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Abstract

Background: Early clinical data showed that some patients with vasodilatory shock are responsive to low doses of
angiotensin Il. The objective of this analysis was to compare clinical outcomes in patients requiring <5 ng kg~' min™~
angiotensin Il at 30 min (<5 ng kg™' min~" subgroup) to maintain mean arterial pressure (MAP) > 75 mmHg versus
patients receiving > 5 ng kg™' min~" angiotensin Il at 30 min (>5 ng kg™' min~" subgroup). Data from angiotensin
ll-treated patients enrolled in the ATHOS-3 trial were used.

1

Results: The subgroup of patients whose angiotensin Il dose was down-titrated from 20 ng kg~' min~" at treat-
ment initiation to <5 ng kg™' min™" at 30 min (79/163) had significantly lower endogenous serum angiotensin II
levels and norepinephrine-equivalent doses and significantly higher MAP versus the >5 ng kg™' min~" subgroup
(84/163). Patients in the <5 ng kg™ min~" subgroup were more likely to have a MAP response at 3 h versus those
inthe>5ng l<g‘1 min~! subgroup (90% vs. 51%, respectively; odds ratio, 8.46 [95% Cl 3.63-19.7], P<0.001). Day 28
survival was also higher in the <5 ng kg™' min~" subgroup versus the>5 ng kg™ min~' subgroup (59% vs. 33%,
respectively; hazard ratio, 0.48 [95% Cl 0.28-0.72], P=0.0007); multivariate analyses supported the survival benefit
in patients with lower angiotensin Il levels. The <5 ng kg™' min~' subgroup had a more favorable safety profile and
lower treatment discontinuation rate than the > 5 ng kg™ min~' subgroup.

Conclusions: This prespecified analysis showed that down-titration to <5 ng kg~ min~' angiotensin Il at 30 min is
an early predictor of favorable clinical outcomes which may be related to relative angiotensin Il insufficiency.
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Background

Shock is characterized by inadequate organ perfusion,
which, if not rapidly corrected, leads to multiorgan fail-
ure and death [1]. International guidelines recommend
catecholamines as first-line vasopressor agents [2, 3].
Outcomes remain unacceptable because approximately
half of patients with vasodilatory shock do not survive
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and indicate if changes were made.

beyond 28 days [4-7]. Additionally, treatment with
norepinephrine may cause immunosuppression and
seriously complicate the clinical course in patients with
septic shock, the most common form of shock [8, 9].
High-dose catecholamines are associated with worse
outcomes and adverse events in patients who require
higher doses to achieve targeted hemodynamic param-
eters [9, 10]. An alternative noncatecholamine agent,
vasopressin [3], is effective in some patients and may
allow the lowering of catecholamine dose, but it has
not been shown to improve survival [3]. Further, fewer
than 50% of patients in shock generate a blood pres-
sure response to treatment with vasopressin [11], and
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vasopressin may cause cardiac toxicity, heart failure,
and mesenteric ischemia at higher doses [3, 12].

Angiotensin II is a naturally occurring peptide with
strong vasopressor activity [13]. A pilot study indicated
that the addition of synthetic human angiotensin II to
catecholamine and vasopressin therapy maintained
mean arterial pressure (MAP) in patients with vasodila-
tory shock, while allowing for a reduction in catecho-
lamine dosing [14]. In addition, the pilot study noted
that 20% of treated patients were exquisitely sensitive
to angiotensin II. Given the risk of higher-dose cat-
echolamines, the ability to approach or restore nor-
mal hemodynamic function with low doses of systemic
vasopressor(s) is an important clinical goal.

Following the pilot study, the randomized, double-
blind, phase 3 Angiotensin II for the Treatment of
High-Output Shock (ATHOS-3) trial (ClinicalTrials.
gov, NCT02338843) demonstrated that angiotensin II
significantly increased MAP and provided a catecho-
lamine-sparing effect versus placebo in patients with
catecholamine-resistant vasodilatory shock [15]. In this
study, patients receiving a stable dose of vasopressor
were treated with a starting dose of 20 ng kg~' min™"
angiotensin II that could be adjusted every 5 min to
achieve a MAP of>75 mmHg by hour 3. By 30 min,
the angiotensin II dose had been down-titrated from
20 to <5 ng kg~! min~! for 79 of 163 (48%) patients in
the treatment arm; analyses comparing this population
with those with a dose of>5 ng kg~' min™' at 30 min
were prespecified. In a study by Fliser et al. [16], dos-
ing with 1.5 ng kg™! min™' of angiotensin II resulted
in serum levels of ~50 pg/mL, just beyond the upper
physiologic range for angiotensin II; therefore, admin-
istration of 1.5 to 5 ng kg~' min~! angiotensin II is
expected to result in serum levels of angiotensin II that
approximate physiologic levels in a normotensive indi-
vidual [16, 17]. Doses of >5 ng kg™ min~! are expected
to result in serum levels in the pharmacologic range
[16-18].

We hypothesized that patients most responsive to angi-
otensin II may have had a defect in angiotensin-convert-
ing enzyme function resulting in diminished angiotensin
IT levels. We further hypothesized that these low angio-
tensin II levels could be easily corrected to normal physi-
ologic levels by direct exogenous supplementation with
the low dose of angiotensin II.

To further characterize the clinical benefit of angioten-
sin II and to explore these hypotheses, we compared vari-
ous efficacy and safety parameters in patients receiving
angiotensin II in ATHOS-3 who were down-titrated to
doses <5 ng kg™! min~! angiotensin II at 30 min versus
patients who required > 5 ng kg~! min~! angiotensin II at
30 min [15].
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Methods

Study design

Complete details of the ATHOS-3 study (registered Jan-
uary 2015, https://clinicaltrials.gov/ct2/show/NCT02
338843; principal investigator: George Tidmarsh) have
been previously reported [15]. Briefly, ATHOS-3 was
a placebo-controlled study that evaluated the safety
and efficacy of angiotensin II as an addition to back-
ground vasopressor therapy in patients with catechola-
mine-resistant vasodilatory shock. Randomization was
stratified according to MAP at screening (<65 mmHg
vs.>65 mmHg) and Acute Physiology and Chronic
Health Evaluation II (APACHE II) score (<30, 31 to 40,
vs.>41) on a scale of 0 to 71, with higher scores indicat-
ing greater disease severity.

This registrational study was sponsored by La Jolla
Pharmaceutical Company, was conducted under a special
protocol agreement with the US Food and Drug Admin-
istration, and was approved by the appropriate national
authorities and local research ethics boards. The study
was conducted in accordance with current Good Clini-
cal Practice Guidelines, applicable local regulations, and
the ethical principles described in the Declaration of
Helsinki.

Patients

ATHOS-3 enrolled adult patients (aged>18 vyears)
with vasodilatory shock, defined as central venous
oxygen saturation>70% with central venous pres-
sure>8 mmHg or cardiac index>2.3 L min~! m? with
catecholamine-resistant hypotension (patients receiv-
ing>0.2 pg kg™! min~! of norepinephrine or norepineph-
rine-equivalent dose for 6 to 48 h prior to enrollment to
maintain a MAP of 55 to 70 mmHg) after adequate fluid
resuscitation.

Treatment

Enrolled and consented patients were randomly assigned
to angiotensin II or saline placebo. The starting dose
of angiotensin II was 20 ng kg™! min~! and could be
adjusted every 5 min to achieve a MAP of > 75 mmHg by
hour 3. The maximum permitted dose of angiotensin II
from hour 0 to 3 was 200 ng kg~ min~!. Standard-of-care
vasopressors were held constant unless increases were
proscribed for safety reasons. From hours 3 to 48, dose of
study drug could be adjusted to 1.25 to 40 ng kg ! min~*
to maintain a MAP of 65 to 70 mmHg, and standard-
of-care vasopressors could be down-titrated. There was
a protocol-mandated down-titration of angiotensin II
at hour 48. If, upon discontinuation, the subjects’ car-
diovascular (CV) Sequential Organ Failure Assessment
(SOFA) score was 4, the investigator could restart treat-
ment. During this treatment phase, the dose adjustment
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criteria remained the same as previously. Angiotensin
II was down-titrated gradually, by <10 ng kg~ min~!
every 15 min, when being discontinued and standard-of-
care vasopressors were titrated according to institutional
protocols. The protocol-specified maximum duration of
angiotensin use was 7 days.

Outcomes

Efficacy outcomes included the proportion of patients
who achieved a MAP response at hour 3, change in nor-
epinephrine-equivalent dose from baseline, mortality
to day 28, and safety. The MAP response at hour 3 was
defined as achieving>75 mmHg or an increase of> 10
mmHg from baseline at hour 3 without an increase in
standard-of-care vasopressors prior to hour 3.

Statistical methods

The difference in outcomes based on angiotensin II dose
at 30 min was a prespecified analysis. No patients dis-
continued treatment prior to 30 min, and all 163 patients
receiving angiotensin II were included.

The association of angiotensin II dose with efficacy
parameters was evaluated using univariate and multivari-
ate analyses to adjust for potential imbalances between
the two dose groups. Time-to-event endpoints including
all-cause survival were summarized using Kaplan—Meier
estimates, and unadjusted group comparisons were
conducted using the log-rank test. Multivariate time-
to-event analyses were conducted using proportional
hazards modeling. Binary outcomes (e.g., hour 3 MAP
responders) were analyzed by chi-square test for unad-
justed analyses and by logistic regression for multivariate
analyses.

For multivariate analyses, the following dichotomized
baseline covariates were adjusted for age>65 vyears,
sex, MAP<65 mmHg, APACHE II score>30, albu-
min level<2.5 g/dL, Model for End-Stage Liver Disease
score > 30, chest radiograph finding of acute respiratory
distress syndrome (ARDS), and norepinephrine-equiva-
lent dose>0.5 ug kg~! min~!. Additional analyses were
conducted, including baseline angiotensin I less than
median and angiotensin II less than median.

Results

Baseline demographic and disease characteristics

Of the 163 patients who were randomly assigned to
receive angiotensin II, 79 patients (48.5%) were receiv-
ing <5 ng kg™' min~! angiotensin II at 30 min, and 84
patients (51.5%) were receiving>5 ng kg~! min~! angio-
tensin II at 30 min. Baseline demographic and disease
characteristics of these 2 subgroups are shown in Table 1.
In general, patients whose angiotensin II dose had been
down-titrated at 30 min to<5 ng kg~! min~! were
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more likely to have a higher baseline MAP (P<0.0001)
and a lower baseline norepinephrine-equivalent dose
(P=0.0049). Patients in the<5 ng kg~' min~! angio-
tensin II subgroup were also more likely to have lower
endogenous levels of angiotensin I (P=0.0058) and angi-
otensin II (P=0.0009) at baseline (Table 1).

Efficacy in angiotensin Il dose groups

MAP response at hour 3

A significantly higher proportion of patients receiv-
ing <5 ng kg™! min™! angiotensin II at 30 min achieved
a MAP response at hour 3 (>75 mmHg or>10 mmHg
increase in MAP) compared with patients requir-
ing>5 ng kg™! min~! angiotensin II at 30 min (89.9%
[95% CI 81.0-95.5%] vs. 51.2% [95% CI 40.0-62.3%],
respectively; unadjusted odds ratio, 8.46 [95% CI 3.63—
19.74]; P<0.001; Fig. 1a). Univariate analyses within sub-
groups of patients showed a consistent trend for higher
MAP response in patients receiving 5 ng kg~' min™*
angiotensin II at 30 min. This included subgroups defined
by the quartiles of baseline angiotensin II (measured in
pg/mL). Statistically significant treatment benefits were
largest in patients with lower baseline angiotensin II lev-
els (Fig. 1b). Multivariate analyses of MAP response at
hour 3, adjusting for baseline disease covariates, were
also significant for angiotensin II dose at 30 min (odds
ratio, 9.09; 95% CI 3.53-23.4; P <0.0001).

Norepinephrine-equivalent doses and SOFA score

Patients in the<5 ng kg™! min™' angiotensin II sub-
group received lower norepinephrine-equivalent doses
from hours 3 to 48 (mean [SD] dose 0.16 ng kg™! min™*
[0.242]) than patients in the>5 ng kg~ min~! angioten-
sin II subgroup (0.51 ng kg~! min~! [0.750]). At hour 48,
41 of 79 (52%) patients in the <5 ng kg™! min~! angioten-
sin II subgroup had discontinued all other vasopressors
versus 25 of 84 (30%) patients in the>5 ng kg™! min™"
subgroup. Early sensitivity to angiotensin II was also
associated with a significantly greater improvement in
total SOFA score and CV SOFA score from screening to
hour 48 (Table 2).

Survival at day 28

Survival at day 28 was 67% (95% CI 56—-76%) in patients
down-titrated to<5 ng kg~! min~' angiotensin II at
30 min compared with 41% (95% CI 31-52%) in patients
who received >5 ng kg~! min~! angiotensin II at 30 min
(relative risk, 0.45; 95% CI 0.28-0.72; P=0.0007;
Fig. 2). Univariate analyses within subgroups of patients
showed a consistent trend for higher day 28 survival in
patients receiving<5 ng kg~! min~! angiotensin II at
30 min. For example, survival was significantly higher
for patients receiving<5 ng kg~' min~' angiotensin
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Table 1 Baseline disease and demographic characteristics in analysis population

Angiotensinll>5ngkg™"min~'(n=84)  Angiotensin

ll<5ngkg™" min~’

(n=79)
Age, n (%)
<65 years 47 (56.0) 43 (54.4)
> 65 years 37 (44.0) 36 (45.6)
Sex, n (%)
Male 47 (56.0) 45 (57.0)
Female 37 (44.0) 34 (43.0)
Race, n (%)
White 69 (82.1) 66 (83.5)
Nonwhite 15(17.9) 13(16.5)
Body mass index, n (%) n==83 n=78
<185 kg/m? 3(36) 4(5.1)
>185t0<25 kg/m2 22 (26.5) 21(26.9)
> 25 to< 30 kg/m? 20 (24.1) 22(282)
>30 kg/m? 38 (45.8) 31(397)
Geographic region, n (%)
Australia/New Zealand 17 (20.2) 11(13.9)
Europe 10(11.9) 9(11.4)
USA/Canada 57 (67.9) 59 (74.7)
Albumin, n (%) n=78 n=76
<2.5g/dL 56 (71.8) 47 (61.8)
>25g/dL 22(28.2) 29(38.2)
Cause of shock, n (%)
Sepsis 68 (81.0) 59 (74.7)
Likely sepsis 8(9.5) 12(15.2)
Vasoplegia 3(3.6) 7 (8.9)
Other 5(6.0) 1(13)
Baseline MAP* n (%)
<65 mmHg 37 (44.0) 15 (19.0)
> 65 mmHg 47 (56.0) 64 (81.0)
Baseline APACHE Il score, n (%)
<30 54 (64.3) 51 (64.6)
31-40 29 (34.5) 21 (26.6)
> 41 1(1.2) 7(8.9)
Norepinephrine-equivalent dose 6 h before randomization, mean, ug/kg/min ~ 0.52 (0.301) 0.45(0.377)
(SD)
Baseline norepinephrine-equivalent dose,* n (%)
<05 pg/kg/min 50 (59.5) 67 (84.8)
> 0.5 pg/kg/min 34 (40.5) 12(15.2)
Baseline angiotensin I,* n (%) n=74 n=71
Mean (SD) 678.9(810.8) 618.0 (1332.5)
Median (range) 346.0 (10.5-3730.0) 164 (10.5-9180.0)
<723 pg/mL 2(16.2) 24 (33.8)
72.31t0<253 pg/mL 4(189) 9(26.8)
253 to <676 pg/mL 25 (33.8) 4(19.7)
>676 pg/mL 23(31.1) 4(19.7)
Baseline angiotensin I1,* n (%) n=74 n=70
Mean (SD) 420.8 (680.3) 128.3(199.1)

Median (range) 157.5(10.5-3340.0) 61.3(10.5-1090.0)
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Table 1 (continued)
AngiotensinlI>5ngkg™"min~'(n=84)  Angiotensin
ll<5ngkg™" min~’
(n=79)

<23.85 pg/mL 14 (18.9) 21 (30.0)

23.8510<83.75 pg/mL 11 (14.9) 21(30.0)

83.75t0<299.5 pg/mL 25 (33.8) 21 (30.0)

>299.5 pg/mL 24 (32.4) 7(10.0)
Exposure to angiotensin-converting enzyme inhibitors 7 (8.3) 8(10.1)
Exposure to angiotensin Il receptor blockers 9(10.7) 2(2.5)
Radiographic finding of ARDS 23 (27.4) 17 (21.5)
Cardiac index (L/min/m?) n=36 n=33

Mean (SD) 3.5(1.07) 3.1(0.73)

Median (range) 3.1 (23-64) 3.0(2.1-54)
ScvO, (%) n=59 n=61

Mean (SD) 78.2(8.14) 77 (9.64)

Median (range) 79.0 (53-99) 75.9 (45-99)
Central venous pressure (mmHg) n=64 n=62

Mean (SD) 143 (5.8) 13.2(4.1)

Median (range) 13.0 (5-35) 12.0 (6-29)
SOFA score

Mean (SD) 120(2.8) 115(.8)

Median (range) 12.0 (5-18) 12.0 (5-18)

ARDS, acute respiratory distress syndrome; MAP, mean arterial pressure; ScvO,, central venous oxygen saturation; SD, standard deviation; SOFA, Sequential Organ

Failure Assessment

All n’s are as in the table header, unless otherwise specified

Exposure to angiotensin-converting enzyme inhibitors and angiotensin Il receptor blockers within week prior to starting study

*Statistically significant, P<0.01

II regardless of baseline MAP (MAP <65 mmHg vs.
MAP>65 mmHg) (Table 3). In patient subsets defined
by quartiles of baseline angiotensin I or II levels, a higher
proportion of patients treated with<5 ng kg™' min™*
angiotensin II were alive at day 28 than patients receiv-
ing>5 ng kg~' min~! angiotensin II. In multivariate
analyses to account for imbalances between dose groups,
patients treated with<5 ng kg™' min™' angiotensin
II were significantly more likely to survive than those
receiving>5 ng kg™ min~! (relative risk, 0.53; 95% CI
0.32-0.86; P=0.011).

Treatment exposure and safety in angiotensin Il dose
groups

In otherwise healthy patients, the plasma concentration
of angiotensin II is~5 to 35 pg/mL [19]. In the criti-
cally ill patients with distributive shock studied herein,
the mean serum concentration of angiotensin II in
the>5 ng kg™! min~! angiotensin II subgroup was 420.8
(4:680.4) pg/mL at baseline and in the <5 ng kg™* min™!
angiotensin II subgroup was 128.3 (+199.1) pg/mL at
baseline. Survival was significantly higher for patients
in the<5 ng kg™* min~! angiotensin II subgroup with

relatively low baseline angiotensin II levels (<23.85 pg/
mL) (Table 3).

Patients receiving>5 ng kg™' min™' angiotensin II at
30 min were more likely to have serious adverse events,
moderate to severe adverse events, or adverse events
resulting in discontinuation, compared with patients
receiving<5 ng kg~' min~' angiotensin II at 30 min
(Table 4). The most commonly reported treatment-
emergent adverse events (reported in>10% of patients
in either dosing subgroup) included septic shock, atrial
fibrillation, multiorgan failure, hypotension, thrombocy-
topenia, and hypokalemia (Additional file 1: Table S1).

Discussion

Seventy-nine of 163 (48%) patients were down-titrated
from an initial angiotensin II dose of 20 ng kg~ min~*
to a dose of <5 ng kg~ min~! at 30 min following initia-
tion of study drug. This subset of patients was more likely
to have a MAP response, increased 28-day survival, and
better safety profile when considering grade 3/4 and seri-
ous AEs. These data may provide health care practition-
ers an early indication of which patients are most likely to
respond to angiotensin II.
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Table 2 Change from screening to hour 48 in total SOFA
score and CV SOFA score

Angiotensin Angiotensin P value
I>5ngkg~"min~" I1<5ngkg~" min™’
(n=84) (n=79)
Total SOFA score
Mean (SD) 26(5.5) —06(5.0) 0.002°
Median (range) 10(=61t0 15) —20(—=10to 15)
CV SOFA score®
Mean (SD) —133(1.7) —-22(1.7) 0.004
Median (range) 0.0(=41t00) —30(-41t00)

CV, cardiovascular; MAP, mean arterial pressure; SOFA, Sequential Organ Failure
Assessment; SD, standard deviation

2 van Elteren Wilcoxon rank test of angiotensin Il dose at 30 min stratified by

randomization strata for MAP and APACHE Il score

b All patients had a CV SOFA score of 4 (highest risk) at screening based

on inclusion/exclusion criteria. For patients missing a 48-hour assessment,
the last observation was carried forward. In the event of death prior to the
48-hour assessment, the patient was assigned a CV SOFA score of 4. The van
Elteren Wilcoxon rank test compared angiotensin Il with placebo adjusting for
randomization strata for MAP and APACHE Il score

Patients in the <5 ng kg~' min~! angiotensin II sub-
group had lower levels of endogenous baseline angio-
tensin II than their counterparts in the >5 ng kg™! min™"
angiotensin II subgroup. However, the angiotensin II
levels for patients with shock are higher than those for
normal patients as previous studies have shown levels of
angiotensin II in normal adult plasma to range from 5 to
35 pg/mL [19]. The observations seen herein support our
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hypothesis that patients sensitive to low levels of angio-
tensin II (<5 ng kg~! min™') are more likely to have an
angiotensin II insufficiency. Nonetheless, supplemen-
tation with exogenous angiotensin II in “angiotensin II
insufficient” patients helped rapidly restore MAP and
was associated with improved outcomes. The possible
reasons underlying sensitivity to exogenous angiotensin
II remain unclear, as patients in the <5 ng kg’1 min ™!
subgroup had lower baseline angiotensin II levels but
also had higher baseline MAP and lower norepineph-
rine-equivalent doses at baseline. In addition, no differ-
ence existed between the>5 ng kg~' min~! angiotensin
II subgroup and the<5 ng kg™! min™' angiotensin II
subgroup in characteristics potentially associated with
impaired production/function of angiotensin II (such as
prior use of angiotensin-converting enzyme inhibitors,
use of angiotensin II receptor blockers, or radiographic
evidence of ARDS; Table 1). It is conceivable that angio-
tensin II sensitivity is linked to endothelial injury, which
was not rigorously assessed in the current analyses or
the ATHOS-3 study. Across the entire cohort, the deliv-
ered dose of exogenous angiotensin II would overcome
any inherent angiotensin-converting enzyme defects,
so it is likely that attenuation of the MAP response to
angiotensin II in the >5 ng kg~ min™' subgroup may be
influenced by other factors, including down-regulation
of angiotensin I/II receptors in conditions such as sep-
sis and/or biofeedback to the production of vasodila-
tory peptides [20-22]. Although our analysis does not

0.9

0.8

0.7+

0.6

0.5+

0.4

Survival Probability

0.3

Angiotensin Il dose at 30 mins:
<5 ng kg~! min™'
— >5ng kg™ min™’'

0.2+

<5 ng kg™ min™'

67.1% (55.6%—76.3%)

0.1 >5ng kg™ min™

0.0007
41.4% (30.8%—-51.7%)

0.0 T
0 1

T T T T T T T
2 3 456 7 8 9101

T T T T T T T T T T T T T T T T 1
112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Time From Randomization, days

Patients at risk, n:
<5 ng kg™ min™’

>5ng kg™ min~' 84 73 67 61 60 56 54 51 51 50 48 47 47 44 43 43 42 42 41 41 40 40 40 39 39 37 36 33 22

Fig. 2 Proportion of patients surviving at day 28 by their angiotensin Il dose, at 30 min following study initiation;>5 ng kg~ min~

versus <5 ng kg™ min~". Cl, confidence interval

1




Ham et al. Ann. Intensive Care (2019) 9:63

Page 8 of 10

Table 3 Univariate analysis of survival at day 28 for baseline covariates significantly different between the angiotensin Il

dose groups

Patients, n, % (95% Cl) Hazard ratio* (95% Cl) P value
Angiotensin Angiotensin
11>5ng kg~ min~! I<5ngkg™" min~’
Baseline MAP
>65 mmHg 47,44.7 (30.2-58.1) 64,67.2 (54.2-77.2) 0.52 (0.29-0.92) 0.023
<65 mmHg 37,374 (22.1-52.7) 15,66.7 (37.5-84.6) 0.38(0.14-1.00) 0.041
Baseline norepinephrine-equivalent dose
<05 pg kg™ min~! 50, 47.4 (33.0-60.5) 67,687 (56.1-78.3) 0.53 (0.30-0.95) 0.030
>0.5ug kg” min~" 34,324 (17.6-48.0) 12,583 (27.0-80.1) 045 (0.17-1.19) 0.100
Baseline angiotensin |
<723 pg/mL 12,41.7 (15.2-66.5) 24,66.7 (443-81.7) 049 (018 35) 0.160
72.310<253 pg/mL 14,429 (17.7-66.0) 19,579 (33.2-76.3) 056( 48) 0.234
253 t0< 676 pg/mL 25,393 (20.5-57.6) 14,85.7 (53.9-96.2) 8 (0.04- 080) 0011
>676 pg/mL 23,522 (30.5-70.0) 14,50.0 (22.9-72.2) 02 (0.40-2.64) 0.962
Baseline angiotensin Il
<23.85 pg/mL 14,286 (8.8-52.4) 21,714 (47.2-86.0) 0.29 (0.10- 080) 0.011
23.85t0<83.75 pg/mL 1,364 (11.2-62.7) 21,714 (47.2-86.0) 0.37 (0.12-1.09) 0.060
83.7510<299.5 pg/mL 25,432 (23.5-61.5) 21,57.1 (33.8-74.9) 0.64 (0.27-1.47) 0.285
>299.5 pg/mL 24,583 (36.4-75.0) 7,57.1(17.2-83.7) 01 (0.28-3. 66) 0.993

Cl, confidence interval; MAP, mean arterial pressure
*Hazard ratio/log-rank test result of treatment effect within subgroup

Table 4 Summary of treatment-emergent adverse events
(regardless of causality) in either dosing subgroup

Angiotensin Angiotensin
1>5ngkg™ " min~' Il<5ngkg™" min~’
(n=84) (n=79)
Any grade, n (%) 76 (90.5) 66 (83.5)
Grade 3/4, n (%) 64 (76.2) 43 (54.4)
Serious adverse events, 64 (76.2) 35 (44.3)
n (%)
Adverse events resulting 19 (22.6) 4(5.1)
in discontinuation,
n (%)
Fatal adverse events, 0 1(1.3)
n (%)

account for all possible mechanisms that could account
for the differences in MAP response between the two
subgroups, patients receiving <5 ng kg~' min~! angio-
tensin II at 30 min represent a subset of patients who may
be more likely to safely recover from shock and who can
be identified soon after treatment initiation (at 30 min).
This observation may allow clinicians to rapidly identify
those patients who may benefit most from the continued
use of angiotensin II.

Those patients who required<5 ng kg™'! min~! at
30 min had less severe shock (higher baseline MAP)

and lower baseline norepinephrine-equivalent doses
than those who required>5 ng kg~' min~'. Accordingly,
the beneficial effect seen in these patients may support
the concept of using angiotensin II earlier in the course
of disease. Additionally, in prespecified analyses, these
patients exhibited improved survival even after adjusting
for baseline differences in shock. Again, this would sug-
gest that the use of angiotensin II at an early stage may
be reasonable before a patient progresses to more severe
refractory shock at very high norepinephrine-equivalent
doses.

The study has several limitations. First, even though
this was a prespecified analysis, the subgroups were
defined by an on-treatment variable that was likely to be
related to drug efficacy and was associated with better
prognostic characteristics, not all of which are measured
and controllable. However, no patients were discontin-
ued from treatment within 30 min, nor was there selec-
tion bias, as all patients receiving angiotensin II were
included in the analyses. The on-treatment variable of
angiotensin II dose was adjusted based on MAP respon-
siveness, so higher hour 3 response rates in patients who
ultimately required lower hour 3 doses of angiotensin
II were expected. However, dose adjustment was made
based on prespecified, objective, and easily measurable
criteria (i.e., MAP), adding validity to the study findings.
The observed improvement in day 28 survival in patients
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receiving<5 ng kg~' min~' of angiotensin II is not

directly linked to angiotensin II dose, but it is expected
that patients with better prognostic characteristics may
be more likely to demonstrate immediate responsive-
ness. As a result, there were significant imbalances
in key disease and previous treatment characteristics
between the two groups that confound the interpreta-
tion of these analyses. For example, patients receiv-
ing<5 ng kg™! min~! angiotensin II had significantly
lower baseline norepinephrine-equivalent dose and sig-
nificantly higher baseline MAP compared with patients
in the subgroup receiving>5 ng kg™! min™!. To account
for the baseline differences, we performed regression
analyses adjusting for the baseline characteristics. How-
ever, there may be unmeasured characteristics that were
unaccounted for.

Conclusions

Despite these limitations, this prespecified analysis of
ATHOS-3 showed that, for a significant proportion of
patients with vasodilatory shock, a low dose of angio-
tensin II may be effective and is safe, and may provide
an early indication of which patients are more likely to
respond to angiotensin II. Larger, prospective studies are
needed to understand the reasons underlying the phe-
nomenon of hyper-responsiveness to low doses of angio-
tensin II and to identify all responders. Such information
would be informative for clinical decision-making as well
as help improve emergency management of patients with
vasodilatory shock.
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