2019

3. Na Zhu, Dingyu Zhang, Wenling Wang, Xingwang Li, Bo Yang,
Jingdong Song, et al. A novel coronavirus from patients with pneu-
monia in China, 2019. N Engl J Med. 2020; 382: 727-33.

4. Chaolin Huang, Yeming Wang, Xingwang Li, Lili Ren, Jianping
Zhao, Yi Hu, et al. Clinical features of patients infected with 2019
novel coronavirus in Wuhan, China. Bin Cao Lancet. 2020; 395:
497-506.

5. Shelley Riphagen, Xabier Gomez, Carmen Gonzalez-Martinez,
Nick Wilkinson, Paraskevi Theocharis. Hyperinflammatory shock
in children during COVID-19 pandemic. Lancet. 2020; 395(10237):
1607-8.

6. Aurélie Morand, Diego Urbina, Alexandre Fabre. COVID-19 and
Kawasaki Like Disease: The Known-Known, the Unknown-Known
and the Unknown-Unknown. preprints.org, medicine & pharmacol-
ogy, pediatrics. 2020.


https://pubmed.ncbi.nlm.nih.gov/32410760/
https://pubmed.ncbi.nlm.nih.gov/32410760/
https://pubmed.ncbi.nlm.nih.gov/32410760/
https://pubmed.ncbi.nlm.nih.gov/32410760/
https://pubmed.ncbi.nlm.nih.gov/31978945/
https://pubmed.ncbi.nlm.nih.gov/31978945/
https://pubmed.ncbi.nlm.nih.gov/31978945/
https://pubmed.ncbi.nlm.nih.gov/31986264/
https://pubmed.ncbi.nlm.nih.gov/31986264/
https://pubmed.ncbi.nlm.nih.gov/31986264/
https://pubmed.ncbi.nlm.nih.gov/31986264/
https://pubmed.ncbi.nlm.nih.gov/32386565/
https://pubmed.ncbi.nlm.nih.gov/32386565/
https://pubmed.ncbi.nlm.nih.gov/32386565/
https://pubmed.ncbi.nlm.nih.gov/32386565/
https://www.researchgate.net/publication/341273465_COVID-19_and_Kawasaki_Like_Disease_The_Known-Known_the_Unknown-Known_and_the_Unknown-Unknown
https://www.researchgate.net/publication/341273465_COVID-19_and_Kawasaki_Like_Disease_The_Known-Known_the_Unknown-Known_and_the_Unknown-Unknown
https://www.researchgate.net/publication/341273465_COVID-19_and_Kawasaki_Like_Disease_The_Known-Known_the_Unknown-Known_and_the_Unknown-Unknown
https://www.researchgate.net/publication/341273465_COVID-19_and_Kawasaki_Like_Disease_The_Known-Known_the_Unknown-Known_and_the_Unknown-Unknown

Volume 4 Issue 8-2021 Case Report

7. Leora R Feldstein, Erica B Rose, Steven M Horwitz, Jennifer P Col-
lins, Margaret M Newhams, Mary Beth F Son, et al. Multisystem
Inflammatory Syndrome in U.S. Children and Adolescents. N Engl J
Med. 2020; 383(4): 334-46.

8. Veena G. Jones, Marcos Mills, Dominique Suarez, Catherine A. Ho-
gan, Debra Yeh, J. Bradley Segal, et al. COVID-19 and Kawasaki
Disease: Novel Virus and Novel Case. Hospital pediatrics. 2020;
10(6): 537-40.

9. Mehmet Soy, Gokhan Keser, Pamir Atagiindiiz, Fehmi Tabak, Isik
Atagiindiiz, and Servet Kayhan. Cytokine storm in COVID-19:
pathogenesis and overview of anti-inflammatory agents used in treat-
ment. Clin Rheumatol. 2020; 30: 2085-94.

10. Manuel Ruiz-Bailéna, Eduardo Aguayo de Hoyosb, Silvia Ruiz-Na-
varroa, Miguel Angel Diaz-Castellanosc, Luis Rucabado-Aguilara,
Francisco Javier Gomez-Jiménezd, et al. Reversible myocardial dys-
function after cardiopulmonary resuscitation. Resuscitation. 2005,
66: 175-81.

11. Said Ali Masoud Al Hanshi, Farhana Al Othmani. Harlequin - A case
study of Harlequin syndrome in VA-ECMO. Qatar Medical Journal.
2017;2017(1): 39.

12. L Rupprecht, D Lunz, A Philipp, M Lubnow, and C Schmid. Pitfalls
in percutaneous ECMO cannulation. Heart Lung Vessel. 2015; 7(4):
320-6.

clinicsofsurgery.com 4


https://pubmed.ncbi.nlm.nih.gov/32598831/
https://pubmed.ncbi.nlm.nih.gov/32598831/
https://pubmed.ncbi.nlm.nih.gov/32598831/
https://pubmed.ncbi.nlm.nih.gov/32598831/
https://pubmed.ncbi.nlm.nih.gov/32265235/
https://pubmed.ncbi.nlm.nih.gov/32265235/
https://pubmed.ncbi.nlm.nih.gov/32265235/
https://pubmed.ncbi.nlm.nih.gov/32265235/
https://www.researchgate.net/publication/7691760_Reversible_myocardial_dysfunction_after_cardiopulmonary_resuscitation
https://www.researchgate.net/publication/7691760_Reversible_myocardial_dysfunction_after_cardiopulmonary_resuscitation
https://www.researchgate.net/publication/7691760_Reversible_myocardial_dysfunction_after_cardiopulmonary_resuscitation
https://www.researchgate.net/publication/7691760_Reversible_myocardial_dysfunction_after_cardiopulmonary_resuscitation
https://www.researchgate.net/publication/7691760_Reversible_myocardial_dysfunction_after_cardiopulmonary_resuscitation
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5474607/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5474607/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5474607/
https://pubmed.ncbi.nlm.nih.gov/26811838/
https://pubmed.ncbi.nlm.nih.gov/26811838/
https://pubmed.ncbi.nlm.nih.gov/26811838/

