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Septic shock is defined as sepsis-induced hypotension per-
sisting despite adequate fluid resuscitation, and conse-
quently vasopressors are needed to “maintain adequate 

blood pressure (1).” Norepinephrine is currently recom-
mended as the first-choice vasopressor; epinephrine and vaso-
pressin “can be added when an additional agent is needed” 
and/or “with the intent of either raising mean arterial pres-
sure or decreasing norepinephrine dosage (1).” So far, despite 
the demonstration of beneficial effects in subgroup analyses, 
adding vasopressin to norepinephrine did not improve overall 
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survival in patients with septic shock (2), and a more recent 
pilot trial on the feasibility of using vasopressin as the initial 
vasopressor of choice was not powered to identify any effect 
on outcome (3). Given the potential deleterious side effects 
of high-dose norepinephrine (4), the search for an alternative 
is ongoing. One possible approach is using angiotensin-II, a 
physiological vasoconstrictor that has been used in small case 
series as a rescue therapy for septic shock that is unrespon-
sive to norepinephrine (5, 6). At first glance, the experimen-
tal evidence does not easily support the use of angiotensin-II 
during circulatory shock: various studies in different species 
reported that angiotensin receptor antagonists (7–9), angio-
tensin-converting enzyme inhibitors (9, 10), or recombinant 
angiotensin-converting enzyme 2, which inactivates angioten-
sin-II (11), and its cleavage product angiotensin-(1–7) (12) 
protected against endotoxin- or ischemia/reperfusion-induced 
organ injury. It must be emphasized, however, that all these 
data originate from unresuscitated shock models in animals 
presenting with a hypodynamic circulatory state characterized 
by hypotension and depressed cardiac output. Under these 
conditions, any pure vasoconstrictor may aggravate organ 
injury due to a further reduction of tissue perfusion. This 
situation is, however, in sharp contrast to the hyperdynamic 
circulatory state of septic shock presenting with hypotension 
despite aggressive fluid resuscitation: short-term infusion (4–
6 hr) in resuscitated, ovine sepsis induced by IV infusion of live 
Escherichia coli, infusing angiotensin-II (10–600 ng/kg/min) 
not only restored mean blood pressure without causing any 
deleterious effect on kidney-tissue bioenergetics as assessed 
by nuclear magnetic resonance spectroscopy of adenosine tri-
phosphate and phosphor esters (13) but also improved urine 
output and glomerular filtration rate (as assessed by creatinine 
clearance) (14). Because renal macrocirculatory blood flow was 
also decreased, this increase in creatinine clearance was most 
likely due to an increased glomerular filtration pressure result-
ing from the preferential vasoconstrictor effect of angiotensin 
on the efferent arteriole (15). This observation may assume 
particular importance when considering the use of angioten-
sin during circulatory shock: increased urine concentrations 
of the angiotensin precursor angiotensinogen were identified 
as a predictor of acute kidney injury (AKI) after cardiac sur-
gery (16). Nevertheless, the role of angiotensin-II during sep-
tic shock is far from being well understood: on the one hand, 
both E. coli and Staphylococcus aureus septicemia were associ-
ated with increased angiotensin-II blood concentrations while 
tissue angiotensin receptor expression was reduced, suggesting 
impaired angiotensin responsiveness (17). On the other hand, 
the increased angiotensin-II blood levels in patients with sep-
tic shock were directly related to microvascular dysfunction as 
assessed by near-infrared spectroscopy of postischemic thenar 
microvascular hemoglobin oxygen saturation (18).

In this issue of Critical Care Medicine, now report on 
comparing angiotensin-II with the standard treatment nor-
epinephrine during long-term, resuscitated porcine fecal peri-
tonitis-induced septic shock (19). The main result was that 
angiotensin-II was as efficient as norepinephrine in achieving 

the target blood pressure of 75–85 mm Hg, whereas variables 
of organ dysfunction did not show any significant intergroup 
difference. It should be noted, however, that the authors might 
have missed a beneficial effect of angiotensin-II due to insuf-
ficient severity of sepsis: clearly, the norepinephrine infusion 
rates were similar to those reported by other authors during 
porcine fecal peritonitis (20). However, at the end of the initial 
12-hour observation period without resuscitation, blood lactate 
levels had increased from 0.8 to 1.5 and arterial base excess had 
decreased by 5.7 mmol/L, respectively, and the rise in plasma 
creatinine (from 1.1 to 1.6 mg/dL) was moderate. Furthermore, 
a significant increase in plasma creatinine before initiation of 
resuscitation was present only in the norepinephrine-treated 
control animals. Finally, lactic acidosis disappeared until the 
end of the experiment, and AKI according to the Risk, Injury, 
Failure, Loss, End-stage renal disease criteria was present only 
in one fourth of the animals, no matter the group assignment.

A third intervention arm in the study by Corrêa et al (19) 
was dedicated to the investigation of oral pretreatment with 
enalapril initiated 1 week before induction of peritonitis. In 
this group, even three times higher norepinephrine infusion 
rates did not allow achieving the target blood pressure. At 
the end of the experiment, these animals presented with cre-
atinine blood levels twice as high as with norepinephrine and 
angiotensin-II treatment alone, finally resulting in the devel-
opment of AKI in six of eight animals of this group. This find-
ing is in good agreement with recent clinical data: Patients 
with septic shock and previous use of angiotensin-converting 
enzyme inhibitors or angiotensin receptor blockers had a two-
fold higher risk of AKI (21). Enalapril-pretreated animals also 
needed three times higher doses of fentanyl, whereas they 
required markedly less exogenous glucose supplementation 
to avoid hypoglycemia. This latter finding is particularly strik-
ing: gluconeogenesis is an energy-consuming process (22), and 
enalapril is well established to decrease the activity of complex 
I of the mitochondrial respiratory chain due to an increased 
content of uncoupling protein-2 (23). Consequently, enalapril 
can be expected to decrease rather than enhance the rate of glu-
coneogenesis (24). One can only speculate on this discrepancy, 
but the markedly higher noradrenaline infusion rates may have 
compensated any direct effect of enalapril on the endogenous 
glucose formation (22).

In summary, what do we learn from the study by Corrêa et al?  
The authors have to be commended for using a posttreat-
ment design—resuscitation measures were started only after 
hyperdynamic sepsis had developed over 12 hours without 
intervention, which, furthermore, comprised administration 
of antibiotics and protocolized hemodynamic support. Thus, 
their model fulfills all criteria of a clinically relevant model. 
Furthermore, the authors’ data are in good agreement with 
preliminary results of the ATHOS (Intravenous Angiotensin 
II for the Treatment of Severe Hypotension in High Output 
Shock) trial presented during the International Symposium 
on Intensive Care and Emergency Medicine (Brussels, March 
18–21, 2014): angiotensin-II allowed marked reduction of 
the norepinephrine infusion rates needed to achieve target 

lchawla
Highlight

lchawla
Highlight



Editorials

Critical Care Medicine www.ccmjournal.org 1963

hemodynamics in patients, although there were no appar-
ent safety concerns. Hence, the present study adds important 
information to the search of the “ideal” vasopressor that could 
replace norepinephrine for the treatment of arterial hypoten-
sion associated with septic shock.

REFERENCES
 1. Dellinger RP, Levy MM, Rhodes A, et al; Surviving Sepsis Campaign 

Guidelines Committee including the Pediatric Subgroup: Surviving 
sepsis campaign: International guidelines for management of 
severe sepsis and septic shock: 2012. Crit Care Med 2013; 
41:580–637

 2. Russell JA, Walley KR, Singer J, et al; VASST Investigators: 
Vasopressin versus norepinephrine infusion in patients with septic 
shock. N Engl J Med 2008; 358:877–887

 3. Gordon AC, Mason AJ, Perkins GD, et al: The interaction of vasopres-
sin and corticosteroids in septic shock: A pilot randomized controlled 
trial. Crit Care Med 2014; 42:1325–1333

 4. Asfar P, Meziani F, Hamel JF, et al; SEPSISPAM Investigators: High 
versus low blood-pressure target in patients with septic shock. N 
Engl J Med 2014; 370:1583–1593

 5. Thomas VL, Nielsen MS: Administration of angiotensin II in refractory 
septic shock. Crit Care Med 1991; 19:1084–1086

 6. Wray GM, Coakley JH: Severe septic shock unresponsive to nor-
adrenaline. Lancet 1995; 346:1604

 7. Tadros T, Traber DL, Heggers JP, et al: Angiotensin II inhibitor 
DuP753 attenuates burn- and endotoxin-induced gut ischemia, lipid 
peroxidation, mucosal permeability, and bacterial translocation. Ann 
Surg 2000; 231:566–576

 8. Laesser M, Oi Y, Ewert S, et al: The angiotensin II receptor blocker 
candesartan improves survival and mesenteric perfusion in an 
acute porcine endotoxin model. Acta Anaesthesiol Scand 2004; 
48:198–204

 9. Casillas-Ramirez A, Amine-Zaouali M, Massip-Salcedo M, et al: 
Inhibition of angiotensin II action protects rat steatotic livers against 
ischemia-reperfusion injury. Crit Care Med 2008; 36:1256–1266

 10. Hagiwara S, Iwasaka H, Matumoto S, et al: Effects of an angiotensin-
converting enzyme inhibitor on the inflammatory response in in vivo 
and in vitro models. Crit Care Med 2009; 37:626–633

 11. Treml B, Neu N, Kleinsasser A, et al: Recombinant angiotensin-con-
verting enzyme 2 improves pulmonary blood flow and oxygenation 

in lipopolysaccharide-induced lung injury in piglets. Crit Care Med 
2010; 38:596–601

 12. Klein N, Gembardt F, Supé S, et al: Angiotensin-(1-7) pro-
tects from experimental acute lung injury. Crit Care Med 2013; 
41:e334–e343

 13. May CN, Ishikawa K, Wan L, et al: Renal bioenergetics during early 
gram-negative mammalian sepsis and angiotensin II infusion. Intensive 
Care Med 2012; 38:886–893

 14. Wan L, Langenberg C, Bellomo R, et al: Angiotensin II in experimental 
hyperdynamic sepsis. Crit Care 2009; 13:R190

 15. Denton KM, Anderson WP, Sinniah R: Effects of angiotensin II on 
regional afferent and efferent arteriole dimensions and the glo-
merular pole. Am J Physiol Regul Integr Comp Physiol 2000; 
279:R629–R638

 16. Alge JL, Karakala N, Neely BA, et al; SAKInet Investigators: 
Association of elevated urinary concentration of renin-angiotensin 
system components and severe AKI. Clin J Am Soc Nephrol 2013; 
8:2043–2052

 17. Bucher M, Ittner KP, Hobbhahn J, et al: Downregulation of angiotensin 
II type 1 receptors during sepsis. Hypertension 2001; 38:177–182

 18. Doerschug KC, Delsing AS, Schmidt GA, et al: Renin-angiotensin 
system activation correlates with microvascular dysfunction in a pro-
spective cohort study of clinical sepsis. Crit Care 2010; 14:R24

 19. Corrêa TD, Jeger V, Pereira AJ, et al: Angiotensin II in Septic Shock: 
Effects on Tissue Perfusion, Organ Function, and Mitochondrial 
Respiration in a Porcine Model of Fecal Peritonitis. Crit Care Med 
2014; 42:e550–e559

 20. Hauser B, Barth E, Bassi G, et al: Hemodynamic, metabolic, and 
organ function effects of pure oxygen ventilation during estab-
lished fecal peritonitis-induced septic shock. Crit Care Med 2009; 
37:2465–2469

 21. Suh SH, Kim CS, Choi JS, et al: Acute kidney injury in patients with 
sepsis and septic shock: Risk factors and clinical outcomes. Yonsei 
Med J 2013; 54:965–972

 22. Barth E, Albuszies G, Baumgart K, et al: Glucose metabolism and 
catecholamines. Crit Care Med 2007; 35:S508–S518

 23. Merlin ME, Campello AP, Klüppel ML: Enalapril maleate affects 2-oxo-
glutarate metabolism in mitochondria from the rat kidney cortex. Cell 
Biochem Funct 1994; 12:21–28

 24. Piotrkowski B, Fraga CG, de Cavanagh EM: Mitochondrial func-
tion and nitric oxide metabolism are modified by enalapril treat-
ment in rat kidney. Am J Physiol Regul Integr Comp Physiol 2007; 
292:R1494–R1501

lchawla
Highlight


