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Hypotension is very common in critically ill patients and 
is associated with an increased morbidity and mortality. 
Hypotension, defined as low arterial blood pressure with 
proven of suspected organ hypoperfusion, often requires 
a differentiated catecholamine therapy, including vaso-
pressors and inotropes. We here discuss ten tips to opti-
mize vasopressor use in critically ill patients.

Set goals of mean or diastolic blood pressures
Mean arterial blood pressure (MAP) represents the 
entry pressure for perfusion pressure for most organs. 
The diastolic blood pressure is key for coronary perfu-
sion pressure. Systolic blood pressure is greatly impacted 
by large blood vessels compliance and does not repre-
sent a key driver of perfusion pressure. In general, organ 
perfusion pressure (OPP) is influenced by the MAP and 
venous pressure (e.g. OPP = MAP-CVP). Defining tar-
gets of MAP aims to preventing organ hypoperfusion and 
ensuring oxygen delivery and avoid potentially unneces-
sary excessive exposure to vasopressors. Setting a target 
of diastolic blood pressure could also be indicated in 
patients with unstable coronary artery disease or chronic 
pulmonary hypertension at risk of low coronary perfu-
sion pressure. While the indication of invasive blood 
pressure monitoring can be discussed on a case-by-case 
basis, overall, we consider that the need for vasopressors 
for more than a couple hours or need of high doses are 
indications.

Individualize the arterial pressure targets goals
Results of the 65 trial [1] and the SEPSIPAM trial [2] 
suggest that a MAP of 65 mmHg is appropriate for most 
patients. Targeting higher blood pressure may be associ-
ated with increased risk of adverse events. Interpatient 
variability however exists regarding organ perfusion 
pressure. History of chronic hypertension is not per se 
an indication for higher MAP targets. While in the SEP-
SIPAM trial, patients with history of hypertension had 
lower incidence of severe acute kidney injury (AKI) in 
the higher target group, patients with history of hyper-
tension in the 65 trial had lower 90 days mortality in the 
low pressure group (median MAP 65  mmHg, adjusted 
odds ratio, 0.67; 95% CI, 0.49–0.85). Increasing MAP 
with norepinephrine from 60 to 75  mmHg in patients 
with a distributive shock after cardiac surgery improved 
renal blood flow and glomerular filtration rate, while 
increasing further was associated with various responses 
[3]. These data suggest that it is legitimate to perform a 
‘higher MAP trial’ in patients with persistent suspicion 
of hypoperfusion (e.g. progressing AKI, prolonged capil-
lary refill time, altered mental status) using a vasopressor 
challenge in the absence of hypovolemia. Organ perfu-
sion assessment is difficult and most often rely on func-
tional surrogates (e.g. glomerular filtration rate, urine 
output). Bedside ultrasound can help assessing optimal 
perfusion pressure [4]. A known history of vascular dis-
ease (e.g. carotid stenosis) could also trigger such a trial 
in symptomatic patients. We recommend reassessing 
these targets on a regular basis (e.g. every 4–6 h), to avoid 
unnecessary exposure to higher doses of vasopressors.

Vasopressors induce an endogenous fluid 
recruitment and may limit positive fluid balance
Vasopressors increase blood pressure through the 
increase of systemic vascular resistance. Their vasocon-
strictive effect on the venous system also contributes 
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to increase the venous return (through increase of the 
“stressed volume” increasing systemic venous pressure) 
and subsequently increases cardiac output [5]. Admin-
istration of vasopressors can therefore simulate a fluid 
bolus through endogenous fluid recruitment. Further-
more, norepinephrine decreases inflammation induced 
capillary permeability [6]. Vasopressors use can limit 
the positive fluid balance (Fig.  1). While we recom-
mend ruling out hypovolemia with a fluid challenge, 
we start vasopressor administration early (together 
with fluids) in patients with severe hypotension (e.g. 
MAP < 50–55 mmHg).

Reassess fluid status and cardiac output 
after initiation of vasopressors
The impact of pure vasopressors (i.e. vasopressin, which 
is a V1 receptor agonist) on cardiac function and cardiac 
output has long been a matter of concern. In a subgroup 
analysis of the Vasopressin and Septic Shock Trial, car-
diac index was not different between low dose vasopres-
sin (i.e. up to 0.03 unit/min) and norepinephrine (3.65 

(standard deviation (SD) 1.52) vs 3.55 (SD 1.05) L/min/
m2 24  h after randomization), but with wide variability 
and at the expense of higher use if inotropes (74% vs 44%)
[7]. Higher doses can cause excessive vasoconstriction, 
resulting in coronary, mesenteric, and digital ischemia. 
However, higher doses of vasopressors can alter car-
diac output due to a reduced myocardial perfusion or 
an increased afterload [8, 9]. We recommend re-assess-
ing cardiac function and cardiac output in hypotensive 
patients with vasopressors.

Consider agents with a different mechanism 
of action as a second line agent
Norepinephrine is recommended as the first line vaso-
pressor for patients with sepsis or distributive shock 
[10]. Adding a second vasopressor agent with a different 
vasoconstrictive mechanism of action might limit the 
side effects of catecholamines. Low doses of vasopressin 
decrease the risk of atrial fibrillation [21% vs 29%, RR, 
0.77 (95% CI 0.67–0.88)] [11], and may improve renal 
function in patients with vasodilatory shock. Angiotensin 

Fig. 1  Potential positive and negative hemodynamic effects of vasopressors in critically ill patients and factors to consider when using vasopressors 
in the critically ill
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II has been more recently available in some countries 
[12] with few data available on safety and impact on out-
comes. Some patients show angiotensin II-deficiency 
due to a reduced angiotensin-converting enzyme (ACE) 
activity or an increased dipeptidyl peptidase 3 which 
inactivates angiotensin II [13]. Using angiotensin II in 
patients with a hyperreninemia, reflecting an angioten-
sin II deficiency, is associated with better outcomes. This 
biomarker is however not readily available. Septic AKI is 
associated with decreased angiotensin II-levels and/or 
expression of angiotensin1 receptors [14] and the use of 
angiotensin II in these patients was associated with a bet-
ter outcome. These patients should be the primary target 
for angiotensin II use pending additional data. Safety data 
are lacking to recommend the use of non-selective nitric 
oxide inhibitors (i.e. methylene blue, hydroxocobalamin).

Consider adding hydrocortisone in patients 
on high doses of vasopressors
Evidence suggests that hydrocortisone with fludrocor-
tisone decreases doses of vasopressors in patients with 
septic shock requiring high doses of vasopressors (e.g. 
norepinephrine equivalent ≥ 0.25  μg/kg/min) and who 
have multiple organ failures [10, 15]. Impact on outcome 
is unclear.

Vasopressin in patients with right ventricular 
failure
Due to the lack of V1-receptors in the pulmonary arter-
ies, vasopressin does not increase pulmonary vascu-
lar resistance. Those data consider the physiology and 
arise from preclinical models with very limited clinical 
data beyond case reports [16]. On the other hand, nor-
epinephrine was shown to slightly increase pulmonary 
vascular resistance and also improves right ventricle 
function through its inotropic effects. This may repre-
sent an advantage in patients with a reduced right ventri-
cle function requiring vasopressors. To this end, among 
patients with systemic vasodilation and altered right ven-
tricle function norepinephrine represents the first line 
agent but vasopressin with inotropes is an alternative.

There is no maximal dose of vasopressors
Not surprisingly,  high doses of vasopressors have been 
associated with a higher risk of death given the higher 
severity of illness of these patients. Some institutions 
may set maximum doses of vasopressors. This may either 
self-limit the likelihood of recovery (e.g. withdrawing life 
support because the patients is considered too sick) or 
lead to tolerating a low blood pressure. Auchet et  al.  et 
al. reported 90 days survival of 40% in patients receiving 
vasopressor > 1  µg/kg/min underlining fair survival on 
very high doses of vasopressors [17].

Enteral tube feeding can be initiated while under 
vasopressors
Norepinephrine and low dose vasopressin have been 
shown to improve mesenteric perfusion and gut micro-
circulation. On the other hand, impaired gut microper-
fusion was reported with epinephrine. Enteral nutrition 
(EN) is safe among patients receiving less than 0.3 ɣ/kg/
min of norepinephrine. At higher doses, risk of mesen-
teric ischemia increases with EN but remains very low. 
In the NUTRIREA 2 trial, patients with a high dose of 
vasopressors (norepinephrine at 0.44 [0.22–0.93] ɣ/kg/
min) were randomized to receive early vs delayed EN. 
The early group showed higher incidence of mesenteric 
ischemia (2 vs 1%). The risk was significantly higher with 
the use of dobutamine and a higher Simplified Acute 
Physiology Score (SAPS) II (≥ 62) [18]. In this later 
population, EN should probably be delayed. Ultrasound 
(e.g. color Doppler resistive index) may be use to assess 
splanchnic perfusion [4].

Vasopressors can be safely administered through a 
peripheral catheter
Observational studies and randomized trials showed it 
is safe to administer vasopressors (i.e. norepinephrine) 
through a well-functioning peripheral catheter [19]. 
Therefore, obtainment of central venous access should 
not delay the initiation of vasopressors in the critically ill 
patients.

Author details
1 Department of Anesthesia and Perioperative Care, Division of Critical Care 
Medicine, University of California, San Francisco (UCSF), 505 Parnassus Avenue, 
San Francisco, CA 94143, USA. 2 INI-CRCT Network, Nancy, France. 3 Depart-
ment of Anesthesiology, Intensive Care and Pain Medicine, University Hospital 
Münster, Münster, Germany. 

Declarations

Conflicts of interest
ML declares no conflict of interest. AZ has received consulting and/or lecture 
fees from Astute Medical/BioMerieux, Fresenius, Paion, Guard Therapeutics, 
and Baxter, unrelated to the current study. AZ has received grant support from 
Astute Medical/BioMerieux, Fresenisu, and Baxter unrelated to the current 
study.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 11 March 2022   Accepted: 16 April 2022
Published: 3 May 2022

References
	1.	 Lamontagne F, Richards-Belle A, Thomas K et al (2020) Effect of reduced 

exposure to vasopressors on 90-day mortality in older critically ill 
patients with vasodilatory hypotension: a randomized clinical trial. JAMA 
323:938–949. https://​doi.​org/​10.​1001/​jama.​2020.​0930

https://doi.org/10.1001/jama.2020.0930


739

	2.	 Asfar P, Meziani F, Hamel J-F et al (2014) High versus low blood-pressure 
target in patients with septic shock. N Engl J Med 370:1583–1593. https://​
doi.​org/​10.​1056/​NEJMo​a1312​173

	3.	 Redfors B, Bragadottir G, Sellgren J et al (2011) Effects of norepinephrine 
on renal perfusion, filtration and oxygenation in vasodilatory shock and 
acute kidney injury. Intensive Care Med 37:60–67. https://​doi.​org/​10.​
1007/​s00134-​010-​2057-4

	4.	 Corradi F, Via G, Tavazzi G (2020) What’s new in ultrasound-based assess-
ment of organ perfusion in the critically ill: expanding the bedside clinical 
monitoring window for hypoperfusion in shock. Intensive Care Med 
46:775–779. https://​doi.​org/​10.​1007/​s00134-​019-​05791-y

	5.	 Monnet X, Jabot J, Maizel J et al (2011) Norepinephrine increases cardiac 
preload and reduces preload dependency assessed by passive leg raising 
in septic shock patients. Crit Care Med 39:689–694. https://​doi.​org/​10.​
1097/​CCM.​0b013​e3182​06d2a3

	6.	 Joffre J, Lloyd E, Wong E et al (2021) Catecholaminergic vasopressors 
reduce toll-like receptor agonist-induced microvascular endothelial cell 
permeability but not cytokine production. Crit Care Med 49:e315–e326. 
https://​doi.​org/​10.​1097/​CCM.​00000​00000​004854

	7.	 Gordon AC, Wang N, Walley KR et al (2012) The cardiopulmonary effects 
of vasopressin compared with norepinephrine in septic shock. Chest 
142:593–605. https://​doi.​org/​10.​1378/​chest.​11-​2604

	8.	 Russell JA (2019) Vasopressor therapy in critically ill patients with 
shock. Intensive Care Med 45:1503–1517. https://​doi.​org/​10.​1007/​
s00134-​019-​05801-z

	9.	 Bleakley C, de Marvao A, Athayde A et al (2021) The impact of norepi-
nephrine on myocardial perfusion in critical illness. J Am Soc Echocardi-
ogr 34:1019–1020. https://​doi.​org/​10.​1016/j.​echo.​2021.​05.​008

	10.	 Evans L, Rhodes A, Alhazzani W et al (2021) Surviving sepsis campaign: 
international guidelines for management of sepsis and septic shock 
2021. Intensive Care Med 47:1181–1247. https://​doi.​org/​10.​1007/​
s00134-​021-​06506-y

	11.	 McIntyre WF, Um KJ, Alhazzani W et al (2018) Association of vasopressin 
plus catecholamine vasopressors vs catecholamines alone with atrial 

fibrillation in patients with distributive shock: a systematic review and 
meta-analysis. JAMA 319:1889–1900. https://​doi.​org/​10.​1001/​jama.​2018.​
4528

	12.	 Wieruszewski PM, Wittwer ED, Kashani KB et al (2021) Angiotensin II 
infusion for shock: a multicenter study of postmarketing use. Chest 
159:596–605. https://​doi.​org/​10.​1016/j.​chest.​2020.​08.​2074

	13.	 Bellomo R, Forni LG, Busse LW et al (2020) Renin and survival in patients 
given angiotensin II for catecholamine-resistant vasodilatory shock. A 
clinical trial. Am J Respir Crit Care Med 202:1253–1261. https://​doi.​org/​10.​
1164/​rccm.​201911-​2172OC

	14.	 Leisman DE, Fernandes TD, Bijol V et al (2021) Impaired angiotensin II type 
1 receptor signaling contributes to sepsis-induced acute kidney injury. 
Kidney Int 99:148–160. https://​doi.​org/​10.​1016/j.​kint.​2020.​07.​047

	15.	 Annane D, Renault A, Brun-Buisson C et al (2018) Hydrocortisone plus 
fludrocortisone for adults with septic shock. N Engl J Med 378:809–818. 
https://​doi.​org/​10.​1056/​NEJMo​a1705​716

	16.	 Mizota T, Fujiwara K, Hamada M et al (2017) Effect of arginine vasopressin 
on systemic and pulmonary arterial pressure in a patient with pulmonary 
hypertension secondary to pulmonary emphysema: a case report. JA Clin 
Rep 3:1. https://​doi.​org/​10.​1186/​s40981-​016-​0072-3

	17.	 Auchet T, Regnier M-A, Girerd N, Levy B (2017) Outcome of patients with 
septic shock and high-dose vasopressor therapy. Ann Intensive Care 7:43. 
https://​doi.​org/​10.​1186/​s13613-​017-​0261-x

	18.	 Piton G, Le Gouge A, Boisramé-Helms J et al (2022) Factors associated 
with acute mesenteric ischemia among critically ill ventilated patients 
with shock: a post hoc analysis of the NUTRIREA2 trial. Intensive Care 
Med. https://​doi.​org/​10.​1007/​s00134-​022-​06637-w

	19.	 Pancaro C, Shah N, Pasma W et al (2020) Risk of major complications after 
perioperative norepinephrine infusion through peripheral intravenous 
lines in a multicenter study. Anesth Analg 131:1060–1065. https://​doi.​
org/​10.​1213/​ANE.​00000​00000​004445

https://doi.org/10.1056/NEJMoa1312173
https://doi.org/10.1056/NEJMoa1312173
https://doi.org/10.1007/s00134-010-2057-4
https://doi.org/10.1007/s00134-010-2057-4
https://doi.org/10.1007/s00134-019-05791-y
https://doi.org/10.1097/CCM.0b013e318206d2a3
https://doi.org/10.1097/CCM.0b013e318206d2a3
https://doi.org/10.1097/CCM.0000000000004854
https://doi.org/10.1378/chest.11-2604
https://doi.org/10.1007/s00134-019-05801-z
https://doi.org/10.1007/s00134-019-05801-z
https://doi.org/10.1016/j.echo.2021.05.008
https://doi.org/10.1007/s00134-021-06506-y
https://doi.org/10.1007/s00134-021-06506-y
https://doi.org/10.1001/jama.2018.4528
https://doi.org/10.1001/jama.2018.4528
https://doi.org/10.1016/j.chest.2020.08.2074
https://doi.org/10.1164/rccm.201911-2172OC
https://doi.org/10.1164/rccm.201911-2172OC
https://doi.org/10.1016/j.kint.2020.07.047
https://doi.org/10.1056/NEJMoa1705716
https://doi.org/10.1186/s40981-016-0072-3
https://doi.org/10.1186/s13613-017-0261-x
https://doi.org/10.1007/s00134-022-06637-w
https://doi.org/10.1213/ANE.0000000000004445
https://doi.org/10.1213/ANE.0000000000004445

	Ten tips to optimize vasopressors use in the critically ill patient with hypotension
	Set goals of mean or diastolic blood pressures
	Individualize the arterial pressure targets goals
	Vasopressors induce an endogenous fluid recruitment and may limit positive fluid balance
	Reassess fluid status and cardiac output after initiation of vasopressors
	Consider agents with a different mechanism of action as a second line agent
	Consider adding hydrocortisone in patients on high doses of vasopressors
	Vasopressin in patients with right ventricular failure
	There is no maximal dose of vasopressors
	Enteral tube feeding can be initiated while under vasopressors
	Vasopressors can be safely administered through a peripheral catheter
	References




