OBSERVATIONAL STUDY

Effectiveness of Angiotensin |l for Catecholamine
Refractory Septic or Distributive Shock on
Mortality: A Propensity Score Weighted Analysis
of Real-World Experience in the Medical ICU

IMPORTANCE: Angiotensin Il (ATIl) was approved for septic or other distribu-
tive shock due to its property of increasing blood pressure within 3 hours. Limited
data exist regarding its effectiveness when used in real-world clinical practice.

OBJECTIVES: This study examined ATIl as a third-line vasopressor based on
institutional approval.

DESIGN: Retrospective observational cohort study.

SETTING AND PARTICIPANTS: Medical ICU at an academic tertiary care med-
ical center. Adult patients requiring 3 or more vasopressor agents for septic shock
or other forms of distributed shock from September 1, 2018, to January 31, 2020.

MAIN OUTCOMES AND MEASURES: Effect of ATIl after norepinephrine and
vasopressin on mortality and mean arterial blood pressure response after 3 hours
of administration.

RESULTS: One-hundred forty-seven patients, 56 receiving ATll and 91 receiving
another vasopressor (non-ATll), were enrolled. Patients in the ATIl group had
higher mortality compared to the non-ATIl group, and more required 5 or greater
vasopressor agents (p < 0.01). After propensity score weighting, there remains
a trend in higher mortality in the ATIl compared to non-ATII group, but not statis-
tically significant (86.0% vs 71.0%, p = 0.16). More patients in the ATIl group
continued to require 5 or greater vasopressor agents compared to the non-ATlI
group after propensity score weighting (45.9% vs 12.5%, p < 0.01). SOFA score
was the only variable associated with mortality (OR = 1.25, 95% ClI, 1.05-1.49;
p=0.01). Patients were considered a “responder” if mean arterial pressure greater
than 65 mm Hg at 3 hours after the third vasopressor was initiated. Among the
ATII group, 37.5% patients were responders compared to 45.1% responders in
the non-ATll group (relative risk = 1.07, 95% CI, 0.6-1.93; p = 0.81).

CONCLUSIONS AND RELEVANCE: Although previous data support the use
of ATIl due to its favorable hemodynamic response in patients with distributive
shock, there was no observed benefit in mortality or hemodynamic response with
ATIl as a third-line vasopressor in our study of real-world patients.

KEY WORDS: angiotensin l; distributed shock; effectiveness; septic shock;
vasopressor

improvement in sepsis management, its mortality rate remains high at
40-50% (1, 2). Mortality rate increases even further when patients de-
velop refractory shock or persistent hypotension despite high-dose vasopressor
support, often greater than 0.5 pg/kg/min norepinephrine or equivalent (3, 4).
Intensification of refractory shock therapy with high doses of multiple

S eptic shock is the most common type of distributive shock and despite
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vasopressors has been associated with mortality of
80% or higher (5-7). Escalation of catecholamine
doses to achieve hemodynamic targets in refractory
shock can contribute to exacerbation of multiple organ
damage. Overstimulation of the sympathetic nervous
system can lead to peripheral and splanchnic ischemia,
increased myocardial oxygen consumption, tachyar-
rhythmia, and myocardial cell damage (8, 9). Thus,
a noncatecholamine vasopressor alternative for the
treatment of distributive shock may mitigate the toxic
effects of high-dose catecholamines.

Angiotensin II (ATII) is a naturally occurring hor-
mone that primarily acts on angiotensin type I receptor
in the renin-angiotensin system and elicits multiple
effects: vasoconstriction, aldosterone and vasopressin
secretion, sodium and water reabsorption, and car-
diac contractility (10-12). In shock, hemodynamics
are preserved primarily through the stimulation of
the sympathetic nervous system, release of catechol-
amines and vasopressin, and vasoconstriction via the
effects of ATII (13). Currently established pharmaco-
logic therapies to supplement these responses are nor-
epinephrine and vasopressin, which are recommended
as first and second-line therapy, respectively (14).
However, the role of ATII still remains controversial.
The Angiotensin II for the Treatment of Vasodilatory
Shock (ATHOS-3) study evaluated the role of ATII in
patients with distributive shock requiring vasopressor
therapy with norepinephrine (or equivalent) dose of
greater than 0.2 pg/kg/min (15). In ATHOS-3, a sig-
nificantly greater number of patients who received
ATII achieved mean arterial pressure (MAP) goal (de-
fined as MAP > 75 mm Hg or MAP increase > 10 mm
Hg) within 3 hours and required lower catecholamine
doses compared with patients who received placebo.

In December 2017, the Food and Drug
Administration (FDA) approved AT1II as a vasopressor
to increase blood pressure in adults with septic or
other distributive shock. Thereafter, ATII was added
to our institution’s drug formulary as a third-line va-
sopressor after norepinephrine and vasopressin. The
most recently published Surviving Sepsis Campaign
guidelines have suggested that although ATII should
not be used as a first-line agent, it may have a role as an
adjunctive vasopressor therapy (14).

It is evident that there is limited literature on the
benefit of ATII when added to standard care. The pur-
pose of our study was to examine the effect of ATII
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on mortality in septic or distributive shock. We also
examined the MAP in response to ATII after 3 hours
of administration.

MATERIALS AND METHODS

Study Design and Setting

This study was a retrospective observational cohort of
adult patients admitted to the medical ICU (MICU) at
an academic tertiary care medical center with 507 li-
censed beds, including 102 ICU beds. Annually, there
are over 4,500 patients admitted to the ICU at our med-
ical center. The study was approved by the Institutional
Review Board (IRB), Human Research & Compliance at
Loma Linda University, approval IRB number 5200126.

Patient Population

All adult patients age 18 years and older admitted
to the MICU requiring vasopressor agent(s) during
September 1, 2018, to January 31, 2020, were screened
from the medical records. Patients were included in the
study if requiring three or more vasopressors any time
during the hospital stay, with a suspected or proven in-
fection as the primary cause of shock or not having car-
diogenic, obstructive, or hypovolemic shock. Patients
were excluded if they were transferred from an outside
facility and already receiving three vasopressors on ar-
rival. The indication, dosing, and titration of ATII and
concomitant treatments for shock were guided by the
primary treatment team and unaffected by this retro-
spective study. Our hospital guideline restricted ATII
to be used as a third-line vasopressor therapy, after
norepinephrine and vasopressin (or norepinephrine
equivalent [NEE] dose > 0.2 pg/kg/min). Per our pro-
tocol, ATII was initiated at 20 ng/kg/min and titrated
by 5ng/kg/min every 5 minutes as needed to reach
MAP greater than 65mm Hg or a maximum dose of
40 ng/kg/min. The maximum dose was allowed to be
increased to 80ng/kg/min with the approval of the
patient’s attending physician.

Data Collection

Demographic and clinical information were collected
through review of the electronic medical record, in-
cluding age, sex, home medications, admission diag-
noses, known or suspected etiology of infection,
hemodynamic variables, laboratory values, urine
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output, antibiotic usage, fluids received, and use of
stress-dose steroids. If a patient had more than one
event of being on three or more vasopressors in one
hospitalization, only the first event was used for data
collection and analysis. Recent exposure to angio-
tensin-converting enzyme (ACE) inhibitors or angi-
otensin receptor blockers (ARBs) was obtained from
review of home medications. Immunocompromised
patients were defined as those having HIV infection,
neutropenia, post-transplantation, greater than or
equal to 10mg prednisone equivalent per day for at
least 2 weeks, cytotoxic therapy, primary immunodefi-
ciency, or lymphohematogenous malignancy.

We defined patients with septic shock as those who
required a vasopressor to maintain a MAP of 65mm
Hg or greater. Infection was defined by the adminis-
tration of antibiotics or clinician documentation of a
source of infection, such as “pneumonia” or “urinary
tract infection” Time to vasopressor was defined as
the amount of time from presentation of patient to
the hospital and initiation of any vasopressor agent.
Additionally, initial hemodynamic values (MAP, heart
rate) were obtained at initiation of vasopressor agent.

Laboratory findings were obtained from the day the
patient was started on three vasopressors, including the
variables used to calculate the Sequential Organ Failure
Assessment (SOFA) score (16). NEE dose for other cat-
echolamine vasopressors (including epinephrine, do-
pamine, phenylephrine, and vasopressin) was obtained
from a conversion scale developed based on the car-
diovascular SOFA score (16, 17). NEE dose for vaso-
pressin was calculated using the Vasopressin and Septic
Shock Trial dataset (18). Urine output was defined as
the output (in milliliters) during the 24-hour period in
which the patient received the third vasopressor. Stress-
dose corticosteroid was defined as a dosage equivalent
to prednisone greater than or equal to 50 mg daily.

Measurable Outcomes

The primary outcome was inhospital mortality from
any cause. The secondary outcomes included MAP re-
sponse to ATII, ATII after 3 hours of administration,
ICU length of stay, and hospital length of stay.

Statistical Analyses

Continuous variables are presented as mean + sp and
categorical variables are presented as count (percentage).

Critical Care Explorations

Our primary aim was to examine the differences in
patients receiving ATII versus other vasopressor (non-
ATII) as the third agent (or “treatment”). Student ¢ tests
were used to test for pretreatment differences between
these two groups on continuous variables, and chi-
square tests were used to test for differences on catego-
rical variables. A standardized mean difference of an
absolute value of less than 0.1 typically indicates a negli-
gible difference between the means between groups (19).

Given the large standardized differences on many
of the pretreatment covariates, propensity score-based
weighting was used to address potential confounding.
Rather than the popular inverse probability of treat-
ment weighting (IPTW), propensity overlap weighting
was used in which each patient’s weight was specified
as being proportional to the estimated probability of
receiving the opposite treatment than what they ac-
tually received (20). Advantages of overlap weighting
over IPTW include statistical precision and enhanced
finite-sample balancing. Specifically, a major benefit of
overlap weighting is that exact balance on the means
or proportions of pretreatment covariates is guaran-
teed when the propensity scores are estimated using
logistic regression. When overlap weights are used, the
estimated treatment effect corresponds to the effect for
patients who have appreciable probability of receiving
either of the two treatments. To guarantee exact bal-
ance on the means and proportions of the pretreatment
covariates, the propensity scores were estimated using
a logistic regression model that includes all variables
from the Supplemental Table (http://links.lww.com/
CCX/A901). More discussions regarding the advan-
tages of overlap weighting are provided by Thomas
et al (21). The propensity score model and treatment
effects were estimated using the R package “PSweight”
(R Foundation, Vienna, Australia) (22, 23).

To allow propensity scores and treatment effects
to be estimated using all enrolled patients, mul-
tiple imputation was performed using the predic-
tive mean matching method within the R package
“mice” (R Foundation) (24). The propensity scores
were then estimated using each of 100 imputed data-
sets including all covariates from the Supplemental
Table (http://links.lww.com/CCX/A901), as well
as missing data indicators to account for poten-
tial differences in the rate of missingness across
the two treatment groups, as described by (25).
No patient was missing more than four covariates and
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patients with at least one missing value were only miss-
ing a single covariate. The final propensity scores used
to construct the overlap weights were then calculated
by aggregating across the propensity scores estimated
using each of the imputed datasets. To assess the im-
pact of the imputation procedure on the conclusions of
the analysis, the analysis was also replicated using only
patients with complete data. The general conclusions
remained consistent and so only the results obtained
with the imputed data are presented.

By construction, the overlap weighted means or
proportions of all covariates included within the pro-
pensity score model are equivalent across the two
treatment groups. In addition to achieving perfect bal-
ance on the means and proportions, other summary
statistics (e.g., sps), Kolmogorov-Smirnov tests, and
graphical assessments suggested that the weighted dis-
tributions of all of the covariates were adequately bal-
anced. Further, because the missing indicators were
included within the propensity score model, exact
balance was also achieved on the missingness of each
covariate that had at least one missing value.

Table 1 illustrates the unweighted and weighted
means and proportions for the key observed variables
of interest that were not included in the propensity
score model. These include our primary and secondary
outcomes of interest (e.g., mortality, MAP response to
ATII, ICU length of stay, and hospital length of stay), as
well as additional potentially post-treatment variables.

After estimating the impact of ATII on mortality
using propensity weighting, multivariable logistic re-
gression modeling was used to determine potential
predictors of mortality. Age, ACE-inhibitor or ARB
usage, lactate, steroid treatment, duration of mechan-
ical ventilation, number of vasopressors, duration of
vasopressors, SOFA score, and treatment with ATII
were included as independent variables in the model
based on their clinical likelihood of affecting outcome
in our cohort of patients with septic or distributive
shock.

To examine the MAP response in patients receiving
ATII compared with those who did not receive ATII,
mean MAP estimates and SEs were obtained via a linear
mixed model comparable to a repeated measures anal-
ysis of variance model. This model allows for individu-
als with partially missing data to be included within
the analysis (26). Patients were considered a responder
if MAP was greater than 65mm Hg at 3 hours after
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the third vasopressor was initiated or a nonresponder
if MAP less than or equal to 65mm Hg.

All p values of less than 0.05 were considered statis-
tically significant. Statistical analyses were performed
using SPSS Version 26.0 (SPSS/IBM, Chicago, IL) and
R Version 3.6.1 (R Foundation, Vienna, Austria).

RESULTS

Six-hundred six patients requiring at least one vaso-
pressor were screened, of which 147 patients, 56 re-
ceiving ATII and 91 receiving another vasopressor
(non-ATII) as the third vasopressor agent, were in-
cluded in the analysis (Fig. 1 and Supplemental
Table, http://links.lww.com/CCX/A901). Patients in
the ATII group were 59.5+14.9 years old compared
with 62.7+15.7 in the non-ATII group (p = 0.22).
Respiratory infections were the primary source of
infections in both groups (ATII 55.4% vs non-ATII
51.6%). Approximately 21.4% of the ATII patients
were previously on ACE-inhibitor or ARB prior to ad-
mission compared with 24.2% of the non-ATII groups.
Compared with non-ATII, patients in the ATII group
had statistically significant higher BMI, lower hyper-
tension, lower coronary artery disease, and lower heart
failure. With respect to laboratory values, the ATII
group had higher white blood cell count, lower glucose,
and higher international normalized ratio. Patients in
the ATII group received statistically significant more
corticosteroid compared with the non-ATII group.

Patients in the ATII group had higher mortality
compared with the non-ATII group and more re-
quired five or greater vasopressor agents (p < 0.01)
(Table 1). After propensity score weighting, there
remains a trend in higher mortality in the ATII
compared with non-ATII group but not statisti-
cally significant (86.0% vs 71.0%; p = 0.16). More
patients in the ATII group continued to require five
or greater vasopressor agents compared with the
non-ATII group after propensity score weighting
(45.9% vs 12.5%; p < 0.01). There was no difference
in ICU length of stay, hospital length of stay, MAP
responders (see below), mechanical ventilation, time
to mechanical ventilation, duration of mechanical
ventilation, or total NEE dose. In the multivariable
logistic regression analysis, SOFA score was the only
variable associated with mortality (odds ratio, 1.25;
95% CI, 1.05-1.49; p = 0.01) (Table 2).
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TABLE 1.

Outcomes and Treatments in Angiotensin Il Versus Nonangiotensin |l Patients, Before
and After Propensity Score Weighting

Unweighted

Outcome/ Non-ATIl
Treatment (n=91)
Mortality, n (%) 51 (91.1) 71 (78.0)
ICU LOS, mean = 6.916.7 9.8+12.8
sp, d
Hospital LOS, mean 11.7£125 13.1+£15.1
+sp, d
Mean arterial 21 (37.5) 41 (45.1)
pressure > 65
after 3 hr of third
vasopressor
initiated, n (%)
Mechanical 51 (91.1) 87 (95.6)

ventilation, n (%)

Time to mechanical 111.3+160.7 205.1+945.6
ventilation,

mean =% sp, hr

Duration of mechan- 108.6%+128.1 126.5+162.7
ical ventilation,

mean = sp, hr

Total number of vaso-
pressors, n (%)?

3 7 (12.5) 37 (41.1)

4 22 (39.3) 45 (50.0)

5 22 (39.3) 8 (8.9)

6 5 (8.9) 0 (0.0)
Other vasopressors,

n (%)®°

Epinephrine 40 (71.4) 76 (83.5)

Dopamine 5 (8.9) 20 (22.0)

Phenylephrine 36 (64.3) 56 (61.5)
Total norepinephrine  1.1+£0.5 1.1£0.4

equivalent, mean +
sD, pg/kg/min

Standardized Mean
Difference for
Continuous Variable
and % Difference for
Categorical Variable

13.1%

—-0.26

-0.10

—7.6%

-4.5%

-0.12

-0.12

-28.6%
-10.7%
30.5%
8.9%

-12.1%

-13.1%

2.8%

-0.15

P
0.04

0.08

0.56

0.37

0.27

0.36

0.46

<0.01

0.08

0.04

0.64

0.39

ATII

86.0%

6.7

11.4

39.0%

85.0%

107.2

99.0

9.5%
44.6%
35.9%
10.0%

77.0%

10.0%

59.4%

1.1

Weighted

Non-
ATl

71.0%

9.9

14.4

36.0%

96.0%

113.6

131.4

37.1%

50.3%
12.5%
0.0%

78.6%

28.4%

67.6%

1.1

Estimate
(95% CI); p

RR=1.21 (0.98-1.57);
p=0.16

MD = -3.20 (-7.02 to
0.62); p=0.10

MD = -2.98 (-7.98 to
2.02); p=0.24

RR =1.07 (0.60-1.93);
p=0.81

RR = 0.89 (0.76-1.05);
p=0.17

MD = -6.46 (-83.08 to
70.11); p=0.87

MD = -32.36 (-92.93
to 28.21); p=0.30

v%(3) = 27.92; p < 0.01

RR=0.98 (0.77-1.25);
p=0.87

RR=0.35 (0.12-1.08);
p=0.07

RR=0.88 (0.62-1.25);
p=0.47

MD = 0.06 (-0.16 to
0.28); p=0.60

ATII = angiotensin Il, LOS = length of stay, MD = mean difference, RR = relative risk ratio.

#Total number of vasopressors required during the shock episode.
PAll patients had norepinephrine and vasopressin prior to the other vasopressor agents.
Propensity scores were estimated based on baseline characteristics from Supplemental Table (http://links.lww.com/CCX/A901).

Critical Care Explorations
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Assessed for eligibility (n = 606)
* 18 years or older

* Diagnosed with shock

time during hospitalization

* Admitted or transferred to MICU or CCU

* Received 1 or more vasopressors at any

Excluded (n = 459)
* Did not receive at least 3 vasopressors (n = 329)
* Arrived at our institution from outside facility

v

already on 3 or more vasopressors (n= 1)
* Diagnosed with type of shock other than septic
(n=129)

h 4

ATIl group (n =56)

* Septic shock with identifiable source
of infection

* Received 3 or more vasopressors

* Received angiotensin Il after at least
two other vasopressors were initiated

Y

Non-ATIl group (n =91)

* Septic shock with identifiable
source of infection

* Received 3 or more vasopressors

* Received catecholamine or
vasopressin as third vasopressor

Figure 1. Study enrollment flow diagram of inclusion and exclusio
MICU = medical ICU.

The NEE dose of vasopressors at ATII initiation
was 0.8+0.3 pg/kg/min. Among the ATII group, 21
out of 56 patients (37.5%) were considered responders
compared with 41 out of 91 responders (45.1%) in the
non-ATII group (relative risk ratio, 1.07; 95% CI, 0.6-
1.93; p = 0.81) (Fig. 2). In responders at 3 hours, MAP
was 74.5+2.8mm Hg in the ATII group compared
with 77.2+2.0mm Hg in the non-ATII group, with a
mean difference of 2.7 mm Hg (95% CI, -3.97 to 9.41;
p = 0.43). In nonresponders at 3 hours, MAP in the
ATII group was 56.5+ 2.6 mm Hg and non-ATII group
57.7+2.1mm Hg, with a mean difference of 1.2mm
Hg (95% CI, -5.36 to 7.69; p = 0.73).

DISCUSSION

In this retrospective observational cohort study, we
described our real-world experience with ATII in the
postmarketing setting at a single-tertiary care medical
center. In patients with refractory distributive shock,
there was no observed benefit in mortality, hemody-
namic response, ICU length of stay, or hospital length
of stay associated with ATII as a third-line vasopressor.

6 www.ccejournal.org

n criteria for angiotensin Il (ATII) versus non-ATlIl patients.

Current data regarding the use of ATII in distribu-
tive shock is limited. In the pivotal ATHOS-3 study
leading to FDA approval, a significantly greater number
of patients who received ATII demonstrated a favor-
able hemodynamic response in 69.9% of the treatment
group compared with only 23.4% of the control group
(p < 0.001). While it was not the primary outcome,
survival benefit was not observed (15). A recent meta-
analysis of randomized clinical trials examining non-
catecholamine vasopressors in the treatment of septic
shock identified only two studies that included ATII as
the intervention, both of which were performed by the
same group of investigators (15, 27, 28).

In reviewing the literature, we found two post-
marketing studies examining the benefit of ATII in
shock (29, 30). In a multicenter retrospective study of
patients with distributive shock refractory to catechol-
amine vasopressors and vasopressin, Wieruszewski et
al (29) showed that 67% of 270 recipients of ATII expe-
rienced a favorable hemodynamic response at 3 hours.
In a severity-adjusted multivariate analysis, the authors
also found a reduced likelihood of 30-day mortality in
patients who had a favorable hemodynamic response
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to ATIIL. Lower lactate concentration and the presence
of vasopressin at the time of ATII initiation were as-
sociated with hemodynamic responsiveness. However,
this study did not have a control group to determine
the responsiveness of other catecholamine vasopres-
sors in lieu of ATII.

In the second multicenter, retrospective observa-
tional study, Smith et al (30) examined 162 patients
who received ATII for any form of shock, septic shock
being the most common. Prior to initiation of ATII,
68.5% of patients were on greater than or equal to 3
vasopressors. Hemodynamic responsiveness occurred
in 80.1% of patients, with significant MAP increase
and NEE dose decrease at 3 hours after initiation of
ATIIL. NEE dose decreased more in those patients on
less than or equal to 3 vasopressors compared with
those on greater than three vasopressors prior to ATII.
Similar to the study by Wieruszewski et al (29) above,
this study did not have a control group.

Additional case studies or case series performed
outside the clinical trial setting also reported ATII re-
sponse in distributive shock associated with cirrhosis,
postcardiopulmonary bypass, liver transplant, near
drowning, and COVID-19, providing further limited
evidence for ATII efficacy (31-36).

In contrast to previous literature, our study showed
no improvement in hemodynamic response with ATII
when compared with other vasopressors. In fact, only
37.5% of patients had responded to ATII compared
with 69.9%, 67%, and 80.1% responders in ATHOS-3,
and the studies by Wieruszewski et al (29) and Smith
et al (30), respectively (15). Interestingly, Smith et al

(30) observed a 26.3% dosing increase in norepineph-
rine if ATII was initiated when NEE dose was greater
than 0.2 ug/kg/min, compared with a 71.5% dose re-
duction of norepinephrine when ATII was initiated at
less than 0.2 pg/kg/min NEE dose. These results may
explain the lack of response in our study. Our insti-
tution’s guideline restricted ATII to be only used as a
third-line vasopressor therapy, after norepinephrine
and vasopressin (or NEE dose > 0.2 ug/kg/min), while
other studies have observed use of ATII even as a first-
line agent (30). The data presented by Smith et al (30)
would also explain our ATII patients requiring signif-
icantly higher total number of vasopressors compared
with the non-ATII patients; that is, an increase in NEE
dose when ATII is added to an already high dose of
other vasopressors. In a review of the literature, Alam
et al (37) suggested that perhaps ATII is most bene-
ficial when used early in the course of shock, ideally
before NEE dosing reaches 0.2 pg/kg/min.
Wieruszewski et al (29) showed that hemodynamic
responsiveness to ATII was associated with mortality
reduction. Given the low hemodynamic response rate
to ATII in our study, there was no difference in mor-
tality in patients receiving ATII compared with those
not receiving ATIL. Our SOFA score and mortality rate
were higher compared with previous studies examin-
ing ATII in shock (15, 29, 30). Our total NEE dose was
1.1£0.5 pg/kg/min in the ATII group versus 1.1+0.4
pg/kg/min in the non-ATII group. In the ATII group,
the NEE dose at initiation of ATII was 0.8+0.3 ug/
kg/min in comparison to ATHOS-3 that had approx-
imately 28.2-30.4% of its study population on higher

TABLE 2.
Predictors of Mortality (Multivariable Logistic Regression)
Predictor Variable OR (CI) o)
Age 1.04 (1.00-1.08) 0.06
Recent angiotensin-converting enzyme inhibitor/angiotensin receptor blocker 1.45 (0.42-5.03) 0.56
Lactate 1.12 (1.00-1.25) 0.06
Corticosteroid 0.86 (0.29-2.55) 0.79
Duration of mechanical ventilation 1.00 (0.99-1.00) 0.20
Number of vasopressors 1.73 (0.77-3.87) 0.18
Duration of vasopressors 1.00 (1.00-1.01) 0.13
Sequential Organ Failure Assessment score 1.25 (1.05-1.49) 0.01
Angiotensin Il 3.10 (0.82-11.77) 0.10
OR = odds ratio.
Critical Care Explorations www.ccejournal.org 7
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Figure 2. Hemodynamic response of angiotensin Il (ATII) versus third vasopressor (non-ATll). Responder—mean arterial pressure (MAP)
greater than 65 at 3 hr after third vasopressor initiation; nonresponder—MAP less than or equal to 65 at 3 hr after third vasopressor

initiation. Data are mean and sk.

than 0.5 pg/kg/min at baseline (15). Patients with such
high NEE dose in ATHOS-3 showed less response to
ATII. Thus, our data further support the notion that
ATII may not be beneficial in very sick patients with
advanced refractory shock on high-dose vasopressors.

There is no clear guidance on whether increas-
ing norepinephrine dose or adding a second vaso-
pressor is beneficial to survival. A cost-effectiveness
analysis by Lam et al (38) showed that vasopressin is
most cost-effective as a second-line therapy in septic
shock, compared with escalating doses of norepineph-
rine, or ATII as a second-line agent to norepinephrine.
The use of vasopressin was associated with the highest
ICU survival of 61% and the lowest cost of $53,207.
Adjunctive vasopressin resulted in the highest quality-
adjusted life years (QALYs) of 4.52 compared with 3.78
and 3.95 QALY for norepinephrine monotherapy and
second-line ATII, respectively. In our cost-conscious
healthcare system, these results provided rationale for
our institutional use of ATII only as a third-line vaso-
pressor after norepinephrine and vasopressin.

A recent post hoc analysis of the ATHOS-3 trial
may provide physiologic guidance to the administra-
tion of ATII based on serum renin level (39). As part
of the renin-angiotensin-aldosterone system, renin is
increased when there is insufficient production of ATII

8 www.ccejournal.org

by ACE. ACE is an endothelial membrane-bound en-
zyme that becomes dysfunctional with endothelial in-
jury occurring in distributive shock. Thus, ATII and
ACE levels have been shown to be decreased in sepsis
and performed better than Acute Physiology and
Chronic Health Evaluation II and SOFA scores in pre-
dicting outcomes (40). However, measurement of ATTI
and ACE is difficult. As a feedback loop, decreased
ATII and ACE levels will result in increased renin,
which can be easily measured by approved assays. In
the ATHOS-3 trial, Bellomo et al (39) showed that
baseline renin was elevated in 76% of patients. Patients
who were treated with ATII had a reduction in renin
of 54.3% compared with 14.1% in patients receiving
placebo at 3 hours (p < 0.01). Importantly, in patients
with elevated renin, treatment with ATII resulted in a
mortality of 51.1% compared with 69.9% mortality in
patients treated with placebo (p = 0.01). Elevated renin
was independently associated with an increased risk
of death (hazard ratio [HR], 2.15; 95% CI, 1.35-3.42),
whereas ATII treatment in patients with elevated renin
was associated with a decreased risk of mortality (HR,
0.62; 95% CI, 0.39-0.98). These results suggest that
perhaps distributive shock patients with elevated renin
are better candidates for the administration of ATII,
resulting in improved mortality.
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Our study had several limitations, including its ret-
rospective nature and small sample size. Although our
propensity-based analysis accounted for differences in
our observed pretreatment covariates, there is still risk
of confounding by unmeasured covariates that may
have impacted both the administration of ATII and
resulting mortality. Additionally, we did not evaluate
safety as it would not be possible to attribute thrombosis
or other adverse events to ATII given our retrospective
study design. Importantly, we identified patients with
distributive shock based solely on review of the med-
ical records. We did not have complete hemodynamic
profiles such as cardiac output and systematic vascular
resistance to definitively select our patient population.
Thus, patients may have other forms or mixed forms
of shock. For example, a significant number of septic
shock patients may have myocardial suppression and
low cardiac output (41). It is possible that ATII would
not be effective in these patients, further confound-
ing our results. Finally, given that the majority of our
patients were septic, it would have been informative
to report time to appropriate antibiotics and source
control.

CONCLUSIONS

In conclusion, although previous data support the use
of ATII due to its favorable hemodynamic response in
patients with distributive shock, there was no observed
benefit in mortality, vasopressor use, or hemodynamic
response with ATII in our study. It is possible that earlier
initiation of ATII in the course of disease may improve
hemodynamics and other patient-centered outcomes.
Additionally, perhaps using ATII as a second-line vaso-
pressor after norepinephrine may lead to a different out-
come in less severe cases of distributive shock. Finally, the
addition of biomarkers such as renin may better identify
patients who may benefit from the addition of ATII in the
management of refractory septic or distributive shock.

1 Division of Pulmonary, Critical Care, Hyperbaric, Allergy,
and Sleep Medicine, Department of Medicine, Loma Linda
University, Loma Linda, CA.

2 Department of Pharmacy Practice, Loma Linda University,
Loma Linda, CA.

3 Department of Pharmacy, Loma Linda University Medical
Center, Loma Linda, CA.

4 Department of Internal Medicine, University of California,
Riverside, CA.

Critical Care Explorations

5 Division of Biological Sciences, University of California, San
Diego, CA.

6 Department of Pharmacy, HonorHealth John C. Lincoln
Medlical Center, Phoenix, AZ

7 Division of Interdisciplinary Studies, Loma Linda University,
Loma Linda, CA.

Supplemental digital content is available for this article. Direct
URL citations appear in the printed text and are provided in the
HTML and PDF versions of this article on the journal’s website
(http://journals.lww.com/ccejournal).

Dr. Nguyen was on the speakers’ bureau for La Jolla
Pharmaceutical from February 2018 to November 2019. The re-
maining authors have disclosed that they do not have any poten-
tial conflicts of interest.

For information regarding this article, E-mail: hbnguyen@llu.edu

This study was performed at Loma Linda University.

REFERENCES

1. Cohen J, Vincent JL, Adhikari NK et al: Sepsis: A roadmap for
future research. Lancet Infect Dis 2015; 15:581-614
2. Singer M, Deutschman CS, Seymour CW, et al: The third in-

ternational consensus definitions for sepsis and septic shock
(Sepsis-3). JAMA 2016; 315:801-810

3. Nandhabalan P, loannou N, Meadows C, et al: Refractory
septic shock: Our pragmatic approach. Crit Care 2018;
22:215

4. Bassi E, Park M, Azevedo LC: Therapeutic strategies for high-
dose vasopressor-dependent shock. Crit Care Res Pract 2013;
2013:654708

5. Brand DA, Patrick PA, Berger JT, et al: Intensity of vasopressor
therapy for septic shock and the risk of in-hospital death. J
Pain Symptom Manage 2017; 53:938-943

6. Dargent A, Nguyen M, Fournel |, et al; EPISS study group:
Vasopressor cumulative dose requirement and risk of early
death during septic shock: An analysis from the EPISS cohort.
Shock 2018; 49:625-630

7. Dinser MW, Ruokonen E, Pettila V, et al: Association of arterial
blood pressure and vasopressor load with septic shock mor-
tality: A post hoc analysis of a multicenter trial. Crit Care 2009;
13:R181

8. Asfar P, Meziani |, Hamel JF, et al; SEPSISPAM Investigators:
High versus low blood-pressure target in patients with septic
shock. N Engl J Med 2014; 370:15683-1593

9. Schmittinger CA, Torgersen C, Luckner G, et al: Adverse car-
diac events during catecholamine vasopressor therapy: A
prospective observational study. Intensive Care Med 2012;
38:950-958

10. Wakefield BJ, Sacha GL, Khanna AK: Vasodilatory shock in
the ICU and the role of angiotensin Il. Curr Opin Crit Care
2018; 24:277-285

11. Fyhrquist F, Saijonmaa O: Renin-angiotensin system revisited.
J Intern Med 2008; 264:224-236

12. Brewster UC, Perazella MA: The renin-angiotensin-aldoste-

rone system and the kidney: Effects on kidney disease. Am J
Med 2004; 116:263-272

www.ccejournal.org 9


mailto:hbnguyen@llu.edu

Quan et al

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

7.

10

Antonucci E, Gleeson PJ, Annoni F, et al: Angiotensin Il in re-
fractory septic shock. Shock 2017; 47:560-566

Evans L, Rhodes A, Alhazzani W, et al: Surviving sepsis cam-
paign: International guidelines for management of sepsis and
septic shock 2021. Crit Care Med 2021; 49:e1063-e1143

Khanna A, English SW, Wang XS, et al; ATHOS-3 Investigators:
Angiotensin Il for the treatment of vasodilatory shock. N EnglJ
Med 2017; 377:419-430

Vincent JL, Moreno R, Takala J, et al: The SOFA (Sepsis-
related Organ Failure Assessment) score to describe organ
dysfunction/failure. On behalf of the Working Group on
Sepsis-Related Problems of the European Society of Intensive
Care Medicine. Intensive Care Med 1996; 22:707-710

Chawla LS, Russell JA, Bagshaw SM, et al: Angiotensin Il for
the Treatment of High-Output Shock 3 (ATHOS-3): Protocol
for a phase lll, double-blind, randomised controlled trial. Crit
Care Resusc 2017; 19:43—-49

Russell JA, Walley KR, Singer J, et al; VASST Investigators:
Vasopressin versus norepinephrine infusion in patients with
septic shock. N Engl J Med 2008; 3568:877-887

Normand ST, Landrum MB, Guadagnoli E, et al: Validating
recommendations for coronary angiography following acute
myocardial infarction in the elderly: A matched analysis using
propensity scores. J Clin Epidemiol 2001; 54:387-398

Li F, Morgan KL, Zaslavsky AM: Balancing covariates via pro-
pensity score weighting. J Am Stat Assoc 2018; 113:390-400
Thomas LE, Li F, Pencina MJ: Overlap weighting: a propensity
score method that mimics attributes of a randomized clinical
trial. JAMA 2020; 323:2417-2418

R Core Team: A Language and Environment for Statistical
Computing. Vienna, Austria, R Foundation for Statistical
Computing, 2019

Zhou T, Tong G, Li F, et al: PSweight: An R Package for
Propensity Score Weighting Analysis. The R Journal, 2021

van Buuren S, Groothuis-Oudshoorn K: mice: Multivariate im-
putation by chained equations in R. J Stat Softw 2011; 45:67
Choi J, Dekkers OM, le Cessie S: A comparison of different
methods to handle missing data in the context of propensity
score analysis. Eur J Epidemiol 2019; 34:23-36

Gibbons RD, Hedeker D, DuToit S: Advances in analysis of
longitudinal data. Annu Rev Clin Psychol 2010; 6:79-107
Chawla LS, Busse L, Brasha-Mitchell E, et al: Intravenous an-
giotensin Il for the treatment of high-output shock (ATHOS
trial): A pilot study. Crit Care 2014; 18:534

www.ccejournal.org

28.

29,

30.

31.

32.

33.

34.

3b.

36.

37.

38.

39.

40.

41.

Zhong L, Ji XW, Wang HL, et al: Non-catecholamine vaso-
pressors in the treatment of adult patients with septic shock-
evidence from meta-analysis and trial sequential analysis of
randomized clinical trials. J Intensive Care 2020; 8:83
Wieruszewski PM, Wittwer ED, Kashani KB, et al: Angiotensin
[linfusion for shock: A multicenter study of postmarketing use.
Chest 2021; 1569:596-605

Smith SE, Newsome AS, Guo Y, et al: A multicenter observa-
tional cohort study of angiotensin Il in shock. J Intensive Care
Med 2022; 37:75-82

Coleman PJ, Nissen AP, Kim DE, et al: Angiotensin Il in de-
compensated cirrhosis complicated by septic shock. Semin
Cardiothorac Vasc Anesth 2020; 24:266-272

Wong A, Alkazemi A, Eche IM, et al: A retrospective review of
angiotensin Il use in adult patients with refractory distributive
shock. J Intensive Care Med 2020; 35:1490-1496

Evans A, McCurdy MT, Weiner M, et al: Use of angiotensin
Il for post cardiopulmonary bypass vasoplegic syndrome. Ann
Thorac Surg 2019; 108:e5—e7

Smith SE, Butler SA, Martin J, et al: Angiotensin Il for near
drowning: A case series. Crit Care Explor 2021; 3:e0434
Running K, Weinberg D, Trudo W, et al: Intraoperative use of
angiotensin Il for severe vasodilatory shock during liver trans-
plantation: A case report. A A Pract 2021; 15:e01402

Wang H, Das S, Wieruszewski PM, et al: Unexpected
BP sensitivity to angiotensin Il in a patient with corona-
virus disease 2019, ARDS, and septic shock. Chest 2020;
158:e55—-eb8

Alam A, Sovic W, Gill J, et al: Angiotensin II: A review of cur-
rent literature. J Cardiothorac Vasc Anesth 2021 Jul 16. [online
ahead of print]

Lam SW, Barreto EF, Scott R, et al: Cost-effectiveness of sec-
ond-line vasopressors for the treatment of septic shock. J Crit
Care 2020; 55:48-55

Bellomo R, Forni LG, Busse LW, et al: Renin and survival in
patients given angiotensin Il for catecholamine-resistant vaso-
dilatory shock. A clinical trial. Am J Respir Crit Care Med 2020;
202:1253-1261

Zhang W, Chen X, Huang L, et al: Severe sepsis: Low expres-
sion of the renin-angiotensin system is associated with poor
prognosis. Exp Ther Med 2014, 7:1342-1348

Court O, Kumar A, Parrillo JE, et al: Clinical review: Myocardial
depression in sepsis and septic shock. Crit Care 2002;
6:5600-508

January 2022 « Volume 4 * Number 1



