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Background: Patients with severe vasodilation accompanied by refractory hypotension despite high doses of vasopressors were
associated with a high mortality rate. The Ang-2 for the Treatment of High-Output Shock (ATHOS) 3 trial demonstrated that
angiotensin 2 (Ang-2) could effectively increase MAP and blood pressure in vasodilatory shock patients. This systematic review
aims to summarize the impact of Ang-2 for the treatment of vasodilatory shock on clinical outcomes, including length of stay, MAP
level (before and after), and mortality also Ang-2 dose needed.

Methods: A systematic search in PubMed, Sage, ScienceDirect, Scopus and Gray literature was conducted to obtain studies about the
use of Ang-2 in vasodilatory shock patients.

Results: In all of the studies that we obtained, there were different results regarding mortality in patients with vasodilatory shock with
Ang-2. Mortality was significantly lower when Ang-2 was administered to patients with elevated renin. The initial dose of Ang-2 can
be started at 10-20 ng/kg/min, but there is no agreement on the maximum dose. Ang-2 may be considered a third-line vasopressor if
the targeted MAP has not been achieved after administration of norepinephrine >200 ng/kg/min for more than 6 hours. Although not
statistically significant, the use of Ang-2 can reduce the length of stay in the ICU and in the hospital when compared to patients
without Ang-2 therapy, in addition to reducing the dose of vasopressor.

Conclusion: Overall, the use of Ang-2 has potential to be a regimen for patients with vasodilatory shock. Further study is needed to
obtain more data.
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Introduction
Vasodilatory shock is the most common type of shock. Patients could fall into a life-threatening condition of circulatory
failure that manifests as hypotension (systolic blood pressure less than 90 mmHg or mean arterial pressure (MAP) less
than 65 mmHg). When an adequate MAP target of 65 mmHg cannot be achieved, vasopressor therapy should be
initiated. Norepinephrine is recommended as the first choice of vasopressor.' Vasopressin (up to 0.03 U/min) or
epinephrine must be titrated in order to increase MAP. However, patients with severe vasodilation who are hypotensive
despite taking high doses of vasopressors have a poor prognosis, with a 30-day mortality exceeding 50%.>
Hemodynamically, in any type of vasodilatory shock, cardiac output and heart rate initially increase to compensate for
the reduced oxygen supply to the tissues. In addition to that, left ventricular systolic contractions become hyper-dynamic
in order to push blood into the tissues. These mechanisms are due to the markedly increased plasma catecholamine
concentration and the activation of renin-angiotensin system (RAS). Angiotensin-2 (Ang-2) is capable of stimulating
vasoconstriction, aldosterone and vasopressin secretion, sodium and water reabsorption, and cardiac contractility.’

Open Access Emergency Medicine 2023:15 |-11 |
Received: 25 September 2022 © 2023 Semedi et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 20 December 2022
Published: 5 January 2023

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-6700-9921
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Semedi et al Dove

The clinical outcome of the patient with shock is concerning. Compared with patients without shock, patients with
shock carry more burden in their clinical outcomes, such as mortality and length of stay. Patients with shock have more
mortality rates and longer length of stay. The mortality rate of shock patient is 40-80% at 30 days of treatment.”® The
findings of mortality from shock differ in each age groups, ranging from 9% in neonates to 63% in the elderly.* The
average length of stay in non-shock patient is 3—7 days comparing with shock patient is 16.5 days. The use of Ang-2
showed the potential to improve these clinical outcomes, by improving the hemodynamic response in shock patients. The
Ang-2 for the Treatment of High-Output Shock (ATHOS) 3 trial demonstrated that Ang-2 could effectively increase
MAP and blood pressure in vasodilatory shock patients who did not respond to high dose of conventional
vasopressors.”® Ang-2 is found to be able to normalize blood pressure in 15 patients out of 21 subjects in the previous
study.”®

This systematic review aims to summarize the clinical outcomes of vasodilatory shock patients treated with Ang-2,
such as mortality, length of stay, and MAP level (before and after). We also review the optimum Ang-2 dose
concentration and decrease in vasopressor dose in Ang-2 treated patients.

Materials and Methods

A systematic search of primary literature was performed based on recommendations by the Cochrane Collaboration.

Information Sources and Eligibility Criteria

Plain text and medical subject heading terms were used to search studies discussing the use of Ang-2 in vasodilatory
shock patients from PubMed, Sage, ScienceDirect, and Scopus. Reference lists of gray literature (Clinical Trial.gov,
Preprints, Medxriv, and Google) were also manually screened for potentially relevant articles that may have eluded the
initial search.

Eligible studies were retrospective studies and controlled trials with vasodilatory shock. Vasodilatory shock was
defined as shock with difficulty in maintaining mean arterial pressure (MAP) above 65 mmHg treated with vasopressor
dose ranging from above 200 ng/kg/min to 500 ng/kg/min norepinephrine equivalents or more and with a cardiac index
(CI) of at least 2.2 L/min/m*.° In this review, we compared the use of Ang-2 for patients with vasodilatory shock.
Primary outcomes of interest to be collected included, mortality rate, age, Ang-2 dose, length of stay, other vasopressor
dose, and MAP before and after the administration of Ang-2.

Search Strategy

We used text words and medical subject heading (MeSH) term. Search terms included (“Angiotensin II” OR
“Angiotensin 2”) AND (“Vasodilatory Shock” OR “Refractory Shock”) OR (“Mortality” AND ‘Mortality Rate’). All
studies were restricted to English language-publications in the last 5 years (2017-2022) (Figure 1). We only included the
last five years studies because the first study of Ang-2 for the treatment of vasodilatory shock was published in 2017.
Further search by reviewing gray literature was performed manually.

Study Selection and Data Extraction

Three authors (M.H.M, J.N.A, and N.A.P.W) reviewed each study candidate from the literature search by title and
abstract, and if necessary full text, to determine its eligibility for inclusion in the quality evidence synthesis.
Disagreements were settled with discussion by all of the authors. The data from eligible studies were extracted into
a summary table (Tables 1 and 2).

Risk of Bias Assessment

We followed recommendations from Cochrane Handbook for Systematic Reviews of Interventions to assess risk of bias,
including Newcastle-Ottawa Scale (NOS)'? for observational studies and Risk of Bias Judgements. In Non-Randomized
Studies of Interventions (ROBINS-I)!! for clinical trial studies to assess the quality of the body of evidence. The NOS
was utilized for each item with the value “0” (in the case the item was not contemplated) or “1” (if the item was
contemplated); a maximum score of 2 could be given for the item “comparability.”'® Studies are rated from 0 to 9, with
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Figure | Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of studies identified, excluded and included.

those studies rating 0-2 (poor quality), 3—5 (fair quality), 6-9 (good/high quality).'® The response options for each
domain-level in ROBINS-I are (1) Low risk of bias (the study is comparable to a well-performed randomized trial with
regard to this domain), (2) Moderate risk of bias (the study is sound for a non-randomized study with regard to this
domain but cannot be considered comparable to a well-performed randomized trial) (3) Serious risk of bias (the study has
some important problems in this domain), (4) Critical risk of bias (the study is too problematic in this domain to provide
any useful evidence on the effects of intervention); and (5) No information on which to base a judgement about risk of
bias for this domain."’

Results from the risk of bias assessment are presented in Tables 3 and 4. All of the studies were low or unclear risk of bias.

Table | Characteristics of Studies

Author Year Location Design Study Population
Wieruszewski et al'? 2020 Boston, USA Multicenter Retrospective Cohort 270
Smith et al'* 2020 Baltimore, USA Multicenter Retrospective Cohort 162
Khanna et al'? 2017 Australia Clinical Trial 344
Quan et al® 2022 California, USA Multicenter Retrospective Cohort 147
Open Access Emergency Medicine 2023:15 https: 3
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Table 2 Summary of Studies on Angiotensin 2 in Vasodilatory Shock Patients

years old

Not Significant (p = 0.16)

mm Hg
Non Responder**: Mean 56.5
+2.6 mm Hg

With Ang-2: Mean 6.9 + 6.7
Without Ang-2: Mean 9.8+ 12.8
Hospital LOS:

With Ang-2: Mean 11.7 £ 12.5
Without Ang-2: Mean 3.1 £ 15.1

Titration dose: 5 ng/kg/min
Maximum dose: 40 ng/kg/min.
Maximum dose 80 ng/kg/min with
consent

Author Age Mortality Rate MAP MAP After Treatment Length Of Stay (LOS) Angiotensin 2 Dose Vasopressor Dose
Before
Treatment
Wieruszewski Mean 60£15 years | 30-days mortality rate Mean 65 Three hours post Ang-2 ICU LOS Mean initial dose: 20%12 ng/kg/min Decrease vasopressor dose —200
etal'? (HR 0.50; 95% ClI, +1 | mmHg Administration (p < 0.001): Responder*: Median 9 days (IQR 1-80 ng/kg/min) ng/kg/min versus + 40 ng/kg/min,
0.35-0.71; P < 0.001) Responder*: Ang-2 MAP + (IQR 616 days) Mean maximum dose: 52 + 24 ng/kg/min | p < 0.001)
10.3 mmHg Non responder **: Median || days (IQR 10-82 ng/kg/min)
Non Responder®*: Ang-2 (IQR 8-24 days)
MAP +1.6 mmHg Hospital LOS:
Responder*: Median 24 days (IQR 13-36
days)
Non Responder ** Median 30 days
(IQR 17-36 days)
Smith et al'* Median 63 years ICU mortality 78 patients Median 62 Three hours post Ang-2 ICU LOS: Initial median Ang-2 dose: 10 Median dose 390 (IQR 160-640)
(IQR 51-71) (48.1%). (IQR 57— Administration median 73 Median 7 (IQR 2-17) days (IQR 10-20) ng/kg/min ng/kg/min after three hours
Hospital mortality 98 70) mmHg (IQR 65-79) mmHg Hospital LOS: Median Maximum Ang-2 dose: 40 (p<0.001)
patients (60.5%) (p<0.001) Median 10 (IQR 4-26) days (IQR 29-80) ng/kg/min
Khanna et al'? Median 64 years 7th Day Mortality 28% Median 66 Median MAP 77 N/A Initial Dose Ang-2 Dose: 20 ng/kg/min Decreasing vasopressor dose
(IQR 52-75) (p=0.22) mmHg (IQR | (IQR 76.5-77.7) P<0.001; Maximum Ang-2 dose first 3 hours: 200 —3.5 ng/kg/hours (IQR 2—4 ng) on
28th Day Mortality 46% 65.8-66.5) OR, 7.95; 95% ng/kg/min first 48 hours from baseline
(p=0.12) Maximum Ang-2 dose after 3 hours and
15 minutes: 40 ng/kg/min
Quan et a® Mean 59.5 15.7 Higher Mortality Rate but N/A Responder*: Mean 74.5+2.8 ICU LOS: Initial dose: 20 ng/hours/kg N/A

Notes: *Responder: if MAP was greater than 65 mm Hg at 3 hours after the third vasopressor was initiated. **Non Responder: if MAP less than or equal to 65 mm Hg.
Abbreviations: MAP, Mean Arterial Pressure; ICU, Intensive Care Unit; LOS, Length of Stay; Ang-2, Angiotensin 2; IQR, Interquartile Range.

|e 32 1pawag

aro(q


https://www.dovepress.com
https://www.dovepress.com

Dove Semedi et al

Table 3 Risk of Bias Assessment (Newcastle-Ottawa Scale)

Wieruszewski, 2020 | Smith, 2020 | Quan, 2022

Selection | * * *

2 * * *

3 * * *

4
Comparability K ok o
Outcome/exposure | | * * *

2 * * *

3 * * *
Interpretation Good Good Good

Notes: The Newcastle-Ottawa Scale quality instrument is scored by awarding a point for each answer that is
marked with an asterisk (*) below. Possible total points are 4 points for Selection, 2 points for Comparability,
and 3 points for Outcomes.

Table 4 Risk of Bias Assessment (Risk of Bias Judgements in Non-Randomized Studies of Interventions)

Confounding | Selection of Classification of | Deviations Missing Measurement of | Selection of Overall
Participants Interventions From Intended Data Outcomes Reported Results
Interventions
Khanna, 2017 Low Low Low Moderate Low Low Moderate Low

Result

Overall, the initial search yielded 555 total results from databases and 10 results from gray literature. Four duplicate
studies were removed. Among 561 studies, screening was done based on inclusion and exclusion criteria, and therefore
20 studies were remained. One study was removed because the full text was not retrieved. Two journals were excluded
because of the wrong population, and twelve studies were excluded because of the wrong type of publication (Figure 1).
From the screening process, we obtained four studies that were ultimately eligible for inclusion in the qualitative
evidence synthesis. Results were summarized for each study and presented in detail in Table 1.

Mortality

The study by Wieruszewski et al'> used severity-adjusted multivariate analysis. It showed that 30-day mortality rate was
related to hemodynamic responsiveness (HR 0.50, 95% CI 0.35-0.71, p < 0.001), surgery (HR 0.71, 95% CI 0.50-1.00,
p = 0.048), and low lactate levels (HR 0.94, 95% CI 0.91-0.96, p < 0.001). Higher vasopressor dose at initiation of Ang-
2 also contributed to 30-day mortality (HR 1.61, 95% CI 1.03-2.51, p = 0.037).

In contrast, the study by Quan et al’> compared groups receiving Ang-2 and other vasopressors as third-line agents,
and found that patients in the Ang-2 group had a higher mortality rate (91.1% vs 78%; p = 0.04). After propensity score
weighting, a trend of higher mortality was found in the Ang-2 group but not statistically significant (86% vs 71%; p =
0.16). Intriguingly, patients with elevated renin treated with Ang-2 showed a 51.1% mortality compared with 69.9% in
patients treated with placebo (p = 0.01). Increased renin was independently associated with an increased risk of death
(HR 2.15; 95% CI 1.35-3.42) and Ang-2 therapy in patients with elevated renin showed a reduced risk of death (HR
0.62; 95% CI, 0.39-0.98). Another significant predictor of mortality was Sequential Organ Failure Assessment (SOFA)
score (OR 1.25, 95% CI 1.05-1.49, p = 0.01). SOFA score reflects the extent of organ failure in a patient, comprised of 6
systems: respiratory, coagulation, cardiovascular, central nervous system, and renal. Score 0 means normal function,

while score 4 is the most abnormal.
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Different results were presented by Khanna et al'® in which there was no significant difference in mortality at day 7
(HR 0.78; 95% CI, 0.53 to 1.16; P = 0.22) and day 28 (HR 0.78; 95% CI, 0.57 to 1.07; P = 0.12) between group receiving
Ang-2 and placebo.

Age

A study from Quan et al® showed that the mean age was 59.5 + 15.7 years and the study of Wieruszewski et al'> was 60
+15 years. Meanwhile the studies of Smith et al'* and Khanna et al'® used median with results 63 years old (IQR 51-71
years) and 64 years (IQR 52-75 years).

112

Mean Arterial Pressure (MAP)

A study from Wieruszewski et al'* found that mean MAP before treatment was 65+11 mmHg. Three hours after Ang-2
administration, the responders had a significant greater increase in MAP + 10.3 mmHg compared with non-responders
MAP + 1.6 mmHg (p < 0.001). A similar study was shown by Quan, et al* who explained that there was an improvement
in MAP in responder subjects (Mean 74.5+ 2.8 mm Hg) compared to non-responders (Mean 56.5+2.6 mm Hg). Smith
et al'* explained that the Median MAP before Ang-2 administration was 62 (IQR 57-70) mmHg. Then, three hours post
Ang-2 administration the median MAP was 73 (IQR 65-79) mmHg (p < 0.001). Improvements in MAP were also found
in the study of Khanna et al'* who explained that before administration of Ang-2 the median MAP was 66 (IQR 65.8—
66.5) mmHg and after administration of Ang-2 the median MAP was 77 (IQR 76.5-77.7) mmHg (P < 0.001; OR,
7.95; 95%).

Length of Stay (LOYS)

In Quan, et al® there was a decrease in ICU length of stay (LOS) in patients with Ang-2 therapy (Mean 6.9+ 6.7 days)
compared to those without Ang-2 therapy (Mean 9.8 +£12.8 days). Similarly, there was a decrease in hospital LOS in
patients with Ang-2 therapy compared to those who are not. However, there was no statistically significant difference
between ICU LOS (p = 0.08) and hospital LOS (p = 0.56) in patients treated with Ang-2 and patients not treated with
Ang-2. Wieruszewski et al'? found that the median ICU length of stay in responders was 9 days (IQR 6-16 days)
compared with 11 days (IQR 8-24 days) in Ang-2 nonresponders (p = 0.26). Wieruszewski et al'? also found that neither
there was a difference in LOS according to hemodynamic response (24 (IQR 13-36) v. 30 (IQR 17-36)) days for patients
on Ang-2 and without Ang-2 therapy (p = 0.43). Smith et al'* found that median ICU LOS was 7 (IQR 2—-17) days and
median hospital LOS was 10 (IQR 4-26) days.

Angiotensin |l Dose

Khanna et al'?

and Quan et al studies used the same initial Ang-2 dose of 20 ng/kg/min, while the average initial dose
used in the Wieruszewski et al'* study revealed an average initial dose of 20 + 12 ng/ kg/min (range 1-80 ng/kg/min).
Meanwhile, Smith et al'* started Ang-2 therapy at a median dose of 10 ng/kg/minute (IQR 10-20 ng/kg/minute). The
maximum dose in the studies of Quan et al* was 40 ng/kg/minute, but the dose could be increased to 80 ng/kg/min with
the approval of attending physician. Quan et al® also stated that the titration used were 5 ng/kg/min every 5 minutes as
needed. Smith et al'* used the median maximum dose, which was 40 (IQR 29-80) ng/kg/min. In the study of Khanna
et al'® it was stated that in the first 3 hours to reach the target MAP, the dose of Ang-2 could be increased by 200 ng/kg/
min. However, after 3 hours and 15 minutes, the maximum dose to maintain the target MAP was 40 ng/kg/min. In the

study of Wieruszewski et al'* the average maximum dose was 52 + 24 ng/kg/min (IQR 10-82 ng/kg/min).

Decrease in Vasopressor Dose

In the study conducted by Wieruszewski et al'> Ang-2 was generally used as a third-line (N = 104, 40%) or fourth-line
(N =127, 47%) vasopressor, starting at a median of 11 hours from the initiation of the first vasopressor. Simultaneous
initiation of Ang-2 was accompanied by escalation of other vasopressors, with a mean increase of 50 £ 140 ng/kg/min
cumulative dose of norepinephrine equivalent (NEE) within 1 hour prior to initiation of Ang-2 initiation. The mean
vasopressor dose at the time of initiation of Ang-2 was 580 + 330 ng/kg/min NEE. Compared to non-responders, there

6 hetps: Open Access Emergency Medicine 2023:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Semedi et al

was a significant reduction in the vasopressor NEE dose (—200 versus +40 ng/kg/min, p < 0.001) at 3 hours. Similar
results were demonstrated by the study of Khanna et al'> which the mean dose of the main vasopressor in the first 48
hours of the Ang-2 group was consistently lower than the placebo group. Likewise, Smith et al'* revealed that at 3 hours
after Ang-2 administration, the median dose of NEE decreased to 390 ng/kg/min (IQR 0.16-0.64) and the mean change
in NEE dose was 160 ng/kg/min (95% CI 0.10-0.22, p < 0.001). Quan et al® stated that there was no significant
difference in the total dose of NEE vasopressor between the Ang-2 and non-Ang-2 groups and accordingly Ang-2 should
only be administered after administration of norepinephrine and vasopressin equivalent to a dose of NEE > 200 ng/
kg/min).

Discussion
The pathophysiology of vasodilatory shock is shown in Figure 2. In the RAAS system, angiotensinogen with renin and
angiotensin converting enzyme (ACE) will form Ang-2 bioactive and its receptors, namely AT-1 and AT-2."° Under
physiological condition, Ang-2 will bind to the AT-1 receptor followed by events such as an increase in expression of pro-
inflammatory mediators, rise in vascular permeability by inducing vascular endothelial growth factor (VEGF), and stimulate
the expression of endothelial adhesion molecules (P-selectin and E-selectin), intercellular adhesion molecule-1 (ICAM-1) and
vascular cell adhesion molecule-1 (VCAM-1). On the other hand, binding of Ang-2 to the AT-II receptor results in
vasodilation and a decrease in systemic vascular resistance, although this is not the dominant effect of Ang-2."'>'
Angiotensin 2 receptor type II (AT-II) and Mas receptor (MasR) belong to the non-classical G protein-coupled
receptor family and mediate functions such as diuresis, natriuresis, vasorelaxation, and reduction of blood pressure in
various animal models.'” AT-II and MasR also show signaling overlap in terms of nitric oxide (NO) formation and

if i
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bh L 3 angto
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il

SHOCK
RAS Hyp ivati Aanti Inflammation
Ang Il Hypofunction
Upregulated NO Vasodilation
¥

*Diabetes Mellitus, Cardiavascular Disease, Obesity, Chronic Disease

Figure 2 Mechanism of angiotensin 2 on pathophysiology of vasodilation shock. Red line: The Renin-angiotensinogen mechanism to induce shock. Green line: ACE-2
mechanism to induce shock.

Abbreviations: Ang, Angiotensin; ATR, Angiotensin Receptor; ACE, Angiotensin converting enzyme; MasR, Mas Receptor; MrgD, Mas-Related G-Protein Coupled
Receptor D.
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inhibition of Na', K'-ATPase activity in the proximal tubule of the kidney.'® There is evidence that suggest AT-II and
MasR form heterodimers with AT-I, and this heterodimerization provides a mechanism in which AT-II and MasR
attenuate AT-I-induced signaling and cellular function.'” Due to the interaction between AT-II and MasR, several studies
have suggested that these receptors may be functionally interdependent. Some study using AT-II antagonist namely
PD123319 reduces the vasodepressor effect of endogenous MasR agonists Ang-(1-7).'*?° Similarly, Ang-(1-7)-med-
iates cerebral arterial vasodilatation®' and the aortic ring®> AT-II antagonist PD123319 and MasR antagonist A-779.

There is an increased activity of renin, angiotensin 1 (Ang-1), and angiotensin 2 (Ang-2) in shock. High levels of
plasma Ang-2 which binds to AT-I will cause oxidative stress and endothelial dysfunction that will induce pro-
inflammatory mediators (interleukin (IL)-1P, tumor necrosis factor (TNF)-a, interferon (IFN) y and nitric oxide
(NO).'® Endothelial dysfunction and oxidative stress disrupt the vasopressor ability of Ang-2 thus vasoconstriction
does not occur.”

This condition will cause pathological vasodilation, usually due to the effect of inducible nitric oxide synthase (iNOS)
which produces excessive amounts of nitric oxide (NO).?* Nitric oxide increases cAMP (cyclic adenosine monopho-
sphate) and ¢cGMP (cyclic guanosine monophosphate) to trigger vasodilation.”® Activation of adenosine triphosphate
(ATP)-sensitive potassium channels in vascular smooth muscle cells prevents the entry of calcium, which is necessary for
vasoconstriction, leading to metabolic disturbances (tissue hypoxia and acidosis) and inflammation (including NO
production) with vasoplegia.?*?%2®

Patients could fall into vasodilatory shock influenced by several factors, one of them is age. There was a significant
increase in the incidence of sepsis along with increasing age. Elderly patients are at high risk due to their susceptibility
and comorbidities.”® Patients with preexisting chronic comorbidities, such as pulmonary or renal disease, may be
associated with increased susceptibility to sepsis.*® Sepsis patients aged 65 years who had at least one comorbid are
twice more prevalent than younger patients (<65 years).>' Changes in functional status, namely disuse atrophy due to
inactivity, sarcopenia due to decreased muscle mass, changes in response to hormones (growth hormones, androgens, and
estrogens), neurological changes, changes in cytokine regulation, changes in protein metabolism, and changes in food
intake to pre-admission status are also important because they affect the patient’s condition.>**?

Patients in this age group also receive a lot of Angiotensin 2 therapy for management of shock. Angiotensin 2 acts as
an endogenous vasoconstrictor via the AT-1 receptor.** Previous research said that there is a decrease in plasma renin
activity with age.>> This results in a decrease in circulating Angiotensin 2 in the population compared to the younger
population. The body will respond to this reduced substrate by increasing the sensitivity of AT-1. This is an important
regulatory factor in the hemodynamics of the elderly population.**

In 2017, the Food and Drug Administration (FDA) approved Ang-2 as a vasopressor to increase blood pressure in
cases of septic shock or distributive shock in adult patients.” In ATHOS-3, the patients started receiving Ang-2 after
a dose of norepinephrine equivalent dose (NED) 200 ng/kg/minute for more than six hours and was used as a third line
vasopressor after norepinephrine and vasopressin.'? In the latest Surviving Sepsis Campaign guidelines, it is stated that
Ang-2 is not the first line but can act as an additional vasopressor therapy.*®

However, in the studies, we collected, it appears that the maximum dose administered is different. Wong et al noted
that the dosing of Ang-2 was often not in accordance with the recommendations in the protocol, especially with regard to
the maximum dose.”” They stated that although the institution had determined the Ang-2 administration protocol, in
practice this was up to the attending physician to determine the timing of initiation and dose modification. They also
added that the doctors are reluctant to use Ang-2 in the treatment of shock due to lack of familiarity with this new
vasopressor and uncertainty about its availability and adjustment for use.’’

In this systematic review study, we found that Ang-2 was able to increase MAP above 65mmHg.>'*"'* Ang-2 binds
to AT-I causing vasoconstriction in both afferent and efferent glomerular arterioles. The effect is greatest on the efferent
side, causing a decrease in renal blood flow and an increase in glomerular filtration pressure.'® In shock patients, Ang-2 is
produced endogenously in response to decreased renal afferent arterial perfusion, through the production of renin which
triggers the conversion of angiotensinogen into Ang-1, which then converted by the ACE enzyme into Ang-2.*® This
reaction will directly trigger the sympathetic nervous system while also triggering the release of calcium (Ca2+) from the
sarcoplasmic reticulum of smooth muscle cells, causing vasoconstriction.>® This interaction prompts the hemodynamic to
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improve which can then reduce the mortality rate in shock patients. This is in line with the results of the study by
Wieruszewski et al which states that the level of hemodynamic responsiveness of patients has a significant effect on the
30-day mortality rate of patients in shock.'? Furthermore, Khanna et al explained that the use of Ang-2 was able to
improve the cardiovascular SOFA score within 48 hours from mean 4.00 become mean 2.25 (SD 1.771) and mean 2.72
(SD 1.654) (—1.75 versus —1.28, p = 0.01)."

Fluid therapy and administration of vasopressors are the mainstay of treatment for shock used to treat hypotension in
patients.***! Patients with refractory shock usually receive catecholamine vasopressor therapy as first-line therapy in
shock and are given high doses.>® Catecholamine vasopressors may be associated with excessive vasoconstriction which
may result in an impairment in tissue perfusion, even when perfusion pressure is restored. However, non-adrenergic
vasopressors are also associated with some adverse effects, and switching from adrenergic to non-adrenergic vasopres-
sors is not always optimal.*> Administration of non-catecholamine vasopressors in the treatment of refractory shock can
reduce catecholamine doses and can reduce the potential of toxicity associated with high-dose catecholamine therapy
through vasoconstriction with different mechanisms.>® Chawla et al showed that the number of catecholamine use in
patients who had been given Ang-2 was lower than those who received placebo.” Using a sparing effect on a vasopressor
patient will reduce the patient’s morbidity and length of stay (LOS).** Our study showed that administration of Ang-2
could be a sparing effect, thus reducing the dose of vasopressors which could minimize the adverse effect of using them.

Length of stay (LOS) is an indicator to determine the efficiency of therapy and hospital care management.**
A decrease in LOS indicates a good outcome of the given therapy. Reducing LOS is also able to reduce the risk of
infection, side effects of treatment, and improve the quality of treatment.*> Administration of Ang-2 to patients is able to
improve the patient’s condition, however the result is not statistically significant.'? This is probably due to differences in
the patient’s clinical background including severity, comorbidities, and patient age.

Although treating patients in shock with Ang-2 makes sense pathophysiologically, the study by Quan et al and
Bellomo et al showed that patients in shock treated with Ang-2 had higher mortality rate.** However, in the same study,
the mortality rate was significantly lower when Ang-2 is given to patients with elevated renin.**® In vasodilatory shock,
renin production is triggered to increase Ang-2 and induce vasoconstriction, but in these patients the mechanism failed.’
The study by Bellomo et al showed that there was an increase in the levels of Ang-1 and Ang-1/Ang-2 ratio in patients
with vasodilatory shock compared to controls, while the levels of Ang-2 in both groups tended to remain.*® The increase
in renin is caused by the ACE, single nucleotide polymorphism (SNP) gene, and endothelial lesions, which is directly
associated with 28-day mortality.*”*® An increase in renin activity also coincides with a decrease in aldosterone levels,
indicating dysfunction of the RAAS pathway.*>>* Thus, increased renin may be a predictor of RAAS dysfunction and
a suitable candidate for Ang-2 therapy.

Conclusion

Overall, the administration of Ang-2 in treating vasodilatory shock had potential to improve the patient’s outcome which
can be seen from the increased MAP, decreased vasopressors dose, mortality rate, and length of stay. However, the results
of increasing MAP, decreasing the dose of vasopressors, mortality and length of stay were inconsistent. Until now there
has been no guideline for the administration of angiotensin 2 in shock patients. Further study on this matter shall be
continued to obtain more data.
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