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Catecholamine physiology and its implications in patients

with COVID-19

Sriram Gubbi*, Matthew A Nazari*, David Taieb, Joanna Klubo-Gwiezdzinska, Karel Pacak

The risk factors for severe COVID-19 are diverse, yet closely resemble the clinical manifestations of catecholamine excess
states (eg, hypertension, cardiovascular disease, immune dysregulation, and hyperglycaemia), suggesting a potentially
common basis for disease. Unfortunately, severe illness (eg, respiratory failure, compromised cardiac function, and
shock) incurred by COVID-19 hinders the direct study of catecholamines in these patients, especially among those on
multiple medications or those on adrenaline or noradrenaline infusions, or both. Phaeochromocytoma and paraganglioma
(PPGL) are tumours that secrete catecholamines, namely adrenaline and noradrenaline, often in excess. PPGL are well
studied disease processes in which the effects of catecholamines are easily discernible and therefore their potential
biochemical and physiological influences in patients with COVID-19 can be explored. Because catecholamines are
expected to have a role in patients with critical illness, patients on vasopressor infusions, and patients who sustain some
acute and chronic physical stresses, the challenges involved in the management of catecholamine excess states are
directly relevant to the treatment of patients with COVID-19. In this Personal View, we discuss the complex interplay
between catecholamines and COVID-19, and the management of catecholamine excess states, while referencing relevant

insights derived from the study of PPGL.

Introduction

The COVID-19 pandemic caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) has
been a devastating global health burden. Susceptibility to
SARS-CoV-2 is significantly increased in patients who
have pre-existing cardiovascular and respiratory disorders,
diabetes, cancer, and immune system dysregulation.™*

Catecholamines have an essential role in the physio-
logical regulation of the cardiovascular, respiratory, meta-
bolic, and immune systems—those most heavily affected
by COVID-19. Phaeochromocytoma and paraganglioma
(PPGL) are chromaffin cell tumours that produce and
secrete catecholamines, namely adrenaline and noradren-
aline, often in supraphysiological amounts.® Consequently,
catecholamine excess states such as PPGL can cause
substantial dysregulation of physiological systems, and
lead to pronounced changes in pulmonary (vasoplegia),
coronary (myocardial infarction), cerebrovascular (stroke),
and remaining systemic vascular tone (hypertension), as
well as myocardial disease (cardiomyopathies), tachy-
arrhythmias (benign and fatal), hypercoagulability (throm-
boembolism), immune dysregulation (cytokine storm),
and diabetogenic states; these outcomes are the same as
the risk factors that lead to adverse outcomes from
COVID-19.2® These findings suggest that catecholamines
might be key mediators in COVID-19. As PPGL is an
extensively studied catecholamine excess state, we believe
that it might serve as a practical model for exploring the
pathological and beneficial actions of catecholamines in
patients with COVID-19.

Four main systems or axes are potentially affected by
catecholamines in patients with COVID-19, namely:
(1) cytokines and the immune and haematological systems;
(2) renin, angiotensin, aldosterone, and the cardiovascular
system; (3) ventilation, perfusion, and the pulmonary
system; and (4) glucose metabolism and the endocrine
system. Further, these systems or axes are interconnected;

eg, catecholamines can lead to the release of cytokines and
vice versa.” Given these points of interaction, patients with
coexistent PPGL and COVID-19 could potentially provide
valuable insights into the role of catecholamines in the
pathophysiology of COVID-19. These patients could also
serve as surrogates for patients with COVID-19 in whom
catecholamine excess is relevant but cannot be directly
studied (eg, in patients with noradrenaline or adrenaline
infusion, recent surgery, or severe trauma leading to
catecholamine release). Furthermore, such patients with
coexisting PPGL and COVID-19 would require appropriate
and early intervention to avoid catastrophic outcomes such
as stroke, myocardial infarction, circulatory collapse, and
death from superimposed risk (figure).*

Cytokines and the immune and haematological
systems

A subset of patients with COVID-19 develop cytokine
storm syndrome or multisystem inflammatory syndrome
in children, a hyperinflammatory state resulting from
uncontrolled immune system activation.”** Cytokine
storm syndrome or multisystem inflammatory syndrome
in children results from an elevation of macrophage-
derived cytokines, specifically interleukin-6 (IL-6), IL-10,
tumour necrosis factor a (TNFa), granulocyte colony
stimulating factor, and probably IL-2.” Increased
concentrations of these cytokines and their downstream
acute phase reactants (eg, ferritin) have been associated
with a higher likelihood of severe disease and mortality in
patients with COVID-19.”” Catecholamines augment the
production of IL-6, IL-10, and other cytokines through a
self-amplifying feed-forward loop within myeloid cells, an
effect mediated through al-adrenoceptors.” An elevation
in cytokine concentrations leads to a hypercoagulable
state and a greater risk of thrombosis.”? Thrombosis has
been associated with adverse outcomes in patients with
COVID-19.2 Additionally, catecholamines binding to
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Figure: The various potential interactions between COVID-19 and PPGL

The figure was designed by Alan Hoofring from the Medical Arts Design Section of the US National Institute of Health. AR=adrenoceptor. IL=interleukin.
PPGL=phaeochromocytoma and paraganglioma. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2. TNF=tumour necrosis factor.

a2-adrenoceptors can potentiate second messenger
cascades that result in platelet aggregation and
thrombosis.”** On the contrary, adrenaline, probably via
-adrenoceptor stimulation, exerts antithrombotic effects
through activation of fibrinolysis (eg, tissue type
plasminogen activator and plasmin-a2-antiplasmin) in
human models of lipopolysaccharide endotoxaemia.”

www.thelancet.com/diabetes-endocrinology Vol 8 December 2020

Therefore, excess catecholamines (mainly noradrenaline),
as seen in patients with PPGL and critical illness, can
augment cytokine production and increase the risk for
hypercoagulability in patients with COVID-19.%%
Catecholamines also modulate several components of
the immune system, including a2-adrenoceptor-mediated
inhibition of antigen-presenting cells (eg, Langerhans

979



Personal View

980

cells), suppression of T-lymphocyte proliferation, and
stimulation of cytokine production.”* These effects might
facilitate increased viral replication in patients with
COVID-19. In general, catecholamines seem to inhibit the
T-helper type 1 cell-mediated cytokine response (including
IL-1, IL-2, IL-12, interferon—y, and TNFa), and augment
the Thelper type 2 cell-mediated cytokine response
(including IL-6 and IL-10; key players in cytokine storm
syndrome or multisystem inflammatory syndrome in
children).”*** Infusion of adrenaline in murine models of
sepsis leads to a P-adrenoceptor-mediated lymphocyte
depletion.” Lymphopenia, observed in patients with
COVID-19, is a prognostic indicator of disease severity.” In
addition, local neurohormonal effects of catecholamines
can influence immune function. The actions of
B-lymphocytes and T-lymphocytes, which almost exclu-
sively express [f2-adrenoceptors, are influenced by
stressors that activate the sympathetic nervous system,
which predominantly contains noradrenaline.” Although
noradrenaline is a weak [32-adrenoceptor agonist, it is
probable that its effects on immune cells are exerted in the
spleen where local concentrations of noradrenaline from
nerve terminals that innervate the organ are high enough
to act on [2-adrenoceptors and modulate lymphocyte
function.”” Severe COVID-19 is also associated with a
reduction in the number of natural killer cells.”* Natural
killer cell numbers have been shown to substantially
increase immediately following intravenous adrenaline or
noradrenaline infusion, whereas prolonged catecholamine
infusion (>4 weeks) can decrease natural killer cells. Thus,
chronic catecholamine elevations as studied in PPGL, and
seen in hospitalised patients or patients with critical illness
who often experience persistent physiological stress, might
lead to a decline in circulating natural killer cells,
B-lymphocytes, and T-lymphocytes.” Therefore, it might
be possible for patients with COVID-19 and chronic
catecholamine elevations to be at higher risk for an
attenuated immune response during COVID-19 infection
than patients with COVID-19 without chronic
catecholamine elevations.

Renin, angiotensin, aldosterone, and the
cardiovascular system

About 85-90% of patients with PPGL have pre-existing
hypertension (either sustained or paroxysmal). Such hyper-
tension can be highly resistant and can require multiple
anti-hypertensives.® Several studies have consistently
shown that hypertension is associated with poor clinical
outcomes in patients with COVID-19."**¥ Hypertension
was the most common comorbidity (56-6%) among a
cohort of 5700 patients with COVID-19 admitted to various
hospitals in and around New York City.” The number of
deaths among patients with COVID-19 was 2-3 times
higher in those with hypertension than among those
without hypertension.”? In the OpenSAFELY study,
hypertension was associated with higher odds of COVID-19-
related death (age-adjusted and sex-adjusted hazard ratio

[HR] 1-09, 95% CI 1-05-1-14).” Data from 1099 patients
with COVID-19 from 552 hospitals in China revealed that
hypertension was associated with a higher likelihood for
admission to an intensive care unit, mechanical ventilation,
or death when compared with patients without hyper-
tension (35-8% wvs 13-7%).! A key pathophysiological
mechanism might involve the interaction between
SARS-CoV-2 spike protein and the host cell membrane-
bound angiotensin-converting enzyme 2 (ACE2), which
facilitates viral entry into the host cell.”® The ACE2 enzyme
converts angiotensin II, a vasoconstrictive, profibrotic
peptide, to angiotensin 1-7, a vasodilatory, anti-inflam-
matory peptide.” On viral entry of SARS-CoV-2 into target
cells, ACE2 is proteolytically degraded, thus, eliminating its
enzymatic activity.® This degradation might lead to an
excess of circulating angiotensin II, which exerts
vasoconstrictive effects by binding to angiotensin II type 1
receptor.*? The superimposed angiotensin II-mediated
vasoconstriction and the catecholamine excess from PPGL
can lead to profound cardiovascular effects through several
mechanisms. First, stimulation of al-adrenoceptors by
catecholamines in the systemic vasculature can act
synergistically with excess angiotensin II (the result of
SARS-CoV-2 infection), causing severe vasoconstriction
and a marked rise in systemic vascular resistance.**
Second, the action of catecholamines on fl-adrenoceptors
within the kidney can increase secretion of renin, which in
turn can increase the production of angiotensin II, leading
to further worsening of hypertension. Moreover, in several
patients with COVID-19, hypertension can be pre-existent
as a part of metabolic syndrome, manifesting along with
impaired glucose homoeostasis, and obesity.** This
observation is also relevant in patients with COVID-19 with
excess catecholamines, because blood pressure—even
among patients with PPGL—has been shown to positively
correlate with body-mass index.’ On the other hand, some
patients with catecholamine excess and severe COVID-19
infection who would have otherwise developed distributive
(septic) or cardiogenic shock might be paradoxically
protected from developing a shock state due to the
vasoconstrictive and cardio-stimulatory effects of excess
circulatory catecholamines; these physiological effects are
relevant to patients with COVID-19 who might have
compensated shock with the provision of endogenous or
exogenous adrenaline or noreadrenaline.*

Familiarity with the biologically active catecholamines
noradrenaline and adrenaline provides valuable insight
when considering the influence of a particular cate-
cholamine on the cardiovascular system." Noradrenaline
preferentially stimulates al-adrenoceptors on peripheral
vessels leading to marked vasoconstriction.” By contrast,
adrenaline often stimulates P-adrenoceptors leading to
severe tachyarrhythmia through cardiac B1-adrenoceptors
and, in some patients with PPGL, to hypotension through
overstimulation of [2-adrenoceptors on peripheral
vessels.” However, cardiac l-adrenoceptor stimulation
and inotropic effects can also occur from synaptic
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noradrenaline produced locally in the postganglionic
sympathetic neurons that innervate the heart. The net
cardiovascular effects of catecholamines on blood pressure
and heart rate depend largely on catecholamine actions via
adrenoceptors on vasculature and various other organs,
their interplay with the immune system, the host response
to SARS-CoV-2, and the severity of the infection.
Catecholamines, as mentioned, also mediate compen-
satory and beneficial haemodynamic effects” in the state of
cardiogenic or distributive shock. Conversely, we believe
that catecholamines might predispose to or precipitate life-
threatening decompensations, especially in the setting of
COVID-19.* Up to 71% of patients with PPGL die of
cardiovascular causes, with 19-3% experiencing acute,
sometimes fatal, cardiovascular complications.”** These
complications include heart failure, myocardial infarction,
arrhythmias, and ischaemic and haemorrhagic strokes.””
Catecholamines have chronic and acute influences
on the cardiovascular system.” Chronically elevated
catecholamine concentrations and associated hypertension
lead to deleterious remodelling of coronary, cerebrovascular,
and remaining systemic arteries, predisposing to stroke,
myocardial infarction, and microvascular ischaemia in the
setting of superimposed haemodynamic stressors.®
Furthermore, chronic hypertension and high afterload
lead to myocardial thickening and eventual heart failure
with preserved ejection fraction.” Even more perplexing,
yet not well understood, is the development of heart failure
with reduced ejection fraction in the setting of
catecholamine excess.” This disease state can be mediated
by toxic concentrations of catecholamines leading to
myocardial cell death, fibrosis, and ventricular dilatation
with systolic dysfunction.® In our opinion, acute
catecholamine surges, seen in patients with underlying
PPGL and in critically ill patients with sudden haemo-
dynamic stressors or vasopressor infusion, might increase
the risk of lethal complications in the setting of COVID-19.
These complications might include fatal arrhythmias,
hypertensive emergencies with stroke, aortic dissection,
demand and vasospastic myocardial infarction, myo-
carditis, and stress-induced (takotsubo) cardiomyopathy.’

Ventilation, perfusion, and the pulmonary
system

Chronic obstructive lung disease and asthma are
associated with substantial morbidity and mortality in
patients with COVID-19.2* Furthermore, autopsy speci-
mens in these patients show diffuse alveolar damage and,
in some cases, extensive granulocytic infiltration of the
bronchi and alveoli, resulting in ventilation defects.”*
Adrenaline causes [2-adrenoceptor-mediated broncho-
dilation whereas noradrenaline causes al-adrenoceptor-
mediated reductions in bronchial gland secretions.”*
These effects might improve ventilation in patients
with COVID-19. Excess catecholamines can cause
al-adrenoceptor-mediated vasoconstriction, which can
reduce blood flow to well ventilated alveoli.” Catecholamine
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excess can also cause 2-adrenoceptor-mediated vaso-
dilation, which can reverse the compensatory hypoxic
vasoconstriction in the vasculature that surrounds poorly
ventilated alveoli.” These effects might cause a mismatch
between ventilation and perfusion, leading to intra-
pulmonary shunting that could potentially worsen the
already present hypoxaemia in patients with
COVID-19.5%%¢

Glucose metabolism and the endocrine system
Both type 1 and type 2 diabetes are risk factors for severe
COVID-19, and uncontrolled hyperglycaemia in both
forms of diabetes is significantly independently associated
with COVID-19-related mortality.” Patients with COVID-19
and diabetes are at a higher risk for developing acute
respiratory distress syndrome, septic shock, acute kidney
injury, and hypercoagulability with thrombi or emboli than
patients with COVID-19 but no diabetes.?? These
conditions necessitate care in an intensive care unit, often
with mechanical ventilation. Diabetes was a common
comorbidity (33-8%) in a study done on 5700 hospitalised
patients with COVID-19 in New York, USA.” An analysis
of data obtained from over 17-2 million individuals in the
UK (OpenSAFELY study) showed that uncontrolled
diabetes was an independent risk factor for death from
COVID-19 (age-adjusted and sex-adjusted HR 2-61,
95% CI 2-46-2-77), even after adjusting for co-variables.? A
multicentre, retrospective study on 7337 patients with
COVID-19 in Hubei province, China, showed that patients
who had type 2 diabetes had significantly higher mortality
than patients without diabetes.”” 51-75% of patients with
PPGL have fasting hyperglycaemia as a result of {-cell
a2-adrenoceptor-mediated inhibition of insulin secretion.®
Although PPGL-related hyperglycaemia is usually mild, it
can require insulin and, in severe cases, precipitate diabetic
ketoacidosis. Moreover, hyperglycaemia is associated with
dysregulated immunity, including impaired neutrophil
chemotaxis, defective intracellular destruction of microbes,
blunted antiviral interferon responses, delayed activation
of Thelper type 1 celllmediated immunity, and a late
hyperinflammatory response, all of which can worsen
the severity of COVID-19. In our opinion, excess
catecholamines might oppose hypoglycaemia in patients
with COVID-19, especially those with severe sepsis or
septic shock.

Effects of catecholamine excess in PPGL and
their implications for patients with COVID-19

As previously discussed, catecholamines have opposing
effects—{rom hypertensive crises to hypotensive shock—
on various systems, sometimes augmenting cardiac output
while also potentially causing acute decompensated heart
failure, metabolic disturbances, and immune dysregu-
lations. Thus, to avert these devastating catecholamine-
induced outcomes, we will discuss the pertinent
therapeutic principles that are foundational to the
management of catecholamine excess, particularly in
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Deleterious effects of catecholamines

Beneficial effects of catecholamines

Cardiovascular system

Arrhythmogenic effects

B1-AR

adrenaline > noradrenaline: arrhythmias,
deteriorate into cardiac arrest; most common
arrhythmias: sinus tachycardia, atrial fibrillation
or flutter, ventricular tachycardia

Haemodynamic effects

al-AR

B1-AR

B2-AR

noradrenaline > adrenaline: vasoconstriction,
hypertension

noradrenaline and adrenaline: renin release and
COVID-19-mediated ACE2 degradation; both
can lead to increased angiotensin Il, potentially
resulting in hypertensive crises

adrenaline or noradrenaline with a1-AR
blockade: can precipitate hypotensive shock or
distributive (septic) shock in patients with
COVID-19

Cardiomyopathic effects

B1-ARand
B2-AR

Pulmonary system
al-AR

B2-AR

adrenaline > noradrenaline: acute heart failure
or decompensation, takotsubo
cardiomyopathy, myocarditis, chronic
catecholamine cardiomyopathies

noradrenaline > adrenaline: vasoconstriction to
well ventilated alveoli, intrapulmonary shunt,
hypoxaemia

adrenaline: vasodilation or opposition to
hypoxic vasoconstriction to poorly ventilated
alveoli, intrapulmonary shunt, hypoxaemia

Haematological system

B-ARs

o2-AR

noradrenaline and adrenaline:
hypercoagulability, thrombosis

adrenaline and noradrenaline: platelet
aggregation, thrombosis

Immunological system

o2-ARs

B-ARs

Endocrine system
a2-AR

probably noradrenaline and adrenaline:
inhibition of antigen presentation, lymphocyte
proliferation, cytokine production, greater
susceptibility to SARS-CoV-2 infection

likely adrenaline: lymphopenia and chronic
catecholamines cause NK cell reduction

adrenaline > noradrenaline: B-cell dysfunction,
hyperglycaemia

noradrenaline > adrenaline:
catecholamine-induced
vasoconstriction might compensate
for COVID-19-distributive or
cardiogenic shock

noradrenaline and adrenaline: cardiac
stimulation might compensate for
COVID-19-distributive or cardiogenic
shock

noradrenaline > adrenaline:
decreased bronchial gland secretion,
improved ventilation

adrenaline: bronchodilation,
improved ventilation

adrenaline > noradrenaline:
activation of fibrinolysis, anti-
thrombotic

likely adrenaline: acute
catecholamine elevation, increased
NK cells, improved host viral defence

adrenaline > noradrenaline:
catecholamine-induced
hyperglycaemia, could counteract
hypoglycaemia in patients with
severe COVID-19 infection

ACE2=angiotensin-converting enzyme 2. AR=adrenoceptor. NK cell=natural killer cell. SARS-CoV-2=severe acute
respiratory syndrome coronavirus 2.

Table: Potential interactions between catecholamines, adrenoceptors, and physiological systems, and
implications in patients with COVID-19
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PPGL (table). PPGLs can store and therefore secrete great
of catecholamines
pursuant severe clinical consequences are the best clinical
examples for appreciating the effects of circulating

amounts

into circulation.®

The

adrenaline and noradrenaline. Within a moment, a patient
can develop haemodynamic instability resulting in cardiac
arrest.® Thus, beyond the potential for acute decom-
pensation, the cardiovascular, pulmonary, haematological,
endocrine, and immunological changes incurred by
catecholamines establish risk factors for morbidity and
mortality in patients with COVID-19.00#%%5 These risk
factors include hypertension, diabetes, and cardiovascular
disease; and in patients with PPGL, there is a potential for
the additional burden of malignancy, which in itself was
shown to be an important risk factor for COVID-19-related
death even after multivariate analysis.> By contrast,
catecholamines might sustain beneficial cardiopulmonary
effects in patients with COVID-19 pneumonia and
associated distributive (eg, septic) or cardiogenic shock.
Interfering with the influence of catecholamines on the
pulmonary and cardiovascular system (table) in such a
balanced compensatory state might lead to cardiovascular
and respiratory failure. Thus, rather than striving for
optimal management when considering patients with
excess catecholamines, a multidisciplinary team needs to
consider the complex beneficial and harmful effects of
catecholamines in patients with COVID-19 (table).
Regarding patients with PPGL, it is very well accepted in
clinical practice that catecholamine excess can be
treated by a-adrenoceptor or B-adrenoceptor blockers,
catecholamine synthesis inhibitors, calcium channel
blockers, and the more recent hyperpolarisation-activated
cyclic nucleotide-gated channel blocker ivabradine.®®
Adrenoceptor  blockade, including al-adrenoceptor
blockers (eg, doxazosin or prazosin), non-specific
a-adrenoceptor blockers (eg, phenoxybenzamine), and
B-adrenoceptor blockers (eg, atenolol or metoprolol), are
the most commonly used medications for management of
catecholamine excess in patients with PPGLs.® Using
metyrosine (Demser), which inhibits catecholamine
synthesis by blocking tyrosine hydroxylase, a rate-limiting
enzyme of catecholamine synthesis, prevents high
catecholamine concentrations, which would otherwise
bind to cognate adrenoceptors.® Metyrosine might offer
additional benefits, as treatment will not only dampen
catecholamine synthesis and action on various organs via
adrenoceptors, but could also attenuate the hyper-
inflammatory response, cytokine storm syndrome, or
multisystem inflammatory syndrome in children. In a
well designed experiment by Staedtke and colleagues,”
inhibition of tyrosine hydroxylase with metyrosine
decreased excess cytokine release in response to bacterial
infections, T-cell targeting antibodies, and chimeric
antigen receptor T cells in mice. In the same study,
al-adrenoceptor Dblockade, but not -adrenoceptor
blockade, limited the lipopolysaccharide-induced hyper-
inflammatory response. In a retrospective analysis of data
from a population with pneumonia complicated by
acute respiratory distress syndrome, patients who were
given ol-adrenoceptor blockers in the year preceding
hospitalisation had a significantly lower risk for
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mechanical ventilation and mortality than those not on
al-adrenoceptor blockers.”” Therefore, among patients
with COVID-19, al-specific adrenoceptor-blockade with
doxazosin or prazosin, or non-specific a-adrenoceptor-
blockade with phenoxybenzamine, might substantially
reduce the catecholamine-mediated hyperinflammatory
response, cytokine storm syndrome, or multisystem
inflammatory syndrome in children.”” The PREVENT-
COVID trial (ClinicalTrials.gov, NCT04365257) is a phase 2
randomised, open-label, clinical trial that is currently
recruiting patients to evaluate the efficacy and safety of the
al-adrenoceptor blocker prazosin in preventing cytokine
storm syndrome among hospitalised patients with
COVID-19. Furthermore, the use of metyrosine can be
very beneficial in patients with PPGL and COVID-19
because of its well known effect on catecholamine
synthesis. In addition, drugs that mitigate cytokine storm
syndrome or multisystem inflammatory syndrome in
children through inhibition of cytokine production, such
as the IL-6 inhibitors tocilizumab and sarilumab, the IL-1
receptor antagonist anakinra, or anti-TNF therapy, could
be of particular use in this unique cohort.” However, the
cost and adverse effects of these agents might limit their
use. Additionally, the use of ivabradine, a sinus node I;
current inhibitor, might successfully treat tachycardia
refractory to [-adrenoceptor and calcium channel
blockades.® In our opinion, the use of adrenoceptor
blockers in drug-naive patients (ie, patients with no
previous therapeutic exposure to adrenoceptor-blockers)
might lead to hypotension in the setting of SARS-CoV-2
infection. Additionally, these medications might cause
orthostatic hypotension during the first few days of
therapy, especially among those patients with intermittent
hypertension.® Physicians should be aware that
catecholamines are necessary for maintaining vascular
tone, and blocking the synthesis of catecholamines or
their actions on adrenoceptors in patients with COVID-19
could increase the risk for hypotension. In patients with
PPGL, appropriate (often vigorous) administration of
fluids and ingestion of salt will offset such adverse
outcomes. Other stress hormones such as glucocorticoids
might act synergistically with catecholamines, leading to
deleterious clinical outcomes.” The interactions between
catecholamines and glucocorticoids are intricate.
Catecholamines influence the hypothalamic—pituitary—
adrenal axis and, in turn, affect glucocorticoid-mediated
immune signals”® On the other hand, intra-adrenal
glucocorticoids contribute to adrenaline production in the
adrenal medulla™ Patients with COVID-19 have been
shown to mount a robust hypercortisolaemic response
during the infection, and higher serum cortisol values are
associated with reduced median survival and increased
mortality.”” However, glucocorticoids might mitigate some
effects related to catecholamine excess, such as excess
cytokine production, and inflammation.” Such beneficial
effects might have contributed to the favourable outcomes
in patients with COVID-19 and hypoxaemia who were

www.thelancet.com/diabetes-endocrinology Vol 8 December 2020

given dexamethasone in the RECOVERY trial.” It is also
crucial to be cognisant of glucocorticoid therapy in
patients with catecholamine excess, and this is particularly
relevant in patients with coexistent PPGL and
COVID-19."7 When a patient with COVID-19 is suspected
to have an underlying PPGL, physicians need to be wary
of elevations in plasma and urine metanephrines that can
be observed in severe acute illness due to sympathoadrenal
activation, vasopressor infusions, or other medications,
even without an underlying PPGL. In these situations,
plasma metanephrines can elevate to concentrations
similar to those observed in patients with catecholamine-
producing PPGLs, precluding an unequivocal diagnosis.”*”
Nevertheless, if the clinical course of a patient allows,
evaluation for PPGL can be deferred until the resolution
of acute COVID-19 illness. A subset of patients who
develop severe COVID-19 and require intensive care unit
admission could be at risk for developing post-intensive
care unit syndrome, characterised by new or persistent
physical, psychological, and cognitive impairments after
hospital discharge.* Catecholamines have been implicated
in the development of these syndromes,* and their
manifestations might be exaggerated among patients with
COVID-19 with catecholamine excess states such as
PPGL.

In our opinion, patients with PPGL and mild COVID-19
infection or suspected COVID-19 infection not requiring
hospitalisation, who are already on adrenoceptor blockers
or other anti-hypertensives, can continue with these
medications, and these anti-hypertensive regimens should
not be interrupted as long as the blood pressure and heart
rate remain stable. Patients should contact their physician
if they experience erratic changes in blood pressure or
heart rate or worsening of respiratory symptoms. Because
patients with coexistent PPGL and COVID-19 are at risk
for hyperglycaemia, optimal glycaemic control might be
necessary for better outcomes.” For patients with PPGL
and mild COVID-19 infection or patients with pre-existing
hyperglycaemia, blood glucose should be closely
monitored at home, with the provision of anti-hyper-
glycaemic agents and insulin on a case-by-case basis.
Active surveillance and in-person evaluation (eg, in the
clinic) should be considered for patients who meet one or
more of the following criteria: have a newly diagnosed
secretory PPGL; have catecholaminergic symptoms; are
undergoing peptide receptor radionuclide therapy,
chemotherapy, or radiation; and have evidence of clinical,
biochemical, or radiological progression of disease.” On
the other hand, patients who are potential candidates for
telemedicine consultations are those that have a
non-functioning PPGL, have stable (including metastatic)
disease, have had a resection of an uncomplicated
PPGL 1-3 months ago, or those in whom more than
4 weeks has elapsed since peptide receptor radionuclide
therapy or ablation, and who remain asymptomatic.”

Surgical intervention should be offered to PPGL patients
in a timely manner when warranted.* However, if a patient
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Search strategy and selection criteria

The literature review was done on PubMed using the search
terms “phaeochromocytoma”, “paraganglioma”, “COVID-19",
“coronavirus”, “immune system”, “hypercoagulation”,
"hypertension”, “diabetes”, and “physiology” in combination
with the term “catecholamines”. Data were reviewed from
full-length articles, including case reports, case series,
observational retrospective studies, systematic reviews, and
meta-analyses published on any date before Aug 31, 2020.
There were no language restrictions applied to our search.
The final reference list of literature was created on the basis of

originality and relevance to this Personal View.

remains stable on adrenoceptor blockade or there is no
previously detected rapid tumour growth (regardless of
secretory status), it is not unreasonable to actively monitor
and defer surgery in a patient with COVID-19 and PPGL
until the resolution of the infection or the patient tests
negative for SARS-CoV-2 on a nasopharyngeal swab.®
Several risk factors, including the patient’s age, comor-
bidities, biochemical phenotype of PPGL (catecholamine
secretor vs catecholamine non-secretor), tumour size, local
invasion into surrounding tissues, extent of disease, and
severity of symptoms and signs are to be considered and
weighed against the benefits of timely surgical intervention
in these patients. Prompt initiation of preoperative
adrenoceptor blockade, preferably 7-14 days before surgery,
is crucial for prevention of hypertensive crisis during
surgery.®** A high-sodium diet and adequate fluid intake
is necessary to minimise preoperative catecholamine-
induced blood volume contraction to prevent postoperative
hypotension.®

As outlined in this Personal View, the effect of elevated
catecholamine concentrations is modelled by patients with
PPGL and relevant to patients with critical illness.
Catecholamines, especially in excess concentrations, cause
dysregulation of physiological cascades. This dysregulation
subsequently leads to various conditions, many of which
are risk factors closely linked to adverse outcomes in
patients with COVID-19. Despite the detrimental effects of
catecholamines, counteracting their influence with various
agents should be done cautiously. This cautious approach
should be taken because of the various potential beneficial
effects of catecholamines on pulmonary ventilation,
vascular tone, and cardiac function, which can be vital
compensatory influences in the setting of COVID-19.
Further studies aimed at exploring the role of
catecholamines in the pathophysiology of COVID-19
might reveal novel therapeutic strategies and druggable
targets in the management of COVID-19.
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