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Current shock guidelines recommend norepinephrine as 
the first-line vasopressor to increase mean arterial pres-
sure (MAP) and eventually restore tissue perfusion [1]. 
Norepinephrine (or noradrenaline) is an endogenous 
catecholamine, produced both in postganglionic sympa-
thetic nerves and adrenal glands. It became part of the 
therapeutic arsenal for the treatment of shock during the 
1950s, gaining traction ever since. Despite its ubiquitous 
use throughout intensive care units (ICUs) and operat-
ing rooms worldwide [2], clinical practice related to its 
administration is still heterogeneous. We provide here a 
concise and practical article on the fundamentals of vaso-
pressor administration in critically ill patients, using nor-
epinephrine as a paradigmatic case example.

Pharmacological properties
Norepinephrine is metabolized by the enzymes mono-
aminoxidase and catechol-O-methyltransferase, or by 
reuptake into nerve terminals [3]. Norepinephrine phar-
macokinetics can be modelled with a one-compartment 
linear model and first-order elimination [4]. It acts on 
both alpha- and beta-adrenergic receptors, triggering 
intracellular signaling processes mediated by G-proteins, 
producing a myriad of cardiovascular effects, as seen in 
Fig. 1 [3]. Of note, norepinephrine does not only increase 
MAP by increasing arterial vascular resistance, but con-
comitantly increases cardiac output by optimizing car-
diac preload and direct inotropism.

Unlike pharmacokinetics, the pharmacodynamic 
response of norepinephrine is highly variable, depending 

mainly on the severity of illness [4]. In shock states, 
multiple factors may blunt its pressor effect, including 
acidosis, hypoxia, hypocalcemia, relative steroid defi-
ciency, and receptors down-regulation, among others [5]. 
Although a maximum dose does not exist, further incre-
ments above higher-end dose ranges (e.g. > 1 mcg/kg/
min [6]) might be less efficient on the pharmacodynamic 
dose–response curve, since receptors become progres-
sively saturated [3]. This provides the theoretical ration-
ale for multimodal strategies, since acting on parallel 
metabolic pathways controlling the vascular tone, such 
as vasopressin receptors, angiotensin receptors or nitric 
oxide modulation, could provide synergistic vasocon-
strictive effects and decrease excessive (and potentially 
deleterious) exposure to catecholamines [7]. However, 
the value of these strategies should further be confirmed 
in clinical trials. Despite its predominant cardiovascular 
profile, there are non-cardiovascular properties such as 
decreased proinflammatory cytokine expression, a poten-
tial contributor to sepsis-induced immunoparalysis [8]. 
Among adverse effects, reports show an increased risk 
of arrhythmias, digital, abdominal, and cardiac ischemia 
in a dose-dependent fashion [7], and skin necrosis after 
inadvertent extravasation.

Current dosing strategies
Due to its short half-life (< 2.5 min), norepinephrine must 
be administered as a continuous infusion. Manufacturers 
recommend diluting norepinephrine in dextrose contain-
ing solutions, due to potential inactivation by oxidation 
on saline solutions. Usual adult preparations concentra-
tion ranges from 16 mcg/mL to 128 mcg/mL. Recent data 
have highlighted the relative safety of short term (< 48 h), 
low dose (< 15 mcg/min) administration of norepineph-
rine diluted at 64 mcg/mL through peripheral intrave-
nous access [9], notwithstanding, administration through 
central venous access is still hegemonic and advisable in 
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current ICU practice. There is significant worldwide vari-
ability on drug formulations, as norepinephrine can be 
found either as tartrate, bitartrate or hydrochloride salts, 
with different molecular weights and potency equiva-
lence to norepinephrine base, being tartrate the weak-
est formulation [10]. Similarly, there is heterogeneity of 
practice on how to titrate the drug infusion, either using 
absolute (i.e., mcg/min) or weighted values (i.e., mcg/kg/
min). Since its dose is tailored in the optics of a phar-
macodynamic effect —blood pressure—it is titrated to 
meet clinical targets, regardless of formulation or dosing 
scheme. However, this heterogeneity could impact the 
interpretation and exchangeability of clinical data, design 
and execution of research, and compliance with expert’s 
recommendations. Thus, homogenization and consensus 
should be sought [10, 11].

Current guidelines recommend titrating vasopres-
sors to attain an initial MAP target of 65  mmHg [1]. 
In daily practice though, clinicians frequently aim for 
higher MAP values, especially in the context of previous 
hypertension [2], despite recent data drawn from rand-
omized studies suggesting that targeting higher MAP 
levels did not impact on mortality [1]. Since the goal of 

hemodynamic resuscitation is to restore tissue perfusion, 
several physiological studies have assessed the impact 
of increasing MAP levels on microcirculatory variables, 
with a substantial heterogeneity on the response [12]. 
Thus, MAP targets individualization could be desirable, 
and testing different levels in a dynamic fashion (i.e., 
through a vasopressor test) while assessing tissue perfu-
sion trends [5] could further aid to personalize therapy. 
On the other hand, in a recent randomized-controlled 
multicenter trial, titrating vasopressors and fluids based 
on sublingual microcirculation had no impact on micro-
circulatory flow nor mortality [13]. Further research 
is needed, especially considering the heterogeneous 
response to norepinephrine on regional circulation (i.e., 
renal or splanchnic) and organ-specific perfusion pres-
sure targets.

Norepinephrine peak or accumulated dose (catecho-
lamine burden) has been used as a bedside proxy for 
clinical severity. It is part of clinical scoring systems (i.e., 
Sequential Organ Failure Assessment score), and has 
been associated with organ dysfunction and mortality 
[6, 7]. In fact, norepinephrine dose thresholds have been 
suggested to trigger the initiation of other therapies such 

Fig. 1 Cardiovascular effects of norepinephrine. *Anrep effect: autoregulatory mechanism consisting of an increase in myocardial contractility and 
stroke volume due to sustained afterload‑induced myocardial stretching. CPP coronary perfusion pressure, MSFP mean systemic filling pressure, P 
pressure, V volume, CO cardiac output, MAP mean arterial pressure



as vasopressin or steroids [1, 5, 7]. Nonetheless, clini-
cians should consider integrating it with other variables 
(such as tissue perfusion and organ dysfunction) rather 
than relying in a sole parameter when confronted with 
complex decision-making scenarios, since multiple fac-
tors, such as sedative choice and dosing, mechanical ven-
tilation, or homeostatic derangements could negatively 
impact on vasopressor requirements [5].

Take‑home message
There are still many areas of uncertainties and room for 
improvement regarding norepinephrine use. First, con-
sensus of clinical definitions is needed, such as refractory 
shock or high-dose vasopressors [14]. With the emer-
gence of novel vasoactive drugs, endeavors proposing 
equivalences between medications (catecholaminergic 
and non-catecholaminergic) could facilitate comparison 
between agents and clinical settings [11]. Future studies 
should address the optimal timing of norepinephrine ini-
tiation, dosing strategies in special populations such as 
obese patients, and vasoactive drug weaning or de-esca-
lation. Finally, the integration of closed loop-vasopressors 
infusion systems might enhance clinical practice in the 
near future [15].

In conclusion, norepinephrine is a pillar of ICU’s phar-
macological arsenal. Over the years, we have increased 
our understanding on the properties, clinical use, and 
adverse effect profile of this drug. Tackling the specific 
uncertainties in future research could translate into safer 
and better patient care.

Author details
1 Departamento de Medicina Intensiva, Facultad de Medicina, Pontificia 
Universidad Católica de Chile, Santiago, Chile. 2 Unidad de Terapia Intensiva, 
Hospital Civil Fray Antonio Alcalde, Universidad de Guadalajara. Guadalajara, 
Jalisco, México. 3 Department of Cardiology, Pulmonology and Vascular Medi‑
cine, Heinrich‑Heine‑University Duesseldorf, Medical Faculty, Moorenstraße 
5, 40225 Duesseldorf, Germany. 4 CARID (Cardiovascular Research Institute 
Düsseldorf ), Düsseldorf, Germany. 

Funding
Open Access funding enabled and organized by Projekt DEAL.

Data availability
Not applicable.

Declarations

Conflict of interest
The authors declare that they have no competing interests.

Open Access
This article is licensed under a Creative Commons Attribution‑NonCommercial 
4.0 International License, which permits any non‑commercial use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a 
link to the Creative Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included in the article’s 

Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence 
and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by‑nc/4.0/.

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

Received: 16 January 2024   Accepted: 25 February 2024

References
 1. 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(11):1181–1247. https:// doi. org/ 10. 1007/ 
s00134‑ 021‑ 06506‑y

 2. Scheeren TWL, Bakker J, De Backer D et al (2019) Current use of vasopres‑
sors in septic shock. Ann Intensive Care 9(1):20. https:// doi. org/ 10. 1186/ 
s13613‑ 019‑ 0498‑7

 3. Westfall TC, Macarthur H, Westfall DP (2023) Adrenergic agonists and 
antagonists. In: Brunton LL, Hilal‑Dandan R, Knollmann BC (eds) Good‑
man & Gilman’s: the pharmacological basis of therapeutics. McGraw‑Hill 
Education, New York, NY

 4. Beloeil H, Mazoit JX, Benhamou D, Duranteau J (2005) Norepinephrine 
kinetics and dynamics in septic shock and trauma patients. Br J Anaesth 
95:782–788. https:// doi. org/ 10. 1093/ bja/ aei259

 5. Bakker J, Kattan E, Annane D et al (2022) Current practice and evolving 
concepts in septic shock resuscitation. Intensive Care Med 48:148–163. 
https:// doi. org/ 10. 1007/ s00134‑ 021‑ 06595‑9

 6. Auchet T, Regnier MA, Girerd N, Levy B (2017) Outcome of patients with 
septic shock and high‑dose vasopressor therapy. Ann Intensive Care 
7(1):43. https:// doi. org/ 10. 1186/ s13613‑ 017‑ 0261‑x

 7. Wieruszewski PM, Khanna AK (2022) Vasopressor choice and tim‑
ing in vasodilatory shock. Crit Care 26(1):76. https:// doi. org/ 10. 1186/ 
s13054‑ 022‑ 03911‑7

 8. Stolk RF, Van Der Poll T, Angus DC et al (2016) Potentially inadvertent 
immunomodulation: norepinephrine use in sepsis. Am J Respir Crit Care 
Med 194:550–558. https:// doi. org/ 10. 1164/ rccm. 201604‑ 0862CP

 9. Yerke JR, Mireles‑Cabodevila E, Chen AY et al (2023) Peripheral admin‑
istration of norepinephrine: a prospective observational study. Chest. 
https:// doi. org/ 10. 1016/j. chest. 2023. 08. 019

 10. Wieruszewski PM, Leone M, Kaas‑Hansen BS et al (2024) Position paper 
on the reporting of norepinephrine formulations in critical care from the 
society of critical care medicine and European society of intensive care 
medicine joint task force. Crit Care Med. https:// doi. org/ 10. 1097/ CCM. 
00000 00000 006176

 11. Kotani Y, Di Gioia A, Landoni G et al (2023) An updated “norepinephrine 
equivalent” score in intensive care as a marker of shock severity. Crit Care 
27(1):29. https:// doi. org/ 10. 1186/ s13054‑ 023‑ 04322‑y

 12. Dubin A, Pozo MO, Casabella CA et al (2009) Increasing arterial blood 
pressure with norepinephrine does not improve microcirculatory blood 
flow: a prospective study. Crit Care 13:R92. https:// doi. org/ 10. 1186/ 
cc7922

 13. Bruno RR, Wollborn J, Fengler K et al (2023) Direct assessment of microcir‑
culation in shock: a randomized‑controlled multicenter study. Intensive 
Care Med 49:645–655. https:// doi. org/ 10. 1007/ s00134‑ 023‑ 07098‑5

 14. Antonucci E, Polo T, Giovini M et al (2023) Refractory septic shock 
and alternative wordings: a systematic review of literature. J Crit Care 
75:154258. https:// doi. org/ 10. 1016/j. jcrc. 2023. 154258

 15. Joosten A, Alexander B, Duranteau J et al (2019) Feasibility of closed‑loop 
titration of norepinephrine infusion in patients undergoing moderate‑
and high‑risk surgery. Br J Anaesth 123:430–438. https:// doi. org/ 10. 
1016/j. bja. 2019. 04. 064

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1007/s00134-021-06506-y
https://doi.org/10.1007/s00134-021-06506-y
https://doi.org/10.1186/s13613-019-0498-7
https://doi.org/10.1186/s13613-019-0498-7
https://doi.org/10.1093/bja/aei259
https://doi.org/10.1007/s00134-021-06595-9
https://doi.org/10.1186/s13613-017-0261-x
https://doi.org/10.1186/s13054-022-03911-7
https://doi.org/10.1186/s13054-022-03911-7
https://doi.org/10.1164/rccm.201604-0862CP
https://doi.org/10.1016/j.chest.2023.08.019
https://doi.org/10.1097/CCM.0000000000006176
https://doi.org/10.1097/CCM.0000000000006176
https://doi.org/10.1186/s13054-023-04322-y
https://doi.org/10.1186/cc7922
https://doi.org/10.1186/cc7922
https://doi.org/10.1007/s00134-023-07098-5
https://doi.org/10.1016/j.jcrc.2023.154258
https://doi.org/10.1016/j.bja.2019.04.064
https://doi.org/10.1016/j.bja.2019.04.064

	Knowing the ropes of vasopressor dosing: a focus on norepinephrine
	Pharmacological properties
	Current dosing strategies
	Take-home message
	References


