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1. Background

The pathophysiology of septic shock is complex and can include
mediator-induced vasodilation, increased capillary permeability, and
impaired cardiac function due to septic cardiomyopathy.

Arterial blood pressure plays a central role in both the diagnosis and
themanagement of septic shock. Hypotension requiring vasopressors to
maintain a mean arterial pressure (MAP) of ≥65 mmHg (in addition to
having a serum lactate level N2 mmol/L) after adequate fluid resuscita-
tion is currently used to identify patients with septic shock [1]. For the
treatment of patients with septic shock, the Surviving Sepsis Campaign
Guidelines recommend initially targeting a MAP of at least 65 mmHg
and then adjusting the target to the individual patient [2].

It can be argued that organ perfusion may be maintained at MAP
values markedly below 65 mmHg suggesting a “paradigm shift” in the
hemodynamic management of septic shock by accepting low blood
pressures and reversing organ hypoperfusion by increasing cardiac
output.

In contrast, we take the stand for targeting a safe MAP, at
least 65 mmHg. We agree that restoring tissue perfusion is of key
importance in the treatment of septic shockbutwe argue thatmaintain-
ing perfusion pressure to the organs is an important part of this
approach.

First of all, it is crucial to emphasize that managing patients with
septic shock by no means requires a decision to optimize either blood
pressure or blood flow. Blood pressure and blood flow are inherently
coupled physiologically and mathematically and need to be optimized
in parallel! Simultaneously restoring both adequate organ perfusion
pressure and oxygen delivery (that is essentially determined by blood
flow) is of pivotal importance during the resuscitation of patients with
septic shock.

Only some organs – such as the brain, heart, and kidneys – can
autoregulate their blood flow according to their metabolic demands in-
dependently fromperfusion pressure [3]. However, these autoregulatory
mechanisms only work within certain blood pressure ranges and the
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lower limits of bloodflow autoregulation can bemarkedly altered in sep-
sis [3]. In other organ systems, organ perfusion always almost exclusively
depends on perfusion pressure, i.e. the difference between the inflow
pressure and the organ specific outflow pressure [3]. These organs with
weak autoregulation include most splanchnic organs such as the stom-
ach, small intestine, colon, liver, and pancreas [3]. Therefore, in patients
with septic shock, blood flow autoregulation provides only limited pro-
tection against hypotension-induced hypoperfusion. MAP, as the main
determinant of perfusion pressure, must not be neglected. This is espe-
cially true, if the organ specific outflow pressure is increased, e.g., in pa-
tients with abdominal hypertension.

There is increasing evidence that hypotension is associated with ad-
verse outcomes in patientswith septic shock. In 8782 septic patients the
odds for in-hospital mortality, acute kidney injury, and myocardial in-
jury increased for every one unit increase in time-weighted average
MAP b65mmHg [4]. Another retrospective analysis showed that the du-
ration and severity of hypotension were independently associated with
mortality in 5347 patients with distributive shock [5].

In addition, it has been shown that restoration or maintenance of
arterial blood pressure can improve outcome. Timely restoration of a
minimal MAP of 65 mmHg was associated with a higher urine output,
more rapid lactate decrease, and a trend towards improved outcomes
in a recent randomized trial [6]. In septic shock, increasing MAP from
very low values to values higher than 65 mmHg not only increases per-
fusion pressure but may also have other beneficial effects on cardiovas-
cular dynamics. In patients with preload dependency but preserved
myocardial function, increasingMAP using norepinephrine can increase
blood flow despite an increased afterload [7]. This is due to a
venoconstriction-induced increase in mean systemic filling pressure
and cardiac preload (redistribution of blood fromunstressed to stressed
volume) and consequently stroke volume. In addition, increasing MAP
using norepinephrine may also – independently from increasing pre-
load – increase contractility [8] probably due to a combination of direct
beta-adrenergic activity and an increase in coronary artery perfusion
pressure due to an increase in diastolic arterial pressure. Moreover, in-
creasing MAP may improve ventriculo-arterial coupling [8,9]. In small
interventional studies, increasing MAP to targets higher than
65 mmHg not only increased cardiac output but also tissue perfusion
variables [10]. However, there are contradicting data on the impact of
increasingMAP to values higher than 65mmHg on themicrocirculation
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[11,12]. Themost important finding of these studies was that there was
a variable optimal MAP level for the microcirculation among different
patients [11,12].

Therefore, the optimal MAP target value in patients with septic
shock should probably be personalized to the individual patient and
the clinical situation because of a substantial inter- and intra-patient
heterogeneity of normal blood pressure and perfusion pressure de-
mands [3]. In patients with a history of chronic arterial hypertension,
higherMAP valuesmight be necessary to ensure that the blood pressure
is above the lower limit of blood flow autoregulation [3]. In a multicen-
ter randomized controlled trial on MAP targets in patients with septic
shock, targeting a MAP of 80–85 mmHg – as compared with
65–70 mmHg – did not result in significant differences in mortality
[13]. However, in the subgroup of patients with chronic arterial hyper-
tension, targeting a MAP of 80–85 mmHg was associated with a lower
incidence of acute kidney injury and the need for renal replacement
therapy [13]. In the totality of patients, targeting higher MAP was asso-
ciated with a higher incidence of new-onset atrial fibrillation [13]. In a
post-hoc analysis, it was also demonstrated that patients randomized
to the higher MAP threshold had better short-term neurological score
than patients in the low MAP threshold group [14]. This suggests that
accepting lowMAPmay be associated with neurologic sequelae. In sep-
tic shock patients with chronic hypertension, the sublingual microvas-
cular flow index was significantly higher when the MAP was targeted
to the usual MAP (on average 93 mmHg) than when the MAP was
targeted to 65 mmHg [15]. The Surviving Sepsis Campaign Guidelines
emphasize that after initially targeting a MAP of at least 65 mmHg
“when a better understanding of any patient's condition is obtained
this target should be individualized” [2]. In line, the consensus on circu-
latory shock of European Society of Intensive Care Medicine recom-
mends individualizing the target MAP (after initially targeting a MAP
of 65 mmHg) and considering higher MAP targets in septic patients
who improve with higher blood pressure [16].

An important question is whether individualizing MAP with higher
targets should be restricted to patients with chronic arterial hyperten-
sion. In previously healthy animals with induced experimental septic
shock, the renal function of animals randomized to a higher MAP
(76±17mmHg)was better preserved than that of animals randomized
to a lowerMAP (56± 13mmHg) [17]. An improvement in microvascu-
lar perfusion with norepinephrine was similarly observed in previously
normotensive as well as in previously hypertensive septic shock pa-
tients [18]. Similarly, the improved brain function in the SEPSISPAM
trial was not restricted to previously hypertensive patients [14].
Altogether, this suggests that considering MAP targets higher than
65 mmHg should not be restricted to patients with previous
hypertension.

The beneficial effects of targetingMAP values higher than 65 mmHg
in patients with septic shock need to be balanced against the risks of
higher vasopressor doses. Norepinephrine is recognized as the first-
line vasopressor for these patients [2,19]. High norepinephrine doses
may lead to excessive vasoconstriction and adrenergic stress and
might contribute to an increased risk of death. Hence, in the context of
individualizing MAP, performing MAP challenges should be considered
[20]. It consists in evaluating the effects of increasing MAP to a higher
target level together with the evaluation of indices of tissue perfusion.
If increasing MAP fails to improve the variables reflecting tissue perfu-
sion, MAP targets should return to baseline MAP values at the end of
the test. It has been proposed that these MAP challenges should be
performed only after optimization of fluid management and cardiac
function [21].

In summary, the hemodynamic management of patients with septic
shock needs to comprise an optimization of blood flow and adequate
organ perfusion pressure. Therefore, we need to target a safe MAP, at
least 65 mmHg, especially when cerebral and kidney perfusion cannot
be easily monitored, while some patients may even require higher
MAP values.
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