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Abstract

tive endeavors should be performed to fill in these gaps.

Clinical and pathophysiological understanding of septic shock has progressed exponentially in the previous decades,
translating into a steady decrease in septic shock-related morbidity and mortality. Even though large randomized,
controlled trials have addressed fundamental aspects of septic shock resuscitation, many questions still exist. In this
review, we will describe the current standards of septic shock resuscitation, but the emphasis will be placed on evolv-
ing concepts in different domains such as clinical resuscitation targets, adequate use of fluids and vasoactive drugs,
refractory shock, and the use of extracorporeal therapies. Multiple research opportunities remain open, and collabora-
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Introduction

A recent review addressed current and evolving stand-
ards of care for patients with acute respiratory distress
syndrome [1], a condition where simple rules to avoid
ventilatory-induced lung injury can be recommended. In
the field of septic shock, there is a lack of solid evidence
in almost every aspect of care. Several randomized, con-
trolled trials (RCTs) have addressed the proper use and
place of the pillars of hemodynamic resuscitation such
as fluids, vasopressors, and inotropes, but no interven-
tion was associated with a significant effect on survival
[2]. This also holds true for monitoring devices as these
by themselves cannot change outcome and thus, their
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effectiveness relies on the proper use of adequate proto-
cols that deal with relevant clinical abnormalities. While
the role of new vasopressors or inotropes is still uncer-
tain, new concepts in fluid resuscitation have been slowly
introduced.

In this narrative review, we provide an update on dif-
ferent domains of septic shock resuscitation including
the devices used to monitor the effect of different inter-
ventions. The basis is current practice with emphasis on
evolving concepts in the monitoring and management of
septic shock (Fig. 1).

Current practice

Current practice, although heterogenous, mostly follows
Surviving Sepsis Campaign (SSC) guidelines [3], espe-
cially in the emergency department.

Clinical targets
Septic shock is characterized by an abnormal distribu-
tion of blood flow associated with vasodilation due to
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vasoplegia that is associated with the release of media-
tors due to the innate immune response to the infec-
tion, resulting in microvascular injury and inadequate
tissue oxygen supply and abnormal cell metabolism.
Several mechanisms may contribute to the decrease in
venous return in these conditions. Most important is
the venous pooling of blood that can be further com-
plicated by poor fluid intake or increased losses during
the early phase of illness. In addition, endothelial dam-
age resulting in a capillary leak into the interstitium
may further worsen venous return and, thus, macro-
circulatory perfusion. The presence of cardiac dysfunc-
tion (due to sepsis-related myocardial depression,
pulmonary hypertension, or a decreased myocardial
perfusion in most severe cases) may further compro-
mise hemodynamics.

The clinical picture of shock usually reveals a mixture
of hypotension (usually requiring vasopressors), altered
tissue perfusion (abnormal skin perfusion, altered men-
tation, decreased urine output), and increased lactate
levels [4]. As resolution of these clinical signs indicates
shock reversal, they may be used as resuscitation end-
points. Although lactate-based resuscitation has been
shown effective [5], the complexity of using lactate
levels and blood pressure as a target has been recently
highlighted and this general approach needs individu-
alization [6-8]. An overview of the different aspects of
hemodynamic and perfusion monitoring is presented
in Table 1.

Take-home message

Septic shock treatment standards have evolved in the past decades,
alongside with deeper physiological and clinical understanding
of the disease. In this review, we present both the current practice
and evolving concepts related to different clinical domains of septic
shock resuscitation.

Initial fluid resuscitation and fluid responsiveness

Fluid resuscitation in septic shock is an effective inter-
vention to increase venous return, and thus cardiac out-
put (CO) and oxygen transport [9]. The key element in
fluid resuscitation is the adequacy of volume and tim-
ing in combination with the monitoring of the result to
prevent fluid overload [10]. As the aim of fluid resuscita-
tion in a shock state is to reverse tissue hypoperfusion,
timely fluid resuscitation is critical. The SSC guidelines
for adults recommend to start resuscitation immedi-
ately upon recognition and suggest to use at least 30 ml/
kg to be completed within 3 h of recognition [3]. As flu-
ids should only be used in patients likely to respond with
an increase in CO (fluid responders) dynamic assess-
ment of fluid responsiveness is important [11]. As only
50-60% of the patients in the early phase of septic shock
are fluid responders [10, 12] and 25% may already be
fluid unresponsive after an initial fluid resuscitation [13],
over-treatment (and, thus, possible harm) is possible in
a significant number of patients. This recommended
dose of 30 ml/kg is only based on observational evidence
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and is controversial as individualization is warranted
where continued fluid administration might be needed
in patients with a favorable clinical and hemodynamic
response [8, 14].

Testing for fluid responsiveness is not indicated where
hypovolemia and low venous return is obvious (e.g., hem-
orrhage) and reaching a state of fluid unresponsiveness is
used as an absolute stopping point for use of fluids rather
than an endpoint of fluid resuscitation. Although assess-
ing fluid responsiveness has limitations, a recent study
in septic shock patients showed that testing for fluid
responsiveness was possible in more than 80% of patients
[13]. Three approaches have been advocated to assess
fluid responsiveness. First, actually testing the system by
infusing a given volume of fluid in a short period of time
while monitoring CO and tissue perfusion [15]. A second
approach is to assess fluid responsiveness where venous
return is potentially recruited using a physical/mechani-
cal intervention. Examples of these are the passive leg
raising (PLR) test, end-expiratory hold or increasing tidal
volume (6—8 ml/kg) in mechanically ventilated patients
or a more continuous way using stroke volume varia-
tion (SVV) or pulse pressure variation (PPV). All of these
techniques have been shown to be valuable in the right
context but still have limitations [11, 16]. Finally, echo-
derived variations in the superior vena cava represent
a more reliable method, when compared to the inferior
vena cava, with less limitations although this requires a
more invasive trans-esophageal echocardiography [17].

As the effects of the infused fluids may wear of rapidly
[18], the parameters used to assess the efficacy of the
fluid resuscitation need to be closely monitored.

Fluid unresponsiveness on the other hand could be
used to safely remove fluids in the hemodynamically sta-
ble patient [19].

Vasoactive drug use

Norepinephrine is currently the vasopressor of first
choice [3]. Administration of norepinephrine not only
increases mean arterial pressure (MAP) but also its
beta-1 adrenergic effects together with an increase in
venous return, it may increase CO and tissue perfusion
[20-23].

Dobutamine is the inotropic agent of reference in the
acutely ill patient given its clinical response and favora-
ble onset and offset of action [24]. A limited dose of
dobutamine reliably increases blood flow and microcir-
culatory perfusion, without significantly affecting arterial
pressure [25]. Current use is mostly indicated when signs
of altered tissue perfusion following fluid resuscitation
persist [3]. Although tachycardia may complicate the use
of dobutamine this usually is a marker of (relative) hypo-
volemia. Dobutamine should, thus, be avoided in patients

with evident hypovolemia as the associated vasodilation
may also induce profound hypotension.

The use of vasopressin is variable in usual practice
despite its physiological rationale. Given the distribution
of Vla receptors in the kidney, vasopressin may maintain
renal perfusion better than norepinephrine [26]. This
positive effect did not result in improved mortality in
large clinical trials although it seemed to benefit patients
with less severe shock [27, 28]. A meta-analysis showed
that vasopressin use was associated with a decrease in
the requirement for renal replacement therapy, a trend to
lower 90-day mortality, but more complications like digi-
tal ischemia [29]. Currently, it is recommended to add
vasopressin to a low-to-moderate dose of norepineph-
rine (0.25-0.5 mcg/kg min) when MAP is still inadequate
instead of using it as a first-line drug [30]. Other benefi-
cial effects expected of the use of vasopressin, that drive
clinical use, are reduced rates of tachyarrhythmias.

Evolving concepts

New potential resuscitation targets

Peripheral perfusion

The skin territory lacks auto-regulatory blood flow con-
trol and therefore, sympathetic activation impairs skin
perfusion during circulatory dysfunction, a phenomenon
that can be evaluated by peripheral perfusion assessment.
For long, indicators of abnormal peripheral perfusion
have been associated with increased morbidity and mor-
tality [31, 32]. A cold clammy skin, mottling or prolonged
capillary refill time (CRT) has been suggested as a clini-
cal trigger for fluid resuscitation in patients with septic
shock [33]. Moreover, the excellent prognosis associated
with CRT normalization, its rapid response time to fluid
loading, its relative simplicity, its availability in resource-
limited settings, and its capacity to change in parallel
with perfusion of physiologically relevant territories such
as the hepatosplanchnic region constitute strong reasons
to consider CRT as an important target for fluid resusci-
tation in septic shock patients. A recent trial found that
CRT-targeted resuscitation was associated with a lower
mortality (34.9% vs. 43.4%, p=0.06), beneficial effects
on organ dysfunction, and less intensity of treatment
[13], supported by a subsequent Bayesian analysis [34].
Although limited evidence of prospective studies is pre-
sent to date, the recent SSC guideline [3] has also adopted
the use of CRT to guide resuscitation in addition to the
other parameters of tissue perfusion. Evolving markers
of tissue perfusion/oxygenation like veno-arterial PCO,
difference and the central venous—arterial carbon dioxide
to arterial-venous oxygen content ratio, have shown an
association with outcome parameters [35, 36] but they
still lack sufficient clinical evidence of benefit when used
in early resuscitation.
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The microcirculation

Over the past decade, the sublingual microcirculatory
alterations during shock and its resuscitation have been
shown to be closely related to outcome. In addition,
parameters of microcirculatory perfusion amendable to
the optimization of tissue perfusion have been identified
[37]. The latter being the ultimate goal of resuscitation
[4]. It would, thus, be meaningful to use these parameters
as an endpoint for the use of fluids and vasoactive agents
as has been shown in various small studies confirm-
ing the beneficial effects of fluids and vasoactives (nor-
epinephrine, inotropes/inodilators and vasodilators) but
also drugs targeting the endothelium more specifically
[38]. An important element of these studies is the obser-
vation by Dubin et al. [25]. When analyzing all patients,
norepinephrine did not improve microcirculatory blood
flow; however, in patients with abnormal microcircula-
tory perfusion, norepinephrine did improve perfusion
underscoring the fact that resuscitation should be indi-
vidualized and recruitment of the microcirculation might
contain targets beyond MAP and CO [39].

From a physiological point of view, it is clear that the
hemoglobin level is an important determinant of tis-
sue oxygenation [40], much more than convective flow,
meaning that care should be taken to avoid dilutional
anemia during fluid resuscitation [41]. The recent intro-
duction of the microcirculatory parameter named tis-
sue red blood cell perfusion (tRBCp), which is based on
microcirculatory analysis and combines the diffusional
capacity and the convective capacity of red blood cell
flow and oxygen delivery in the microcirculation may
provide an effective resuscitation end point [42]. Evolving
concepts of resuscitation could, thus, be the use of blood
transfusion and vasodilating agents. However, despite
these physiological sound arguments, it is still unclear
whether these interventions affect clinically relevant out-
come measures.

Another aspect of using microcirculatory perfusion to
guide resuscitation of septic shock patients is the objec-
tive interpretation of the images. In this respect, the
availability of fast and accurate software could enhance
the use of the sublingual microcirculation at the bedside
(42, 43].

Evolving concepts in fluid resuscitation

Type of fluids

Crystalloids remain the mainstream fluid for sepsis resus-
citation. Balanced (“low chloride”) solutions are increas-
ingly used in clinical practice and may be more beneficial,
especially when started in the very early phase (emergency
department) of septic shock resuscitation [44, 45]. Several
aspects of fluid resuscitation remain unresolved and will
still evolve in the coming years. First, the effect of chloride

in the fluids administered, potentially inducing hyperchlo-
remia which can be harmful [46]. Although a recent trial
failed to find a significant benefit in favor of a balanced
solution when compared to high-chloride saline this was in
the absence of induced hyperchloremia [47].

The use of albumin in early resuscitation also remains
a topic of debate. Although the recent SSC guideline rec-
ommends using albumin when a large volume of crys-
talloids has been used during resuscitation the evidence
is moderate as no study has shown a mortality ben-
efit in one-size-fits-all studies [3]. Given the physiologic
rationale and the limited benefit shown in RCTs (lower
net fluid balance, higher blood pressure), future studies
should focus on these aspects in selected patient groups.
Besides the fluid composition other important questions
remain, including the optimal rate of infusion and the
temperature of the fluid [47].

SOSD concept

The salvage, optimization, stabilization and de-escalation
(SOSD) concept has been introduced to describe the dif-
ferent stages of shock resuscitation [48]. In the salvage
phase, the focus is on increasing blood pressure in hypo-
tensive patients using fluid resuscitation and the start of
vasopressors when the MAP or diastolic arterial pressure
(DAP) is critically low. The optimization phase is focused
on tissue perfusion and oxygen delivery. Stabilization
and de-escalation are crucial periods in which decreases
in fluid balances and weaning of vasoactive medication
should be achieved while maintaining adequate tissue
perfusion. However, studies determining how to best
guide de-escalation and the effects on outcome param-
eters are lacking.

Restrictive fluid resuscitation and timely removal of excessive
fluids

As true hypovolemia is often not present in septic shock
patients, especially in those already hospitalized, fluid
administration should be individualized, incorporating
etiology, clinical context, existence of comorbidities and
side effects, rather than using a fixed volume. Recent data
suggest that starting vasopressors simultaneously with
fluids or following a very limited fluid resuscitation is
associated with beneficial effects (Table 2) while a delayed
start has been associated with increased mortality [49].
The simultaneous start of fluids and vasopressors is asso-
ciated with the use of less fluids, a lower net fluid balance,
shortened duration of hypotension and lower incidence
of pulmonary edema and new onset arrhythmias [50—
52]. Although these possible beneficial effects did not
result in decreased mortality in a RCT [51], a systematic
review incorporating both observational and randomized
trials showed decreased short-term mortality [52]. While
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Table 2 Potential reasons for immediate (or concomitant) start of vasopressors during early resuscitation of sepsis-

related cardiovascular dysfunction

Problem Effect

Time of hypotension and outcomes
worse clinical outcomes

Low preload / low myocardial contractil-
ity

Decreased cardiac output

Low diastolic pressure Altered myocardial perfusion

Low microcirculatory driving pressure
blood flow

Altered splanchnic flow

Using a pre-defined fixed volume of

resuscitation fluids requirements

Prolonged hypotension is related with

Altered convective microcirculatory

Decreased splanchnic perfusion

Paradoxical increase in vasopressor

Setting Potential benefit of early start of vaso-
pressors
Clinical Shortening time of hypotension

Mobilization of blood volume from the
non-stressed to the stressed circulatory
compartment

Increasing myocardial contractility

Optimization of ventriculo-arterial

Clinical/experimental

coupling

Clinical Severe hypotension derived from serious
vasodilation is unlikely to be reversed by
simple fluid administration

Clinical Correcting hypotension improves micro-

circulatory blood flow

Nevertheless, increasing vasopressor dose
can derange microcirculatory blood
flow when baseline microcirculation is
already corrected

Experimental Early combination of fluids and vasopres-
sors might be superior at restoring
mesenteric blood flow and tissue oxy-
genation compared to fluid resuscita-
tion alone

Nevertheless, isolated use of vasopressors

might worsen splanchnic flow

Experimental A very early vasopressor start might
decrease subsequent need for fluid

therapy

sufficient clinical evidence favoring the early start of
vasopressors is currently lacking, the possible beneficial
hemodynamic effects should be considered in early sep-
tic shock resuscitation and warrant further interventional
studies. Fluid resuscitation based on markers of periph-
eral perfusion seems to be safe and has been associated
with a decreased net fluid balance [13, 33]. Cautious use
of fluids is warranted and constant reassessment of the
benefit/risk ratio should be part of the resuscitation pro-
tocol as rational and restrictive fluid administration may
decrease fluid overload [53].

Fluid overload can be estimated using the change
in body weight (or net fluid balance) and is frequently
associated with evidence of organ disfunction (weaning
related heart failure, organ edema, intraabdominal hyper-
tension, acute kidney injury, etc.) resulting in increased
morbidity (increased duration of mechanical ventilation
(MV) and length of stay) and mortality [54].

Removal of excess fluid following stabilization of the
patient, thus, seems rational. However, this is still an
evolving concept as guidelines on how to execute this
in clinical practice are lacking [54, 55]. Frequently used
interventions include the use of diuretics [56] or renal
replacement therapy [57]. As this may induce exces-
sive fluid removal possibly resulting in hypovolemia

and regional hypoperfusion [54] other more physiology
driven approaches are needed. The diagnosis of fluid
unresponsiveness in stabilized patients has been success-
fully used to start removal of fluids [19] and use of ultra-
sound to guide fluid removal showed improved efficiency
[58], whereas the use of continuous fluid removal, using
renal replacement therapy, has been associated with
improved outcome [57]. Given these scarce data, further
studies in both patients on continuous renal replacement
therapy or without kidney injury are warranted.

Evolving concepts in vasopressor use

Use of norepinephrine according to vasomotor tone
Decreased vasomotor tone is a common characteristic of
sepsis-related hypotension. A low diastolic blood pres-
sure (DAP) frequently indicates a state of vasodilation
and the use of the diastolic shock index (ratio between
DAP and heart rate) [59], may optimize the early use of
Vasopressors.

The coupling between the pump and the vasculature
(ventriculo-arterial coupling, VAC) assessed by the ratio
between arterial elastance (Ea) and end-systolic elastance
(Ees) [60] might be used to predict and monitor the effect
of norepinephrine on myocardial performance [12] and
VAC [21] and may detect drug-induced uncoupling [61].
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At present, these parameters require complex monitor-
ing and modeling and cannot be easily used at the bed-
side. However, the ratio between PPV and SVV reflecting
a dynamic arterial elastance (Eay,) can be obtained at
the bedside using an arterial catheter and pulse contour
analysis [62] and may help to identify patients who will
increase MAP when CO is increased by a fluid challenge
[63]. The Eagy,, may also assist weaning from vasopressor
support in the de-escalation phase [48] as it may identify
patients who tolerate weaning off norepinephrine with-
out developing hypotension [64]. Although variables of
vasomotor tone and VAC have the potential to facili-
tate adequate use of fluids and vasopressors at the bed-
side further studies are required to develop protocols on
ensuring efficacy in septic shock resuscitation.

The effects of norepinephrine also extend to the venous
circulation by increasing mean systemic filling pressure,
and thus venous return and CO [65]. The effect of nor-
epinephrine on alpha and beta adrenergic receptors in
the myocardium increases contractility facilitating the
increase in venous return.

The extent to which the increased CO and MAP also
contribute to improvement of microcirculatory perfu-
sion is variable, depending on the balance between the
improvement in organ perfusion pressure and a potential
deterioration in driving pressure at the level of the micro-
circulation. This was shown in two studies. First, the
effect of increasing MAP with norepinephrine on micro-
circulatory perfusion was dependent on the baseline state
of the microcirculation [25]. Second, the optimal MAP
varied between individuals and was independent of pre-
vious hypertension [66]. Given this variable effect of nor-
epinephrine on important elements of tissue perfusion
a challenge of the system by temporarily increasing the
norepinephrine dose to reach a higher MAP could opti-
mize resuscitation. In a RCT, subgroup analysis showed
that previously hypertensive patients might benefit from
a higher MAP [67]. This also applies to patients without
previous hypertension [25, 66]. A large study in elderly
patients (>65 years) allocated to relative hypotension
(MAP 60-65 mmHg) showed no overall significant effect
on mortality when compared to usual care but a possible
beneficial effect in a subgroup analysis of chronic hyper-
tensive patients [68]. Therefore, a higher MAP target
might not benefit all chronic hypertensive patients.

Therefore, a vasopressor test, whereby the MAP is
increased and the effect on tissue perfusion is moni-
tored (CRT, urine output, lactate, limb/cardiac ischemia,
arrhythmias, etc.), seems a logical step in the resus-
citation of patients who have not improved with ini-
tial treatment. This concept was first introduced in the
ANDROMEDA-SHOCK study in previously hyper-
tensive patients without improvement of peripheral

perfusion or decrease of lactate levels following initial
treatment targeted to a MAP of 65 mmHg [13]. Follow-
ing the results of the recent study on the effects of main-
taining a higher MAP [67] in septic shock patients, the
norepinephrine dose was increased to reach a MAP
80-85 mmHg (depending on the randomization group)
while monitoring the effect on peripheral perfusion (1 h
later) or lactate levels (2 h later). When the target was
reached the higher MAP level was maintained, if the tar-
get could not be met, the MAP was returned to baseline
level.

Although the tools used in these clinical interventions
are not new the context in which these are now increas-
ingly used in clinical practice have evolved. However, as
the effects on outcome parameters have not been estab-
lished, these are not part of current guidelines and, thus,
require further studies.

Use of vasopressin analogs in septic shock

The current use of vasopressin is mainly as an adjunct to
norepinephrine when a pre-defined dose is reached. Vas-
opressin is usually added at a pre-defined dose [3], aim-
ing to further increase MAP when required while sparing
additional adrenergic burden.

Other vasopressin analogs have been studied. Given
the relative advantages of terlipressin (greater V1a-recep-
tor selectivity) and even the possibility to use intermit-
tent bolus treatment (given the long half-life), it has been
compared to norepinephrine [69]. However, the study did
not find a difference in mortality but a higher incidence
of adverse events (30% terlipressin, 12% norepinephrine)
like digital ischemia [69]. Selepressin is an even more
selective V1a agonist than terlipressin. Its use in experi-
mental models and in a phase II randomized study was
associated with reduced fluid requirements and edema
formation [70]. These benefits did not translate into clini-
cal benefit as selepressin was similarly effective (mortal-
ity and vasopressor- and ventilator free days) compared
to placebo in a Phase 2b/3 randomized study; however,
adverse ischemic events were higher in the selepres-
sin group when compared to norepinephrine alone [71].
Currently, selepressin is not yet approved for clinical use
and given the outcome of the studies using terlipressin,
its use is currently not recommended.

Use of other vasopressors

In the renin—angiotensin—aldosterone system, angioten-
sin I (ATII) has vasoconstrictive effects. Relative defi-
ciency of ATII has been associated with worse outcomes
in septic shock. The use of ATII in septic shock increases
blood pressure and decreases the need of standard vaso-
pressors without an effect on outcome [72]. However,
as many as 30% of the patients did not respond to ATIIL
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Interestingly in a post hoc analysis, patients with acute
kidney injury requiring renal replacement therapy and
elevated renin levels had a significant mortality benefit
even if MAP did not respond to angiotensin II [73, 74].
Additional studies are required for clear recommenda-
tion on clinical use.

Methylene blue (MB) improves hemodynamics by
reducing excessive production of nitric oxide by blocking
guanylate cyclase. However, only small-sized studies have
been conducted with conflicting results; thus, its use can-
not be recommended currently [75, 76].

The use of these agents in patients requiring high-dose
adrenergic agents to maintain MAP should be further
evaluated in clinical studies.

Evolving concepts in inotrope use
Dobutamine
Cardiomyopathy in septic shock is frequently present
and whether this leads to inadequate tissue perfusion
depends on the interplay between the effect of contractil-
ity and state of vasoplegia (afterload) both induced by the
septic process [77]. The use of repeated echocardiogra-
phy combined with clinical, hemodynamic, and biologi-
cal variables is, therefore, crucial to detect, monitor and
treat septic cardiomyopathy were dobutamine is the cur-
rent recommended first-line inotrope for its treatment
[24]. A recent study using hemodynamic profiling iden-
tified characteristics of patients with septic cardiomyo-
pathy who might benefit from inotropic treatment [78].
Dobutamine benefitted 18% of these patients, charac-
terized by a low left ventricular ejection fraction (LVEF)
(<40%) and low aortic velocity time integral (VTI) as a
measure of stroke volume [78]. Effective dobutamine
treatment is characterized by improvement in clinical
status together with an increase in LVEF and VTI, and
without an increase or even a decrease in heart rate [79].
So, adequately selecting patients likely to benefit or tri-
aling dobutamine treatment and monitoring its effects
may represent a better approach and could facilitate
individualization. A recent network meta-analysis found
dobutamine to be significantly associated with reduced
mortality in patients with severe sepsis or septic shock
(OR for dobutamine vs placebo 0.30; 95% CI 0.09-0.99)
[80]. More evidence is expected from an ongoing multi-
center trial (ClinicalTrials.gov ID: NCT04166331) study-
ing the effectiveness of dobutamine in improving tissue
hypoperfusion and its associated organ dysfunctions in
patients with septic shock and septic cardiomyopathy.
Outside of the cardiac dysfunction context, improv-
ing CO may result in improved tissue perfusion. Earlier
studies have shown that adding low dose (5 mcg/kg min)
dobutamine to current treatment showed not only
improvements in macro- but also in microcirculatory

flow, the latter even being independent of the effect on
CO [81, 82]. The latter could have been related to the
vasodilatory actions of dobutamine. However, the effects
may vary and there is no single agent that has been shown
to reproducibly lead to improved macro/microvascular
flow [83, 84], and side effects may complicate the use of
dobutamine, underscoring the trialing approach [84].

This trialing approach using a limited dose of dobu-
tamine was recently introduced in septic shock patients
(similar to the vasopressor test described earlier) [13]
as an inodilator test. It involved administering a 5 mcg/
kg min infusion for a limited time (see previous descrip-
tion) after which the effect on the target parameter was
assessed. If beneficial, the infusion would be maintained.

It is clear that while dobutamine may have beneficial
effects on tissue perfusion its timing, dosing and effect on
outcome parameters in specific hemodynamic profiles in
septic shock have not yet been clarified.

Use of alternative inotropes

Calcium sensitizers (e.g., levosimendan) and phospho-
diesterase-3 inhibitors (e.g., milrinone and enoximone)
exhibit inotropic and vasodilatory effects.

In general, addition of levosimendan to standard treat-
ment without clear impairment in cardiac function is
not associated with improved morbidity or mortal-
ity even when biochemical evidence of cardiac injury is
present [85]. This underscores that manipulating cardiac
function should be triggered by a clinical problem (i.e.,
abnormal tissue perfusion) and not just by the presence
of myocardial injury or even a low CO [77] as in those
cases the side effects might outweigh any benefit. In this
context, levosimendan has been associated with a lower
likelihood of successful weaning from MV and a higher
risk of supraventricular tachyarrhythmia [85]. In addi-
tion, levosimendan does not provide clear benefit over
the use of dobutamine [86]. A theoretical advantage of
levosimendan could be in patients admitted with sepsis
in whom beta-blocker therapy contributes to the inad-
equate cardiac function.

Although experimental studies have shown possible
benefit from the use of phosphodiesterase-3 inhibitors,
clinical studies on outcomes in patients are scarce [83].
Although these might represent a typical example of an
inodilator, the long half-life and the unpredictable effects
on MAP limit its use in the already typically vasoplegic
septic shock patients.

From the current studies available, it is clear that the
use of vasopressors and inotropes in patients with septic
shock is in need of more profound evidence of indication
and benefit [87].
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The concept of adrenergic modulation

A sustained hyperadrenergic response in septic shock
and the use of adrenergic agents has been associated with
adverse hemodynamic, microcirculatory, metabolic, and
pro-inflammatory effects [88, 89]. Adrenergic modu-
lation has a favorable impact on several physiological
and clinical outcome parameters in septic shock. Dex-
medetomidine (a,-agonist) attenuates the sympathetic
response to stress, and decreases epinephrine levels with-
out adverse consequences for tissue perfusion. Experi-
mental studies have found anti-inflammatory effects and
improvement in microcirculatory flow, and exogeneous
lactate clearance [88]. Also, clinical studies have reported
faster resolution of the hyperlactatemia [90]. Recent
studies also showed that dexmedetomidine may reduce
norepinephrine requirements; however, the impact on
major outcomes has yet to be demonstrated [91, 92]. The
supporting evidence for the use of f-blockers in sepsis is
relatively weak. Experimental studies have shown favora-
ble effects on heart rate, and some hemodynamic, inflam-
matory, metabolic variables, including a decrease in
blood lactate levels [88]. The effect of esmolol on intrinsic
myocardial function and vascular responsiveness is still
controversial [93]. A clinical challenge in septic shock
patients with persistent tachycardia is to distinguish a
compensatory origin (low stroke volume) from maladap-
tive sympathetic overstimulation as in the former con-
text beta blockers could be detrimental in the former.
In the latter, beta blockers may decrease myocardial O,
consumption, increase diastolic filling and systemic flow
and improve VAC [94]. Ongoing studies try to identify

the best predictors of a favorable response to beta block-
ers. Till the results of these studies are available, the use
of beta blocker in septic shock cannot be recommended
[93].

Evolving concepts in refractory shock

Refractory septic shock is a life-threatening condition
that is best defined by a state in which escalation of
vasoactive therapy does not restore adequate tissue per-
fusion. At the bedside, this can be recognized by persis-
tent hypotension and hypoperfusion in the absence of
hypovolemia, while the patient is receiving more than
0.25 ug/kg min of norepinephrine [95]. Multiple factors
may favor the onset of refractory shock (Table 3). Timely
identification of refractory shock and the provoking fac-
tors may reduce the urge to increase vasopressors at the
risk of severe side effects that may further worsen the
clinical condition. It is important to recognize the differ-
ence between severely decreased vasopressor responsive-
ness and complications like for instance LV outflow tract
obstruction due to high vasopressor support. Therefore,
echocardiography should always accompany the diagno-
sis of refractory shock. In the absence of these complica-
tions, adjuvant therapies may benefit the patient. Various
treatments have been studied and shown variable effects.
Whilst the benefit of hydrocortisone in specific patients
has been established the role of vitamins is less clear [96,
97]. In addition, non-adrenergic vasopressors (vasopres-
sin, angiotensin 2) and drugs targeting endothelial factors
(NO-scavenger/inhibitors, MB, endothelin), have shown
clinical effects that might be beneficial but their impact

Table 3 Potential factors contributing to refractory septic shock

Factors Mechanisms

Core Temperature > 39 °C

Increase in cell metabolism and oxygen demand

Decrease in sympathetic vasomotor tone

Age >80 years

Senescent endothelial cells and vascular smooth muscle cells are associated with decreased vasomotor tone

and decreased sensitivity to alpha-agonists

Drugs
tone

Sedative drugs decrease sympathetic drive to vascular smooth muscles with subsequent decrease in vasomotor

NO-donors trigger relaxation of vascular smooth muscles

Acidosis: pH< 7.20

Acidosis is associated with impaired vascular smooth muscles metabolism and contractility and decreased

coupling of alpha-agonists to alpha receptors
Acidosis triggers adenosine triphosphate-sensitive potassium channels present in smooth muscle cells, prevent-

ing calcium entry
Hyperglycemia
Hypocalcemia

Critical illness-related corticosteroid
insufficiency OR adrenal insuf-
ficiency

Vasopressin deficiency
Thiamine, vitamin C deficiencies

Insulin resistance and decreased glucose uptake by vascular smooth muscles reduce vasomotor tone
Decreased intra-cellular calcium concentration results in decreased smooth muscles contractility

Decreased cortisol results in decreased contractility of vascular smooth muscles and in decreased coupling
between alpha-agonists and alpha-adrenergic receptors

Loss of vasopressin mediated vascular smooth muscles contractility and decreased sensitivity to alpha-agonists
Decrease in the coupling of alpha-agonists to alpha-adrenergic receptors

NO nitric oxide
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on outcome remains to be determined [98]. Other studies
have focused on individualizing treatment and identify-
ing the response to vasoactive medication and corticos-
teroids that may vary in specific patients [99-101].

Extracorporeal blood purification techniques (ECBPT)
offer a theoretical benefit of removing mediators and
establishing immune homeostasis. Many studies have
been performed (Table 4) [102-109]. However, as the
immune response in sepsis is an individual process and,
thus, cytokine profiles vary significantly between differ-
ent sepsis phenotypes, the success of ECBPT is difficult
to predict [110, 111]. In addition, adverse effects, includ-
ing inadvertent removal of nutrients, trace elements and
drugs have been reported with ECBPT [112] and the
clinical benefit from these techniques remains controver-
sial (Table 4) and requires further studies [113].

A ultimate rescue therapy for septic shock patients
with refractory LV failure could be hemodynamic sup-
port with venous-arterial extracorporeal membrane
oxygenation (VA-ECMO). A recent systematic review
and meta-analysis indicated that especially septic shock
patients with a very low LVEF might benefit [114].

Many treatments listed in this section lack sufficient
clinical evidence and so general recommendations can-
not be made. The use of these treatments should, thus,
be individualized in which careful consideration should
be given to the problem at hand in relation to the likeli-
hood of benefit and harm of the intervention.

Conclusions

In this review, we have discussed current practice and
evolving concepts in septic shock resuscitation. While
the pillars of hemodynamic resuscitation have not
changed in general, there is new information on how to
optimize fluid administration and the use of vasoactive
drugs. The lack of solid evidence in all fields is of grow-
ing concern, and this precludes to make strong recom-
mendations for most interventions.

A broad research agenda focusing on individualiza-
tion and phenotyping of septic shock patients using
combined efforts of the different excellence groups is,
therefore, imperative.
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