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Angiotensin II for the Treatment of Vasodilatory Shock — 
Promise and Caution

R. Phillip Dellinger, M.D., and Stephen Trzeciak, M.D., M.P.H.

Shock is one of the most common reasons for 
admission of patients to an intensive care unit. 
Low blood pressure is a hallmark of shock, and 
raising blood pressure is one of the foremost 
therapeutic goals in this setting. In patients with 
vasodilatory (i.e., “distributive”) shock, who rep-
resent approximately two thirds of all patients 
with shock,1 the usual method of raising blood 
pressure after fluid resuscitation is intravenous 
infusion of a vasopressor agent.

The agents most commonly used to raise blood 
pressure in patients with vasodilatory shock are 
the adrenergic agents norepinephrine (recom-
mended first-line therapy) and epinephrine — 
both of which have combined inotropic and vaso-
pressor effects — as well as low-dose vasopressin 
(a pure vasopressor that acts through the VA1 
receptor).2 Another potential vasopressor agent 
that acts by a third mechanism, Gq protein stimu-
lation in vascular smooth muscle, is angiotensin 
II. The first reports of angiotensin II administra-
tion in patients with shock date back 50 years,3,4 
but as recently as 2013, experts considered this 
therapy to be “abandoned.”5 Then in 2014, a small 
(20 patients) but well-designed pilot study re-
ignited interest in angiotensin II by showing 
that it could reduce norepinephrine requirements 
in patients with vasodilatory shock.6

In this issue of the Journal, Khanna and cowork-
ers describe the results of the Angiotensin II for 
the Treatment of High-Output Shock (ATHOS-3) 
trial, a randomized, controlled trial comparing 
angiotensin II with placebo in 344 patients with 
vasodilatory shock, 80% of whom had sepsis 
(the most common cause of vasodilatory shock).7 

All the patients were receiving conventional vaso-
pressor support (primarily norepinephrine) at the 
time of enrollment. Angiotensin II or placebo was 
added to the background vasopressor regimen. 
The primary end point was an increase in blood 
pressure at 3 hours without an increase in back-
ground vasopressor dose. The primary end point 
was reached by more patients in the angiotensin 
II group than in the placebo group (69.9% vs. 
23.4%, P<0.001). Rates of serious adverse events 
were not dissimilar between groups (60.7% with 
angiotensin II and 67.1% with placebo). We be-
lieve that there are four key questions to be con-
sidered in interpreting this study and informing 
clinical practice.

Is angiotensin II effective in raising blood pres-
sure in patients with vasodilatory shock? The an-
swer, based on the trial results, is “yes.” Not sur-
prisingly, angiotensin II appears to be a potent 
vasopressor, increasing the mean arterial pressure 
and permitting a reduction in the doses of other 
agents.

Is angiotensin II safe? In this report of 344 
patients, angiotensin II was administered safely 
in patients who were in distributive shock and 
were already receiving a substantial dose of va-
sopressor. However, we offer some words of cau-
tion. This study took steps to ensure that patients 
with low cardiac output were not enrolled; thus 
the safety of angiotensin II in patients with dis-
tributive shock and low cardiac output is untest-
ed. Peripheral vasoconstriction with vasopressors 
can reduce cardiac output. Another potent vaso-
pressor, the nonselective nitric oxide synthase 
inhibitor 546C88, when used as the primary va-
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sopressor, was found to increase mortality in pa-
tients with septic shock. Patients with a cardiac 
index of less than 3.0 liters per minute per square 
meter were described as being particularly intol-
erant to higher doses of the drug.8

Could angiotensin II be an alternative to or 
replacement for other agents that are used to 
increase blood pressure in patients with vasodi-
latory shock? The current study design was not a 
head-to-head comparison with other agents, so the 
answer to this question is unknown and further 
research is needed. Because angiotensin II is a 
pure vasopressor, we believe that it may not be 
an appropriate stand-alone drug for the treatment 
of septic shock, in which cardiac contractility can 
be suppressed.

Does angiotensin II make patients “better” 
(i.e., does it improve outcome measures that are 
meaningful to patients)? Although we believe 
that it is intuitive that restoring adequate blood 
pressure is imperative in the treatment of shock, 
we caution the reader not to infer a mortality ben-
efit from the data presented (46% mortality with 
angiotensin II and 54% with placebo, P = 0.12). 
The study was not powered for this end point, and 
the null hypothesis cannot be rejected. In addition, 
we would expect that if a vasopressor reduces mor-
tality, it may achieve that effect through a reduc-
tion in multiorgan failure (i.e., prevention of organ 
hypoperfusion), and a difference between groups 
in the incidence of multiorgan failure was not 
observed in this study. However, we acknowledge 
that there is a lack of high-quality evidence of a 
mortality benefit with any of the vasopressor 
agents that are currently used in routine clinical 
practice. For these old, familiar agents, raising 

the blood pressure seems to be a compelling 
enough reason for clinicians to use them.

The promise of a new class of vasopressor is 
appealing, and the results of the ATHOS-3 trial 
are encouraging. We do, however, urge consider-
able thought regarding the rapidity with which this 
agent is advanced to the bedside and the decision 
as to which patients are the best candidates. There 
are still important questions to be answered, 
important subgroups to be analyzed, and impor-
tant comparisons to be made.

Disclosure forms provided by the authors are available with 
the full text of this editorial at NEJM.org.
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School of Rowan University, Camden, NJ. 
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A Bacterial IgG-Degrading Enzyme to Unhinge Antibodies

Julie R. Ingelfinger, M.D.

The number of patients awaiting renal transplan-
tation heads ever upward (in the United States 
alone, more than 105,000 patients are currently 
on the waiting list for a kidney from a deceased 
donor, according to the United Network for Or-
gan Sharing), and many of those patients are 
unlikely to receive kidneys, because they have 
preformed antibodies to HLA or other antigens.1 

Such sensitized patients, if they ultimately re-
ceive kidneys at all, may wait years before an 
appropriate organ becomes available, unless the 
antibody titer diminishes, which is an unlikely 
event without therapy. Furthermore, many allo-
grafts — an estimated 5000 annually in the 
United States — are lost because of alloimmune 
responses.2
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BACKGROUND
Vasodilatory shock that does not respond to high-dose vasopressors is associated with 
high mortality. We investigated the effectiveness of angiotensin II for the treatment of 
patients with this condition.
METHODS
We randomly assigned patients with vasodilatory shock who were receiving more than 
0.2 µg of norepinephrine per kilogram of body weight per minute or the equivalent dose 
of another vasopressor to receive infusions of either angiotensin II or placebo. The primary 
end point was a response with respect to mean arterial pressure at hour 3 after the start of 
infusion, with response defined as an increase from baseline of at least 10 mm Hg or an 
increase to at least 75 mm Hg, without an increase in the dose of background vasopressors.
RESULTS
A total of 344 patients were assigned to one of the two regimens; 321 received a study 
intervention (163 received angiotensin II, and 158 received placebo) and were included 
in the analysis. The primary end point was reached by more patients in the angiotensin 
II group (114 of 163 patients, 69.9%) than in the placebo group (37 of 158 patients, 
23.4%) (odds ratio, 7.95; 95% confidence interval [CI], 4.76 to 13.3; P<0.001). At 48 
hours, the mean improvement in the cardiovascular Sequential Organ Failure Assess-
ment (SOFA) score (scores range from 0 to 4, with higher scores indicating more severe 
dysfunction) was greater in the angiotensin II group than in the placebo group (−1.75 
vs. −1.28, P = 0.01). Serious adverse events were reported in 60.7% of the patients in the 
angiotensin II group and in 67.1% in the placebo group. Death by day 28 occurred in 75 
of 163 patients (46%) in the angiotensin II group and in 85 of 158 patients (54%) in the 
placebo group (hazard ratio, 0.78; 95% CI, 0.57 to 1.07; P = 0.12).
CONCLUSIONS
Angiotensin II effectively increased blood pressure in patients with vasodilatory shock 
that did not respond to high doses of conventional vasopressors. (Funded by La Jolla 
Pharmaceutical Company; ATHOS-3 ClinicalTrials.gov number, NCT02338843.)
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Shock is a life-threatening syndrome 
characterized by decreased organ perfusion 
that can progress to irreversible organ fail-

ure.1 Vasodilatory shock is the most common 
type of shock and is characterized by peripheral 
vasodilation and reduced blood pressure despite 
preserved cardiac output.2 Vasodilatory shock re-
quires immediate treatment to ensure organ per-
fusion through the reestablishment of adequate 
blood pressure while the underlying cause of 
shock is identified and treated.3 Vasopressors 
are used when intravenous fluid resuscitation 
alone fails to restore blood pressure. Patients 
with severe vasodilation who have hypotension 
despite the use of high doses of vasopressors 
have a poor prognosis, with 30-day all-cause 
mortality exceeding 50%.4,5

Currently, only two classes of vasopressors 
are available: catecholamines (and other sympa-
thomimetic amines) and vasopressin.3 Both 
classes have narrow therapeutic windows owing 
to substantial toxic effects at high doses.6 How-
ever, when hypotension occurs, human physiol-
ogy engages a third system, which is represented 
by hormones in the renin–angiotensin–aldoste-
rone system (RAAS).7 Previously, modified bovine 
angiotensin II was shown to elicit consistent 
vasopressor effects in patients with shock.8-10 In 
a recent pilot study, addition of human angioten-
sin II to catecholamine and vasopressin therapy 
increased mean arterial pressure in patients with 
vasodilatory shock, allowing reductions in the 
dose of catecholamines.11 These findings prompt-
ed the initiation of the phase 3 Angiotensin II 
for the Treatment of High-Output Shock (ATHOS-3) 
trial to determine whether the addition of angio-
tensin II to background vasopressors would im-
prove blood pressure in patients with catechol-
amine-resistant vasodilatory shock.

Me thods

Trial Design
The protocol (available with the full text of this 
article at NEJM.org) for this international, ran-
domized, double-blind, placebo-controlled trial 
was designed by the protocol committee (see the 
Supplementary Appendix, available at NEJM.org) 
in collaboration with the sponsor, La Jolla Phar-
maceutical Company, and was approved by a re-
search ethics board at each participating institu-
tion.12 The study was conducted in accordance 
with Good Clinical Practice guidelines, applica-

ble local regulations, and the ethical principles 
described in the Declaration of Helsinki. The 
study was conducted under a special protocol 
assessment agreement with the U.S. Food and 
Drug Administration as a phase 3 registration 
trial13; the rationale for the trial design is dis-
cussed in the Supplementary Appendix.

Trial data were collected by the investigators 
with the assistance of a contract research orga-
nization and were analyzed by the sponsor. 
Study oversight was provided by an independent 
data and safety monitoring board. The writing 
committee, which included investigators and rep-
resentatives of the sponsor, drafted the manu-
script and vouch for the accuracy and complete-
ness of the data and analyses and for the 
fidelity of the trial to the protocol. A profes-
sional medical writer funded by the sponsor as-
sisted with manuscript revisions. All the authors 
made the decision to submit the manuscript for 
publication.

Patients
Eligible patients were 18 years of age or older 
and had vasodilatory shock despite intravenous 
volume resuscitation with at least 25 ml per kilo-
gram of body weight over the previous 24 hours 
and the administration of high-dose vasopres-
sors. We defined vasodilatory shock as a cardiac 
index of greater than 2.3 liters per minute per 
square meter or as central venous oxygen satura-
tion of greater than 70% coupled with central 
venous pressure of more than 8 mm Hg, with a 
mean arterial pressure between 55 and 70 mm Hg. 
We defined high-dose vasopressors as more than 
0.2 µg of norepinephrine per kilogram per min-
ute, or the equivalent dose of another vasopres-
sor (Table S1 in the Supplementary Appendix),12 
for at least 6 hours but no longer than 48 hours. 
Eligible participants also had an indwelling blad-
der catheter and arterial catheter. We excluded 
patients who had burns covering more than 20% 
of the total body-surface area, acute coronary 
syndrome, bronchospasm, liver failure, mesenteric 
ischemia, active bleeding, abdominal aortic an-
eurysm, or an absolute neutrophil count of less 
than 1000 per cubic millimeter or who were re-
ceiving venoarterial extracorporeal membrane oxy-
genation or treatment with high-dose glucocor-
ticoids. Complete inclusion and exclusion criteria 
are provided in the Supplementary Appendix.12 
Written informed consent was obtained from all 
patients or their legal surrogates.
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Treatment Assignment
We assigned patients in a 1:1 ratio to receive 
synthetic human angiotensin II (LJPC-501) or 
saline placebo administered by study personnel 
at participating institutions; randomization was 
performed in blocks through a central Web-
based system. LJPC-501 and naturally occurring 
human angiotensin II have identical amino acid 
sequences. LJPC-501 is stable in refrigerated 
solution for at least 1 year at the recommended 
storage condition of 5°±3°C and is stable under 
the anticipated conditions of clinical use. Ran-
domization was stratified according to mean 
arterial pressure at screening (<65 mm Hg or 
≥65 mm Hg) and Acute Physiology and Chron-
ic Health Evaluation II (APACHE II) score (≤30, 
31 to 40, or ≥41 on a scale of 0 to 71, with 
higher scores indicating greater disease sever-
ity).14 Infusions of angiotension II and placebo 
were prepared locally in identical saline bags 
by prespecified unblinded personnel. All other 
investigators, research personnel, patients, fam-
ilies, and the sponsor were not informed of the 
treatment assignments at any time during the 
trial.

Clinical Regimen
The baseline mean arterial pressure was estab-
lished as the mean of three determinations, each in 
triplicate, that were obtained 30, 15, and 0 min-
utes before treatment. Infusions were initiated at 
a rate equivalent to 20 ng of angiotensin II per 
kilogram per minute and were adjusted during 
the first 3 hours to increase the mean arterial 
pressure to at least 75 mm Hg (Table S2 in the 
Supplementary Appendix). During this adjust-
ment period, doses of standard-of-care (back-
ground) vasopressors were held constant and 
could not be increased except for safety reasons. 
If these doses were increased, the patient was 
designated as not having had a response to the 
study intervention. The maximum rate of ad-
ministration of the study medication or placebo 
allowed during the first 3 hours was equivalent 
to a dose of 200 ng per kilogram per minute.

After 3 hours 15 minutes, the study drug or 
placebo and other vasopressors were adjusted 
to maintain a target mean arterial pressure 
between 65 and 75 mm Hg. Between 3 hours 
15 minutes and 48 hours, angiotensin II or pla-
cebo could be adjusted to an infusion rate in 
milliliters per hour that was equivalent to a dose 
of 1.25 to 40 ng per kilogram per minute in 

patients assigned to angiotensin II. The protocol 
included a nonbinding adjustment scheme (Ta-
ble S3 in the Supplementary Appendix).

At hour 48, the study infusion was discon-
tinued according to a protocol-specified taper-
ing process. If the background vasopressor 
dose was subsequently increased to more than 
0.1 µg of norepinephrine per kilogram per min-
ute or the equivalent, or if the patient’s condition 
became unstable, study medication or placebo 
could be resumed for up to 7 days. However, 
once the study medication or placebo was dis-
continued for more than 3 hours, it could not be 
restarted.

Assessments and End Points
The primary end point was the response with 
respect to mean arterial pressure at hour 3, with 
response defined as a mean arterial pressure of 
75 mm Hg or higher or an increase in mean arte-
rial pressure from baseline of at least 10 mm Hg, 
without an increase in the dose of background 
vasopressors. The mean values of triplicate deter-
minations of mean arterial pressure at 2 hours 
45 minutes, 3 hours, and 3 hours 15 minutes 
after initiation of angiotensin II or placebo were 
computed to assess the primary end point. Hier-
archically ordered secondary efficacy end points 
were changes in the cardiovascular Sequential 
Organ Failure Assessment (SOFA) score (scores 
range from 0 to 4, with higher scores indicating 
more severe organ dysfunction) and the total 
SOFA score (scores range from 0 to 20, with 
higher scores indicating more severe organ dys-
function) between baseline measurement and 
hour 48 (Table S4 in the Supplementary Appen-
dix).15 Safety was evaluated by assessment of 
serious adverse events, adverse event–related drug 
discontinuations, all adverse events, and all-cause 
mortality at 7 days and 28 days.

Statistical Analyses
We based the sample size on a hypothesized rate 
of achievement of the primary efficacy end point 
of 40% in the placebo group and 60% in the 
angiotensin II group. We determined that a 
sample size of 150 patients per treatment group 
would provide more than 90% power to show 
the superiority of angiotensin II over placebo, 
using a two-by-two chi-square test at a two-sided 
alpha level of 0.05. One interim analysis was 
performed, with data available only to the data 
and safety monitoring board, after 150 patients 
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had completed the day 28 assessment. On the 
basis of this analysis, the data and safety moni-
toring board recommended that the trial con-
tinue as planned.

Safety analyses included all patients who re-
ceived treatment. The primary efficacy analysis 
was based on the modified intention-to-treat 
population, which included all patients who un-
derwent randomization and began to receive 
angiotensin II or placebo. Patients with missing 
data owing to death were considered in the as-
sessment of efficacy end points as having treat-
ment failure. Values missing for reasons other 
than death were imputed as the last observed value 
carried forward in modified intention-to-treat 
analyses; no imputations for missing data were 
performed in safety analyses.

Data were analyzed with the use of SAS soft-
ware, version 9.4. We used descriptive statistics 
with 95% confidence intervals to summarize data 
according to treatment group. We analyzed dif-
ferences between treatment groups using the 
Wilcoxon rank-sum test or analysis of variance 
for continuous or ordinal variables and the chi-
square or Fisher’s exact test for discrete vari-
ables. We used a two-tailed alpha level of 0.05 to 
test the hypothesis of treatment difference. Hier-
archical testing assessed, in order, the response 
with respect to mean arterial pressure at hour 3, 
the change in cardiovascular SOFA score at hour 
48, and the change in total SOFA score at hour 48.

We analyzed the primary end point using 
logistic regression with adjustment for dichoto-
mized baseline mean arterial pressure, APACHE 
II score, vasopressin use in the 6 hours before 
randomization, and vasopressor dose, in nor-
epinephrine equivalents, during the 6 hours be-
fore randomization. In addition, we used logistic-
regression analysis to identify baseline factors 
that may have influenced the primary end point 
(Table S5 in the Supplementary Appendix). We 
conducted sensitivity analyses of the primary 
end point, including an unadjusted analysis with 
the use of a chi-square test and an analysis 
with stratification according to randomization 
variables. Time-to-event data including mortal-
ity were compared by a log-rank test and were 
characterized by Kaplan–Meier estimates. Haz-
ard rates were estimated from the proportional-
hazards model.

R esult s

Patients

This trial was conducted from May 2015 through 
January 2017 in 75 intensive care units across 
nine countries in North America, Australasia, 
and Europe (Table S6 in the Supplementary Ap-
pendix). Of 404 patients who were screened, 344 
were enrolled and randomly assigned to a study 
group (Fig. 1). A total of 23 of the 344 patients 
who underwent randomization did not receive 
angiotensin II or placebo; the most common rea-
sons were rapid improvement of condition (10 pa-
tients), withdrawal of consent (4), rapid decline 
of condition (4), and physician decision (3). Thus, 
the study regimen was initiated in 321 patients, 
of whom 163 patients received angiotensin II 
and 158 received placebo. The study groups were 
well matched with respect to baseline disease 
characteristics and demographics (Table 1, and 
Table S7 in the Supplementary Appendix). The 
patients in the two study groups were severely 
ill, as indicated by high APACHE II scores and 
elevated baseline vasopressor doses. Sepsis was 
the cause of shock in 259 of the 321 patients 
(80.7%).

Efficacy Outcomes
All trial participants in the modified intention-
to-treat population had data available for the 
primary end point, and no imputation was re-
quired. Significantly more patients in the angio-
tensin II group than in the placebo group met the 
criteria for the primary end point of response 
with respect to mean arterial pressure at hour 3 
(69.9% vs. 23.4%, P<0.001; odds ratio, 7.95; 95% 
confidence interval [CI], 4.76 to 13.3) (Table 2). 
The most common reason in both groups for lack 
of response was failure to achieve a mean arte-
rial pressure of at least 75 mm Hg or an increase 
of at least 10 mm Hg (the other reason was an 
increase in the dose of background vasopres-
sors). During the first 3 hours, the angiotensin II 
group had a significantly greater increase in 
mean arterial pressure than the placebo group 
(12.5 mm Hg vs. 2.9 mm Hg; P<0.001) (Fig. 2A). 
In the angiotensin II group, the mean arterial 
pressure increased rapidly, allowing the angio-
tensin II dose to be decreased from the original 
20 ng per kilogram per minute in 67% of the 
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Figure 1. Screening, Randomization, and Follow-up.

Patient disposition from screening through day 28 is shown. Efficacy and safety analyses are based on the modified 
intention-to-treat population (all patients who underwent randomization and began to receive angiotensin II or pla-
cebo). The patient identified as undergoing rerandomization was initially assigned to the placebo group and had to 
be withdrawn from the study before the first dose was administered because the patient underwent an operative 
procedure. This patient subsequently underwent rerandomization to the angiotensin II group. In accordance with 
the preapproved statistical analysis plan, this patient was included in the angiotensin II group for the modified in-
tention-to-treat (mITT) and safety analyses and in the placebo group for the intention-to-treat analyses. The end of 
study was day 7 or 3 days after the last administration of angiotensin II or placebo, whichever occurred later. Of the 
119 patients in the angiotensin II group who completed the end of study, 3 died by day 7 but after the end-of-study 
assessment. The number of patients who completed follow-up to day 28 includes 2 patients who were discharged 
before the end-of-study visit but later completed follow-up to day 28.

344 Underwent randomization
and were included in the intention-to-treat population

404 Patients were assessed for eligibility

60 Were excluded
54 Did not meet eligibility criteria
3 Withdrew consent
1 Died
1 Moved to comfort care
1 Had unknown reason

172 Were assigned to receive placebo 172 Were assigned to receive
angiotensin II

13 Did not receive placebo
7 Had rapid improvement
3 Had rapid decline
2 Withdrew consent
1 Was withdrawn

by investigator

1 Underwent
rerandomization
to angiotension II

10 Did not receive angiotensin II
3 Had rapid improvement
2 Were withdrawn

by investigator
2 Withdrew consent
1 Had rapid decline
1 Did not meet eligibility

criteria
1 Was receiving drug from

another study

158 Received placebo and were included in the
modified intention-to-treat and safety populations 

163 Received angiotensin II and were included in the
modified intention-to-treat and safety populations  

102 Completed end of study 119 Completed end of study

44 Died55 Died
1 Withdrew consent

72 Completed follow-up to day 28 88 Completed follow-up to day 28

31 Died30 Died
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Characteristic
Angiotensin II 

(N = 163)
Placebo 
(N = 158)

All Patients 
(N = 321)

Age

Median (IQR) — yr 63 (52–75) 65 (53–75) 64 (52–75)

≥65 yr — no. (%) 73 (44.8) 81 (51.3) 154 (48.0)

≥75 yr — no. (%) 41 (25.2) 42 (26.6) 83 (25.9)

Male sex — no. (%) 92 (56.4) 103 (65.2) 195 (60.7)

Geographic region — no. (%)

United States or Canada 116 (71.2) 120 (75.9) 236 (73.5)

Europe 19 (11.7) 14 (8.9) 33 (10.3)

Australia or New Zealand 28 (17.2) 24 (15.2) 52 (16.2)

BMI ≥30 — no./total no. (%)† 69/161 (42.9) 71/155 (45.8) 140/316 (44.3)

Mean arterial pressure

Median (IQR) — mm Hg 66.3 (63.7–69.0) 66.3 (63.0–68.3) 66.3 (63.7–68.7)

<65 mm Hg — no. (%) 52 (31.9) 50 (31.6) 102 (31.8)

APACHE II score‡

Median (IQR) 27 (22–33) 29 (22–34) 28 (22–33)

Distribution — no. (%)

≤30 105 (64.4) 93 (58.9) 198 (61.7)

31–40 50 (30.7) 54 (34.2) 104 (32.4)

≥41 8 (4.9) 11 (7.0) 19 (5.9)

Albumin

Median (IQR) — g/dl 2.2 (1.8–2.7) 2.4 (1.9–2.8) 2.3 (1.8–2.7)

<2.5 g/dl — no./total no. (%) 103/154 (66.9) 89/156 (57.1) 192/310 (61.9)

ScvO2

Median (IQR) — % 76.9 (73.0–82.8) 77.0 (72.5–82.0) 77.0 (72.9–82.2)

Data missing — no. 43 41 84

Central venous pressure

Median (IQR) — mm Hg 13 (10–15) 12 (10–16) 12 (10–15)

Data missing — no. 37 35 72

Cardiac index

Median (IQR) — liters/min/m2 3.0 (2.6–3.8) 3.2 (2.7–3.9) 3.1 (2.6–3.8)

Data missing — no. 94 85 179

Median MELD score (IQR)§ 21 (15–25) 23 (17–26) 22 (16–26)

Cause of shock — no. (%)

Sepsis 127 (77.9) 132 (83.5) 259 (80.7)

Other, potentially sepsis 20 (12.3) 11 (7.0) 31 (9.7)

Pancreatitis 0 2 (1.3) 2 (0.6)

Postoperative vasoplegia 10 (6.1) 9 (5.7) 19 (5.9)

Multifactorial 6 (3.7) 4 (2.5) 10 (3.1)

Exposure to ACE inhibitors — no. (%) 15 (9.2) 15 (9.5) 30 (9.3)

Exposure to ARBs — no. (%) 11 (6.7) 11 (7.0) 22 (6.9)

Table 1. Demographic and Baseline Disease Characteristics.*
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patients within 30 minutes and permitting de-
creases in doses of concomitant vasopressors. 
During the first 48 hours, mean doses of back-
ground vasopressors were consistently less in 
the angiotensin II group than in the placebo 
group (Fig. 2B). Absolute heart rates were higher 
in the angiotensin II group. (Additional details 
can be found in Figs. S1 through S3 and Tables 
S8 through S10 in the Supplementary Appendix.)

At 48 hours, improvement (indicated by lower 
scores) in the cardiovascular SOFA score was 
significantly greater in the angiotensin II group 
than in the placebo group (−1.75 vs. −1.28, 
P = 0.01). There were no significant differences 
in other SOFA score components. At 48 hours, 
the total SOFA score increased to a similar de-
gree in the two groups (1.05 and 1.04, respec-
tively; P = 0.49). Efficacy was also evaluated in the 
intention-to-treat population, and the outcomes 
were similar to those in the modified intention-
to-treat population. (For additional details, see 
Tables S11 and S12 in the Supplementary Ap-
pendix.)

In multivariate analysis, after adjustment for 
age, sex, and prespecified stratification variables, 
treatment assignment (angiotensin II vs. placebo) 
was the most significant positive predictor of a 

response with respect to mean arterial pressure 
(odds ratio, 12.4; 95% CI, 6.7 to 22.8; P<0.001) 
(Table S5 in the Supplementary Appendix). Sig-
nificant negative predictors were hypoalbumin-
emia (odds ratio, 0.40; 95% CI, 0.22 to 0.72; 
P = 0.002) and elevated vasopressor dose (odds 
ratio, 0.40; 95% CI, 0.21 to 0.77; P = 0.006). A re-
sponse with respect to mean arterial pressure was 
achieved by a greater proportion of patients in 
the angiotensin II group who were receiving nor-
epinephrine-equivalent doses of less than 0.5 µg 
per kilogram per minute at baseline than patients 
who were receiving higher doses (91 of 117 pa-
tients [77.8%] vs. 23 of 46 patients [50.0%], 
P<0.001).

Safety
Adverse events of any grade were reported in 
87.1% of the patients who received angiotensin II 
and in 91.8% of the patients who received placebo 
(Table 3, and Table S13 in the Supplementary 
Appendix). Infusion of angiotensin II or placebo 
was discontinued because of adverse events in 
14.1% of the patients who received angiotensin II 
and in 21.5% of those who received placebo. 
The most common adverse events leading to 
discontinuation were similar in the two treat-

Characteristic
Angiotensin II 

(N = 163)
Placebo 
(N = 158)

All Patients 
(N = 321)

Finding of ARDS on chest radiography 
— no./total no. (%)

40/162 (24.7) 51/158 (32.3) 91/320 (28.4)

Vasopressin use during 6 hr before  
randomization — no. (%)

113 (69.3) 111 (70.3) 224 (69.8)

Vasopressor dose — µg/kg/min¶

Median (IQR) 0.33 (0.23–0.56) 0.34 (0.23–0.56) 0.34 (0.23–0.56)

Distribution — no. (%)

<0.35 83 (50.9) 83 (52.5) 166 (51.7)

≥0.35 to <0.50 34 (20.9) 27 (17.1) 61 (19.0)

≥0.50 46 (28.2) 48 (30.4) 94 (29.3)

*  There were no significant differences between groups in any baseline characteristics. For variables with missing data, 
summary data are based on the adjusted number. ACE denotes angiotensin-converting enzyme; ARB, angiotensin- 
receptor blocker; ARDS, acute respiratory distress syndrome; and ScvO2, central venous oxygen saturation.

†  The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters.
‡  Scores on the Acute Physiology and Chronic Health Evaluation II (APACHE II) range from 0 to 71, with higher scores 

indicating greater disease severity.
§  Scores on the Model for End-Stage Liver Disease (MELD) range from 6 to 40, with higher scores indicating more ad-

vanced liver disease.
¶  Vasopressor doses are norepinephrine-equivalent doses.

Table 1. (Continued.)
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ment groups and included septic shock, multi-
organ failure, cardiogenic shock, and cardiac 
arrest (Table S14 in the Supplementary Appen-
dix). Serious adverse events were reported in 
60.7% of the patients who received angiotensin II 
and in 67.1% of the patients who received pla-
cebo (Table 3).

The rates of adverse events of special interest 
were similar in the angiotensin II and placebo 
groups. Specifically, rates of tachyarrhythmias, 
distal ischemia, ventricular tachycardia, and atrial 
fibrillation were similar in the two groups (Table 
S15 in the Supplementary Appendix). No patient 
died during the initial period of adjustment of 
the dose of angiotensin II or placebo. Death from 
any cause by day 7 occurred in 47 of 163 patients 
(28.8%) who received angiotensin II and in 55 of 
158 patients (34.8%) who received placebo (haz-
ard ratio, 0.78; 95% CI, 0.53 to 1.16; P = 0.22) 
(Table 2). Death by day 28 occurred in 75 of 163 
(46.0%) and 85 of 158 (53.8%) of patients in the 
angiotensin II and placebo groups, respectively 
(hazard ratio, 0.78; 95% CI, 0.57 to 1.07; P = 0.12); 
results were similar after adjustment for age and 
sex (Fig. S4 in the Supplementary Appendix).

Discussion

In this multinational, double-blind, randomized, 
controlled trial involving patients with vasodila-
tory shock who were receiving high doses of con-
ventional vasopressors, the percentage of patients 
who met the primary end point with respect to 
mean arterial pressure at 3 hours was signifi-
cantly greater in the angiotensin II group than 
in the placebo group. Patients who received angio-
tensin II also had lower requirements for cate-
cholamines than patients who received placebo. 
In a finding consistent with this result, cardiovas-
cular SOFA scores, which quantify catecholamine 
use, were significantly lower in the angiotensin 
group than in the placebo group at 48 hours.

The marked vasopressor effects of angioten-
sin were noted soon after its first isolation in the 
late 1930s,16,17 and case reports have described 
the successful use of various bovine and human 
angiotensin II formulations as rescue therapy for 
patients with refractory shock.18-20 The potential 
usefulness of angiotensin II as a vasopressor is 
also supported by a small pilot study.11 In our 
larger trial, we evaluated a formulation of angio-

End Point
Angiotensin II 

(N=163)
Placebo 
(N=158)

Odds or Hazard 
Ratio (95% CI) P Value

Primary efficacy end point: MAP response 
at hour 3 — no. (%)†

114 (69.9) 37 (23.4) Odds ratio, 7.95 
(4.76–13.3)

<0.001

Secondary efficacy end points

Mean change in cardiovascular SOFA 
score at hour 48‡

−1.75±1.77 −1.28±1.65 0.01

Mean change in total SOFA score at 
hour 48§

1.05±5.50 1.04±5.34 0.49

Additional end points

Mean change in norepinephrine-
equivalent dose from baseline  
to hour 3¶

−0.03±0.10 0.03±0.23 <0.001

All-cause mortality at day 7 — no. (%) 47 (29) 55 (35) Hazard ratio, 0.78 
(0.53–1.16)

0.22

All-cause mortality at day 28 — no. (%) 75 (46) 85 (54) Hazard ratio, 0.78 
(0.57–1.07)

0.12

*  Plus–minus values are means ±SD.
†  Response with respect to mean arterial pressure (MAP) at hour 3 after the start of infusion was defined as an increase 

from baseline of at least 10 mm Hg or an increase to at least 75 mm Hg, without an increase in the dose of background 
vasopressors.

‡  Scores on the cardiovascular Sequential Organ Failure Assessment (SOFA) range from 0 to 4, with higher scores indi-
cating more severe dysfunction.

§  The total SOFA score ranges from 0 to 20, with higher scores indicating more severe dysfunction.
¶  Data were missing for three patients in the angiotensin II group and for one patient in the placebo group.

Table 2. Primary and Secondary End Points.*
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Figure 2. Treatment Responses.

Efficacy outcomes are shown according to study group. Panel A shows the mean arterial pressure from initiation of 
angiotensin II or placebo through 48 hours. The gray shading indicates the initial 3 hours during which the goal was 
to increase the mean arterial pressure to 75 mm Hg or higher; thereafter, the target mean arterial pressure was de-
termined by the treating team. Panel B shows the changes from baseline in mean doses of vasopressors, denoted  
in norepinephrine-equivalents, from initiation of angiotensin II or placebo through 48 hours. In both panels, I bars 
indicate standard errors. At each time point, the number at risk and the mean value include only patients who were 
receiving at least one vasopressor.
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Event
Angiotensin II 

(N=163)
Placebo 
(N=158)

no. of patients (%)

Adverse event of any grade† 142 (87.1) 145 (91.8)

Adverse event leading to discontinuation‡  23 (14.1)  34 (21.5)

Serious adverse event with frequency ≥1% in either 
study group

Any  99 (60.7) 106 (67.1)

Infection or infestation  30 (18.4)  21 (13.3)

Septic shock  18 (11.0) 10 (6.3)

Sepsis  3 (1.8)  2 (1.3)

Pneumonia  2 (1.2)  3 (1.9)

General disorder or administration-site condition

Any  27 (16.6)  25 (15.8)

Multiorgan failure  25 (15.3)  23 (14.6)

Cardiac disorder  27 (16.6)  32 (20.3)

Cardiac arrest  7 (4.3)  9 (5.7)

Atrial fibrillation  5 (3.1)  5 (3.2)

Ventricular tachycardia  5 (3.1)  3 (1.9)

Cardiorespiratory arrest  3 (1.8)  5 (3.2)

Cardiogenic shock  2 (1.2)  4 (2.5)

Acute myocardial infarction  2 (1.2)  2 (1.3)

Tachycardia  2 (1.2) 0

Ventricular fibrillation  2 (1.2) 0

Supraventricular tachycardia  1 (0.6)  4 (2.5)

Bradycardia  1 (0.6)  2 (1.3)

Respiratory, thoracic, or mediastinal disorder  17 (10.4)  25 (15.8)

Respiratory failure  8 (4.9) 11 (7.0)

Acute respiratory failure  3 (1.8)  5 (3.2)

Pneumothorax  1 (0.6)  3 (1.9)

Acute respiratory distress syndrome 0  2 (1.3)

Respiratory distress 0  2 (1.3)

Vascular disorder  17 (10.4) 15 (9.5)

Hypotension  5 (3.1)  3 (1.9)

Peripheral ischemia  5 (3.1)  3 (1.9)

Shock  3 (1.8)  3 (1.9)

Deep-vein thrombosis  3 (1.8) 0

Distributive shock  1 (0.6)  4 (2.5)

Gastrointestinal disorder

Any  3 (1.8)  8 (5.1)

Intestinal ischemia  1 (0.6)  3 (1.9)

Metabolic or nutrition disorder  3 (1.8)  2 (1.3)

Table 3. Adverse Events.*
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tensin II that is sufficiently stable for widespread 
clinical use.

Treatment options for patients with catechola-
mine-resistant vasodilatory shock are limited, and 
the treatments that are available are often asso-
ciated with side effects. Specific options include 
glucocorticoids, vasopressins, methylene blue, and 
high-volume hemofiltration, all of which are used 
as adjunct therapies to maintain blood pressure 
in patients with vasodilatory shock.21 Previously, 
new therapies proved to be disappointing. Nota-
bly, the nitric oxide synthase inhibitor 546C88 
increased blood pressure in patients with septic 
shock but was associated with more frequent 
cardiovascular side effects and increased 28-day 
mortality.22 In contrast, in our study, angioten-
sin II was not associated with higher mortality 
or a greater frequency of cardiovascular and 
other adverse events than was placebo.

The rationale for our study was based, in part, 
on the potential benefits of more closely mim-
icking natural physiologic responses to shock, 
which include increased secretion of catechol-
amines, vasopressin, and RAAS hormones. Pre-
clinical and clinical data have shown that these 
vasoactive substances are synergistic,23,24 and 
multimodal therapy may leverage this synergy to 
allow lower doses with potentially fewer toxic 
effects. The observed increases in mean arterial 
pressure with angiotensin II, with concomitant 
reductions in catecholamine requirements, sup-
port this view.

Our study has certain limitations. First, the 

significant blood-pressure response to angioten-
sin II, which permitted rapid reduction of cate-
cholamine doses in some patients, may have 
allowed treating clinicians to correctly guess the 
treatment assignment in some cases. However, 
one in four placebo recipients showed a response 
in mean arterial pressure. Second, our study had 
a relatively small sample size, so the possibility 
of clinically important side effects attributable 
to angiotensin II therapy cannot be excluded. 
Third, because our trial was not powered to de-
tect mortality effects, the confidence intervals 
around mortality point estimates are wide. Finally, 
because follow-up was limited to 28 days, the 
possibility of either beneficial or harmful long-
term effects of angiotensin II therapy cannot be 
excluded. Larger trials with longer duration of 
follow-up are warranted to address these ques-
tions, as are direct comparisons of angiotensin 
II with other vasopressors.

In conclusion, angiotensin II administered 
intravenously increased blood pressure and al-
lowed catecholamine dose reductions in patients 
with vasodilatory shock who were receiving high-
dose vasopressors.
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Event
Angiotensin II 

(N=163)
Placebo 
(N=158)

no. of patients (%)

Failure to thrive  2 (1.2)  1 (0.6)

Nervous system disorder  7 (4.3)  9 (5.7)

Brain injury  1 (0.6)  2 (1.3)

Brain edema 0  2 (1.3)

*  For each event category, patients were counted once even if they had multiple events in that category. Adverse events 
were coded according to the Medical Dictionary for Regulatory Activities. There were no significant differences (at P<0.05) 
between the groups in the percentage of patients with adverse events.

†  A complete listing of adverse events with frequency of 5% or more is provided in Table S13 in the Supplementary 
Appendix.

‡  A complete listing of adverse events leading to discontinuation of angiotensin II or placebo is provided in Table S14 in 
the Supplementary Appendix.

Table 3. (Continued.)
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apy alone has been shown in the Gore REDUCE, 
CLOSE, and RESPECT randomized trials, thus 
providing solid clinical data to support PFO closure 
in practice for appropriately selected patients.
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Angiotensin II for the Treatment of Vasodilatory Shock

To the Editor: In the ATHOS-3 (Angiotensin II 
for the Treatment of High-Output Shock) trial, 
Khanna et al. (Aug. 3 issue)1 report that intrave-
nous angiotensin II effectively increased blood 
pressure and reduced vasopressor requirements 
in patients with high-output shock.1 Angiotensin 
II, which has a known chronotropic effect,2 in-
creased the mean heart rate by up to 8% in this 
trial, as estimated from Figure S3 in the Supple-
mentary Appendix of the article. Given that blood 
pressure is a function of heart rate, stroke vol-
ume, and systemic vascular resistance,3,4 have the 
authors considered the relative contribution of 
this chronotropic, rather than vasopressor, effect 
on the increase in blood pressure in this study?

Trial data regarding central venous pressure, 
central venous oxygen saturation, and cardiac 
index were missing in 72 of 321 patients (22%), 
84 of 321 (26%), and 179 of 321 (56%), respec-
tively. Moreover, no clear information was pro-
vided about total f luid administration or f luid 
balance. Was the volume status of enrolled pa-
tients assessed in any other way?

Enhancing tissue oxygen delivery by improv-
ing microcirculation is the ultimate goal of re-
suscitation measures in patients with circulatory 
shock; lactate and central venous oxygen satura-
tion are frequently used as measures of tissue 
perfusion.5 Angiotensin II may have deleterious 
effects on microcirculation.6 Did the authors 
find a difference in levels of lactate or central 
venous oxygen saturation between the patients 
who received angiotensin II and those who re-
ceived placebo?
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To the Editor: In their report on the ATHOS-3 
trial, the authors state that angiotensin II effec-
tively increased blood pressure in patients with 
vasodilatory shock that did not respond to high 
doses of conventional vasopressors. However, the 
trial data do not seem to support this claim. Two 
thirds of the patients already had a mean arterial 
pressure of at least 65 mm Hg at the start of the 
trial, a value that is above the target for patients 
with septic shock who are receiving vasopres-
sors, according to the 2016 Surviving Sepsis 
Campaign guidelines.1 In addition, high-dose 
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vasopressor therapy has been defined in various 
studies as a norepinephrine dose starting at 0.5 µg 
per kilogram of body weight per minute,2 but re-
cent studies have used a cutoff dose of 1 µg per 
kilogram per minute.3 The authors conclude that 
angiotensin II raises blood pressure in patients 
with vasodilatory shock that is unresponsive to 
high-dose vasopressors, but at the onset of the 
trial, none of their patients were receiving high-
dose vasopressor therapy, and many already had 
an acceptable blood pressure.
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To the Editor: As Khanna et al. point out, vaso-
dilatory shock is treated with the infusion and 
substitution of intravenous volume, along with 
the use of vasopressors. In the ATHOS-3 trial, the 
majority of the patients who were included in the 
trial presented with sepsis as the underlying 
 pathology. In these patients, sufficient volume 
replacement is important.1,2 Furthermore, the 
authors report that a substantial number of pa-
tients showed signs of the acute respiratory dis-
tress syndrome (ARDS) on chest radiography, and 
in such patients restrictive volume substitution is 
recommended.3,4 After an initial volume treat-
ment with 25 ml per kilogram, the investigators 
enrolled patients in the trial. Yet they do not re-
port the subsequent volume replacement that the 
patients received, which fluids were used for re-
suscitation, and whether there were substantial 
differences between the two groups. Therefore, 
we were wondering whether the authors would 
describe how volume replacement was performed 
in the trial population, since the procedures might 

have influenced patient outcome in this critically 
ill cohort.
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To the Editor: We would like to comment on 
three aspects of the ATHOS-3 trial. First, the 
fact that the cardiac index was measured in only 
44.2% of the patients at baseline implies that 
most of the patients were included in the trial 
on the basis of a combination of arterial hypo-
tension, a central venous pressure of more than 
8 mm Hg, and a central venous oxygen satura-
tion of more than 70%. These measurements 
cannot rule out hypovolemia or inadequate sys-
temic blood f low as the cause of shock.1,2 Thus, 
it is conceivable that some patients were in 
shock that was not exclusively associated with 
excessive vasodilation. This factor could have 
influenced the response of blood pressure and 
tissue perfusion to angiotensin. Second, data 
regarding the course of vascular resistance and 
the cardiac index are essential in evaluating the 
mechanisms by which angiotensin increased 
blood pressure. Finally, blood pressure is poor-
ly correlated with microcirculatory blood flow 
in sepsis.3 An angiotensin-induced increase in 
blood pressure is likely to be beneficial only if 
it improves organ perfusion. Therefore, it would 
be relevant to evaluate changes in markers of 
tissue perfusion (e.g., lactate levels and urine 
output).
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To the Editor: In the ATHOS-3 trial, the favor-
able effects of angiotensin II do not obviate the 
fact that the drug has repeatedly been shown to 
activate multiple signaling pathways predispos-
ing to kidney injury. For example, angiotensin II 
promotes inflammation in both the tubular and 
glomerular compartments,1 in which the MD2–
TLR4–MyD88 complex plays a pivotal role.2 Angio-
tensin II also activates the coagulation cascade 
and leukocyte adhesion in the microvasculature.3 
The drug is widely used to trigger renal injury 
or fibrosis in experimental models.2,4 In the 
ATHOS-3 trial, the median serum creatinine level 
is provided at admission, but the incidence and 
severity of kidney injury are not stated. Given the 
compelling evidence of the harmful effects of 
angiotensin II in the kidney, we are anxious to 
know the renal outcome of patients, including 
long-term effects. Considering the connection 
between acute kidney injury and chronic kidney 
disease, we would like to voice our concern re-
garding the potential negative effect of angioten-
sin II in the long term.
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To the Editor: Khanna et al. report on the ef-
fectiveness of angiotensin II for treatment of 
patients with refractory vasodilatory shock. 
Some points deserve comment. The definition 
of refractory vasodilatory shock is arbitrary. The 
threshold dose of 0.2 µg per kilogram per min-
ute of norepinephrine appears to be relatively low 
as compared with values in other studies1 in which 
significantly higher thresholds have been chosen. 
Moreover, there is no sound reason why hemody-
namic criteria for vasodilatory shock included a 
cardiac index of more than 2.3 liters per minute 
per square meter of body-surface area or a cen-
tral venous oxygen saturation of more than 70% 
coupled with a central venous pressure of more 
than 8 mm Hg. Data regarding lactate and lac-
tate clearance as a measure of tissue hypoperfu-
sion and response to resuscitation are clearly 
missing, although such measures are required in 
recent guidelines.2 The therapeutic goal of a 
mean arterial pressure of 75 mm Hg or more 
clearly exceeds current recommendations.2,3 In 
addition, no data are provided with respect to left 
ventricular function. Nearly a quarter of the pa-
tients were older than 75 years, so it is likely that 
some patients had reduced left ventricular func-
tion. Angiotensin II may do harm in such pa-
tients by increasing afterload and causing further 
deterioration in ventricular performance.
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The authors reply: Several of the correspon-
dents question whether the entry criteria for a 
“high dose” of vasopressor were appropriate in 
our trial. In the absence of consensus guidelines, 
we selected an entry criterion that was 100% 
greater than the highest dose of norepinephrine 
that is designated by the cardiovascular score on 
the Sequential Organ Failure Assessment (0.1 µg 
per kilogram per minute), which has been asso-
ciated with a rate of death from any cause of 50% 
at 30 days.1 In our trial, 71% of the patients were 
receiving at least two vasopressors at baseline, 
which indicates that in clinical practice a single 
vasopressor is often insufficient. The rationale 
for the trial design and for the targeting of a 
mean arterial pressure of more than 75 mm Hg 
for the first 3 hours is detailed in the Study Ra-
tionale section in the Supplementary Appendix of 
the article, available at NEJM.org.

The assessment of cardiac output in all pa-
tients was not possible, since approximately half 
the sites across three continents did not routinely 
measure cardiac output in their patients with 
vasodilatory shock. Since we sought to conduct 
this trial with broad external validity, we applied 
entry criteria that were consistent with real-
world conditions. The cardiac-index criteria for 
this trial were based on the results of the 
ATHOS pilot trial in conjunction with the resus-
citation goals outlined in the Surviving Sepsis 
Campaign criteria.2

The remaining correspondents have questions 
regarding volume status and fluid infusion. Pa-
tients who were treated with angiotensin II re-
ceived less fluid volume during the initial 3-hour 
titration phase than the patients who were treated 
with placebo (median volume, 447 ml vs. 602 ml; 
P<0.001). Gleeson and Antonucci query the chrono-
tropic potential of angiotensin II. In our opinion, 
the decrease in heart rate that corresponds to 

the down titration of the norepinephrine equiva-
lent dose at 3 to 5 hours into the trial supports 
the hypothesis that the chronotropic effect was, 
in part, due to an interaction with catecholamine 
infusion. A synergistic effect between angioten-
sin II and catecholamines has been described 
previously.3

We agree with several of the correspondents 
that an understanding of the effect of angioten-
sin II on the microcirculation is important. Prior 
research suggests that angiotensin II can recruit 
capillaries through vasoconstriction of postcap-
illary resistance vessels.4 Although we did not 
collect detailed information on lactate, urinary 
output, and mixed venous oxygen saturation, the 
decreased mortality that was seen with angio-
tensin II makes the presence of tissue hypoper-
fusion unlikely. We agree that patients with 
acute kidney injury, advanced age, and ARDS are 
important subgroups, and we are in the process 
of evaluating the effect of angiotensin II in such 
patients.
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Angiotensin II in vasodilatory shock: lights
and shadows
Elio Antonucci1* , Sara Agosta1 and Yasser Sakr2

Data from the literature show lights and shadows
about the use of angiotensin II (Ang II), for instance
as an alternative vasopressor in patients with vasodila-
tory shock that requires high doses of catecholamines.
Recently, an international randomized controlled trial
(ATHOS-3) [1] has shown that Ang II can induce a
significant increase in mean arterial pressure (MAP) if
compared to placebo. Moreover, during the first
48 hours from the randomization, doses of the
vasopressors (norepinephrine (NE) and vasopressin)
were significantly reduced in the Ang II group but
not in the placebo group. Interestingly, no difference
in adverse effects was remarkable between the two
groups.
However, some important issues need to be clarified

before any definitive conclusion about Ang II in vaso-
dilatory shock. Firstly, we do not know exactly the
timing for Ang II initiation: is it better to add Ang II
only when NE doses jump to 0.2 μg/kg/min or when
NE requirements rapidly increase (e.g., 0.5 μg/kg
every hour)? Secondly, Ang II could be administered
to specific patients. In previous studies, some patients
were extremely sensitive to Ang II infusion (e.g.,
medication with ACE inhibitors; sartans or beta-
blockers) [2, 3]. Furthermore, cirrhotic patients
usually show a reduced angiotensinogen synthesis
with secondary low circulating levels of Ang II [4]. In
this perspective, could we hypothesize that an early
infusion of Ang II has a positive effect on these
patients? Thirdly, the safety profile of Ang II has
never been tested in patients with vasodilatory shock
and concurrent myocardial dysfunction. According to
the case of the nonselective nitric oxide synthase in-
hibitor [5], Ang II could reduce the cardiac output
due to its preferential vasoconstrictive action and
provide some detrimental effects for those patients
with myocardial dysfunction. Finally, Ang II signifi-
cantly increased the heart rate (HR) in the ATHOS-3

trial. However, Ang II should not have a positive
chronotropic effect and the authors did not manage
to provide us with a reason for this phenomenon. We
can only hypothesize that the increased HR is related
to a relative hypovolemia. However, also in this case
no clear information about the volemic status was
found in the ATHOS-3 trial (e.g., total fluid adminis-
tration or total fluid balance; cardiac index measure-
ments missed in 56% of cases).
In conclusion, Ang II is doubtless a promising vaso-

pressor but some questions still need to be answered
before any definitive conclusion in the field.

Abbreviations
Ang II: Angiotensin II; HR: Heart rate; MAP: Mean arterial pressure;
NE: Norepinephrine
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