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1.1  Introduction

Shock was recently defined, by a taskforce of the European Society of Intensive 
Care, as a life-threatening, generalized form of acute circulatory failure associated 
with inadequate oxygen utilization by the cells [1]. In this state, the circulation is 
unable to deliver sufficient oxygen to meet the demands of the tissues, resulting in 
cellular dysfunction. The result is cellular dysoxia, i.e., the loss of the physiological 
independence between oxygen delivery and oxygen consumption, associated with 
increased lactate levels [1]. Septic shock would thus represent this syndrome in the 
presence of an acute infection.

In older definitions, much more significance was given to the frequently present 
clinical symptoms in order to facilitate recognition. In the 1992 consensus definition 
by an American College of Chest Physicians and Society of Critical Care Medicine 
consensus conference, both included both volume-refractory hypotension and 
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perfusion abnormalities as obligatory components of a septic shock definition [2]. 
Over the last decade, an even simpler definition has been used, relying mainly on 
vasopressor requirements [3]. In this definition, perfusion abnormalities were not 
required for the diagnosis of septic shock. More recently, the Sepsis-3 conference 
defined septic shock as the combination of hypotension and hyperlactatemia in a 
patient with infection [4] while disregarding other markers of circulatory dysfunc-
tion such as peripheral perfusion abnormalities that were incorporated in the defini-
tion of shock by the European Society Task Force [1]. In the Sepsis-3 definition, 
increased lactate levels in the absence of hypotension do not classify as septic shock.

The purpose of this chapter is to provide a holistic integrative view of perfusion 
monitoring and treatment based on the pathophysiological definition that includes 
macrohemodynamic and microcirculatory symptoms and their relation to tissue 
dysoxia in septic shock [1].

1.2  Holistic View

In the diagnosis of the condition of a critically ill patient, physical exam still has an 
important place [5] even though some argue that correction of vital signs prevails 
detailed physical examination [6] and others even think it could be abandoned [7]. 
A simple assessment of pelvic instability in trauma patients [8], subjective assess-
ment of the peripheral temperature of an ICU patient’s skin [9], or even simple 
assessment of the extent of skin discoloration in septic shock patients [10] reveal 
important prognostic information. In addition, simple physical exam can even accu-
rately distinguish different categories of shock [11]. On an even more holistic view, 
an uneasy feeling about the condition of a patient may already contribute the ulti-
mate morbidity and mortality in trauma patients [12].

In the old days, clinical observation was even more important and treatment lim-
ited. In traditional Chinese medicine, stasis/stagnation, deficiency, and collapse are 
important characteristics of the important concepts of energy (Qi), blood, and Yin 
and Yang. Although the assessment of these concepts doesn’t easily translate to 
modern intensive care medicine, the principles are frequently observed in critically 
ill patients.

A Qi deficiency may be characterized by lethargy, weakness, and sweating, 
where a Qi stagnation would be characterized by emotional distress and pain.

Blood deficiency may relate to anemia in traditional Chinese medicine although 
it may also refer to local blood deficiency as in abnormally perfused areas. Even 
more interesting is the translation of the Yin and Yang concept. This could be trans-
lated into the balance between the branches of the autonomic nervous system. In 
this context, the Yin would be the parasympathetic restorative branch where the 
sympathetic system would be the emergency response branch. In the immediate 
response to critical illness, the sympathetic nervous system plays an important role, 
and also in the treatment, we frequently use drugs to stimulate this system in order 
to improve hemodynamics or block this system with beta-blockers. Even using 
these old concepts, the presence of lethargy, sweating, and abnormal peripheral 
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perfusion (so a Qi and blood-deficient patient) has been shown to characterize a 
patient population with high chances of mortality [13].

In Chinese medicine, the concept of balance is extremely important. Optimizing 
health would imply the restoration of all deficiencies/stagnations. This is an inter-
esting concept when we come to the topic of monitoring. If optimal restorative 
capabilities should be used to make the patient survive his critical illness, then mon-
itoring cannot be limited to only a few macro-circulatory variables. Additionally, 
treatment should be targeted on all systems that we can possibly monitor. In the 
following, we will thus unfold a holistic monitoring plan based on our current 
knowledge of the (patho)physiology of critical illness.

1.3  Physiology-Based Perfusion Monitoring

A fundamental challenge in septic shock resuscitation, independent of the diagnos-
tic criteria employed, is to evaluate tissue perfusion. During the past decades, sev-
eral parameters such as gastric tonometry [14]; lactate [15, 16], mixed (SvO2) [17], 
or central venous oxygen saturations (ScvO2) [16, 18]; peripheral perfusion [9, 19]; 
oxygen tissue saturation (StO2) [20, 21]; and central venous-arterial pCO2 gradient 
(P(cv-a)CO2) [22] or mixed venous to arterial pCO2 gradient [23] have been used to 
monitor perfusion status or as potential resuscitation goals in septic shock. More 
recently, the pathophysiological relevance of septic-related microvascular dysfunc-
tion has been highlighted [24–26], and trials testing microcirculatory-oriented ther-
apeutic strategies start to appear in the literature [27]. However, given that sepsis is 
a pan system disease affecting all aspects of the circulation (myocardium, pulmo-
nary vasculature, systemic vasculature, and microcirculation), none of these mark-
ers have earned universal acceptance as the unique parameter to be considered as 
the hallmark to guide septic shock resuscitation. Moreover, they have been tested in 
rather mutually exclusive protocols [16]. As a result, the lack of an integrative com-
prehensive approach is evident, with notable exceptions [15]. This trend contrasts 
with our holistic approach. It also contrasts with suggestions to use all available 
techniques to monitor brain perfusion/function in neurocritical care patients and to 
not rely on only one or two [28]. However, as with many organ-specific protocols, 
they lack significant detailing on the other systems [29].

The case of central venous oxygen saturation (ScvO2), a complex physiological 
parameter, is paradigmatic. It was widely used as the resuscitation goal in critically 
ill patients since the landmark study of Rivers et al. [18] until some recent major 
trials couldn’t confirm these findings [30]. However, using a fixed end point of 
ScvO2 without including the complicated interpretation of its changes [31–33] or 
many other parameters that affect ScvO2 precludes a straightforward abandoning of 
its clinical use. The presence of low ScvO2 clearly indicates an imbalance in the 
DO2/oxygen consumption (VO2) relationship. This finding should prompt an aggres-
sive DO2/VO2 optimization strategy as was demonstrated by Rivers et al. [18]. This 
could already be in part realized by just decreasing oxygen demand [31]. In con-
trast, the presence of normal ScvO2 values, as frequently observed in ICU patients, 
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should not be interpreted as evidence of normal global tissue perfusion as ScvO2 is 
in strict terms a superior vena cava territory regional monitor. Thus, its correction 
does not assure the correction of global tissue hypoxia [31–33]. In addition, severe 
microcirculatory derangements could theoretically impair tissue oxygen extraction 
capabilities resulting in normal or even supranormal ScvO2 values despite the pres-
ence of tissue hypoxia [33].

The preceding example demonstrates that the idea of a single perfusion-related 
parameter representing the adequacy of the whole cardiovascular system in its 
essential role to provide oxygenation to tissues according to local demands appears 
as oversimplistic and anti-physiological under a critical view [33].

In effect, there are several conceptual problems with the single representative 
parameter paradigm:

 1. The relative or comparative hierarchy is relatively unknown at least in terms of 
prognosis. Persistent hyperlactatemia appears as the strongest prognostic factor 
when analyzing literature [34], although its involved pathogenic mechanisms are 
complex and time dependent [35, 36] that eventually may represent an unbal-
anced state rather than a simple manifestation of hypoxia and thus questionable 
as a target of treatment [37–39]. In contrast to patients with abnormal lactate 
levels, patients able to maintain normal lactate levels under severe circulatory 
stress are probably optimal physiological responders and exhibit an extremely 
low mortality [40]. Thus, besides its prognostic significance, development of 
hyperlactatemia is a powerful systemic biological signal. However, some guide-
lines recommend the indistinct use of lactate or ScvO2 as resuscitation goals 
[41], a too simplistic approach that neglects other important aspects of the 
circulation.

 2. If the hallmark of shock is tissue hypoperfusion or hypoxia, then abnormalities 
in the proposed parameters should be related to the presence of hypoperfusion. 
However, this is not the case for several parameters. Hyperlactatemia or a pro-
longed capillary refill time may be simply related to adrenergic-induced aerobic 
lactate production or vasoconstriction [33]. Oliguria is frequently multifactorial. 
Thus, some relevant parameters may be influenced by non-hypoxic conditions 
and therefore are nonspecific and occasionally unreliable as unique perfusion 
markers.

 3. Currently recommended septic shock treatment strategies are based on the 
assumption that perfusion-related variables will improve after increasing oxygen 
delivery (mainly by increasing cardiac output), a concept that can be defined as 
flow responsiveness [35, 42]. However, parameters traditionally considered as 
representing tissue perfusion can also be mechanistically determined by non- 
flow- dependent or mixed mechanisms. Thus, to propose DO2 increasing maneu-
vers to normalize any single abnormal parameter without considering specific 
involved pathogenic mechanisms appears as nonrational and may eventually 
lead to severe adverse events such as fluid overload and arrhythmias [43, 44], 
stressing the fact that overstimulation of one system might have significant side 
effects for the whole. Furthermore, to focus resuscitation efforts on a wrong 
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target can lead to dangerous unbalanced therapies: e.g., using fluid unresponsive-
ness as a target might induce fluid overload without any benefit if hypoperfusion 
has already been corrected [45].

 4. The dynamics of recovery for individual parameters has not been well addressed 
in experimental or clinical studies. A predominant hypoxic versus a non-hypoxic 
pathogenic mechanism may result in a wide variability in the recovery time 
courses of individual parameters after DO2 optimization [19, 35]. This fact 
should be taken into account when selecting a resuscitation strategy in order to 
determine the most appropriate target at different time points, to avoid over- or 
under-resuscitation.

 5. The relationship of macrohemodynamics with metabolic, peripheral, regional, or 
microcirculatory perfusion parameters is controversial and may change through-
out the resuscitation process [19, 35, 42].

 6. The normalization of one parameter does not necessarily assure the normaliza-
tion of others. Even more, in case of ScvO2, a normalization trend to supranor-
mal values may occasionally reflect a worsening microvascular dysfunction 
rather than a systemic flow improvement [32].

 7. Normal/adequate values for some parameters are unknown, e.g., microcircula-
tory perfused vessel density or thenar muscle tissue saturation, among others.

When analyzing potentially useful perfusion-related parameters under the 
above described considerations, it is clear that all individual parameters have 
extensive limitations to adequately reflect tissue perfusion during persistent sepsis-
related circulatory dysfunction. Therefore, the only rational approach to perfusion 
monitoring is a multimodal one, integrating macrohemodynamic, metabolic, 
peripheral, regional, and microcirculatory perfusion parameters to overcome those 
limitations. This approach may also provide a thorough understanding on the pre-
dominant driving forces of hypoperfusion and lead to physiologically oriented 
interventions. As an example, it is far more easy to understand the underlying 
mechanism of an increasing lactate level, if a low-flow state is first ruled out by 
simultaneous assessment of systemic hemodynamics, Scvo2, P(cv-a)CO2, and 
peripheral perfusion [33, 46].

1.4  Initial Circulatory Dysfunction

Sepsis-related circulatory dysfunction is usually manifested as an early hypovole-
mic state that can be completely reversed with initial fluid resuscitation or eventu-
ally progresses into a persistent circulatory dysfunction. In contrast to a quite 
predictable course during the initial phase where all perfusion parameters tend to 
improve in parallel, persistent circulatory dysfunction can be expressed in complex 
and heterogeneous patterns. Although many mechanisms are involved in the patho-
genesis of sepsis-related circulatory dysfunction, hypovolemia is clearly the pre-
dominant factor in pre-resuscitated patients early following hospital admission [1, 
33]. Depending on the severity and time course of hypovolemia, patients may 
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exhibit an impaired peripheral perfusion, hyperlactatemia, low ScvO2, and altered 
microcirculatory flow, whether or not they are hypotensive.

A couple of studies have explored the relationship between hemodynamic and 
perfusion parameters in this pre-resuscitative phase. Trzeciak et al. [47] found an 
early significant correlation between macrohemodynamic parameters, lactate, and 
microcirculatory flow alterations. Payen et al. [48] confirmed these findings in 43 
septic shock patients undergoing initial resuscitation. The cornerstone of initial 
resuscitation is fluid loading. A series of dynamic studies evaluated the effects of a 
fluid challenge in this setting. Pottecher et  al. [49] observed an improvement in 
sublingual microcirculatory perfusion after fluid administration in septic shock 
patients. Interestingly, improvement in microcirculatory flow correlated signifi-
cantly with changes in global hemodynamics. However, in the presence of an 
already normal microcirculation, increasing cardiac output or blood pressure by 
fluids doesn’t offer any advantages [45]. In another septic shock study, early fluid 
loading improved mean arterial pressure (MAP), cardiac index, SvO2 or ScvO2 val-
ues, lactate levels, pulse pressure variation, and microcirculatory flow in parallel 
[50]. Another study evaluated changes in metabolic and peripheral perfusion param-
eters at different time points during initial resuscitation. In 41 patients with septic 
shock, Hernandez et al. [19] found that capillary refill time, lactate, and heart rate 
improved in parallel during 6 h of fluid-based resuscitation.

These data taken together suggest an intricate relationship between macrohemo-
dynamics, perfusion parameters, and microcirculatory flow indices. All these ele-
ments are affected by hypovolemia and tend to improve in parallel in fluid-responsive 
patients. The clinical expression of these effects is variable according to several 
preexisting factors such as preload responsiveness, the magnitude of adrenergic- 
induced redistributive vasoconstriction, or local microvascular dysfunction. The 
fundamental challenge in this phase is rapid and complete reversal of the low-flow 
state secondary to hypovolemia. Simple, readily available and validated monitoring 
tools such as subjective peripheral perfusion and lactate can be used to guide this 
process. Normalization of these parameters indicates a successful reversal of initial 
circulatory dysfunction [51].

1.5  Persistent Circulatory Dysfunction

In contrast to the pre-resuscitative phase, more complex mechanisms may lead the 
pathogenesis of persistent circulatory dysfunction. Vascular dysfunction induces 
vasoplegia, capillary leak, and distributive abnormalities. Myocardial depression is 
frequently manifested by a decreased left ventricle ejection fraction [1]. The role 
of microcirculatory derangements has been highlighted in recent years, and these 
abnormalities may hasten the development of tissue hypoxia and/or multiple organ 
dysfunction [26]. It is likely that evolution into different expressions of persistent 
sepsis-related circulatory dysfunction is influenced by the relative preponderance 
of any of these mechanisms at the individual level. Several recent publications sup-
port the heterogeneity of hemodynamic and perfusion profiles in persistent 
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sepsis-related circulatory dysfunction. Therefore, in contrast to the pre-resuscita-
tive phase where all perfusion markers tend to improve in parallel, during persis-
tent circulatory dysfunction individual perfusion markers may change in 
unpredictable or even opposite directions. Consequently, the assessment of perfu-
sion status based solely on one marker can lead to incomplete, inaccurate, or mis-
leading conclusions. This highlights the necessity of a multimodal holistic approach 
for this phase.
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