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a b s t r a c t 

Vasopressors are the cornerstone of hemodynamic management in patients with septic shock. Norepinephrine is 

currently recommended as the first-line vasopressor in these patients. In addition to norepinephrine, there are 

many other potent vasopressors with specific properties and/or advantages that act on vessels through different 

pathways after activation of specific receptors; these could be of interest in patients with septic shock. Dopamine 

is no longer recommended in patients with septic shock because its use is associated with a higher rate of cardiac 

arrhythmias without any benefit in terms of mortality or organ dysfunction. Epinephrine is currently considered 

as a second-line vasopressor therapy, because of the higher rate of associated metabolic and cardiac adverse 

effects compared with norepinephrine; however, it may be considered in settings where norepinephrine is un- 

available or in patients with refractory septic shock and myocardial dysfunction. Owing to its potential effects 

on mortality and renal function and its norepinephrine-sparing effect, vasopressin is recommended as second- 

line vasopressor therapy instead of norepinephrine dose escalation in patients with septic shock and persistent 

arterial hypotension. However, two synthetic analogs of vasopressin, namely, terlipressin and selepressin, have 

not yet been employed in the management of patients with septic shock, as their use is associated with a higher 

rate of digital ischemia. Finally, angiotensin Ⅱ also appears to be a promising vasopressor in patients with septic 

shock, especially in the most severe cases and/or in patients with acute kidney injury requiring renal replacement 

therapy. Nevertheless, due to limited evidence and concerns regarding safety (which remains unclear because of 

potential adverse effects related to its marked vasopressor activity), angiotensin Ⅱ is currently not recommended 

in patients with septic shock. Further studies are needed to better define the role of these vasopressors in the 

management of these patients. 
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Septic shock is one of the main causes of admission to the

ntensive care unit (ICU) and is associated with high mortality

nd morbidity. [ 1 ] It involves life-threatening organ dysfunction,

hich combines hypovolemia, vasodilation, cardiac dysfunc-

ion, and microcirculatory impairment. Macrocirculatory disor-

ers result in an imbalance between oxygen supply and delivery,

eading to inadequate tissue perfusion and cellular hypoxia. Mi-

rocirculatory disorders, however, result in impaired peripheral

xygen extraction and tissue oxygenation. [ 2 ] 

Vasodilation and cardiac dysfunction are the main features

f septic shock. Early vasopressor therapy is therefore the cor-

erstone of hemodynamic management in patients with septic

hock, as fluid resuscitation alone cannot restore vascular tone

nd cardiac function. [ 3 ] The numerous available vasopressors

im to counterbalance the vasodilatory effects of a systemic in-
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ammatory response syndrome. Among them, some are natu-

al hormones that exert vasopressor activity through specific

eceptor activation (norepinephrine , epinephrine, vasopressin,

nd angiotensin Ⅱ ); however, most recent vasopressors, such as

elepressin, are analogs of natural hormones. 

To date, norepinephrine is recommended as first-line va-

opressor therapy in patients with septic shock. [ 1 , 4 ] Nore-

inephrine is a potent 𝛼- and 𝛽1-adrenergic agonist, with lit-

le activity on 𝛽2 receptors; it, therefore, induces an increase

n cytosolic calcium concentrations of smooth muscle after

inding to its receptors. It exerts its vasopressor activity by

ausing arterial and venous vasoconstriction through its 𝛼-

drenergic effect. Thus, it enhances coronary blood flow by

ncreasing diastolic arterial pressure. Norepinephrine also in-

reases venous return, [ 5 , 6 ] by increasing the mean systemic fill-

ng pressure and thus the venous return pressure gradient. [ 7 , 8 ] 

t exerts a positive inotropic effect on both ventricles via 𝛽1
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timulation to a lower extent than its vasopressor activity;

his is evidenced by classical load-dependent systolic function

arameters [ 5 , 6 , 9 ] and by relatively load-independent parame-

ers such as the left ventricular global longitudinal strain. [ 10 ] 

otably, there is limited 𝛽1-induced-tachycardia with nore-

inephrine due to the baroreflex secondary to increased arte-

ial pressure. Therefore, norepinephrine increases cardiac out-

ut without increasing the heart rate or myocardial oxygen con-

umption. It may also improve microcirculation in patients with

eptic shock [ 11 ] who may have impaired microvascular blood

ow. [ 12 ] 

Although norepinephrine is currently recommended as the

rst-line vasopressor in patients with septic shock, [ 1 ] there is

ome evidence to suggest that the prescription of adrenergic va-

opressors should be limited in these patients and that other

asopressors should be considered. First, due to the down-

egulation of 𝛼1-adrenergic receptors, patients with severe sep-

ic shock often require very high doses of norepinephrine to

chieve hemodynamic success. [ 13 ] However, it may induce some

dverse effects such as ventricular arrhythmias, bleeding, dig-

tal ischemia, and acute mesenteric ischemia. [ 14 ] In particu-

ar, the use of high doses of norepinephrine is associated with

ore frequent atrial fibrillation, [ 14 ] possible induction of ox-

dative stress and insult to myocardial cells, [ 13 ] and possi-

le alterations in the splanchnic circulation. [ 15 ] Second, the

se of high doses of catecholamines, known as “vasopressor

oad, ” is directly related to mortality in patients with sep-

ic shock regardless of the targeted mean arterial pressure

MAP), because of catecholamine-induced cardiac toxicity. [ 16 ] 

hird, norepinephrine (but not vasopressin) may alter sepsis-

ssociated immunomodulation by dysregulating the immune
Figure 1. Proposal for use of vasopressors in patients 

224 
esponse through anti-inflammatory effects, thus contributing

o sepsis-induced immunoparalysis with persistent adrenergic

timulation. [ 17–19 ] In conjunction, these findings have resulted

n the concept of “decatecholaminization, ”[ 20 , 21 ] which involves

imiting the use of adrenergic vasopressors in patients with sep-

ic shock and favoring other non-adrenergic vasopressors. Thus,

any other agents with specific properties and/or advantages

hat act on vessels through different pathways after activation

f specific receptors could be potent vasopressors of interest in

atients with septic shock. In particular, these other vasopres-

ors may be of interest in patients with refractory shock, which

as recently been defined as “a state in which escalation of va-

oactive therapy does not restore adequate tissue perfusion, that can

e recognized by persistent arterial hypotension and hypoperfusion

n the absence of hypovolemia, while the patient is receiving more

han 0.25 μg/kg/min of norepinephrine. ”[ 22 ] 

This review discusses current knowledge on the different

vailable vasopressors and their respective indications in the

anagement of patients with septic shock. The main findings

f pivotal randomized trials for vasopressors in patients with

eptic shock are summarized in Table 1 , and a proposal for va-

opressor therapy in patients with septic shock is summarized

n Figure 1 . 

opamine 

Dopamine is the immediate physiologic precursor of nore-

inephrine and epinephrine and has dose-dependent physiolog-

cal effects. [ 23–25 ] At low doses ( < 5 μg/kg/min), dopamine in-

uces vasodilation by activating the D1 receptors located in

erebral, coronary, renal, and mesenteric vessels, with no effect
with septic shock. MAP: Mean arterial pressure. 
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Table 1 

Summary of pivotal multicenter and randomized trials for vasopressors in patients with septic shock. 

Study Year n Interventional 

group 

Control group Primary outcome Main results Adverse effects in 

interventional group 

SOAP Ⅱ study [26] 2010 1679 Dopamine Norepinephrine 28-day mortality rate No difference in 28-day mortality rate 

No difference in the number of days without the need for organ support 

More frequent arrhythmias 

CAT study [27] 2008 280 Epinephrine Norepinephrine Achievement of MAP goal 

> 24 h without 

vasopressors 

No difference in the time to achieve MAP goal 

No difference in 28-day and 90-day mortality rates 

No difference in the number of vasopressor-free days 

More frequent lactic acidosis 

More frequent arrhythmias 

CATS study [28] 2007 330 Epinephrine Norepinephrine 

+ Dobutamine 

28-day all-cause mortality No difference in the different mortality rates 

No difference in time to hemodynamic success 

No difference in time to vasopressor withdrawal 

No difference in time course of SOFA score 

More frequent lactic acidosis 

VASST study [68] 2008 778 Vasopressin Norepinephrine 28-day mortality rate No difference in 28-day and 90-day mortality rates 

Lower day-28 mortality rate in the less severe patients 

No difference in rates of organ dysfunction 

Trend toward a higher rate of 

digital ischemia 

VANISH study [72] 2016 409 Vasopressin Norepinephrine Kidney failure-free days 

during the 28-day period 

after randomization 

No difference in kidney failure-free days 

Less use of renal replacement therapy 

No difference in the different mortality rates 

Similar rate of ischemic events 

Liu et al. [77] 2018 526 Terlipressin Norepinephrine 28-day all-cause mortality Stopped for futility 

No difference in 28-day mortality rate 

No difference in the number of vasopressor-free days 

No difference in time course of SOFA score during the first week 

More frequent digital ischemia 

More frequent diarrhea 

SEPSIS-ACT study [86] 2018 828 Selepressin Placebo ventilator- and 

vasopressor-free days 

within 30 days 

Stopped for futility 

No difference in ventilator- and vasopressor-free days within 30 days 

No difference in 90-day mortality rate 

No difference in renal replacement therapy-free days 

No difference in ICU-free days 

Higher MAP with selepressin 

Lower norepinephrine requirement with selepressin 

Similar rate of ischemic events 

ATHOS-3 study [114] 2017 321 Angiotensin Ⅱ Placebo Achievement of a 

predefined MAP target 

without an increase in the 

dose of norepinephrine 

Higher proportion of patients reaching the primary outcome with 

angiotensin Ⅱ 

Lower norepinephrine requirement with angiotensin Ⅱ 

Greater improvement of SOFA score at 48 h with angiotensin Ⅱ 

No difference in 28-day mortality rate 

Similar rate of ischemic events 

Similar rate of arrhythmias 

ICU: Intensive care unit, MAP: Mean arterial pressure, SOFA: Sequential (Sepsis-related) Organ Failure Assessment. 
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n arterial pressures. At intermediate doses (5–10 μg/kg/min),

t exerts chronotropic and inotropic effects by activating the

1-adrenergic receptor. At high doses (10–20 μg/kg/min),

t demonstrates vasopressor activity similar to that of nore-

inephrine by activating the 𝛼-adrenergic receptor. 

There is considerable inter-individual variability in the ef-

ects of dopamine, because of an unpredictable relationship be-

ween infusion rates and plasma levels. [ 25 ] In the multicenter

andomized SOAP Ⅱ study, dopamine was compared with nore-

inephrine in 1679 patients with shock; 60% of patients in that

ohort had septic shock. [ 26 ] There was no difference in 28-day

r other (ICU, hospital, and 6- and 12-month) mortality rates

n patients with septic shock. Patients receiving dopamine had

igher urine output during the first 24 h, but also had a higher

eart rate for up to 36 h after randomization; however, there

as no difference in the number of days without the need for

rgan support. [ 26 ] Notably, dopamine use was associated with

 two-fold higher incidence of cardiac arrhythmias, the most

ommon being atrial fibrillation. [ 26 ] Owing to these reasons,

opamine is no longer recommended in patients with septic

hock. [ 1 ] 

pinephrine 

Epinephrine was the first adrenal medullary adrenergic hor-

one to be identified; it is a potent agonist of the 𝛽1, and

2 receptors. Epinephrine exerts its vasopressor activity (with

arked arterial and venous vasoconstriction) through its 𝛼-

drenergic effect; its positive inotropic and chronotropic effects,

hich are more marked than those of norepinephrine, are me-

iated by 𝛽1 stimulation. [ 2 , 25 ] 

In patients with septic shock, epinephrine has been com-

ared with norepinephrine (CAT study), [ 27 ] norepinephrine

nd dobutamine (CATS study), [ 28 ] and vasopressin. [ 29 ] Al-

hough epinephrine use was never associated with reduced

ortality, [ 27–29 ] shorter time to hemodynamic success, or faster

eaning from vasopressors, [ 27 , 28 ] it was associated with more

requent lactic acidosis [ 27 , 28 ] and arrhythmias, [ 27 ] leading to its

iscontinuation in 13% of patients. [ 27 ] Epinephrine-induced lac-

ic acidosis is a well-known metabolic effect [ 30 , 31 ] of the acti-

ation of 𝛽2-adrenergic receptors located on the surface of the

keletal muscle cells. [ 32 ] This 𝛽2 activity stimulates skeletal mus-

le Na + /K 

+ -ATPase and accelerates aerobic glycolysis, thus in-

reasing the production of pyruvate and consequently lactate in

he cell. [ 33 ] In this context, it is worth noting that epinephrine-

nduced lactic acidosis is a physiological process that does not

eflect the severity of shock. 

Although epinephrine use did not increase the incidence of

schemic adverse effects or acute mesenteric ischemia, [ 27 , 28 ] 

xperimental [ 34 ] and human studies [ 30 , 35–38 ] suggest that

pinephrine may impair splanchnic circulation. Owing to the

igher rate of metabolic and cardiac adverse effects compared

o norepinephrine and its potential deleterious effects on the

icrocirculation, [ 2 , 25 ] epinephrine is currently considered as a

econd-line vasopressor in patients with septic shock. It may

e considered in settings where norepinephrine is not avail-

ble, in developing countries where norepinephrine is consid-

rably expensive (epinephrine is less expensive with equivalent

fficacy), [ 2 ] or in patients with refractory septic shock and my-

cardial dysfunction. [ 1 ] 
226 
asopressin and its Analogs 

Vasopressin and its synthetic analogs (selepressin and ter-

ipressin) are non-adrenergic vasopressors whose activity de-

ends on their binding to three different receptors, all of which

re sensitive to plasma osmolality, blood volume, and arterial

ressure. [ 39 , 40 ] These include (1)V1a receptors, located on vas-

ular smooth muscular cells, inducing vasoconstriction; (2)V1b

eceptors, mostly located in the anterior pituitary gland and pan-

reas, inducing corticotropic axis stimulation and insulin secre-

ion; (3)V2 receptors, located on renal tubular cells, inducing

quaporin 2 recruitment and leading to water reabsorption. 

While vasopressin has pleiotropic effects with similar affin-

ty for the different receptors, its analogs demonstrate vascular

electivity. [ 39 ] Selepressin is a selective agonist of V1a receptors;

t has marked vasopressor activity which can attenuate vasodi-

atation, vascular leakage, and tissue edema induced by sepsis.

erlipressin is mainly a V1a receptor agonist but also binds to

1b and V2 receptors. [ 39 ] Thus, selepressin and terlipressin the-

retically have less V2 receptor activation-related renal and en-

othelial toxicity than vasopressin. [ 41 ] 

asopressin 

Vasopressin is a nine-amino-acid peptide that is produced by

he hypothalamus and stored in the posterior pituitary gland. It

s released in response to an increase in plasma osmolality (as

etected by hypothalamic osmoreceptors) and/or a decrease in

lood volume or blood pressure (as detected by baroreceptors

n the carotid sinus, left atrium, and pulmonary artery). While

ts vasopressor activity is quite low in healthy subjects, [ 42 , 43 ] 

asopressin demonstrates considerably more potent vasopres-

or activity in patients with septic shock. [ 44 ] In addition to its

asopressor activity, it also decreases pulmonary artery pres-

ure through V1 receptor activation in low doses [ 45 , 46 ] and

mproves renal function by inducing efferent vasoconstriction;

his results in a theoretical increase in glomerular renal per-

usion pressure and thus higher glomerular filtration, as evi-

enced by increased diuresis and creatinine clearance. [ 39 , 40 ] Fi-

ally, vasopressin may interact with steroids. While vasopressin

timulates the corticotropic axis leading to adrenal glucocorti-

oid production, [ 47 , 48 ] steroids possibly sensitize tissues to the

asopressor activity of the former in experimental models of

epsis. [ 49–51 ] Nevertheless, the potential interaction between va-

opressin and corticosteroids in patients with septic shock re-

ains to be clarified. [ 52 , 53 ] Although vasopressin appears to in-

uce less vasoconstriction in the mesenteric, coronary, and cere-

ral circulations than norepinephrine, [ 54 ] it induces cutaneous

asoconstriction in a dose-dependent manner. [ 39 , 40 ] 

Vasopressin is released in the early phase of septic shock,

eading to a peak in blood levels. [ 44 , 55 ] In later phases of sepsis,

aradoxical vasopressin insufficiency can be observed in one-

hird of patients with septic shock, [ 56 ] suggesting that it may

e an interesting vasopressor in this context. This vasopressin

nsufficiency may be explained by: (1) depletion of pituitary va-

opressin stores, [ 57 , 58 ] (2) autonomic dysfunction with impair-

ents in the baroreflex loop and osmoregulation, [ 58–61 ] and/or

3) by increased neuronal apoptosis in autonomic centers. [ 62 , 63 ] 

everal pilot clinical studies in patients with septic shock

ound potential beneficial hemodynamic effects of vasopressin



M. Jozwiak Journal of Intensive Medicine 2 (2022) 223–232 

a  

s  

l  

p  

s  

t  

c  

t  

t  

c  

s  

i  

3  

t  

s  

j  

o  

a  

t  

p  

f  

4  

o  

c  

f  

i  

s  

m  

r

 

p  

t  

e  

r  

n  

v  

a  

a

U

 

p  

c  

l  

d  

c  

b  

s  

r

a  

0  

r  

b  

c  

n

R  

t  

n  

c  

s

T

 

v  

b  

l  

f  

t  

t  

p

 

p  

s  

t  

i  

o  

m  

o  

(  

i  

a  

m

S

 

o  

e  

f  

i

 

i  

b  

t  

p  

n  

i  

v  

t  

f  

t  

f  

e  

f  

c  

r  

p  

e  

r

A

 

c  

w  

z  

b  
dministration, [ 64–67 ] that were associated with norepinephrine-

paring and renal protective effects. [ 65 ] In the VASST study, the

argest randomized clinical trial on vasopressin to date, vaso-

ressin was compared with norepinephrine in 778 patients with

eptic shock. [ 68 ] There was no difference between the groups in

erms of 28- and 90-day mortality rates and organ failure oc-

urrence. However, the less severe cases receiving vasopressin

ended to have a lower 28-day mortality rate; notably, interac-

ion tests between severity of shock and mortality rate did not

onfirm this finding. [ 68 ] Post hoc analyses of the VASST study

howed that vasopressin administration decreased the mortal-

ty rate in cases considered less severe according to Sepsis-

. [ 69 ] The findings also suggested that vasopressin administra-

ion had a protective effect on renal function in patients with

eptic shock who were at risk of developing acute kidney in-

ury, with less worsening of renal function; a lower proportion

f patients required renal replacement therapy. [ 70 ] Finally, the

nalyses also showed that vasopressin administration decreased

he mortality rate in patients receiving a combination of vaso-

ressin and hydrocortisone. [ 71 ] However, the VANISH study, a

actorial, double-blind, randomized clinical trial conducted in

09 patients with septic shock (within the first 6 h of the onset

f shock) showed no interaction between vasopressin and hydro-

ortisone; vasopressin administration neither decreased kidney

ailure-free days nor mortality rates. [ 72 ] A recent meta-analysis

ncluding > 1400 patients with septic shock confirmed that va-

opressin administration was not associated with a decrease in

ortality rates, but tended to be associated with less use of renal

eplacement therapy. [ 73 ] 

Despite the lack of superiority of vasopressin over nore-

inephrine in the VASST and VANISH studies, it must be noted

hat vasopressin administration had a norepinephrine-sparing

ffect by reducing norepinephrine dosage. [ 68 , 72 ] The rate of se-

ious adverse effects was similar in both the vasopressin and

orepinephrine groups. [ 68 , 72 ] Recent meta-analyses show that

asopressin use in patients with septic shock is associated with

n increase in digital ischemia and diarrhea, [ 74 ] but fewer

rrhythmias. [ 75 ] 

se of vasopressin at the bedside 

In patients with septic shock who are receiving nore-

inephrine and have persistent arterial hypotension, it is

urrently recommended that vasopressin is used as second-

ine vasopressor therapy instead of increasing norepinephrine

osage. [ 1 , 4 ] The threshold for adding vasopressin remains un-

lear, but a norepinephrine dosage of 0.25–0.50 μg/kg/min may

e adequate for initiating vasopressin. [ 1 ] Unlike other vasopres-

ors, the dosage of vasopressin is not titrated based on clinical

esponse; a fixed dosage of 0.03 units/min is recommended, [ 1 , 4 ] 

lthough vasopressin has been administered in doses of up to

.06 units/min in clinical trials. [ 1 ] Given the potentially higher

isk of ischemia with vasopressin, this vasopressor should not

e used or be used with caution in patients with unstable

oronary syndrome, known mesenteric ischemia, Raynaud phe-

omenon, systemic sclerosis, or other vasospastic diseases. [ 68 , 72 ] 

egarding the weaning of vasopressin, it has been suggested

hat in patients with septic shock who receive concomitant

orepinephrine and vasopressin, weaning from vasopressin first
227 
ould be associated with a higher incidence of arterial hypoten-

ion with no effect on mortality rates or lengths of ICU stay. [ 76 ] 

erlipressin 

Terlipressin, a synthetic analog of vasopressin with higher

ascular selectivity, is a prodrug that is converted to vasopressin

y endothelial peptidases. Thus, terlipressin has a longer half-

ife than vasopressin. Only a few studies have assessed its ef-

ects compared to those of norepinephrine in patients with sep-

ic shock. Terlipressin was either evaluated alone or in combina-

ion with other vasopressors, with various dosages and patient

rofiles. 

The largest multicentric randomized controlled trial com-

aring terlipressin and norepinephrine as first-line vasopres-

or therapy in the setting of septic shock included 526 pa-

ients; it was stopped for futility. [ 77 ] There was no difference

n the 28-day mortality rate, number of vasopressor-free days,

r change in Sequential (Sepsis-related) Organ Failure Assess-

ent (SOFA) scores during the first week. [ 77 ] However, a greater

ccurrence of serious adverse effects including digital ischemia

but not acute mesenteric ischemia) and diarrhea was reported

n patients receiving terlipressin. [ 77 ] Nevertheless, recent meta-

nalyses have not found terlipressin use to be associated with

ore adverse effects. [ 78 , 79 ] 

elepressin 

Selepressin is a more recently developed synthetic analog

f vasopressin and a pure V1a agonist. In experimental mod-

ls of sepsis, selepressin use reduces endothelial barrier dys-

unction, vasodilatation, capillary leakage, lung edema, and pro-

nflammatory cytokine release. [ 80–84 ] 

Only two major studies assessed the effects of selepressin

n patients with septic shock. The first, a randomized, double-

lind, placebo-controlled multicenter trial including 53 pa-

ients in the early phase of septic shock, showed that com-

ared to placebo, selepressin allowed more rapid weaning from

orepinephrine while maintaining an adequate MAP, improv-

ng fluid balance, and shortening the duration of mechanical

entilation. [ 85 ] The second was the SEPSIS-ACT study, an adap-

ive phase 2b/3 randomized clinical trial, which was stopped for

utility after including 828 patients. [ 86 ] Selepressin use was nei-

her associated with an increase in ventilator- and vasopressor-

ree days within 30 days, nor with any of the key secondary

ndpoints (90-day mortality rate, renal replacement therapy-

ree days, and ICU-free days). [ 86 ] Nevertheless, patients who re-

eived selepressin had higher MAP levels, lower norepinephrine

equirements, less cardiovascular dysfunction, higher urine out-

ut, and lower fluid balance without a higher rate of adverse

ffects. [ 86 ] To date, terlipressin and selepressin do not have a

ole in the management of patients with septic shock. [ 1 ] 

ngiotensin II 

Angiotensin Ⅱ is an active octapeptide derived from the

leavage of angiotensin I by an angiotensin-converting enzyme,

hich is secreted in the lungs. The angiotensin-converting en-

yme is derived from the cleavage of angiotensinogen in the

lood circulation; the latter is synthesized in the liver by renin,



M. Jozwiak Journal of Intensive Medicine 2 (2022) 223–232 

a  

g  

r  

p

I  

a  

p  

g  

p  

t

R

 

w  

i  

t  

s  

t  

r  

e  

s  

d  

v  

i  

c  

p

T  

d

 

c  

g  

t  

s  

c  

d  

h  

d  

t  

m  

k  

a  

t  

m  

c  

p  

s  

a  

f  

p  

o  

i  

c  

a  

h

 

a  

Ⅱ  

p

A

h  

r  

w

T  

r  

s  

i  

l  

d  

e  

3  

r  

a  

o  

g  

a  

i  

A  

a  

(  

Ⅱ  

c  

q  

t  

c  

n

 

n  

r  

i  

A  

a  

v  

o  

c  

g  

t  

n  

d  

l  

i  

l  

t  

t  

m  

t  

d  

i  

i  

2  

f

T  

a

 

s  

m  

q  
 protease synthesized in the kidney. [ 87 ] All the effects of an-

iotensin Ⅱ are primarily mediated by its binding to its type 1

eceptor (which belongs to the G protein-coupled receptor su-

erfamily) in the blood vessels, kidneys, brain, and heart. [ 88 ] 

n addition to its classical cardiovascular effects (regulation of

rterial pressure, regulation of aldosterone synthesis and vaso-

ressin release, and regulation of water and salt balance), an-

iotensin Ⅱ may also exert inflammatory, pro-proliferative and

ro-fibrotic effects that are involved in oncologic and transplan-

ation pathways. [ 87 ] 

enin-angiotensin-aldosterone system in septic shock 

Activation of the renin-angiotensin-aldosterone system,

hich leads to the synthesis of angiotensin Ⅱ and aldosterone,

s one of the main physiological and adaptive mechanisms

hat are triggered to restore arterial pressure in patients with

eptic shock. [ 89–98 ] Angiotensin Ⅱ exerts vasopressor activity

hrough both venous and arterial constriction, [ 99 ] and regulates

egional blood flow, especially in the kidney. [ 100 , 101 ] How-

ver, excessive activation of the renin-angiotensin-aldosterone

ystem in patients with septic shock may be deleterious. In-

eed, excessive angiotensin Ⅱ synthesis can lead to marked

asoconstriction 

[ 97 ] with an increased risk of acute mesenteric

schemia and microvascular thrombosis, [ 90 , 93 , 98 , 102–104 ] espe-

ially in patients with impaired vascularity (smokers and elderly

atients among others) and mitochondrial function. [ 105–108 ] 

his can lead to oxidative stress and endothelial

amage. [ 109–111 ] 

Experimental studies have shown that angiotensin Ⅱ re-

eptors are either down-regulated or less sensitive to an-

iotensin Ⅱ stimulation in cases of sepsis. [ 95 , 112–115 ] A rela-

ive decrease in angiotensin Ⅱ plasma levels has also been ob-

erved in patients with septic shock, [ 111 ] because of angiotensin-

onverting enzyme deficiency related to sepsis-induced en-

othelial damage. [ 116 , 117 ] Finally, patients with septic shock

ave recently been shown to have increased plasma levels of

ipeptidyl peptidase 3 (DPP3). [ 118 ] DPP3 is a ubiquitous cy-

osolic enzyme with a short half-life, which is expressed in

any tissues including erythrocytes, leukocytes, lung, heart,

idney, intestines, skeletal muscle, skin, brain, and the liver

nd spleen; it is involved in the cleavage of angiotensin Ⅱ and

he degradation of various other cardiovascular and endorphin

ediators. [ 119 ] DDP3 therefore directly contributes to the de-

rease in plasma levels of angiotensin Ⅱ that are observed in

atients with septic shock. [ 119 ] Interestingly, in patients with

eptic shock, high levels of circulating DPP3 on ICU admission

re associated with higher 28-day mortality and a greater need

or organ support and vasopressors; conversely, a decrease in

lasma levels of DPP3 during ICU stay is associated with better

utcomes. [ 120 ] In this context, inhibition of circulating DPP3 by

ts specific antibody has been found to restore sepsis-induced

ardiac dysfunction in a murine model. [ 121 ] Further studies

re needed to confirm these promising experimental results in

umans. 

Overall, these findings suggest that decreased sensitivity to

ngiotensin Ⅱ stimulation and a relative decrease in angiotensin

 plasma levels may lead to refractory septic shock with multi-

le organ failure and/or death. [ 93 , 100 , 122 ] 
228 
ngiotensin Ⅱ use in sepsis 

Certain experimental [ 123–125 ] and human studies [ 122 , 126–129 ] 

ave shown that angiotensin Ⅱ administration increases arte-

ial pressure, especially in patients with refractory septic shock

ho are unresponsive to high doses of norepinephrine. [ 122 , 129 ] 

hey also indicated that administration of angiotensin Ⅱ at doses

anging from 2 to 10 ng/kg/min even had a catecholamine-

paring effect without significant renal adverse effects, despite

ts marked vasopressor activity on the renal vasculature un-

ike norepinephrine. [ 113 ] In 2017, the multicentric randomized

ouble-blind placebo-controlled ATHOS-3 study compared the

ffects of angiotensin Ⅱ with those of placebo on the MAP in

21 patients; these patients had high-output catecholamine-

esistant vasodilatory shock despite adequate fluid resuscitation

nd administration of high-dose norepinephrine for a minimum

f 6 h and a maximum of 48 h. [ 114 ] Compared to placebo, an-

iotensin Ⅱ allowed the achievement of a predefined MAP target

long with a decrease in catecholamine dosage, without decreas-

ng 7- and 28-day mortality rates. [ 114 ] Post hoc analyses of the

THOS-3 study showed that patients who benefited most from

ngiotensin Ⅱ administration had the following characteristics:

1) were the most severely affected and had relative angiotensin

 deficiency, [ 130 ] (2) had markedly increased serum renin con-

entrations at baseline, [ 131 ] and (3) had acute kidney injury re-

uiring renal replacement therapy. [ 132 ] In the last group of pa-

ients, angiotensin Ⅱ administration was associated with better

orrection of arterial hypotension, more rapid recovery of kid-

ey function, and a lower 28-day mortality rate. [ 132 ] 

Despite these encouraging results, angiotensin Ⅱ is currently

ot recommended in patients with septic shock, [ 1 ] as its safety

emains unclear owing to potential adverse effects related to

ts marked vasopressor activity. [ 133 , 134 ] Nevertheless, in the

THOS-3 study, the rate of adverse effects was similar in both

ngiotensin Ⅱ and placebo groups; this included serious ad-

erse effects, such as ischemic events (digital, gut, and my-

cardial) and cardiac arrhythmias. [ 114 ] A systematic review in-

luding 1124 studies and 31,281 patients concluded that an-

iotensin Ⅱ -induced adverse effects were infrequent and that

he most common adverse effects were transient headache, ab-

ormal chest sensations, and orthostatic symptoms following

iscontinuation of the drug. Only two deaths were causally re-

ated to angiotensin Ⅱ administration; none of these occurred

n patients with vasodilatory shock. [ 135 ] It is essential to high-

ight that in this systematic review, only 13 studies included pa-

ients with vasodilatory shock; this made the external validity of

hese results questionable in the case of critically ill patients and,

ore specifically, in patients with septic shock. A recent sensi-

ivity analysis of the ATHOS-3 study showed that angiotensin Ⅱ

oses could be decreased from 20 ng/kg/min to ≤ 5 ng/kg/min

n 48% of patients within the 30-min period following treatment

nitiation. [ 111 ] These patients had a better MAP response, lower

8-day mortality rate, and experienced less serious adverse ef-

ects than those who received higher doses of angiotensin Ⅱ . [ 111 ] 

his suggested that low-dose angiotensin Ⅱ could be effective

nd safe in patients with septic shock. 

Thus, angiotensin Ⅱ appears to be a promising and relatively

afe vasopressor in patients with septic shock, especially in the

ost severe cases and/or in patients with acute kidney injury re-

uiring renal replacement therapy. Nevertheless, patients with
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eptic shock who are expected to benefit the most from an-

iotensin Ⅱ administration need to be identified; the optimal

osage of angiotensin Ⅱ also remains to be determined. 

ethylene Blue 

Methylene blue inhibits nitric oxide-induced smooth muscle

elaxation by inhibiting guanylate cyclase. [ 2 , 25 ] To date, only

wo small randomized trials have assessed the effects of methy-

ene blue in patients with septic shock. [ 136 , 137 ] In these two tri-

ls, methylene blue administration increased MAP compared to

aline, with no effect on the mortality rate [ 136 , 137 ] ; it also had a

asopressor-sparing effect. [ 136 ] The use of methylene blue was

ot associated with significant adverse effects, the most com-

on being blue discoloration of the skin and the urine. [ 138 ] 

t may therefore be a potent vasopressor in patients with re-

ractory septic shock, with an interesting catecholamine-sparing

ffect. [ 139 , 140 ] Nevertheless, its use currently remains controver-

ial due to limited evidence. 

onclusions 

Norepinephrine is currently recommended as the first-line

asopressor in patients with septic shock. Based on current evi-

ence, epinephrine, vasopressin, and angiotensin Ⅱ should only

e considered as second-line vasopressor therapy in patients

ith refractory septic shock; further studies are needed to con-

rm their potential utility. The development of new-generation

asopressors that activate other receptors and intracellular path-

ays, and/or personalization of vasopressor therapy based on

pecific biomarkers, could help improve the management of pa-

ients with septic shock and avoid vasopressor-related adverse

ffects in the future. 
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