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Vasopressors and inotropes are frequently used in intensive care units. With 
a special focus on recent studies, this article summarises the key messages 
in the management of patients requiring inotropes and vasopressors. 
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Introduction
Cardiac output (CO) is a key determinant 
of oxygen delivery. Low cardiac output 
syndrome (LCOS) causes organ dysfunc-
tion, prolonged hospital stay, and reduces 
survival in perioperative settings and in 
critical illness (Algarni et al. 2011; Maganti 
et al. 2010; Maganti et al. 2005; Lomivorotov 
et al. 2017; Zangrillo et al. 2020). Ultimately, 
the inability of the circulatory system to 
match oxygen demand is considered the 
main pathophysiological cause underlying 
the development of multi-organ failure and 
death (Schoemaker et al. 1988; Vincent et 
al. 2012). When heart function is incapable 
of providing enough CO to support tissues 
metabolic demands, inotropes can be 
administered with the goal of improving 
cardiac contractility and, therefore, restore 
and maintain an adequate oxygen delivery 
(Fellahi et al. 2013; Francis et al. 2014).
	 Similarly, maintenance of an adequate 
mean arterial pressure (MAP) is widely 
accepted as fundamental to ensure end-
organ perfusion, and most professional 

guidelines recommend starting vasopressor 
administration when fluid resuscitation 
alone is unable to restore MAP (Evans et 
al. 2021; Van Diepen et al. 2017; Chioncel 
et al. 2020; Møller et al. 2018; Møller et al. 
2016).
	 As a consequence, every clinician caring 
for patients with cardiovascular dysfunction 
is familiar with inotropes and vasopressors. 
Vasoactive medications are typically used 
in cardiogenic shock, septic shock, acute 
heart failure, and patients undergoing 
cardiac or high-risk non-cardiac surgery. 
In general, every critically ill patient may 
require some degree of haemodynamic 
support. 
	 Inotropes and vasopressors have been 
administered for decades to patients with 
cardiovascular failure, and, as many other 
interventions (e.g. blood products transfu-
sion, intra-aortic balloon pump), entered 
in routine clinical practice well before 
development of the  evidence-based medi-
cine concept. Accordingly, their safety and 
efficacy have never been formally tested.  
We will summarise recent evidence regard-
ing use of inotropes and vasopressors in 
critically ill patients.

Haemodynamic and Side Effects of 
Vasoactive Agents
Every available inotropic agent increases 
cardiac contractility to a variable degree. 
Some agents such as epinephrine and 
dobutamine also have chronotropic effect, 
with the increase in heart rate further 
contributing to CO increase. Effect on 
vascular tone is variable, with some agents 

also having vasoconstrictor effect (inocon-
strictors or inopressors) and others having 
a vasodilator effect (inodilators). As a result, 
the net effect of the different molecules on 
blood pressure depends on relative and 
absolute patient volume status and might 
be difficult to be predicted. 
	 Pure vasoconstrictors (Table 1) (Francis 
et al. 2014; Gillies et al. 2005; Overgaard 
and Dzavik 2008; Bangash et al. 2012; 
Jentzer et al. 2015; Annane et al. 2018; 
Maack et al. 2019; Belletti et al. 2022) such 
as phenylephrine or vasopressin generally 
increase MAP, and often reduce CO even 
if their effect on CO depends on cardiac 
function, subsequent effects on heart rate 
and stressed and unstressed volume (Funk 
et al. 2013a; Funk et al. 2013b; Hamzaoui 
et al. 2018; Thiele et al. 2011a; Thiele et al. 
2011b). 
	 Despite the proven positive haemody-
namic effects, inotropes and vasopressors 
are not free from side effects. The most 
frequently described are tachycardia, 
ventricular and supraventricular arrhyth-
mias, and [with the possible exception of 
levosimendan (Papp et al. 2012; Nieminen 
et al. 2013)] increase in myocardial oxygen 
consumption (Fellahi et al. 2013; Arrigo and 
Mebazaa 2015; Schmittinger et al. 2012). In 
addition, inodilator agents may also cause 
severe hypotension (Nieminen et al. 2013; 
Arrigo et al. 2015), while inoconstrictors 
and pure vasoconstrictors may cause limb 
and mesenteric ischaemia (Anantasit et al. 
2014).
	 Catecholamines, the most frequently 
used vasoactive agents, also have a wide 
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range of effects on respiratory, endocrine, 
immunological, gastrointestinal, and coagu-
lation system that could be detrimental 
when adrenergic stimulation becomes 
excessive (Andreis and Singer 2016; Dünser 
and Hasibeder 2009; Belletti et al. 2020; 
Freestone et al. 2012). Increase in cardio-
myocytes apoptosis has been described and 
may be particularly important in patients 
with a limited cardiovascular reserve (Rona 
1985; Singh et al. 2001; Felker et al. 2003). 
Cardiac side effects have been reported in 
almost half of patients receiving catechol-
amine therapy (Schmittinger et al. 2012).
	 Between the end of the 80s and the 
early 90s, several large RCTs demonstrated 
reduction in survival in patients with 
chronic, stable heart failure treated with 
daily administration of inotropes, regard-
less of molecule tested (Packer et al. 1991; 
Xamoterol in Severe Heart Failure Study 
Group 1990; Cohn et al. 1998). Since then, 
side effects of inotropes are supposed to 
outweigh the positive haemodynamic 
effect of these drugs in patients in a stable 
clinical condition. 
	 More recently, several authors have 
raised concerns regarding safety of inotro-
pes also in acute clinical settings. Several 
observational trials reported an association 
between inotropes administration and poor 
survival in acute heart failure (Abraham 

et al. 2005; Mebazaa et al. 2011; Mortara 
et al. 2014; O'Connor et al. 1999; Costanza 
et al. 2007; Rossinen et al. 2008; Kalogero-
poulos et al. 2014), cardiac surgery (Fellahi 
et al. 2009; Shahin et al. 2011; Nielsen et 
al. 2014) and septic shock (Wilkman et 
al. 2013), although other observational 
trials did not find a similar association 
(Williams et al. 2011). In addition, some 
meta-analyses also highlighted a trend 
towards increased mortality when catechol-
amines are administered in patients with 
heart failure (Thackray et al. 2002; Tacon 
et al. 2012).
	 Despite evidence from observational 
trials, there is currently no randomised 
clinical trial demonstrating that inotropes 
administration increase mortality in settings 
other than chronic stable heart failure 
(Belletti et al. 2015). However, it should 
be acknowledged that there are no trials 
randomising haemodynamically unstable 
patients to inotropes/vasopressors versus 
no vasoactives. 
	 Some indirect evidence may derive from 
trials investigating timing and intensity of 
vasoactive treatment, for example liberal 
(or higher) versus restrictive (or lower) 
haemodynamic targets (e.g. high vs low 
MAP, high vs low CO). Indeed, mRCTs 
comparing higher versus lower MAP 
targets (and hence greater versus lower 

exposure to exogenous vasopressors) for 
septic shock patients showed no difference 
in mortality, although trends towards lower 
mortality but higher rate of AKI were 
generally observed in the low-MAP groups 
(Asfar et al. 2014; Lamontagne et al. 2020). 
Similarly, a recent large mRCT compared 
restrictive (prioritising lower intravenous 
fluid volumes and vasopressors) versus 
a liberal (prioritising higher volumes of 
intravenous fluids before vasopressor use) 
fluid strategy did not show mortality or 
serious adverse events difference between 
the two groups (NHLBI Prevention and 
Early Treatment of Acute Lung Injury 
Clinical Trials Network 2023). Few, small 
RCTs assessing different timing of norepi-
nephrine administration (early versus 
delayed) in patients with septic shock have 
been performed, suggesting greater benefit 
with early norepinephrine administration 
(Permpikul et al. 2019; Elbouhy et al. 2019). 
Trials comparing supraphysiologic CO or 
oxygen delivery targets versus standard 
treatment in critically ill patients showed 
no additional benefit (Gattinoni et al. 
1995), or even harm (Hayes et al. 1994) 
associated with higher intensity treatment.
	 Collectively, these studies suggested that, 
in critically ill patients, higher targets (and 
hence greater use of interventions includ-
ing fluids, vasopressors, and inotropes) are 
generally not necessary and sometimes may 
be harmful (Asfar et al. 2014; Lamontagne 
et al. 2020; Gattinoni et al. 1995; Hayes et 
al. 1994; Hernández et al. 2019). 
	 A large number of RCTs investigated 
the effect of perioperative goal-directed 
haemodynamic therapy in various types 
of surgery (Jessen et al. 2022; Brienza et al. 
2019; Giglio et al. 2021). There is agreement 
that goal-directed haemodynamic therapy 
(a bundle of vasopressors/inotropes, fluids, 
and blood products, to target tissue perfu-
sion or haemodynamic targets) in the first 
hours after surgical procedures reduces 
complications in high-risk surgery patients, 
while improvement in survival remains 
debated (Giglio et al. 2021; Hamilton et 
al. 2011; Cecconi et al. 2013; Pearse et al. 
2014; Osawa et al. 2016). Of note, goal-
directed haemodynamic therapy may 
also reduce cardiac complications, which, 

Table 1. Haemodynamic effects of commonly used inotropes/vasopressors. Modified from 
Jentzer et al. 2015 and Belletti et al. 2022.  
CI: cardiac index; CO: cardiac output; HR: heart rate; MAP: mean arterial pressure; PCWP: 
pulmonary capillary wedge pressure; PDE-3: phosphodiesterase-3; SVR: systemic vascu-
lar resistance

 
Drug Pharmacology Main theoretical haemodynamic effects 

CO/
CI 

SVR PCWP MAP HR 

Inoconstrictors       
Dopamine 
(>4μg/kg/min) 

Catecholamine (β1-agonist ≈ α-agonist 
> β2 agonist) 

↑ ↑ ↑ ↑ ↑↑ 

Norepinephrine Catecholamine (α-agonist > β1-agonist 
>> β2 agonist) 

↑↓ ↑↑ ↑ ↑↑ ↑↔ 

Epinephrine Catecholamine (β1-agonist ≥ α-agonist 
≥ β2 agonist) 

↑↑ ↑ ↑ ↑↑ ↑↑ 

Inodilators       
Dobutamine Catecholamine (β1-agonist  > β2 

agonist >> α- agonist) 
↑↑ ↔

↓ 
↔↓ ↑↔↓ ↑ 

Milrinone/Enoximo
ne 

PDE-3 inhibitor ↑↑ ↓↓ ↓↓ ↔↓ ↑↔ 

Levosimendan Calcium-sensitiser + PDE-3 inhibitor ↑↑ ↓↓ ↓↓ ↔↓ ↑↔ 
Vasoconstrictors       
Vasopressin V1 + V2 vasopressin receptor agonist ↓ ↑↑ ↑ ↑↑ ↔↓ 
Terlipressin Long-acting V1-vasopressin receptor 

agonist 
↓ ↑↑ ↑ ↑↑ ↔↓ 

Angiotensin II Angiotensin receptor agonist ↓ ↑↑ ↑ ↑↑ ↔↓ 
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theoretically, can increase when admin-
istering catecholamines (Arulkumaran 
et al. 2014). Nevertheless, the question of 
whether inotropes in addition to fluids 
provide increasing benefit remains open 
according to some authors (Nielsen and 
Algotsson 2015). 

Specific Molecules 
In this section, we will review the latest 
evidence on specific inotropes/vasopres-
sors, with a focus on most recent or larg-
est RCTs and meta-analyses. A detailed 
review of pharmacology of inotropes 
and vasopressors is available elsewhere 
(Fellahi et al. 2013; Francis et al. 2014; 
Overgaard and Dzavik 2008; Bangash et 
al. 2012; Jentzer et al. 2015; Annane et al. 
2018; Maack et al. 2019; Belletti et al. 2022) 
and summarised in Table 2.

Catecholamines
First-line vasoactive agents are usually 
represented by catecholamines which 
are infused to patients who are unstable 
under the haemodynamic point of view, 
with guidelines and experts consensus 
suggesting their use in different settings 
(Evans et al. 2021; Van Diepen et al. 2017; 
Chioncel et al. 2020; McDonagh et al. 
2021; Mebazaa et al. 2010; Mebazaa et al. 
2016; Mebazaa et al. 2018; Scheeren et al. 
2021) and with epinephrine, dobutamine, 
dopamine, and norepinephrine being the 
most frequently used (Jentzer et al. 2015).
 	 Noradrenaline is the first-line vasopressor 
recommended to rise MAP in all clinical 
contexts by most available guidelines 
(Evans et al. 2021; Chioncel et al. 2020; 
McDonagh et al. 2021). An interesting 
observational study performed in the 
United States assessed patient outcome 
during a period of norepinephrine short-
age and documented that unavailability of 
noradrenaline resulted in reduced survival 
despite use of alternative agents such as 
vasopressin, dopamine and phenyleph-
rine (Vail et al. 2017). Norepinephrine 
has been studied in several multicentre 
RCTs against dopamine, vasopressin, and 
epinephrine (De Backer et al. 2010; Annane 
et al. 2007; Myburgh et al. 2008; Levy et 
al. 2018; Russell et al. 2008; Gordon et al. 

2016). Collectively, these studies showed no 
clear improvement in survival when using 
norepinephrine over other agents. In the 
Sepsis Occurrence in Acutely Ill Patients 
II (SOAP-II) trial, 1679 patients requiring 
vasopressors were randomised to receive 
norepinephrine or dopamine (De Backer 
et al. 2010). In the overall study population, 
there was no difference in 28-days or 1-year 
survival. Norepinephrine was associated 
with lower rate of arrhythmias in the 
overall population, and a higher survival 
rate in the subgroup of cardiogenic shock 
patients. Mortality reduction associated 
with norepinephrine use as compared 
with dopamine has been confirmed in 
meta-analyses of RCTs mostly including 
septic shock trials (Vasu et al. 2012; De 
Backer et al. 2012). 
	 Of note, there is little awareness overall 
that norepinephrine is marketed under 
different salt preparations (e.g. tartrate, 
hydrochloride) with different equivalent 
potency to the referral product (norepineph-
rine base) (Leone et al. 2022; Mongardon 
et al. 2023; Bitton et al. 2022), while the 
referral product is not marketed at all. 
Clinical scientists and experts should be 
aware of this and overtly state whether 
they refer to norepinephrine base or other 
formulations when presenting trial results 
or recommendations.
	 Epinephrine is commonly used in 
critically ill patients as second-line agent 
or alternative vasopressor, especially in 
low-resource settings (Evans et al. 2021). 
In clinical practice, epinephrine is gener-
ally considered more an inotrope than a 
vasoconstrictor, while the opposite is true 
for norepinephrine. Accordingly, several 
clinicians prefer to use epinephrine in 
patients with myocardial dysfunction 
and are scared of noradrenaline which 
might increase afterload and decrease 
CO. However, recent observational studies 
noted that epinephrine is used in cardio-
genic shock patients with high mortality 
(Léopold et al. 2018; Tarvasmäki et al. 
2016). On the contrary, when pooling RCTs 
only no evidence of increased mortal-
ity was noted in patients randomised to 
receive epinephrine (Belletti et al. 2020). 
The study, however, also underlined the 

very limited number of RCTs performed 
in the setting of cardiogenic shock, and 
the overall limited numbers of RCTs 
investigating epinephrine as vasopressor 
outside the context of cardiopulmonary 
resuscitation (Belletti et al. 2020; Belletti 
et al. 2018).
	 In a recent RCT by Levy et al. (2018), 
epinephrine was compared against nor-
epinephrine in patients (n=57) with 
cardiogenic shock due to acute myocar-
dial infarction. The trial was interrupted 
early for safety issues due to a higher rate 
of refractory shock and a trend towards 
increased mortality in the epinephrine 
group. Haemodynamic data collected in 
the trial showed that epinephrine increased 
CO more than norepinephrine. However, 
this was driven by an increase in heart rate, 
while measured stroke volume remained 
similar between the two groups. This might 
be relevant in the context of myocardial 
ischaemia, as heart rate is a major determi-
nant of myocardial oxygen consumption. 
It should be noted that very high dose of 
catecholamines (0.6-0.7 μg/kg/min) were 
used in this trial. Subtle haemodynamic 
effects may become more relevant at lower 
doses (e.g. 0.1-0.2 μg/kg/min). The trial has 
some limitations, such as higher baseline 
lactate levels in the epinephrine group 
and including lactate as a component of a 
safety outcome of refractory shock (despite 
the well-known effect of epinephrine on 
lactate). Nevertheless, these results chal-
lenge the notion that norepinephrine is 
detrimental in patients with myocardial 
dysfunction and provide a background for 
its use and further studies in this clinical 
setting (van Diepen 2018). 

Vasopressin and terlipressin
Vasopressin is a pure vasoconstrictor 
and has been increasingly used in recent 
years as an alternative or an adjunct to 
norepinephrine. 
	 The Vasopressin and Septic Shock Trial 
(VASST) trial, published in 2008, was the 
first, large RCT comparing vasopressin 
versus norepinephrine in septic shock 
(Russell et al. 2008). In this study, 778 
patients with septic shock requiring 5 μg/
min of norepinephrine were randomised 
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to receive vasopressin or norepinephrine 
on top of open-label vasopressors.
	 The study showed that vasopressin 
improves MAP and reduces requirements 
of concomitant vasopressors but does not 
improve survival. However, subgroup and 
post-hoc analyses suggested that vasopres-
sin, especially in combination with steroids, 
may reduce mortality and rate of acute 
kidney injury in patients with less severe 
shock (Gordon et al. 2010; Russell et al. 
2009). This hypothesis was subsequently 
tested in a 2×2 factorial trial investigating 
the effect of vasopressin and hydrocorti-
sone in early septic shock (Vasopressin 
vs Norepinephrine as Initial Therapy in 
Septic Shock [VANISH]) (Gordon et al. 
2014).
	 This RCT, enrolling 409 patients with 
early septic shock (Gordon et al. 2016), 
showed no difference in survival, a lower 
rate of renal-replacement therapy (RRT) in 
the vasopressin group (although driven by 
reduction in RRT only in non-survivors), 
and a higher rate of digital and myocardial 
ischaemia in the vasopressin group. Taken 
together, these data suggest that vasopres-
sin effectively reduces norepinephrine 
requirements and increases MAP, but with 
no significant effects on major outcomes. 
The only potential benefit may be on renal 
outcomes, as also suggested by a recent 
single-centre RCT performed in the setting 
of post-cardiotomy vasoplegic shock 
(Hajjar et al. 2017). This study (Vasopressin 
versus Norepinephrine in Patients with 
Vasoplegic Shock after Cardiac Surgery 
[VANCS]) showed a lower rate of AKI 
and atrial fibrillation in the vasopressin 
group, with no difference in survival or 
rate of adverse events.
	 Similarly, terlipressin (a long-acting 
analogue of vasopressin), despite some 
promising early results (Belletti et al. 
2015; Serpa Neto et al. 2012; Avni et al. 
2015; Kochkin et al. 2021), failed to show 
improvement in outcomes in a recent mRCT 
of 617 patients (Liu et al. 2018). On the 
contrary, terlipressin use increased rate of 
serious adverse events, and in particular 
rate of digital ischaemia. 

Phosphodiesterase 3-inhibitors
Phosphodiesterase-3 inhibitors are inodi-
lators frequently used as inotropic agents 
in patients with LCOS, especially in acute 
heart failure, of cardiac surgery, and in 
patients receiving chronic beta-blocker 
therapy (McDonagh et al. 2021; Bignami 
et al. 2016; Kastrup et al. 2007; Lowes et al. 
2001; Metra et al. 2002). They are generally 
considered as an alternative to catechol-
amines, or as a synergic agent in patients 
requiring high-dose inotropic support.
	 In the Outcomes of a Prospective Trial 
of Intravenous Milrinone for Exacerbations 
of Chronic Heart Failure (OPTIME-CHF) 
study, patients with acutely decompen-
sated heart failure but without shock 
were randomised to receive milrinone 
or placebo (Cuffe et al. 2002; Cuffe et al. 
2000). Patients randomised to milrinone 
had a higher rate of hypotension and 
arrhythmias, while rate of mortality and 
other major outcomes remained compa-
rable. In addition, an interesting post-hoc 
analysis suggested that milrinone may be 
beneficial in patients with non-ischaemic 
heart failure, while it may worsen outcome 
in patients with ischaemic heart failure 
(Felker et al. 2003).
	 Another multicentre RCT performed 
in the setting of cardiac surgery compared 
milrinone versus dobutamine in patients 
with perioperative LCOS (Feneck et al. 
2001). The study focused on haemodynamic 
parameters and was not powered to assess 
clinical endpoints. It showed that dobuta-
mine administration was associated with 
higher cardiac index (driven by a greater 
increase in heart rate), higher MAP, and 
higher incidence of atrial fibrillation, while 
milrinone was associated with greater 
decrease in pulmonary capillary wedge 
pressure (PCWP). 
	 A single-centre study published in 2021 
randomised 192 patients with cardiogenic 
shock {Society of Cardiovascular Angiog-
raphy and Interventions [SCAI]-stage B 
or higher (Baran et al. 2019)} to receive 
dobutamine or milrinone as primary 
inotropic agent (Dobutamine Compared 
to Milrinone [DOREMI] study) (Mathew 
et al. 2021). The authors found no differ-
ence in terms of mortality, adverse events, 

haemodynamic parameters or need for 
vasopressors. Overall, these studies confirm 
the haemodynamic efficacy of milrinone 
in terms of CO increase and vasodilation, 
but also demonstrate neutral effects on 
major clinical outcomes, as compared 
with catecholamines. 
	 Interestingly, an experimental study 
assessing haemodynamic effect of milri-
none and catecholamines in conditions 
independent from pre- and afterload, 
showed that milrinone may have no direct 
inotropic effect contrary to dobutamine. 
Accordingly, the authors hypothesised that 
the increase in cardiac output observed 
with PDE-3 inhibitors may be related 
to their pre- and afterload modulation 
properties, rather than a direct increase in 
cardiac contractility (DeWitt et al. 2016). 
This might also explain the greater effect 
on PCWP observed as compared with 
dobutamine.

Levosimendan 
Levosimendan is a relatively new inodilator 
agent acting as a calcium-sensitiser and 
PDE-3 inhibitor. It has been extensively 
studied and indeed is the most frequently 
investigated inotropic agent ever, with 
more than 100 RCTs including almost 
10000 patients (Belletti et al. 2015). Several 
early RCTs and meta-analyses of RCTs 
suggested that levosimendan administration 
could improve survival in a wide variety 
of clinical settings (Pollesello et al. 2016).
	 From mid 2000s, several high-quality, 
large mRCTs investigated the effect of 
levosimendan on major outcomes in the 
settings of acute heart failure, cardiac 
surgery and sepsis (Landoni et al. 2017; 
Zangrillo et al. 2016; Mehta et al. 2017; 
Mehta et al. 2016; Orme et al. 2014; Gordon 
et al. 2016; Cholley et al. 2017; Caruba 
et al. 2016; Mebazaa et al. 2007; Packer 
et al. 2013). Contrary to meta-analyses 
and early results, all these studies failed 
to show a convincing beneficial effect of 
levosimendan on mortality or other major 
clinical outcomes. These studies confirmed 
that levosimendan administration leads to 
reduction in need for other concomitant 
inotropes and higher rate of hypoten-
sion (results that are consistent with its 
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inodilator effect) and arrhythmias. One 
post-hoc analysis of a cardiac surgery 
RCT suggested a potential beneficial effect 
for the limited group of patients with 
very low left ventricular ejection fraction 
undergoing coronary artery bypass graft 
surgery, when levosimendan is adminis-
tered prophylactically (van Diepen et al. 
2020). Another post-hoc analysis in the 
setting of acute heart failure suggested 
greater benefit for patients on chronic 
beta-blocker therapy, as compared with 
dobutamine (Mebazaa et al. 2009). These 
findings should be confirmed in adequately 
powered trials.
	 Interestingly, while traditionally consid-
ered a calcium-sensitiser, some experi-

mental studies challenged this view and 
suggested that the haemodynamic effects 
of levosimendan are almost exclusively 
related to its effect as inhibitor of the PDE-3 
(Ørstavik et al. 2014), and potentially to 
its effect on vascular K+-ATP channels 
(Maack et al. 2019), while the calcium-
sensitising properties exert a very limited 
effect (Ørstavik et al. 2014). 

Angiotensin II
Angiotensin II is a vasopressor that has 
been suggested as a catecholamine-sparing 
agent for patients with vasodilatory shock 
and increasingly studied in recent years .
	 In the largest and most recent mRCT 
performed, 344 patients with vasodila-

tory shock requiring > 0.2 µg/kg/min 
of norepinephrine and with a normal 
cardiac index were randomised to receive 
angiotensin II or placebo on top of open-
label norepinephrine (Khanna et al. 2017). 
The study showed that angiotensin II 
does increase MAP and reduces need 
for concomitant norepinephrine. The 
study was underpowered to detect major 
outcome differences. However, no hints 
for benefit or harms were reported. A 
post-hoc analysis investigating patients 
receiving RRT at randomisation suggested 
that angiotensin II may improve survival 
and renal recovery in this subgroup of 
patients (Tumlin et al. 2018). However, 
these findings require further confirmation 

Drug Setting Effect on survival Additional findings 
Norepinephrine 
 

Shock of any 
aetiology 

No improvement (De Backer et al. 
2010; Myburgh et al. 2008)  

Lower incidence of arrhythmias as 
compared with dopamine (De Backer et 
al. 2010)  
Lower lactate levels as compared with 
epinephrine (Myburgh et al. 2008)  

Sepsis/vasodilatory 
shock 

No improvement as compared with 
vasopressin/terlipressin/epinephrine 
(Annane et al. 2007; Russell et al. 2008; 
Gordon et al. 2016; Liu et al. 2018)  
Possible overall higher survival as 
compared with dopamine as suggested 
by meta-analyses (Vasu et al. 2012; De 
Backer et al. 2012)  

Lower rate of arrhythmias as compared 
with dopamine as suggested by meta-
analyses (Vasu et al. 2012; De Backer et 
al. 2012)  

Cardiogenic shock Possible higher survival as compared 
with dopamine (De Backer et al. 2010)  
No improvement and trend towards 
increased survival as compared with 
epinephrine (study not powered to 
detect mortality difference) (Levy et al. 
2018)  

Lower lactate levels as compared with 
epinephrine (Levy et al. 2018)  
Lower CI (with similar stroke volume but 
lower heart rate) as compared with 
epinephrine (Levy et al. 2018)  

Epinephrine 
 

Shock of any 
aetiology 

No improvement (Myburgh et al. 2008)  Higher lactate level as compared with 
norepinephrine (± dobutamine) 

Septic shock No improvement (Annane et al. 2007)  Higher lactate level as compared with 
norepinephrine (± dobutamine) 

Cardiogenic shock No improvement 
Trend towards increased mortality 
(study not powered to detect mortality 
difference) (Levy et al. 2018)  

Possible trend towards higher rate of 
refractory shock (Levy et al. 2018)  
Higher lactate levels as compared with 
norepinephrine (Levy et al. 2018) 
Higher CI (with similar stroke volume but 
higher heart rate) as compared with 
norepinephrine (Levy et al. 2018) 

Dopamine Shock of any 
aetiology 

No overall improvement (De Backer et 
al. 2010) 
 

Higher rate of arrhythmias as compared 
with norepinephrine (De Backer et al. 
2010)  

Septic shock Possible overall lower survival as 
compared with norepinephrine as 
suggested by meta-analyses (Vasu et 
al. 2012; De Backer et al. 2012 

Higher rate of arrhythmias as compared 
with norepinephrine as suggested by 
meta-analyses (Vasu et al. 2012; De 
Backer et al. 2012) 

Cardiogenic shock Possible lower survival as compared 
with norepinephrine (De Backer et al. 
2010)  

 

Vasopressin Sepsis No improvement (Russell et al. 2008; 
Gordon et al. 2016)  

Possible reduction in need for RRT 
(Gordon et al. 2016) 
Possible reduction in norepinephrine 
requirements (Russell et al. 2008; Gordon 
et al. 2016) 

Terlipressin Sepsis No improvement (Liu et al. 2018)  Increase in serious adverse events (Liu et 
al. 2018)  

Levosimendan 
 

Acutely 
decompensated 
heart failure 

No improvement (Mebazaa et al. 2007; 
Packer et al. 2013)  

Reduction in BNP and improvement in 
symptoms (Mebazaa et al. 2007; Packer 
et al. 2013) 

Cardiac surgery No improvement (Landoni et al. 2017; 
Mehta et al. 2017; Cholley et al. 2017) 

Reduction in need for catecholamines 
and incidence of perioperative LCOS 
(Pollesello et al. 2016; Mehta et al. 2016) 
Possible improvement in survival in 
patients with very low LVEF (≤25%) 
undergoing CABG (van Diepen et al. 2020)  

Sepsis No improvement (Gordon et al. 2016)  Improvement in cardiovascular SOFA 
score (Gordon et al. 2016) 
Increased risk of arrhythmias and 
hypotension (Gordon et al. 2016) 

Milrinone 
 

Acutely 
decompensated 
heart failure 

No improvement (Cuffe et al. 2002)  
Possible increase in mortality in 
patients with ischaemic heart failure 
(Felker et al. 2003)  

Increased risk of arrhythmias and 
hypotension (Cuffe et al. 2002)  
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in adequately powered studies. Of note, 
some authors suggested that angiotensin 
II use may be associated with an increased 
rate of delirium, LCOS, thrombotic events, 
and fungal infections (Thiele et al. 2011a; 
Thiele et al. 2011b; Bauer et al. 2018). 

Future Directions
Mechanical circulatory support (MCS) 
is increasingly used in recent years, in 
particular in the setting of acute heart 
failure/cardiogenic shock (Combes et al. 
2020; Rihal et al. 2015; Atkinson et al. 2016). 
Interestingly, MCS is increasingly used also 
in unconventional settings including sepsis 
(Bréchot et al. 2020) and high-risk surgical/
interventional procedures (Monaco et al. 
2018). MCS has the potential, theoretical 
advance of providing different degrees of 

haemodynamic and respiratory support 
(up to full cardiorespiratory support with 
venoarterial extracorporeal membrane 
oxygenation) without the potential side 
effects of vasoactives. In addition, the 
recently developed concept of mechanical 
unloading as new paradigm to improve 
outcome in heart failure and cardiogenic 
shock is gaining increasing popularity 
(Burkhoff et al. 2015; Uriel et al. 2018; 
Baldetti et al. 2021).
 	 However, MCS devices are still associ-
ated with high costs, need for expertise, 
and potential complications themselves 
(Zangrillo et al. 2013) that requires careful 
weighing of benefit and risks in each single 
case (Combes et al. 2020; Rihal et al. 2015; 
Atkinson et al. 2016). Nevertheless, pilot 
studies in acute heart failure and cardiogenic 

shock comparing pharmacological versus 
mechanical support have been performed 
and showed controversial results, with 
some favouring MCS (den Uil et al. 2019; 
Lackermair et al. 2021), while others showed 
no additional benefit with immediate as 
compared with rescue initiation of MCS 
(Ostadal et al. 2023). In general, mechanical 
circulatory support should be considered 
early in case of dependency on high-dose 
inotropes/vasopressor {especially with 
vasoactive-inotropic score [VIS] (Belletti et 
al. 2021) >20}. In the future, with increas-
ing clinical experience and technological 
advances, MCS use is likely to expand, 
and further trials comparing mechanical 
versus pharmacological support are ongoing 
(Banning et al. 2021; Udesen et al. 2019).
	 In recent years, the concept of metabolic 

Table 2. Summary of current findings from multicentre RCTs on the effect of inotropes/vasopressors on survival in acutely ill patients. 
Modified from Belletti et al. 2022.  
AF: atrial fibrillation; BNP: b-type natriuretic peptide; CABG: coronary artery bypass graft; CI: cardiac index; LCOS: low cardiac output 
syndrome; LVEF: left ventricular ejection fraction; MAP: mean arterial pressure; PCWP: pulmonary capillary wedge pressure; RRT: renal-
replacement therapy; SOFA: sequential organ failure assessment.

Cardiac surgery No improvement (study not powered 
to detect mortality difference) (Feneck 
et al. 2001)  

Lower CI (with similar stroke volume but 
lower heart rate), lower PCWP, lower 
MAP, and lower incidence of AF as 
compared with dobutamine (Feneck et al. 
2001)  

Cardiogenic shock No improvement (Mathew et al. 2021)   
Angiotensin II Vasodilatory shock No overall improvement (study not 

powered to detect mortality 
difference) (Khanna et al. 2017)  
Possible improvement in survival in 
patients receiving RRT (Tumlin et al. 
2018)  

Improvement in MAP and reduction in 
norepinephrine requirements (Khanna et 
al. 2017)  
Possible increase in thrombotic adverse 
events (Bauer et al. 2018) 

 

Drug Setting Effect on survival Additional findings 
Norepinephrine 
 

Shock of any 
aetiology 

No improvement (De Backer et al. 
2010; Myburgh et al. 2008)  

Lower incidence of arrhythmias as 
compared with dopamine (De Backer et 
al. 2010)  
Lower lactate levels as compared with 
epinephrine (Myburgh et al. 2008)  

Sepsis/vasodilatory 
shock 

No improvement as compared with 
vasopressin/terlipressin/epinephrine 
(Annane et al. 2007; Russell et al. 2008; 
Gordon et al. 2016; Liu et al. 2018)  
Possible overall higher survival as 
compared with dopamine as suggested 
by meta-analyses (Vasu et al. 2012; De 
Backer et al. 2012)  

Lower rate of arrhythmias as compared 
with dopamine as suggested by meta-
analyses (Vasu et al. 2012; De Backer et 
al. 2012)  

Cardiogenic shock Possible higher survival as compared 
with dopamine (De Backer et al. 2010)  
No improvement and trend towards 
increased survival as compared with 
epinephrine (study not powered to 
detect mortality difference) (Levy et al. 
2018)  

Lower lactate levels as compared with 
epinephrine (Levy et al. 2018)  
Lower CI (with similar stroke volume but 
lower heart rate) as compared with 
epinephrine (Levy et al. 2018)  

Epinephrine 
 

Shock of any 
aetiology 

No improvement (Myburgh et al. 2008)  Higher lactate level as compared with 
norepinephrine (± dobutamine) 

Septic shock No improvement (Annane et al. 2007)  Higher lactate level as compared with 
norepinephrine (± dobutamine) 

Cardiogenic shock No improvement 
Trend towards increased mortality 
(study not powered to detect mortality 
difference) (Levy et al. 2018)  

Possible trend towards higher rate of 
refractory shock (Levy et al. 2018)  
Higher lactate levels as compared with 
norepinephrine (Levy et al. 2018) 
Higher CI (with similar stroke volume but 
higher heart rate) as compared with 
norepinephrine (Levy et al. 2018) 

Dopamine Shock of any 
aetiology 

No overall improvement (De Backer et 
al. 2010) 
 

Higher rate of arrhythmias as compared 
with norepinephrine (De Backer et al. 
2010)  

Septic shock Possible overall lower survival as 
compared with norepinephrine as 
suggested by meta-analyses (Vasu et 
al. 2012; De Backer et al. 2012 

Higher rate of arrhythmias as compared 
with norepinephrine as suggested by 
meta-analyses (Vasu et al. 2012; De 
Backer et al. 2012) 

Cardiogenic shock Possible lower survival as compared 
with norepinephrine (De Backer et al. 
2010)  

 

Vasopressin Sepsis No improvement (Russell et al. 2008; 
Gordon et al. 2016)  

Possible reduction in need for RRT 
(Gordon et al. 2016) 
Possible reduction in norepinephrine 
requirements (Russell et al. 2008; Gordon 
et al. 2016) 

Terlipressin Sepsis No improvement (Liu et al. 2018)  Increase in serious adverse events (Liu et 
al. 2018)  

Levosimendan 
 

Acutely 
decompensated 
heart failure 

No improvement (Mebazaa et al. 2007; 
Packer et al. 2013)  

Reduction in BNP and improvement in 
symptoms (Mebazaa et al. 2007; Packer 
et al. 2013) 

Cardiac surgery No improvement (Landoni et al. 2017; 
Mehta et al. 2017; Cholley et al. 2017) 

Reduction in need for catecholamines 
and incidence of perioperative LCOS 
(Pollesello et al. 2016; Mehta et al. 2016) 
Possible improvement in survival in 
patients with very low LVEF (≤25%) 
undergoing CABG (van Diepen et al. 2020)  

Sepsis No improvement (Gordon et al. 2016)  Improvement in cardiovascular SOFA 
score (Gordon et al. 2016) 
Increased risk of arrhythmias and 
hypotension (Gordon et al. 2016) 

Milrinone 
 

Acutely 
decompensated 
heart failure 

No improvement (Cuffe et al. 2002)  
Possible increase in mortality in 
patients with ischaemic heart failure 
(Felker et al. 2003)  

Increased risk of arrhythmias and 
hypotension (Cuffe et al. 2002)  
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resuscitation for patients with cardiovas-
cular failure became increasingly popu-
lar. Metabolic resuscitation includes a 
combination of steroids and vitamins 
(vitamin C and vitamin B1) and a large 
number of RCTs have been performed to 
test these molecules alone or in various 
combination (Moskowitz et al. 2018; Fujii 
et al. 2022). After promising initial results, 
current evidence collectively suggest that 
metabolic resuscitation does not provide 
additional survival benefit (Fujii et al. 2022). 
Nevertheless, the latest Surviving Sepsis 
Guidelines (Evans et al. 2021) suggest the 
use of steroids in septic shock patients since 
they reduce vasopressor therapy duration 
and length of ICU stay without increasing 
adverse events (Fujii et al. 2022). 
	 While haemodynamic management 
historically focused on so-called micro-

circulation and major haemodynamic 
parameters (such as MAP and CI), the 
role of microcirculatory dysfunction in 
organ dysfunction and failure in critical 
illness is being increasingly recognised 
and investigated (Østergaard et al. 2015; 
Ince et al. 2018). Future research should 
focus on the different effect of vasoactive 
medications on microcirculation and tissue 
perfusion independently of traditional 
haemodynamic parameters. However, 
a systematic review found there is no 
convincing evidence that any vasoactive 
agent can lead to improved microvascular 
flow, although available studies are char-
acterised by high heterogeneity in terms 
of microcirculation assessment and high 
risk of bias (Potter et al. 2019).
 	 Finally, a concept of broad-spectrum 
vasopressors has been recently introduced 

(Chawla et al. 2019). Some experts suggest 
a combination use of different vasopres-
sors with different mechanism of action 
(e.g. norepinephrine, vasopressin and 
angiotensin II) to reduce the dose of each 
drug, limit side effects, and individualise 
vasopressor therapy, in similar way to 
broad-spectrum antibiotic therapy. Whether 
this concept will translate into improved 
outcomes remains to be determined.  
Table 3 provides a final take-home message 
on inotropes and vasopressors use in 
critical care. 

Conclusions
Inotropes and vasopressors may have rele-
vant side effects that need to be known and 
acknowledged, and incorrect prescription 
of inotropes administration can increase 
morbidity and mortality. The choice of 
molecule or combination of molecules does 
not seem to influence mortality as long as 
comparable haemodynamic parameters 
are obtained. Clinicians should choose 
the drug or combination of drugs they 
are most familiar with.
	 Future studies should focus on identifi-
cation of optimal haemodynamic targets, 
investigate interaction between vasoactives, 
fluids, pre-load and afterload, optimal 
timing of vasoactive initiations, and the 
role of MCS.
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Catecholamines (norepinephrine) remain first-line agents in almost every setting 
Supraphysiological haemodynamic targets are harmful, restrictive targets (e.g. 
permissive hypotension) may be acceptable in several cases 
Norepinephrine shortage is detrimental 
Dopamine (high dose) is detrimental 
Vasopressin and angiotensin II reduce concomitant norepinephrine doses, increase 
MAP but do not improve outcomes 
PDE-3 inhibitors and levosimendan reduce need for concomitant inotropes but do not 
improve outcomes as compared with catecholamines 
Interaction with preload/afterload/fluids/mechanical ventilation is important and 
under-investigated 
Chose a simple inotropic-vasoconstrictor combination for your department and be 
ready to change it quickly if the patient is a non-responder or develops side effects 
Consider early mechanical circulatory support (especially with VIS>20) 
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