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Sepsis remains a major health problem, with an estimated 
incidence of 19 million per year worldwide (1) and a 
mortality rate ranging from 15 to more than 60% (2-4), 
corresponding to an about 5.3 million of deaths per year. 

Hypotension is a hallmark of circulatory dysfunction in 
septic shock (5). Indeed, a need for vasopressors to maintain 
a mean arterial pressure (MAP) ≥65 mmHg is required to 
diagnose septic shock according to current definition (5,6).

When fluid resuscitation alone is insufficient to restore 
an adequate tissue perfusion, vasopressor administration is 
recommended. Current international guidelines recommend 
norepinephrine as first-line vasopressor agent to treat 
hypotension, while vasopressin, epinephrine, dopamine and 
phenylephrine are all considered second choices (7).

Norepinephrine is an endogenous catecholamine with 
a strong stimulating activity on α-adrenergic receptors and 
a modest on β-receptors (8). Accordingly, it has a potent 
vasoconstrictor together with a modest positive inotropic 
and chronotropic effect.

As prolonged exposure to norepinephrine (and 
catecholamines in general) may have several deleterious 
effects such as myocardial ischemia and arrhythmias (9,10), 
alternative agents have been investigated for their efficacy 
and safety as compared with norepinephrine. Several 
randomized trials comparing different vasopressors in 
septic shock has been published, showing no clear benefit 
of one agent over another, with the possible exception of 
improved survival and reduced incidence of arrhythmias 
with norepinephrine as compared with dopamine (11-13).

Dr. Vail and colleagues recently published results 
of a study investigating the effect of a 2011 national 
norepinephrine shortage in United States on outcome 
of patients admitted for septic shock during the same 
period (14). In their study, they found that the most 
frequent alternative vasopressor was phenylephrine, a pure 
α-adrenergic agonist (15). Interestingly, patients admitted to 
hospitals affected by norepinephrine shortage, had a higher 
in-hospital mortality, as compared with periods before and 
after the shortage.

Although there were some limitations intrinsic to 
the observational trials, results of this study remains 
particularly interesting because it allows to test the effect of 
a therapeutic strategy in a real-world context, i.e., outside 
the controlled conditions of a RCT (16).

These findings may have several explanations. A simple 
explanation might be that norepinephrine shortage led to a 
delay in treatment of septic shock, or to a tighter selection 
of patients who would receive norepinephrine, with 
associated worsening of outcome (17).

Another possibility is physicians’ and nurses’ lack of 
familiarity with alternative vasopressors. It is well known 
that experience is critical for good outcome of medical 
procedures (18). Experience with drug use is also crucial, 
as we can better foresight the effect of a certain dose in a 
certain condition, as well as possible side effects. On the 
contrary, use of unfamiliar drugs may lead to unexpected 
effects with possible detrimental results (i.e., excessive 
hypertension or hypotension with vasoactive medications). 
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This underline the need for novel therapeutic strategies to 
be tested in real-life setting, and the importance of large, 
multicenter, pragmatic trials. Indeed, there are several 
examples of strategies which showed positive results when 
tested in small, tightly controlled, single-center trials, while 
proved ineffective or even detrimental in large RCTs (19).

Finally, we should consider that alternative vasopressors 
have different pharmacological effects as compared with 
norepinephrine. The most frequently used vasopressor in 
Vail and colleagues’ study was phenylephrine. Phenylephrine 
is a pure α-adrenergic agonist, which increases blood 
pressure through peripheral vasoconstriction, frequently 
at the cost of a reduced cardiac output through increased 
afterload (15,20). Furthermore, experimental and clinical 
data suggests that pure α-adrenergic agonists have 
detrimental effects on regional blood flow of critical 
districts, such as renal and gastrointestinal (21,22). On the 
contrary, the effect of norepinephrine on β-receptors lead 
to an increase in cardiac output even in the face of increased 
afterload, thereby allowing to a better preservation of blood 
flow to vital organs (15,20). The study by Vail et al. does not 
provide hemodynamic data. However, we can speculate that 
target MAP remained the same throughout the shortage 
period, and was maintained with alternative vasopressors 
use. Thus, these results underline that, although MAP 
remains a critical parameter, it should not be the only 
targeted parameter when managing critically ill patients 
with shock. While maintenance of adequate MAP should 
be pursued in the early resuscitation phase, subsequent 
management should also consider additional parameters 
such as cardiac output and tissue perfusion variables (23,24).

Other alternative vasopressors used in the study by Vail  
et al. and currently recommended as alternative by guidelines 
were epinephrine, dopamine, and vasopressin (7). Meta-
analyses of RCTs suggested that dopamine is associated 
with worse outcome than norepinephrine, possibly because 
of the increased myocardial oxygen consumption due to 
the greater increase in heart rate, or cardiac arrhythmia (7).  
Epinephrine does not seem to be associated with increased 
mortality as compared with norepinephrine. However, 
there are some evidences of decreased splanchnic 
perfusion, hyperlactatemia, and increase in drug-related 
adverse events associated with epinephrine use, which is 
therefore considered a second-line agent (7). Vasopressin 
is the most attractive alternative agent, as there are 
some evidences of a possible beneficial effect on kidney 
function, though an improvement in clinical outcome has 
not been established (7). It is worth noting that, in the 

study by Vail et al., physicians working in hospitals with 
norepinephrine shortage preferred to use phenylephrine, 
instead of vasopressin. Possible explanation for this might 
be the relatively recent introduction of vasopressin as an 
alternative vasopressor, as compared with phenylephrine 
[which has been introduced in clinical practice some  
60 years ago (15)], and the fear for cardiac and mesenteric 
ischemia associated with vasopressin administration. As 
new practices may take years before becoming widespread 
adopted, it is not surprising that clinicians preferred to 
rely on an agent that was still more familiar. Regardless of 
second-line vasopressor chosen, however, study by Vail and 
colleagues highlight that, despite neutral results from RCTs, 
as of today alternative vasopressors might be not as effective 
and safe as norepinephrine.

To summarize, the study by Vail et al. allow us to draw 
several important conclusions:

(I)	 Drug shortages should be considered public health 
crises which require prompt interventions as they 
can negatively affect patients’ outcome, even when 
alternative drugs are available;

(II)	 Although available trials on vasopressors use in 
septic shock did not report differences in clinical 
outcomes, data from real-world practice suggest 
that some differences between vasopressors may 
exist outside the closed controlled environment of 
clinical trials;

(III)	 Despite search for alternative agents, norepinephrine 
remains the best vasopressor to treat hemodynamic 
derangements in septic shock and probably in others 
types of shock (25).

Public health authorities should focus on developing 
management strategies to face a drug shortage crisis, while 
the search for alternative agents should continue.

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest 
to declare.

References

1.	 Adhikari NK, Fowler RA, Bhagwanjee S, et al. Critical 
care and the global burden of critical illness in adults. 



Journal of Emergency and Critical Care Medicine, 2017 Page 3 of 3

© Journal of Emergency and Critical Care Medicine. All rights reserved. J Emerg Crit Care Med 2017;1:9jeccm.amegroups.com

Lancet 2010;376:1339-46. 
2.	 Fleischmann C, Scherag A, Adhikari NK, et al. Assessment 

of Global Incidence and Mortality of Hospital-treated 
Sepsis. Current Estimates and Limitations. Am J Respir 
Crit Care Med 2016;193:259-72.

3.	 Vincent JL, Marshall JC, Namendys-Silva SA, et al. 
Assessment of the worldwide burden of critical illness: the 
intensive care over nations (ICON) audit. Lancet Respir 
Med 2014;2:380-6. 

4.	 Auchet T, Regnier MA, Girerd N, et al. Outcome of 
patients with septic shock and high-dose vasopressor 
therapy. Ann Intensive Care 2017;7:43.

5.	 Singer M, Deutschman CS, Seymour CW, et al. The 
Third International Consensus Definitions for Sepsis and 
Septic Shock (Sepsis-3). JAMA 2016;315:801-10.

6.	 Shankar-Hari M, Phillips GS, Levy ML, et al. Developing 
a New Definition and Assessing New Clinical Criteria 
for Septic Shock: For the Third International Consensus 
Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 
2016;315:775-87.

7.	 Rhodes A, Evans LE, Alhazzani W, et al. Surviving Sepsis 
Campaign: International Guidelines for Management 
of Sepsis and Septic Shock: 2016. Intensive Care Med 
2017;43:304-77. 

8.	 Jentzer JC, Coons JC, Link CB, et al. Pharmacotherapy 
update on the use of vasopressors and inotropes in 
the intensive care unit. J Cardiovasc Pharmacol Ther 
2015;20:249-60. 

9.	 Martin C, Medam S, Antonini F, et al. Norepinephrine: 
not too much, too long. Shock 2015;44:305-9.

10.	 Andreis DT, Singer M. Catecholamines for inflammatory 
shock: a Jekyll-and-Hyde conundrum. Intensive Care Med 
2016;42:1387-97. 

11.	 Oba Y, Lone NA. Mortality benefit of vasopressor and 
inotropic agents in septic shock: a Bayesian network 
meta-analysis of randomized controlled trials. J Crit Care 
2014;29:706-10. 

12.	 Avni T, Lador A, Lev S, et al. Vasopressors for the 
Treatment of Septic Shock: Systematic Review and Meta-
Analysis. PLoS One 2015;10:e0129305. 

13.	 Belletti A, Benedetto U, Biondi-Zoccai G, et al. The 

effect of vasoactive drugs on mortality in patients with 
severe sepsis and septic shock. A network meta-analysis of 
randomized trials. J Crit Care 2017;37:91-8. 

14.	 Vail E, Gershengorn HB, Hua M, et al. Association 
Between US Norepinephrine Shortage and 
Mortality Among Patients With Septic Shock. JAMA 
2017;317:1433-42. 

15.	 Thiele RH, Nemergut EC, Lynch C 3rd. The physiologic 
implications of isolated alpha(1) adrenergic stimulation. 
Anesth Analg 2011;113:284-96. 

16.	 Zhang Z. Big data and clinical research: perspective from a 
clinician. J Thorac Dis 2014;6:1659-64. 

17.	 Beck V, Chateau D, Bryson GL, et al. Timing of 
vasopressor initiation and mortality in septic shock: a 
cohort study. Crit Care 2014;18:R97.

18.	 Birkmeyer JD, Stukel TA, Siewers AE, et al. Surgeon 
volume and operative mortality in the United States. N 
Engl J Med 2003;349:2117-27.

19.	 Baiardo Redaelli M, Landoni G, Di Sanzo S, et 
al. Interventions affecting mortality in critically ill 
and perioperative patients: A systematic review of 
contemporary trials. J Crit Care 2017;41:107-11. 

20.	 Thiele RH, Nemergut EC, Lynch C 3rd. The clinical 
implications of isolated alpha(1) adrenergic stimulation. 
Anesth Analg 2011;113:297-304. 

21.	 Funk DJ, Jacobsohn E, Kumar A. The role of venous 
return in critical illness and shock-part I: physiology. Crit 
Care Med 2013;41:255-62.

22.	 Funk DJ, Jacobsohn E, Kumar A. Role of the venous 
return in critical illness and shock: part II-shock and 
mechanical ventilation. Crit Care Med 2013;41:573-9. 

23.	 Magder S. Phenylephrine and tangible bias. Anesth Analg 
2011;113:211-3.

24.	 Saugel B, Trepte CJ, Heckel K, et al. Hemodynamic 
management of septic shock: is it time for "individualized 
goal-directed hemodynamic therapy" and for specifically 
targeting the microcirculation? Shock 2015;43:522-9. 

25.	 Møller MH, Claudius C, Junttila E, et al. Scandinavian 
SSAI clinical practice guideline on choice of first-line 
vasopressor for patients with acute circulatory failure. Acta 
Anaesthesiol Scand 2016;60:1347-66. 

doi: 10.21037/jeccm.2017.05.04
Cite this article as: Belletti A, Putzu A. Vasopressors in real-
life: are they all equivalent? J Emerg Crit Care Med 2017;1:9.


