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Angiotensin Il for the Treatment of COVID-19-Related

Vasodilatory Shock
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GLOSSARY

ACE2 = angiotensin-converting enzyme 2; ACE = angiotensin-converting enzyme; AKI = acute kid-
ney injury; Ang-(1-9) = angiotensin-(1-9); Ang-(1-7) = angiotensin-(1-7); Ang-1 = angiotensin
I; Ang-2 = angiotensin Il; APACHE = Acute Physiology and Chronic Health Evaluation; ARDS =
acute respiratory distress syndrome; AT, = angiotensin type 1; AT, = angiotensin type 2; ATHOS-
3 = Angiotensin Il for the Treatment of High Output Shock; Cl = confidence interval; COVID-19 =
coronavirus disease 2019; ECMO = extracorporeal membrane oxygenation; EDHF = endothelium-
derived hyperpolarizing factor; ICU = intensive care unit; MAS = mitochondrial assembly protein;
NO = nitric oxide; RAAS = renin-angiotensin-aldosterone system; RRT = renal replacement therapy;

SARS = severe acute respiratory syndrome

oronavirus disease 2019 (COVID-19) first
‘ appeared in Wuhan, China, in early December

2019.1 Since then, the World Health Organization
has classified it as a pandemic and, as of April 16, 2020,
186 countries have reported over 2 million confirmed
cases and 138,000 deaths.? In the cohort of patients with
severe disease, 89.0% were hospitalized and 8.1% died.!
In the subgroup of patients admitted to the intensive
care unit (ICU), required mechanical ventilation, or
died from the disease, 11.9% required continuous renal
replacement therapy (RRT), 13.4% developed septic
shock, and 40.3% developed acute respiratory distress
syndrome (ARDS).! Given the high morbidity and
mortality in this cohort, we must utilize medications
that are already available today to alter the pathophysi-
ology and clinical course of this disease. Doing so may
improve outcomes while awaiting the development of
targeted antiviral therapies and vaccines.>”

ARDS increases alveolar-capillary barrier per-
meability, reduces surfactant production, amplifies
cytokine and interleukin production, and increases
the risk of septic shock, which all culminate in
severe pulmonary endothelial damage.® Because
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angiotensin-converting enzyme (ACE) is also located
on the pulmonary endothelium, these proinflamma-
tory processes severely disrupt ACE function.” ACE is
integral to the renin-angiotensin-aldosterone system
(RAAS), which is one of the 3 physiologic pathways
that function in concert with the arginine-vasopressin
and sympathetic nervous systems to autoregulate
hemodynamics in humans.’ Dysfunction in ACE
(hazard ratio 0.56; 95% confidence interval [CI], 0.36—
0.83; P = .011) and RAAS (estimated fixed effect of
renin 1292.0 and 1428.7, 95% ClI, 34.7-1428.7; P = .03)
has been associated with decreased survival in septic
shock.3!

Without functional ACE in COVID-19-associated
ARDS, angiotensin I (Ang-1) cannot be hydrolyzed
into angiotensin II (Ang-2), which contributes to
hypotension via 4 distinct mechanisms. First, inade-
quate production of Ang-2 directly leads to decreased
angiotensin type 1 (AT,) receptor agonism (Figure 1),
leading to decreased vascular smooth muscle con-
striction, decreased free water and sodium reab-
sorption by the kidney, and decreased aldosterone,
cortisol, and vasopressin release by the hypothalamic-
pituitary-adrenal axis.”!® Second, it leads to excessive
accumulation of Ang-1, which is metabolized into
angiotensin-(1-9) (Ang-(1-9)) and angiotensin-(1-7)
(Ang-(1-7)) to agonize the vasodilatory mitochon-
drial assembly protein (MAS) and angiotensin type 2
(AT,) receptors (Figure 2).° Third, Ang-(1-7) directly
activates nitric oxide (NO) synthase, stimulating pro-
duction of NO, another potent vasodilator.'? Fourth, it
impairs ACE-dependent hydrolysis of bradykinin into
bradykinin-(1-7) and bradykinin-(1-5), which leads
to excessive accumulation of bradykinin (Figure 1).1%
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Figure 1. Normal function of ACE. ACE hydrolyzes Ang-1 into Ang-2, which then acts on AT, receptors to cause vasoconstriction. ACE is also
required at 2 points in the hydrolysis of bradykinin into bradykinin-(1-7) and bradykinin-(1-5). ACE indicates angiotensin-converting enzyme;

Ang-1, angiotensin I; Ang-2, angiotensin Il; AT,, angiotensin type 1.

This vasodilatory substance agonizes B, receptors and
causes release of prostacyclin, NO, and endothelium-
derived hyperpolarizing factor (EDHF).!*

Because of these changes, a strong physiologic
rationale exists for utilizing exogenous Ang-2 to treat
COVID-19-associated vasodilatory shock. Exogenous
Ang-2 targets the RAAS by replacing depleted endog-
enous Ang-2 stores and agonizing AT, receptors to
increase vascular tone. Furthermore, by increasing
renal perfusion and decreasing renin secretion, exoge-
nous Ang-2 decreases Ang-1 production and mitigates
secondary MAS, AT,, B,, NO, and bradykinin-induced
vasodilatation.” The Angiotensin II for the Treatment
of High Output Shock (ATHOS-3) trial found that
Ang-2 was effective at increasing mean arterial pres-
sure and decreasing background norepinephrine
dose.” One study found that patients with vasodila-
tory shock who rapidly responded to exogenous Ang-
2, defined as the ability to down-titrate to a dose <5
ng/kg/min within 30 minutes of initiation, had sig-
nificantly lower levels of baseline endogenous Ang-2
(mean Ang-2 128.3 + 199.1 pg/mL rapid responders
versus 420.8 + 680.4 pg/mL nonrapid responders; P
< .01) and subsequently had decreased 28-day mor-
tality (41% for rapid responders versus 66% non-
rapid responders; P < .001) than those who did not
rapidly respond.* In addition, Ang-2 was associated
with decreased 28-day mortality in patients with an
Acute Physiology and Chronic Health Evaluation
(APACHE) II score >30 (51.8% mortality for Ang-2
versus 70.8% for conventional vasopressors; P = .037)
and in patients with acute kidney injury (AKI) on RRT
(47% mortality for Ang-2 versus 70% for conventional
vasopressors; P = .012).>6 Furthermore, Ang-2-treated
patients experienced an increased rate of liberation
from RRT by day 7 (38% for Ang-2 versus 15% for
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conventional vasopressors; P = .007) compared to
those who only received conventional vasopressors.®
With up to 11.9% of critically ill COVID-19 patients
requiring RRT and with the continued exponential
increase in the number of COVID-19 cases world-
wide, a large number of patients might benefit from
earlier Ang-2 utilization.!

Although the physiologic effects of Ang-2 on the
RAAS are known, many questions remain. Current evi-
dence suggests that severe acute respiratory syndrome
[SARS]-CoV-2, the virus that causes COVID-19, binds
to the angiotensin-converting enzyme 2 (ACE2) recep-
tor with 10-20 times the affinity of SARS-CoV, identi-
fied in 2003, and that ACE2 is required for cell entry and
viral replication.'® Exogenous Ang-2 has been shown to
downregulate ACE2 by internalization and degrada-
tion in animal models and in vitro studies of human
cells.'”!® It is unknown whether these downregulatory
effects on ACE2 and can modulate the rate of COVID-
19 cell entry and viral replication. Viral load and ACE2
enzyme activity should be measured in patients who
receive Ang-2 or other vasopressors to better character-
ize their effects in COVID-19-infected patients.

The disruption of ACE function in ARDS and sepsis
makes early exogenous Ang-2 administration a physi-
ologically rational choice for the treatment of COVID-
19-associated vasodilatory shock. With the anticipated
widespread shortage of life-sustaining equipment such
as ventilators, continuous RRT machines, and extra-
corporeal membrane oxygenation (ECMO) circuits,
critical care personnel such as RRT-trained nurses,
intensivists, and respiratory therapists, and hospital
resources such as critical care beds, emergency depart-
ment beds, and personal protective equipment, every
single RRT-free, hypotension-free, ventilator-free, and
ICU-free day will matter. Although there are no current
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Figure 2. Effect of ACE dysfunction on metabolite accumulation. Dysfunction in ACE as a result of endothelial damage, ARDS, and septic shock
prevents the hydrolysis of Ang-1 to Ang-2 from occurring. Ang-1 accumulates, and the excess is metabolized into Ang-(1-9) and Ang-(1-7). Ang-
(1-7) leads to activation of nitric oxide synthase and agonism of AT,, B,, and MAS receptors, which all lead to vasodilatation. In addition, ACE
dysfunction prevents the degradation of bradykinin into bradykinin-(1-7) and bradykinin-(1-5), which results in an excessive accumulation of
bradykinin and potent vasodilatation. The figure was created with Motifolio Toolkit (Motifolio Inc, Ellicott City, MD). ACE indicates angiotensin-
converting enzyme; Ang-(1-7), angiotensin-(1-7); Ang-(1-9), angiotensin-(1-9); Ang-1, angiotensin |; Ang-2, angiotensin Il; ARDS, acute respira-
tory distress syndrome; AT,, angiotensin type 2; MAS, mitochondrial assembly protein; RAAS, renin-angiotensin-aldosterone system.

trials to support Ang-2’s superiority over conventional
vasopressors in COVID-19 patients with vasodilatory
shock, the physiologic rationale for using the drug is
strong, and the gravity of the current situation man-
dates that alternative therapies be considered. &5
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