
In the previous issue of Critical Care, Corrêa and 

colleagues [1] reported on the eff ects of diff erent target 

blood pressures during long-term, resuscitated porcine 

septic shock. Twelve hours after induction of peritonitis 

by inoculation of autologous feces into the abdominal 

cavity, animals were randomly assigned to a control 

group without resuscitation or to treatment groups with 

resuscitation with crystalloid and colloid fl uids together 

with norepi neph rine targeting a mean arterial pressure 

(MAP) of either 50 to 60  mm  Hg (‘low-MAP’) or 75 to 

85  mm  Hg (‘high-MAP’). Whereas all control animals 

died within the fi rst 30 hours, 7 out of 8 animals survived 

in each treatment group at 48  hours after induction of 

sepsis. Th e high-MAP group had higher requirements for 

fl uid and, parti cu larly, norepinephrine, whereas low-

MAP animals pre sented with a higher incidence of acute 

kidney injury (AKI).

Although MAP is a cornerstone of the hemodynamic 

management of patients with septic shock, its optimal 

target value is still unknown. Clearly, prolonged phases of 

hypotension (MAP of less than 60 mm Hg) are associated 

with increased mortality [2,3], and early goal-directed 

therapy-related improved survival coincided with a higher 

MAP [4]. Nevertheless, an upper threshold has not been 

identifi ed: increasing MAP to greater than 70 mm Hg at 

the expense of a higher vasopressor load coincided with 

increased mortality in a retrospective analysis [5]. 

However, in various pros pective trials, no signs of 

excessive vasoconstriction were detected, although MAP 

values were frequently higher than recommended targets 

[6,7]. Moreover, the pros pective studies investigating the 

eff ects of MAP incre ments (from 60 to 90  mm  Hg) on 

various outcomes, including renal function, studied only 

small numbers of already hemodynamically stabilized 

patients (10 and 28 patients) over short periods of time 

(105 minutes and 4 hours per MAP level) and reported 

no changes in kidney function [8,9].

What do we learn from the study by Corrêa and 

colleagues? First of all, the authors have to be commended 

for using an experimental design that nicely fulfi lls the 

criteria of a clinically relevant model, namely (a) lacking 

resuscitation led to 100% mortality, (b)  treatment began 

12  hours after the initial aggression, and (c)  included 

antibiotics, protocol-guided mechanical ventilation, fl uid 

resuscitation, and vasopressor treatment. Clearly, the 

higher incidence of AKI in the low-MAP group agrees 

well with observational data in patients: Dünser and 

colleagues [3] observed a direct relation between plasma 

creatinine and the ‘hourly blood pressure time integral’, 

and Badin and colleagues [10] reported decreased AKI at 

72 hours with a MAP of at least 72 mm Hg, when septic 

shock patients already had AKI at 6 hours after inclusion 

in the study. Hence, although long-term renal eff ects of 
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higher MAP remain unknown, the low MAP-related 

kidney dysfunction is an important fi nding, particularly 

given the strong association between AKI and poor 

outcome [11].

Nevertheless, the study cannot defi nitely answer the 

question of the optimal target MAP in septic shock. As in 

most experimental models, the pigs studied were young 

and ‘healthy’ before the experiment, which is not the case 

for adult patients admitted for septic shock in intensive 

care units. Consequently, the optimal MAP derived from 

such experiments may diff er markedly from the level 

needed in old patients with comorbidities. Clinical set-

tings require a more subtle balance, especially in patients 

with arterial hypertension or chronic kidney disease or 

both. It is well known that, in non-septic conditions, 

hypertension-related histological changes in the small 

arteries of the kidney alter renal autoregulation. Th e renal 

autoregulatory threshold (that is, the threshold MAP, 

below which renal blood fl ow becomes directly related to 

perfusion pressure) is higher in spontaneously hyper-

tensive rats than in healthy controls [12]. Moreover, 

during sepsis, little is known about the renal autoregu-

latory threshold, and, fi nally, we must keep in mind that 

autoregulatory thresholds may diff er between organs 

[13]. Any benefi cial eff ect of high MAP on the kidney 

may coincide with harmful eff ects in other organs with 

lower autoregulatory threshold (for example, the brain 

and heart).

What is the ‘take home message’ on the relation 

between blood pressure and sepsis-induced kidney dys-

function? Clearly, Corrêa and colleagues demonstrated 

that low-MAP levels were associated with a higher 

incidence of AKI, even under conditions of a sustained 

increase in cardiac output. However, the link between 

MAP level and kidney function is probably more complex 

than usually considered. On the one hand, Di Gianto-

masso and colleagues [14] reported that renal failure 

occurred in hypotensive ewes with sepsis despite 

increased kidney blood fl ow. On the other hand, Benes 

and colleagues [15] elegantly showed that AKI developed 

in septic pigs despite well-maintained hyperdynamic and 

normotensive hemodynamics and that this was most 

likely because of systemic infl ammation and oxidative 

stress. Of note, in that study, MAP was close to the values 

of the high-MAP group in the present study.

Furthermore, although this study was not designed to 

answer this question, Corrêa and colleagues raised the 

issue of the specifi c eff ect of norepinephrine. Th e conse-

quences of the systemic eff ect of norepinephrine (that is, 

maintaining an elevated MAP level) cannot be distin-

guished from its specifi c intrarenal eff ect (that is, similar 

vasoconstrictive action on both aff erent and eff erent 

arterioles) [16]. Moreover, this study does not address the 

question of whether higher MAP level (or higher 

norepinephrine doses) could also decrease histo logical 

injury severity or only improve renal function.

Finally, even in the low-MAP group, severity of shock 

was moderate (lactate levels did not increase in 

comparison with baseline, and the arterial base excess 

decreased to approximately 1 to 2  mmol/L), and only 1 

out of 8 animals developed AKI stage 2 (increase in blood 

creatinine between 2 and 3 times). Unfortunately, as the 

authors do not report plasma protein or total hemoglobin 

content, any dilution eff ect of the higher amount of fl uid 

resuscitation on creatinine concentra tions could not be 

assessed in the high-MAP group. Th e lacking hemoglobin 

data leave the reader with another open question: 

according to the protocol, dobutamine was infused if the 

mixed venous oxygen saturation (SvO
2
) was less than 

50%. Strikingly, baseline SvO
2
 values were only 48% and 

50% in the two treatment arms, respectively, despite a 

stroke volume within the normal range. Th us, a 

contribution of pre-existing anemia cannot be excluded.

In conclusion, this elegant study adds an important 

brick in the wall. It nicely demonstrates that early hemo-

dynamic intervention on MAP may attenuate the occur-

rence of AKI solely by increasing renal perfusion 

pressure. Th e direct translation to clinical practice is 

diffi  cult because of the limitations acknowledged by the 

authors. In patients with septic shock, the SEPSISPAM 

trial (ClinicalTrial.gov NCT01149278), which has com-

pleted recruitment, will most likely answer some of the 

questions raised by the study by Corrêa and colleagues.
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