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Learning Objectives
In this chapter, students will:

 5 Understand the potential benefits and harm of increasing blood pressure.
 5 Learn the knowledge regarding low- and high-pressure threshold according to what 

is known from the literature.
 5 Understand the prerequisites and the difficulties of an individual approach for blood 

pressure targets.

29.1   Introduction

Circulatory shock is defined as the imbalance between oxygen delivery and demand and 
may be associated with systemic arterial hypotension (systolic arterial pressure less than 
90 mm Hg or mean arterial pressure less than 70 mm Hg), clinical signs of hypoperfusion, 
and increase in arterial lactate [1]. Physiologically, cardiac output and systemic arterial 
pressures are pulsatile. The physiological role of the arterial bed is to demodulate the pul-
satile flow via resistive arteries and to decrease arterial blood pressure in order to perfuse 
capillaries with the lowest acceptable intraluminal pressure. The adequacy of peripheral 
perfusion blood pressure and the microcirculatory blood flow is maintained only within 
the range of physiological mean arterial pressure. When MAP decreases below a critical 
threshold value, organ blood flow becomes dependent from perfusion pressure. This leads 
to organ hypoperfusion and then to organ dysfunction and ultimately to organ failure. 
Some organs (heart, brain, and kidneys) have an adaptive mechanism to blood pressure 
variations called autoregulation. Autoregulation is the ability of organs to keep the blood 
flow rate constant entering the organ, no matter what the perfusion pressure is, over a 
range of values that is the “autoregulation range” [2]. The autoregulation relationship is 
presented in . Fig. 29.1. Autoregulation threshold values vary among organs as well as 
between individuals [3–5], for example, kidney circulation has the highest autoregula-
tion threshold values [3]. In addition, autoregulation thresholds differ in accordance with 
patient’s comorbidities, especially in case of chronic hypertension.

It must be emphasized that a low systemic pressure is associated with decreased 
microcirculatory blood flow and that the correction of MAP does not necessarily improve 
microcirculatory blood flow, as many other mechanisms are involved in the microcircula-
tory blood flow dysfunction (endothelial dysfunction, impaired inter-cell communica-
tion, altered glycocalyx, adhesion and rolling of white blood cells as well as platelets, and 
altered red blood cell deformability) [6].

The determinants of MAP are cardiac output, systemic arterial resistance, and venous 
return. During shock, one or more of these determinants fail, and MAP decreases when 
physiological compensatory mechanisms are overwhelmed. MAP is commonly accepted 
as a surrogate of organ perfusion pressures and is therefore a main target for hemody-
namic resuscitation. To increase MAP and obtain the target MAP, fluids (in shock states 
with decreased venous return) and vasopressors are required. Norepinephrine is the first 
recommended vasoactive drug and stimulates alpha- and beta-receptors. Consequently, 
norepinephrine increases both systemic vascular resistances and cardiac output. A high 
target of MAP requires a higher load of vasopressor drug and may induce excessive arte-
rial systemic vasoconstriction, which in turn may induce organ ischemia.

Consequently, the main challenge for the clinician driving the early hemodynamic 
resuscitation phase of patients with shock is to set the vasopressor infusion rate to target 
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MAP within the adequate pressure range to avoid from one hand a low perfusion pressure 
and, from the other hand, excessive vasoconstriction and other side effects due to vasoac-
tive drug such as arrhythmias.

Currently, for resuscitation of hemorrhagic shock, there is no available data support-
ing specific blood pressure targets as stated by the recommendations [7, 8]. The only 
randomized controlled trial focusing on systolic arterial pressure in patients with hemor-
rhagic shock and without traumatic brain injuries aimed at comparing early aggressive 
fluid resuscitation to maintain systolic blood pressure above 100 mm Hg versus delayed 
fluid administration with permissive low systolic blood pressure until bleeding control. 
The aggressive fluid resuscitation strategy was associated with higher mortality rate [9]. 
Therefore, the European guidelines suggest to tolerate a lower level of blood pressure in 
patients with uncontrolled bleeding without severe head injury with a recommendation of 
weak level with low quality of evidence [8].

In the setting of cardiogenic shock, it should be underlined that currently, no clinical 
studies so far have attempted to assess the optimal blood pressure level [8, 10]. This may 
explain the absence of formal recommendations.

Therefore, in this chapter, we will focus on the blood pressure targets in the initial 
resuscitation of patients with septic shock.

29.2   MAP Target in the Initial Stabilization: 
Is There a Low Threshold?

Many retrospective, observational, and interventional studies investigated whether a spe-
cific MAP level was associated with main outcomes such as mortality and/or acute kidney 
injury.

Organ Blood Flow

Patients without
chronic hypertension

Patients with
chronic hypertension

A B

MAP

       . Fig. 29.1 MAP, mean arterial pressure; A, lower critical value of MAP; B, higher critical value of 
MAP. The autoregulation zone is between the vertical lines. When MAP fall under a critical perfusion pres-
sure (point A), organ blood flow becomes dependent on pressure level, and this relationship was reported 
in the heart, brain, and kidney [2–4]. On the right side of the autoregulation zone, organ blood flow is 
dependent on pressure level and was reported in the brain circulation [5]. In case of chronic hypertension, 
the relationship between MAP and blood flow is right-shifted, as presented with the black arrow [5]
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29.2.1   Relationship Between Low MAP Threshold and Mortality

In a retrospective study based on continuous MAP recordings during the first 48 hours 
of resuscitation in patients with septic shock, Varpula et al. reported that the threshold of 
65 mm Hg was the best to predict mortality at day 30. The longer the time spent below this 
threshold, the higher was the mortality rate [11]. Similarly, in another retrospective study 
based on the same design, the mortality rate at day 28 was higher when MAP was below 
threshold of 60 mm Hg. Interestingly, there was a linear relationship between the time 
spent below this threshold Hg and mortality rate [12]. In contrast, targeting a MAP value 
of 70 mm Hg or higher was not associated with improved survival [13].

To assess whether increasing MAP target improves survival, a multicenter randomized 
controlled trial (SEPSISPAM trial) compared a MAP target of 65–70  mmHg (low-target 
group) with that of 80–85 mmHg (high-target group). This pragmatic study failed to show any 
mortality difference between the two groups at day 28 (primary endpoint) and at day 90 [14].

In the randomized controlled OVATION pilot trial [15], target MAP of 60–65 mmHg 
was compared to a target MAP of 75–80 mmHg with no difference in mortality at day 28. 
Interestingly, in the subgroup of patients aged 75 years and older, a lower MAP target was 
associated with reduced mortality.

29.2.2   Relationship Between Low MAP Threshold 
and Kidney Function

In the literature, the impact of MAP target on organ function has been studied only 
through the evaluation of kidney function. A retrospective study suggests that a higher 
MAP target could be mandatory to prevent acute kidney injury (AKI) occurrence [12].

The impact of MAP level in the first hours of resuscitation regarding kidney failure 
occurrence is a key point. Two observational studies reported that in patients with septic 
shock with early AKI, those who experienced persistent or worsened AKI had lower MAP 
during their initial hemodynamic management [16, 17].

Three prospective studies, all only recruiting a small number of patients, have tested 
the effects on renal function of incremental thresholds of MAP, achieved by increasing 
norepinephrine infusion. MAP was increased from 65 to 75 and then 85 mm Hg. None 
of these studies demonstrated any beneficial effect on renal function. It should be noticed 
that in these studies, the timing of the intervention was not mentioned and, hence, delayed 
intervention after initial stabilization cannot be ruled out (fluids administration and vaso-
pressors infusion) [18–20]. The results of these studies are presented in . Table 29.1.

The incidence of renal failure was a secondary outcome in the SEPSISPAM trial. There 
was no difference in renal outcomes (renal replacement therapy requirement, doubling in 
serum creatinine level) between the low- and high-target groups [14]. In the predefined sub-
group of chronic hypertensive patients, the high-target group required less renal replacement 
therapy as compared with low-pressure target patients. Conversely to the abovementioned 
short-term studies, SEPSISPAM trial recruited patients very early within the 6 first hours 
after initiation of norepinephrine infusion. This may have favorably impacted the renal fail-
ure and may suggest a reversibility part of renal dysfunction in the early phase of septic shock.
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29.3   MAP Target in the Initial Stabilization: 
Is There a High Threshold?

An accurate analysis of the randomized controlled trials, where MAP was reported in 
patients with septic shock, shows that MAP raised up to 80 mm Hg in studies aimed at 
comparing vasoactive drugs in patients with septic shock (CATS, comparison of epi-
nephrine versus the association of dobutamine and norepinephrine [21]; VASST, com-
parison of vasopressin versus norepinephrine [22]; SOAP 2, comparison of dopamine 
versus norepinephrine [23]). None of these studies reported excessive incidence of isch-
emic events.

Conversely in 2004, Lopez et al. reported the results of a randomized controlled trial 
aimed at comparing L-NMMA, a nitric oxide synthase inhibitor, versus norepinephrine, 
in patients with septic shock. The trial was stopped prematurely for excess in mortality 
in L-NMMA-treated patients. Interestingly, patients treated with L-NMMA had a higher 
MAP, and 25% of the patients even had MAP values higher than 90 mm Hg. Whether the 
higher mortality rate was related to the high MAP level and/or the drug per se remained 
open.

The direct comparison of two levels of MAP in patients with septic shock in the 
SEPSISPAM and OVATION trials did not report a significant benefit in favor of the higher 
MAP targets. In contrast, increasing MAP in patients with septic shock was associated 
with significantly more frequent arrhythmias, e.g., new onset atrial fibrillation. In turn, 
de novo atrial fibrillation was reported to be associated with higher mortality in patients 
with severe sepsis [24]. In that study, Walkey et al. assessed the impact of new onset atrial 
fibrillation in the setting of severe sepsis: on the 49,082 septic patients included in this 
study, new onset atrial fibrillation occurred in 5.9% of patients and was associated with 
significantly higher mortality (56% versus 36%).

       . Table 29.1 Prospective studies assessing the effects of an increase in MAP on kidney function

Study Patients (n) Target MAP 
(mm Hg)

Experi-
mentation 
duration 
(hours)

Creati-
nine 
clearance

Urine 
output

Renal 
resistive 
index

Ledoux 
[19]

10 Incremental 
increase in 
MAP from 65, 
75, 85 mm hg

3*1 h45 NA No 
change

NA

Bourgoin 
[20]

2×14 65 versus 
85 mm hg in 
two groups

8 h No 
change

No 
change

NA

Deruddre 
[18]

11 Incremental 
increase in 
MAP from 65, 
75, 85 mm hg

3*2 h No 
change

65->75: ↑
75->85: 
No 
change

65->75: ↓
75->85: 
No 
change
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29.4   MAP Target in the Initial Stabilization: 
An Individual Approach for MAP Target?

The recent version of the surviving Sepsis campaign guidelines recommends adaptating 
MAP target to the patient’s condition, using an individualized approach [8, 25]. However, 
in the daily life, this approach may be challenging for clinicians.

First, outside the intensive care unit setting, the SPRINT randomized controlled trial 
compared a maximal target of 120 mmHg (intensive treatment) for systolic arterial pres-
sure (SAP) with that of a target of 140 mmHg (standard treatment) in nondiabetic patients 
with cardiovascular comorbidities. The primary outcome was a composite of significant 
cardiovascular events (myocardial infarction, stroke, heart failure, and/or death from 
 cardiovascular causes). Albeit the primary composite outcome and mortality were lower 
in the intensive treatment group, serious adverse events were significantly more frequent 
in these patients, and especially AKI occurred more frequently [26]. Outside the intensive 
care unit, lowering blood pressure is apparently beneficial when regarding cardiovascular 
outcome and mortality, but this therapeutic strategy remains at risk for renal function. 
Altogether, the results of the SPRINT and SEPSISPAM trials suggest that kidney function 
may benefit from higher range of blood pressure in patients with chronic hypertension. 
Nevertheless, a “kidney-centered” resuscitation should be balanced with side effects such 
as arrhythmias as well as survival outcome related to the timing of norepinephrine infu-
sion. Indeed, the most recent individual patient data meta-analysis showed that increasing 
MAP after 6  h of norepinephrine infusion start was associated with significant higher 
mortality rates and thus confirmed the significantly higher rate of cardiac side effects in 
the high MAP target group [27].

Hence, the individualization of blood pressure targets is complex. Age [15], chronic 
hypertension [14], and delay of vasopressor start [27] have been reported to impact mor-
tality and renal outcomes. These clinical features should be balanced with the risk of new 
onset arrhythmias (please refer to . Table 29.2).

 5 At the initial phase of hemodynamic management in patients with septic shock, 
according to available data as well as the most recent guidelines, a MAP target of 
65 mm Hg is recommended [8, 25].

 5 In particular situation, e.g., chronic hypertension, a higher MAP target could be 
considered but requires a higher vasopressor load which may be associated with 
cardiovascular side effects. Therefore, increasing MAP target above 65 mm Hg must 
be cautiously weighted.

       . Table 29.2 Impact of high MAP target according to patients and clinical situation characteristics

Baseline characteristics reported to impact 
outcomes

Effect of high MAP target

Age over 75 years Increase in mortality [15]

Chronic hypertension Reduction of renal failure [14]

Start of vasopressors >6 h Increase in mortality [27]

Side effects Higher rate of cardiac arrhythmias [14, 15]
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 Conclusion
To date, blood pressure target remains a controversial subject during the initial resuscita-
tion of patients with septic shock. A MAP target of 65  mm Hg is recommended. Some 
patients may benefit from higher targets, but such increases in MAP may be associated with 
a higher vasopressor load and more frequent cardiac side effects.
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