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ABSTRACT

While the fraternity continues to ponder on the mechanisms by
which coronavirus disease (COVID-19) positivity affects the outcome
of cardiac surgical subset, we put forth a 3H (Hypoxia-Hemolysis-
Hyperinflammation) trilogy aimed at elucidating the liaison between
cardiopulmonary bypass (commonly employed for cardiac surgical

conduct) and COVID-19 infection. A sound comprehension of the
same can doubtlessly assist the perioperative team in staging a
well-directed pathophysiology-driven management approach.
Keywords: Covid-19. SARS-CoV-2. Cardiopulmonary Bypass. Hemolysis.
Comprehension. Hypoxia.

Abbreviations, acronyms & symbols

ARDS = Acute respiratory distress syndrome
CPB = Cardiopulmonary bypass

COVID-19 = Coronavirus disease

DIC = Disseminated intravascular coagulation

HIF = Hypoxia-inducible factor

IL-6 = Interleukin-6

LDH = Lactate dehydrogenase

PPE = Personal protective equipment

NFkB = Nuclear factor kappa B

SARS-CoV-2 = Severe acute respiratory syndrome coronavirus 2
TNF-a =Tumour necrosis factor alpha

INTRODUCTION

Amidst reports of poor perioperative outcomes in cardiac
surgical patients ailing from severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) pneumonial™, we feel motivated
to put forth a 3H (Hypoxia-Hemolysis-Hyperinflammation)
trilogy explaining the possible perils of an interaction between
cardiopulmonary bypass (CPB, commonly employed for cardiac
surgical conduct) and coronavirus disease (COVID-19) infection.
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While the 3Hs constitute an old challenge for perioperative
cardiac practice, the pathophysiology related to COVID-19
provides new linking mechanisms to promote an enhanced
crosstalk between the 3Hs. Needless to say, the aforementioned
intensifies the pre-existing challenges with every likelihood of
this trinity to be at the heart of the resultant organ dysfunction
and subsequent morbidity and mortality in COVID-19 positive
cardiac surgical cohort.

Figure 1 illustrates the common links of COVID-19 and
CPB3H insult alongside the role of possible interconnections in
accentuating the consequences of the underlying double hit
trimodal insult.

CPB 3H COVID-19: A Double-Trouble Situation
I. Hypoxia at the tissue level

Given a prevailing hypoxemic milieu and an inadequate
tissue oxygenation inthe setting of COVID-19-related acute
respiratory distress syndrome (ARDS)™, cardiopulmonary bypass
(CPB) associated microcirculatory alterations (in background
of a non-pulsatile perfusion) are expected to be rather poorly
tolerated at the tissue level despite an improved and controlled
oxygenation on CPBFL. Moreover, CPB-related hemodilution
makes the matter even worse. Whileprolonged aortic cross-
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COVID-19 related ARDS

Viral-erthyrocyte
interactions leading to
haemolytic anemia and
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Ferroptosis-oxidative stress exacerbates inflammatory response

Fig. 1-/llustration of the 3H (Hypoxia-Hemolysis-Hyperinflammation) trimodal insult owing to a double hit by COVID-19 (represented in pink)
and CPB (represented in yellow). ARDS=acute respiratory distress syndrome; CPB=cardiopulmonary bypass; HIF=hypoxia-inducible factor;

NFkB=nuclear factor-kappa B

clamp and CPB times translate into ischemic tissue burden, the
concerns about circulatory arrest (mandatory for complex open-
heart surgeries) become manifold®®.

Il. Hemolysis

On one hand, mechanical shear stress and exposure to non-
endothelial CPB surfaces predispose to hemolysis™. On the
other hand, plausible viral-erythrocytic interactions are equally
conducive to an aggravated red blood corpuscular lysis”. The
present understanding of these interactions reveals that ACE2,
CD26 and CD147 erythrocytic receptors serve as potential
attachment sites for SARS-CoV-2 coupling, promoting hemolysis
in turn by allowing the virus to mount an attack on the 1-beta
haemoglobin chain. At the same time, the hepcidin-mimicking
attribute of SARS-CoV-2 augments the level of circulating tissue
ferritin alongside serum iron deficiency and anemial®.

lll. Hyperinflammation

Stage Il or the hyperinflammatory phase of COVID-19
infection is associated with a significant immuno-inflammatory
response or cytokine storm with a marked elevation of
inflammatory markers such as interleukin-6 (IL.-6), C-reactive

protein (CRP), lactate dehydrogenase (LDH), tumour necrosis
factor alpha (TNF-a), etc.®'%. Focusing on the conduct of CPB in
COVID-19infected patients, theinexorable systemicinflammatory
response to CPB''? and the concomitant ischemia-reperfusion
injury can compound the ongoing SARS-CoV-2 cytokine storm
with potentially detrimental outcomest™™,

The 3H Liaison

While the anemic hypoxia owing to hemolysis
understandably perpetuates the ongoing hypoxic consequences
staging obvious interactions between the Hemolysis-Hypoxia
facets of the 3H liaison, other intricate molecular mechanisms
associate the Hypoxia-Hyperinflammation facets wherein
hypoxia-inducible factor (HIF) is closely linked to the nuclear
factor kappa B (NFkB) inflammatory pathway™. In turn,
the inflammatory endothelial dysfunction or endothelitis,
particularly in the pulmonary microvasculature, accentuates
hypoxemial'®'”. Despite a widespread endothelitis at the
cornerstone of systemic thrombotic consequences, description
of an overwhelming thrombosis in the lungs compared to
the whole body in COVID-19 patients has paved the way for a
neoteric proposition of coining this underlying phenomenon as
a’pulmonary intravascular coagulopathy’in contrast to the usual
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nomenclature of disseminated intravascular coagulation (DIC)
8 |n addition to the thrombotic sequelae, the inflammatory
contribution to pulmonary arterial hypertension also adds to
the hypoxic predilectiont®. With respect to the Hemolysis-
Hyperinflammation crosstalk, the hyperferritenemia and the
resultant ferroptosis lead to a considerable oxidative stress that
can potentially exasperate the prevailing systemic inflammatory
state (Figure1)®.

General Surgical Concerns

Health care professionals currently face peculiar challenges
in the operating room and intensive care unit. Establishment of
a definitive airway, suctioning, noninvasive and positive pressure
mask ventilation, and supraglottic airway devices are considered
risk factors for high aerosol production during surgery and post-
operative care®. Moreover, establishment of a surgical airway
(tracheostomy, cricothyrotomy) requires additional precautions
and protective measures to avoid aerosolization, such as use
of personal protective equipment (PPE) kit, advancement
of endotracheal tube before puncturing the cricothyroid
membrane, use of a cuffed tube, holding ventilation (if possible)
when the trachea is open and compulsory use of a heat and
moisture exchange filter?'?2, This is aggravated in the cardiac
surgical set-up owing to a prolonged post-operative mechanical
ventilation and frequent requirement of suctioning, increasing
the risk of disease spread.

On the other hand, the application of positive end-
expiratory pressure commonly employed in the treatment of
COVID-19 patients can negatively interact in patients after heart
surgery, impairing right ventricular output and accentuating
left ventricular diastolic dysfunction®®. Similarly, an increased
systemic inflammatory response, endothelial dysfunction
and coagulopathy inexorably associated with cardiac surgical
patient subset become even more relevant in COVID-19 patients
(pre-existing  hyperinflammation and hypercoagulopathy)
aggravating the risk of end-organ dysfunction such as stroke and
bleeding diathesisi?%,

Therefore, stratifying patients according to disease acuity,
time permitted for preoperative testing for COVID-19, a judicial

by Seelhammer etal?” in a leading cardiothoracic and vascular
anesthesia journal where they even consider a life-saving
modality of extracorporeal membrane oxygenation (ECMO) in
COVID-19 as anunhappy marriage of endothelial dysfunction
and hemostatic derangements.
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