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Abstract

To expand our understanding of the role of angiotensin Il (ANGII) in coronavirus
infectious disease 2019 (COVID-19), we conducted an international, multi-
center registry study to assess the use of ANGII in patients with COVID-19
compared to patients not receiving ANGII. Critically ill adult patients who
were diagnosed with COVID-19 and received ANGII were matched with
COVID-19 patients not receiving ANGII according to age, respiratory support,
history of hypertension, use of angiotensin-converting enzyme inhibitors
and/or ANGII receptor blocker, and date of admission. All outcomes were
exploratory in nature and included improvement in oxygenation, duration of
organ support, and mortality. In one year, 132 patients were included (65 in the
ANGII group and 67 in the control group), and patients were comparable in
baseline characteristics. During the first 12 h of infusion, patients in the ANGII
had a faster decrease in FiO, and maintained similar mean arterial pressure
levels. Hospital mortality was not statistically significantly different between
the groups (53.8% vs. 40.3%; p = 0.226). Within the limitations of such a study
design, our findings confirm previous observations of a potentially positive ef-
fect of ANGII on blood pressure and FiO, but no effect on patient-centered

outcomes.
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1 | INTRODUCTION

Coronavirus infectious disease 2019 (COVID-19) can cause
severe acute respiratory syndrome requiring invasive mechanical
ventilation.’ Once ventilated, some patients develop vasodilatory
hypotension and require vasopressor drugs.” Modulation
of the renin-angiotensin-aldosterone system (RAAS) with
vasopressor drugs may affect outcomes because the angiotensin-
converting enzyme (ACE) type 2 is the viral receptor®” for the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
spike protein and because drugs that inhibit the RAAS may
affect the expression of ACE2 and, thereby, cell entry by the
COVID-19 virus."”

Angiotensin Il (ANGII) is a vasopressor approved by the United
States Food and Drug Administration (FDA) and European Medicines
Agency (EMA) for the treatment of catecholamine-resistant vasodi-
latory shock® and a substrate for ACE2. In Phase Il double-blind
randomized trial, when used as rescue vasopressor, ANGII improved
blood pressure in catecholamine-resistant vasodilatory shock.”
Moreover, it increased survival in patients with a high ANGI/ANGII
ratio® or a high renin level” and, in patients receiving renal replace-
ment therapy (RRT) at randomization, it increased the likelihood of
recovery to RRT independence.’®

In patients with COVID-19, the physiological effect of ANGII
on oxygenation was recently assessed in an uncontrolled case
series. This case series reported an improvement of PaO,/FiO,
ratio with ANGILL** In contrast, more recently, a small case series
reported that ANGII was associated with poor outcomes in six
COVID-19 patients.’” However, these observational assessments
lacked controls. Finally, a single-center study reported increased
blood pressure and PaO,/FiO, ratio, decreased risk of liver dys-
function, and, in patients with abnormal baseline serum creatinine,
a suggestive decrease of RRT use.’®

Given such limited data and to expand our understanding of
the role of ANGII in COVID-19-related hypotension, we conducted
an international, multicenter registry study to assess the use of
ANGII in patients with COVID-19 compared to patients not
receiving ANGII across different centers in Europe. In particular,
we aimed to test the hypothesis that ANGIl would be associated
with improved PaO,/FiO, ratios compared with controls as
suggested by previous work.

2 | METHODS

2.1 | Study design

This is a prospective international, multicenter, ANGII registry-based
study, including patient-centered outcomes. The study was approved
by the Alfred Hospital Ethics Committee (Project Number 215/20)
and in each local center according to local regulations. A waiver of

consent was obtained. The study was registered on ANZCTR

(ACTRN12620000620921) and on ClinicalTrials.gov (NCT04408326)
and data from some patients from a single center component of this

cohort was published previously.***®

2.2 | Patients

Critically ill adult patients who were diagnosed with COVID-19
and received ANGII infusion were considered for inclusion.
In addition, matched control patients were critically ill adults who
were diagnosed with COVID-19 but did not receive ANGII
infusion.

The following additional inclusion criteria were considered
for the identification of matched controls: 1) receiving
vasopressor infusion; and 2) matched to a patient from the ANGII
group by the following criteria: date of intensive care unit
(ICU) admission (range of +2 days), age (range of +2 years), re-
spiratory support at ICU admission (no supplemental oxygen or
supplemental oxygen or noninvasive ventilation/high flow nasal
cannula or invasive ventilation), history of hypertension, and use
of angiotensin-converting enzyme inhibitors (ACEls) or angio-
tensin |l receptor blockers (ARBs). No exclusion criterion was
considered.

2.3 | Intervention

ANGII (Giapreza®; La Jolla) infusion was used according to local
protocol and clinical criteria. Patients received ANGII either as a
second-line vasopressor in addition to norepinephrine or solely as

a first-line agent.

24 | Data collection

Medical records were used for data collection. We obtained
data on medical history, clinical and laboratory data every 6 h
in the first 12h after the start of the infusion of ANGII
(ANGII group) or other vasopressors (in the control group).
Daily data collection was restricted to the first 3 days after in-
clusion, and outcome data. All data were collected by trained
investigators independent from the clinical teams. Before analy-
sis, an extensive round of data cleaning was performed to check

for data accuracy.

2.5 | Clinical outcomes

All outcomes reported in this study are exploratory in nature.
Clinical outcomes collected in the registry included the use of
organ support during ICU stay (RRT, extracorporeal membrane

oxygenation [ECMO], and/or prone positioning), development of
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TABLE 1 Baseline characteristics of the included patients

Age, years
Female gender—no. (%)
Body mass index, kg/m2
Days between hospital and ICU admission
SOFA
Respiratory
Cardiovascular
Renal
Comorbidities—no. (%)
Hypertension
Diabetes
Chronic respiratory failure
Chronic kidney disease
Cancer
Leukemia
Smoking
Use of ACE inhibitors
Use of ARBs
Use of immunosuppression
Use of steroids
Ventilatory support at ICU admission—no. (%)
Low-flow oxygen
Noninvasive ventilation
Invasive ventilation
Vital signs at ICU admission
SpO,, %
FiO,
Heart rate, bpm
Mean arterial pressure, mmHg
Respiratory rate, breaths/min
Laboratory tests at ICU admission
pH
PaO,/FiO,
PaCO,, mmHg
Lactate, mmol/L
Creatinine, mg/dl
C-reactive protein, mg/dl
Support at ICU admission

Noradrenaline dose, pg/kg/min

Overall (n=132)
61 (53-67)

27 (20.5)

27.5 (24.8-32.0)
2 (0-4)

3(3-4)
3 (0-4)
0 (0-1)

60 (45.5)

28 (21.2)
11/118 (9.3)
6/118 (5.1)
6/116 (5.2)
1/83 (1.2)
6/101 (5.9)
17/118 (14.4)
15/118 (12.7)
1/84 (1.2)
3/85 (3.5)

4 (3.0)
2 (1.5)
126 (95.5)

93 (86-96)

0.70 (0.60-0.90)
100 (88-110)
90 (77-99)

26 (22-32)

7.37 (7.30-7.44)
108 (76-141)
45 (39-53)
1.5(1.1-2.2)
1.04 (0.85-1.33)
119 (29-244)

0.19 (0.10-0.22)

Angiotensin Il (n = 65)

61 (53-68)

10 (15.4)

27.4 (25.4-30.9)
2 (0-4)

3 (3-4)
3(0-4)
0(0-1)

26 (40.0)
18 (27.7)
6/60 (10.0)
3/59 (5.1)
3/58 (5.2)
0/41 (0.0)
2/53 (3.8)
10/62 (16.1)
6/62 (9.7)
1/43 (2.3)
0/43 (0.0)

4(6.2)
1(1.5)
60 (92.3)

91 (85-95)

0.80 (0.60-0.80)
100 (89-111)
87 (77-99)

28 (22-34)

7.36 (7.29-7.44)
107 (76-140)
47 (38-53)
1.5(1.2-2.2)
1.10 (0.86-1.40)
123 (25-263)

0.20 (0.08-0.30)

Control (n=67)
60 (50-66)

17 (25.4)

27.5 (24.7-34.0)
2 (0-5)

3(3-4)
3 (0-4)
0 (0-1)

34 (50.7)
10 (14.9)
5/58 (8.6)
3/59 (5.1)
3/58 (5.2)
1/42 (2.4)
4/48 (8.3)
7/56 (12.5)
9/56 (16.1)
0/41 (0.0)
3/42 (7.1)

0 (0.0)
1(1.5)
66 (98.5)

94 (88-97)
0.7 (0.6-0.9)
99 (86-107)
90 (77-98)
25 (21-30)

7.37 (7.31-7.42)
110 (76-142)
44 (40-53)
1.5(1.1-2.3)
1.01 (0.79-1.30)
119 (43-233)

0.15 (0.10-0.20)
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0.411
0.197
0.991
0.890

0.861
0.177
0.256

0.227
0.090
0.999
0.999
0.999
0.999
0.420
0.610
0.408
0.999
0.116

0.088

0.063
0.879
0.506
0.960
0.614

0.978
0.982
0.878
0.739
0.390

0.860

0.207

(Continues)
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TABLE 1 (Continued)

Overall (n=132)

Use of tocilizumab—no. (%) 2/123 (1.6)
Use of renal replacement therapy—no. (%) 1/126 (0.8)
Use of ECMO—no. (%) 6/127 (4.7)

Use of prone positioning—no. (%) 52/125 (41.6)

Note: Data are median (Quartile 25th-75th) and N/total (%).

Angiotensin Il (n = 65) Control (n=67) p

2/61 (3.3) 0/62 (0.0) 0.244
1/64 (1.6) 0/62 (0.0) 0.999
3 (4.6) 3/62 (4.8) 0.999

29/63 (46.0) 23/62 (37.1) 0.366

Abbreviations: ACE, angiotensin-converting enzyme; ARBs, angiotensin Il receptor blockers; ECMO, extracorporeal membrane oxygenation;

ICU, intensive care unit; SOFA, sequential organ failure assessment.

complications during hospital stay (stroke, acute myocardial in-
farction, unexpected cardiac arrest, acute kidney injury, and/or
cardiac arrhythmia), and clinical outcomes (ventilator-free days at
Day 28, ICU-free days at Day 28, hospital-free days at Day 28, and
ICU, hospital, and 60-day in-hospital mortality).

2.6 | Statistical analysis

A convenience sample was considered for this analysis, with
each center including all patients who received ANGII during
the study period and one or two controls for every ANGII
patient. Continuous variables are presented as medians (Quartile
25%-75%) and categorical variables as numbers and percentages.
Baseline and clinical characteristics of the patients were com-
pared among the groups using Fisher's exact tests and Wilcoxon
rank-sum tests.

Continuous variables over different time points were
compared between the groups using a mixed-effect generalized
linear model with Gaussian distribution and with group, time,
and group x time interaction included as a fixed effect term
(time as a continuous variable) and patients included as random
effect term to account for the repeated measurements.
p-values from this interaction represent a statistical assessment
of whether the trend over time differed among the groups.
In addition, a model considering time as a categorical variable
was performed, and between-group comparisons at each time
point were estimated with the appropriate contrasts from the
model and using a Holm-Bonferroni method to adjust for
multiplicity.

Binary outcomes were compared between the groups with a
mixed-effect generalized linear model with binomial distribution
and an identity link, and reported as risk difference with 95%
confidence interval (Cl). Continuous outcomes were compared
with a mixed-effect median regression, considering an interior
point algorithm, and reported as the median difference with a 95%
Cl. Moreover, 60-day in-hospital mortality was reported in
Kaplan-Meier curves and compared with a (shared-frailty) Cox

proportional hazard model and reported as hazard ratio and 95%

Cl. The proportional hazard assumption was assessed through
Schoenfeld residuals. All models were adjusted for diabetes, ven-
tilatory support (no support, oxygen support, noninvasive venti-
lation, high flow nasal cannula, and invasive mechanical
ventilation), SpO,, and norepinephrine dose at ICU admission, and
the hospital was included as a random effect, cluster effect, or
frailty. In addition, all analyses assessing FiO, and PaO,/FiO, were
reassessed considering adjustments for positive end-expiratory
pressure (PEEP) levels and use of prone positioning in addition to
the covariates described above.

The rate of missing data is shown in Table S1. No assumption
was made for missing data. All analyses were performed in
R v.4.0.3 and, for this exploratory study, a p < 0.05 was considered

significant.

3 | RESULTS

3.1 | Patients

From February 2020 to December 2020, 65 patients received
ANGII in six centers in Europe, and were matched to 67 controls
who did not receive ANGIIl. Overall, the median age was 61
(53-67), 20.5% were female, median cardiovascular SOFA was 3
(3-4), and the most prevalent comorbidity was hypertension
(45.5%) followed by diabetes (21.2%) (Table 1). Overall, 14.4% of
patients were treated with ACEls and 12.7% with ARBs. Median
Pa0O,/FiO, was 108 (76-141) mmHg, C-reactive protein was 119
(29-244) mg/dl,
(0.10-0.22) pg/kg/m and 95.5% of the patients were receiving
mechanical ventilation at inclusion. Both groups were well ba-

median  noradrenaline dose was 0.19

lanced for baseline characteristics.

3.2 | Clinical characteristics during the infusion

Angiotensin Il was used as the first-line agent in 44.6% of the
patients in the ANGII group, and the starting dose was 5 (5-20) ng/
kg/min (Table 2). At the start of the infusion, compared with
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FIGURE 1 Laboratory tests during the 240
first 3 days after inclusion. The circle is mean 745 _ pi=0:213/(group xtime)
and error bars are 95% confidence interval.
p values calculated from a mixed-effect 140 200
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persisted even after adjustment for the higher PEEP levels and
the more common use of prone positioning and was combined
with a higher mean arterial pressure. Finally, after adjustment,
ventilator, ICU and hospital-free days, and ICU and hospital

mortality were not significantly different.

4.2 | Relationship to previous studies

Following the Angiotensin Il for the Therapy in High Output Shock
(ATHOS) trial, the United States FDA and EMA approved the use
of ANGII infusion for the treatment of catecholamine-resistant
(requiring 20.2 pg/kg/min of norepinephrine infusion) vasodila-
tory shock.® The median dose reported in our study is consistent
with the ATHOS trial criteria for the use of ANGII. In the ATHOS
trial mortality at 28 days was 48% for ANGII treated patients. Our
observation of a 49% 60-day mortality is aligned with such find-
ings. RRT, however, was used in approximately 26% of COVID-19
patients, a lower value than the near 33% seen in the ATHOS
trial.’©

The apparent physiological effects on oxygenation observed in
this study are in line with a recently reported case series in COVID-
19 patients’’ and a single-center study of COVID-19 critically ill
subjects.'® The increase in blood pressure was expected and is also
consistent with the ATHOS trial, postmarketing studies of ANGII,**1°

& Control ® Angiotensin I

a recent case series on COVID-19 patients,’® and the abovecited
reports. Only a small uncontrolled single-center case series reported
that five of six ANGlII-treated COVID 19 patients ultimately did
not survive hospital discharge.'? Thus, our study provides the
most extensive and only multicentric international controlled as-
sessment of ANGII infusion in the setting of COVID-19 associated
vasodilatory shock.

The rationale for ANGII therapy arises from the potential use-
fulness of decreasing the expression of the ACE2 receptor and,
thereby, reducing the entry of the COVID-19 virus into cells and its
replication. In this regard, ANGII mediates the internalization and
degradation of ACE2 into lysosomes through the angiotensin type 1
receptor.’” Because of concern about the role of the ACE2 receptor
in the cell to cell spread of the COVID-19 virus, several studies have
also explored the role of either continuing or discontinuing ACEls and
angiotensin receptor blockers. Such studies have broadly found no
detectable effect with either continuation or discontinuation of these
medications.*®~2°

Finally, it is unknown which vasopressor agent would be safest
and/or most appropriate for COVID-19 patients with vasodilatory
shock. In this regard, all advice to clinicians is based on extrapolations
from studies in non-COVID-19 patients. This is despite the problems
with pulmonary hypertension and right ventricular stress seen with
COVID-192" and norepinephrine infusion.”? However, to date, no

studies have addressed the comparative safety of norepinephrine
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TABLE 3 Complications and clinical outcomes

Overall (n=132)
Days of use of angiotensin Il 5 (3-6)
Organ support during a hospital stay— no. (%)

Renal replacement therapy 32/122 (26.2)

Angiotensin Il (n = 65)
5 (3-6)

16/62 (25.8)

*

Control (n=67) Effect estimate® (95% Cl) p

16/60 (26.7) RD, -4.13 (-19.03 to 10.77) 0.588

ECMO 12/124 (9.7) 5/64 (7.8) 7/60 (11.7) RD, -4.15 (-14.84 to 6.55)  0.449
Prone positioning 98/124 (79.0) 54/63 (85.7) 44/61 (72.1) RD, 15.40 (0.88-29.92) 0.040
Complications—no. (%)
Stroke 2/126 (1.6) 1/65 (1.5) 1/61 (1.6) RD, -0.27 (-4.88 to 4.34) 0.909
Acute myocardial infarction 1/124 (0.8) 0/64 (0.0) 1/60 (1.7) RD, -1.78 (-5.07 to 1.51) 0.291
Unexpected cardiac arrest 14/125 (11.2) 7/65 (10.8) 7/60 (11.7) RD, -4.92 (-15.92 to 6.07) 0.382
Acute kidney injury 94/129 (72.9) 50/65 (76.9) 44/64 (68.8) RD, 5.47 (-9.80 to 20.74) 0.484
Cardiac arrhythmia 10/127 (7.9) 5/65 (7.7) 5/62 (8.1) RD, -2.10 (-10.15 to 5.94)  0.609
Clinical outcomes
Ventilator-free days at Day 28 0 (0-15) 0 (0-15) 1 (0-15) MD, -0.96 (-4.46 to 2.54) 0.592
ICU-free days at Day 28 0(0-12) 0 (0-10) 0 (0-13) MD, 0.00 (-2.33 to 2.34) 0.999
Hospital-free days at Day 28 0 (0-0) 0 (0-0) 0 (0-0) MD, -0.00 (-3.15 to 3.15) 0.999
ICU mortality—no. (%) 57 (43.2) 33 (50.8) 24 (35.8) RD, 10.70 (-6.02 to 27.42)  0.212
Hospital mortality—no. (%) 62 (47.0) 35 (53.8) 27 (40.3) RD, 10.65 (-6.49 to 27.80)  0.226
60-Day hospital mortality—no. (%) 58 (43.9) 32 (49.2) 26 (38.8) HR, 1.18 (0.68-2.03) 0.560

Note: Data are median (Quartile 25th-75th) and N/Total (%).

Abbreviations: Cl, confidence interval; ECMO, extracorporeal membrane oxygenation; HR, hazard ratio; ICU, intensive care unit; MD, median difference;

RD, risk difference.

2All models adjusted for diabetes, ventilatory support, SpO,, and noradrenaline dose at ICU admission, and considering the hospital of admission as a

random effect.
*p =0.950 for Schoenfeld residuals.

therapy in isolation in COVID-19 patients. Vasopressin use in COVID
has only been reported in a case series of 52 patients without clinical
outcomes and focusing on viral clearance, which was not affected by
its use.?’

4.3 | Study implications

Our findings imply that, in a cohort of patients already receiving a
median dose of approximately 0.2 pg/kg/min of norepinephrine,
ANGII infusion increased blood pressure compared with controls.
Moreover, this effect was associated with favorable changes in FiO,.
However, there was no signal to suggest a beneficial effect on
patient-centered outcomes.

4.4 | Study strengths and limitations

This study has several strengths. It is multicentric and international in

design. It has a center and iliness severity matched control cases. It

presents the only controlled data on vasopressor therapy for COVID-
19 to date. Finally, it reports data on both physiological changes and
clinical outcomes.

We acknowledge several limitations. This is not a randomized
controlled trial. Thus, no causal inferences can be robustly
made on the basis of the evidence provided. It is limited
in size and focused on a particular group of severely ill COVID-19
patients receiving a high median dose of norepinephrine at
baseline. The wunadjusted mortality rate was numerically
higher in patients treated with ANGII. However, the matching
of patients was imperfect, the number relatively small,
and after adjustment for several key baseline imbalances,
this difference was not significant. We did not collect
detailed hourly or second hourly physiological data to enable a
clearer understanding of the physiological impact of initiating
ANGII therapy compared with usual care. Also, we did not collect
data regarding treatment with steroids or other drugs. Finally, we
did not collect detailed data on renal outcomes and cannot
comment on whether ANGII affected renal recovery among

survivors.
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FIGURE 2 60-Day survival in each group
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5 | CONCLUSION

In conclusion, we report the findings of a registry-based case-
matched controlled assessment of ANGII treatment in COVID-19
patients receiving a high median dose of vasopressor therapy at
baseline. Within the limitations of such a study design, our findings
confirm previous observations of a potentially positive effect on
blood pressure and FiO, but no effect on patient-centered outcomes.
These observations suggest the need to obtain more controlled in-
formation on the use of other vasopressor agents in COVID-19 pa-
tients. Moreover, taken together with studies of ACEl and ARB, they
provide further evidence that ACE2 receptor manipulation is unlikely

to impact clinical outcomes in COVID-19 patients.
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