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Introduction: 

background & outline





Background
Septic shock can be pathophysiologically defined as a progressive circulatory dysfunction 
leading to hypoperfusion and bioenergetic failure, regardless of the presence of hypotension. 
Nevertheless, it has been difficult to translate this concept into clinical definitions, which 
need to be practical and simple in order to facilitate recognition. The 1991 ACCP-SCCM 
consensus included both volume-refractory hypotension and perfusion abnormalities as 
obligatory components of a septic shock definition [1]. Nevertheless, a simplified definition 
relying mainly on vasopressor requirements has been broadly used over the last decade (2001 
Consensus Definition) [2]. In this later definition, perfusion abnormalities are not required 
for diagnosis. As a consequence, patients classified as septic shock because of the presence 
of septic-related volume-refractory hypotension, constitute a highly heterogeneous group in 
terms of tissue perfusion, explaining at least in part the extreme variability in mortality risk.

A fundamental challenge in septic shock resuscitation, independent of the diagnostic 
criteria employed, is to evaluate tissue perfusion. During the past decades, several parameters 
such as gastric tonometry [3,4], lactate [5,6], mixed (SvO2) [7] or central venous oxygen 
saturations (ScvO2) [6,8], peripheral perfusion [9,10], oxygen tissue saturation (StO2) 
[11,12] and central venous-arterial pCO2 gradient (P(cv-a)CO2) [13,14] have been used 
to monitor perfusion status or as potential resuscitation goals in septic shock [3-14]. More 
recently, the pathophysiological relevance of septic-related microvascular dysfunction has 
been highlighted [15,16] and trials testing microcirculatory-oriented therapeutic strategies 
start to appear in the literature [17]. 

However, due the extreme complexity of sepsis-related circulatory dysfunction, none of 
these markers has earned universal acceptance as the unique parameter to be considered 
as the hallmark to monitor tissue perfusion or guide septic shock resuscitation. Moreover, 
they have been tested in rather mutually exclusive protocols [6]. As a result, the lack of 
an integrative comprehensive approach is evident, with notable exceptions [3]. This 
trend contrasts with more holistic approaches in other settings, such as the multimodal 
monitorization proposed for neurocritical patients [18]. 

The case of central venous oxygen saturation (ScvO2), a complex physiological 
parameter, is paradigmatic. It has been widely used as the resuscitation goal in critically ill 
patients [6,8], although several limitations may preclude a straightforward interpretation of 
its changes (10,14). The presence of a low ScvO2 clearly indicates an imbalance in the DO2/ 
oxygen consumption (VO2) relationship. This finding should prompt an aggressive DO2/
VO2 optimization strategy as was demonstrated by Rivers et al [8]. In contrast, the presence 
of normal ScvO2 values, as frequently observed in ICU patients, should not be interpreted 
as evidence of global normal tissue perfusion because ScvO2 is in strict terms a superior 
vena cava territory regional monitor. Thus, its correction does not assure the correction 
of global tissue hypoxia [14,19]. In addition, severe microcirculatory derangements could 
theoretically impair tissue oxygen extraction capabilities resulting in normal or supranormal 
ScvO2 values despite the presence of tissue hypoxia [20]. 
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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 oxygenated flow to tissues according to local demands, appears as over-simplistic 
and antiphysiologic under a critical view [21]. 

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, although its involved pathogenic mechanisms are complex, eventually 
representing an unbalanced physiological state rather than a simple manifestation of 
hypoxia [21]. On the contrary, patients able to maintain normal lactate levels under 
severe circulatory stress, are probably optimal physiological responders and exhibit an 
extremely low mortality [22]. Thus, besides its prognostic significance, development 
of hyperlactatemia is a powerful systemic biological signal. However, some guidelines 
recommend the indistinct use of lactate or ScvO2 as resuscitation goals, a simplistic 
solution that does not resist a close scrutiny [23]. 

2. If the hallmark of shock is tissue hypoperfusion or hypoxia, then abnormalities in the 
proposed parameters should be always and unequivocally related to the presence of 
hypoperfusion. However, this is not the case for several parameters. Hyperlactatemia 
or a prolonged capillary refill time may be simply related to adrenergic-induced aerobic 
lactate production or vasoconstriction [21]. Oliguria is frequently multifactorial. Thus, 
some relevant parameters may be influenced by non-hypoxic conditions and therefore 
are non-specific and occasionally unreliable as 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 cardiac output manipulation, a concept that can be defined as flow-responsiveness 
[6-8,23]. However, parameters traditionally considered as representing tissue perfusion 
can also be mechanistically determined by non-flow dependent or mixed mechanisms. 
Thus, to propose intense DO2 increasing maneuvers to normalize any single abnormal 
parameter without considering specific involved pathogenic mechanisms appears as 
non-rational and may eventually lead to severe adverse events such as fluid overload 
and arrhythmias, among others. 

4. In strict relation to the preceding point, 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 [21]. 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 throughout 
the resuscitation process [21].
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6. The normalization of one parameter does not necessarily assure the normalization of 
others non-measured parameters. Even more, in the case of ScvO2, a normalization trend 
to supranormal values may occasionally reflect a worsening microvascular dysfunction 
rather than a systemic flow improvement [20].

7. The normal values for some parameters are unknown: e.g., microcirculatory 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 eventually 
microcirculatory perfusion parameters to overcome those limitations. This approach may 
also provide a thorough understanding on the predominant 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 [21]. 
A comprehensive assessment of several determinants or markers of tissue perfusion is 

now possible through minimally or non-invasive techniques. Cardiac output, tissue oxygen 
saturation, sublingual microcirculatory flow, ear lobe cutaneous or intragastric pCO2, 
transcutaneous indocyanine green plasma disappearance rate as an indicator of liver blood 
flow, among others, can be assessed at the bedside almost simultaneously. 

In this thesis, we will review the basic foundations for the development of a comprehensive 
and holistic model for perfusion assessment in septic shock, and outline its application to 
evaluate the impact of resuscitation strategies on tissue perfusion. 

Outline of the thesis
Sepsis-related circulatory dysfunction is usually manifested as an early hypovolemic state 
that can be completely reversed with initial fluid resuscitation, or eventually 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. Several recent studies 
support the heterogeneity of hemodynamic and perfusion profiles in persistent sepsis-
related circulatory dysfunction. A conceptual framework for understanding the relationship 
between macrohemodynamics, and metabolic, peripheral and microcirculatory perfusion 
parameters in this setting is provided in Chapter 1. The superior hierarchy of lactate as 
a fundamental physiologic signal is highlighted, a subject extensively addressed later in 
Chapters 3 to 5. An algorithm to interpret a persistent hyperlactatemia with a holistic 
approach is finally suggested and should be tested in further research.
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Microcirculatory dysfunction has been recently recognized as a key pathophysiologic 
process in the evolution of sepsis. Clinical interest in this field has been strongly growing 
during the last decade after the introduction of bedside videomicroscopic techniques, 
demonstrating that these microcirculatory disturbances can not only be observed in 
septic shock patients but have also a strong prognostic significance. Fundamental aspects 
of microcirculatory abnormalities during septic shock that are highly relevant for the 
development of this thesis are discussed in Chapter 2. Particularly, studies focused on 
the clinical relevance and correlates of individual microcirculatory indices, and the 
dynamic relationship between systemic hemodynamics, global perfusion parameters and 
microcirculatory abnormalities are reviewed. These aspects are later explored in depth in 
Chapters 4 and 5.

Both adrenergic-driven aerobic and hypoxia-related anaerobic lactate production 
may increase during septic shock. However, our understanding of lactate has changed 
dramatically during the last decade, shifting from a bad to a good lactate conception. Lactate 
appears to exert fundamental metabolic and signaling effects. Thus, patients able to maintain 
normal lactate levels despite a massive aerobic release from muscles in this setting, probably 
represent a physiological compensated state eventually associated to a high survival rate. 
We address this subject in Chapter 3. Three hundred and two patients diagnosed as septic 
shock according to the 2001 Consensus Conference were treated with a common perfusion-
oriented management algorithm and registered in a prospective dataset. In a retrospective 
analysis, we found that one third of patients never elevated lactate and exhibited a very low 
mortality risk (<8%), less organ dysfunctions and norepinephrine requirements. Interestingly, 
patients with at least one elevated lactate value exhibited a mortality of 43%, which was much 
higher (61%) in patients with a delayed peak value as compared with those in whom peak 
lactate levels were registered at admission. Although all patients fulfilled the 2001 Consensus 
Definition and required vasopressors, patients without hyperlactatemia exhibit a physiologic 
pattern and clinical evolution incompatible with a true shock state. Therefore, these results 
clearly challenge current definitions, a subject extensively discussed in this Chapter.

In Chapter 4 we prospectively explored the clinical, hemodynamic, perfusion and 
microcirculatory profiles associated to the absence of hyperlactatemia during septic shock 
resuscitation in 124 patients. Thirty percent evolved without hyperlactatemia presenting 
less severe microcirculatory abnormalities and higher platelet counts. Systemic flow 
parameters were not related to the presence or absence of hyperlactatemia. Our data suggest 
a relationship between coagulation, microcirculatory derangements and lactate levels, and 
tend to support the notion that patients with persistent sepsis-induced hypotension without 
hyperlactatemia exhibit a distinctive clinical and physiological profile within the spectrum 
of septic shock.

In Chapter 5, we examine the relationship between systemic hemodynamics, global 
perfusion parameters and microcirculatory derangements. Perfused vessel density (PVD) 
is significantly related to organ dysfunctions and mortality in a multicentric cohort of 
septic shock patients, but patients exhibiting more severe microcirculatory abnormalities 
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as represented by the lowest quartile of distribution for PVD largely explain this effect. The 
probability of finding a PVD value in the lowest quartile (<9.4 n/mm) is particularly high 
in patients with more severe septic shock as represented by norepinephrine requirements 
> 0.2 mcg/kg/min and/or hyperlactatemia > 4 mmol/l. In contrast, it is highly unlikely to 
find a severely abnormal microcirculation in patients with normal lactate levels, supporting 
the findings described in Chapter 4.

The dynamics of recovery of systemic and microcirculatory perfusion parameters 
throughout septic shock resuscitation is explored in Chapters 6 to 10. In Chapter 6 we 
demonstrate the extreme vulnerability of ScvO2 to maneuvers that decrease superior vena 
cava oxygen consumption. ScvO2 increases significantly fifteen minutes after sedation and 
emergency intubation in critically ill septic and non-septic patients. In almost thirty percent 
of patients this sole maneuver increased ScvO2 over 70%, a level considered as a resuscitation 
goal by current guidelines, although it is not clear if this truly represents an improvement in 
global dysoxia. The fact that the majority of critically ill patients are mechanically ventilated 
may explain the uncommon finding of low ScvO2 values in ICU patients. 

The comparative evolution of peripheral versus metabolic perfusion parameters during 
early septic shock resuscitation is studied in Chapter 7. Capillary refill time (CRT) exhibits 
the earliest normalization among all evaluated parameters with significant changes after only 
2 hours. More importantly, normalization of CRT and central-to-peripheral temperature 
difference is associated with a successful resuscitation at 24 hours, as evaluated by lactate 
normalization, whilst other metabolic parameters do not. Thus, serial peripheral perfusion 
monitoring appears as a simple but powerful tool to assess global resuscitation status.

High volume hemofiltration (HVHF) is a potential rescue therapy in severe septic 
shock patients, and some experimental and clinical studies suggest that HVHF can improve 
systemic hemodynamics and decrease lactate levels, although its impact in other perfusion 
parameters has not been previously evaluated. In Chapter 8, we demonstrate that a 12 hours 
HVHF session is associated with an improvement in microcirculatory derangements in a 
cohort of severe hyperdynamic septic shock patients, particularly in those with more severe 
baseline abnormalities. Lactate levels improve in parallel with microcirculatory alterations, 
while other systemic parameters such as cardiac index and SvO2 show no significant change 
after the procedure.

In Chapter 9, we develop and apply a multimodal perfusion-monitoring protocol 
to determine potential parameters associated to 6 h lactate clearance in a cohort of 
hyperdynamic septic shock patients with persistent hyperlactatemia. Patients with a 
6 h lactate clearance ≥ 10% versus those with less than 10% were compared in several 
macrohemodynamic, metabolic, peripheral, hepatosplanchnic and microcirculatory 
parameters assessed immediately after preload optimization and 6 h thereafter. We 
demonstrated that impaired 6 h lactate clearance is associated to hepatosplanchnic 
hypoperfusion in some hyperdynamic septic shock patients subjected to aggressive early 
resuscitation. An improvement in systemic, metabolic and peripheral perfusion parameters 
does not rule out the persistence of hepatosplanchnic hypoperfusion. 
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A fundamental problem in septic shock resuscitation is addressed in Chapter 10. 
Currently recommended septic shock treatment strategies are based on the assumption 
that perfusion variables will improve after increasing DO2, a concept that can be defined 
as flow-responsiveness. However, parameters traditionally considered as representing 
tissue perfusion can also be mechanistically determined by non-flow dependent or mixed 
mechanisms. This may result in a wide variability in the recovery time courses of individual 
parameters after DO2 optimization depending on the predominant pathogenic mechanism. 
In this study we assess the recovery time course for hemodynamic, peripheral, metabolic 
and microcirculatory parameters during early ICU-based resuscitation in a cohort of septic 
shock patients evaluated with a multimodal perfusion-monitoring protocol. A decision was 
made a priori to include only ultimately surviving patients in the final analysis in order to 
gain a better perspective on the relative importance of detected patterns. Our main finding 
is that perfusion parameters exhibit markedly different recovery time courses in response 
to resuscitation. Some variables such as ScvO2, P(cv-a) CO2, CRT and StO2 are already 
normal in more than 70% of patients six hours after starting ICU-based resuscitation. 
Lactate presents a biphasic recovery trend with a rapid significant decrease at 6 h, but a 
much slower recovery rate thereafter. Sublingual microcirculatory parameters exhibit 
the slowest recovery rate with persistent moderate derangements still present in almost 
80% of patients at 24 h. These markedly different recovery time courses should be taken 
into account when composing a resuscitation protocol to avoid potentially harmful and 
inappropriate therapies.

Finally, we apply our multimodal perfusion-monitoring protocol to explore the systemic 
and microcirculatory effects of dobutamine in hyperdynamic septic shock patients with 
persistent hypoperfusion in a randomized placebo-controlled double-blind crossover study 
(Chapter 11). Dobutamine fails to improve sublingual microcirculatory, hepatosplanchnic, 
peripheral perfusion parameters or lactate levels, despite inducing a significant increase 
in systemic hemodynamic variables. Our results challenge current septic shock guidelines 
recommending dobutamine to improve tissue hypoperfusion after initial resuscitation.
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Abstract
Purpose 
To review recent evidence concerning the interactions between hemodynamic and perfusion 
parameters during septic shock resuscitation, and to propose some basic foundations for a 
more comprehensive perfusion assessment.

Recent findings 
Several recent studies have expanded our knowledge about the physiologic determinants 
and limitations of currently used perfusion parameters such as central venous oxygen 
saturation and lactate. Macrohemodynamic, metabolic, peripheral and microcirculatory 
parameters tend to change in parallel in response to fluid loading during initial resuscitation. 
In contrast, perfusion markers are poorly correlated in patients who evolve with a persistent 
circulatory dysfunction. Therefore, assessment of perfusion status based solely on a single 
parameter can lead to inaccurate or misleading conclusions. 

Summary 
All individual perfusion parameters have extensive limitations to adequately reflect tissue 
perfusion during persistent sepsis-related circulatory dysfunction. A multimodal approach 
integrating macrohemodynamic, metabolic, peripheral, and eventually microcirculatory 
perfusion parameters may overcome those limitations. This approach may also provide a 
thorough understanding on the predominant driving forces of hypoperfusion, and lead to 
physiologically-oriented interventions.
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Introduction
A fundamental challenge in septic shock resuscitation is to evaluate tissue perfusion 
[1,2]. Macrohemodynamic [3], metabolic [4.,5,6,7], peripheral [8,9], regional [10,11,12] 
and microcirculatory parameters [13-16] have been utilized to evaluate either perfusion 
status or resuscitation success. However, due the extreme complexity of sepsis-related 
circulatory dysfunction, none of these markers have earned universal acceptance as the 
unique parameter to be considered as the hallmark to guide septic shock resuscitation 
[3,5,6,9,17,18].

During the last decades several potential resuscitation targets have been explored. 
Among them, we can mention supranormal hemodynamic objectives [19], gastric 
tonometry [10,18], lactate [5,7], mixed (SvO2) or central venous oxygen saturations (ScvO2) 
[20,21], and more recently, sublingual microcirculatory flow [22], peripheral perfusion [9] 
and venous-arterial pCO2 gradient (P(cv-a)CO2) [6,23]. Unfortunately, they have been 
tested in rather mutually exclusive protocols (5,18). As a result, the lack of an integrative 
comprehensive approach is evident, with notable exceptions [7,24]. This trend contrasts 
with more holistic approaches in other settings, such as the multimodal monitorization 
proposed for neurocritical patients [25]. 

In this article, we will review recent evidence concerning the relationship between 
hemodynamic and perfusion parameters during septic shock resuscitation, and propose 
some basic foundations for an integrative perfusion assessment.

Initial circulatory dysfunction and response to early resuscitation
Although many mechanisms are involved in the pathogenesis of sepsis-related circulatory 
dysfunction [26,27,28,29], hypovolemia is clearly the predominant factor in pre-resuscitated 
patients early on after hospital admission [30]. Depending on the severity and time-course 
of hypovolemia, patients may 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. Treszciak et al. found an early significant 
correlation between macrohemodynamic parameters, lactate, and microcirculatory flow 
alterations [31]. Payen et al. confirmed these findings in 43 septic shock patients undergoing 
initial resuscitation [32]. They found that microvascular reactivity assessed by near-infrared 
spectroscopy (NIRS)-derived techniques was correlated to cardiac index and lactate levels. 

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. observed an 
improvement in sublingual microcirculatory perfusion after fluid administration in 
septic shock patients [33]. Interestingly, improvement in microcirculatory flow correlated 
significantly to changes in global hemodynamics. In another septic shock study, early fluid 
loading improved mean arterial pressure (MAP), cardiac index, SvO2 or ScvO2 values, 
lactate levels, pulse pressure variation, and microcirculatory flow in parallel [34]. 
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Other studies explored the time-course of changes in several perfusion parameters 
during early septic shock resuscitation confirming previous findings. Our group did 
evaluate changes in metabolic and peripheral perfusion parameters at different time-points 
during initial resuscitation in 41 patients with septic shock [9]. We found that capillary refill 
time, lactate and heart rate improved in parallel during 6 h of fluid-based resuscitation. 
In a previous landmark study, ScvO2 and lactate exhibited a comparable recovery trend 
during early resuscitation [20]. A more recent study, by Ait-Oufella et al., demonstrates 
that the opposite is also true. A worsening peripheral perfusion was associated to increasing 
hyperlactatemia in refractory septic shock patients [35]. 

These data taken together suggest an intricate relationship between macrohemodynamics, 
perfusion parameters and microcirculatory flow indices. All these elements are affected by 
hypovolemia and tend to improve in parallel in fluid-responsive patients. Their relative 
changes, though, are not well correlated. The beneficial effects of fluids may be explained by 
an increase in cardiac output, a decrease in the neurohumoral response to hypovolemia, and 
by direct effects at the microcirculatory level [26]. The clinical expression of these effects 
is variable according to several pre-existing 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. Such 
an approach was recently demonstrated to be as effective as ScvO2-guided resuscitation, but 
appears as more practical for the pre-ICU setting [5]. However, a significant proportion of 
patients may develop a persistent circulatory dysfunction characterized by variable degrees 
of volume-refractory hypotension and/or perfusion abnormalities. 

Persistent circulatory dysfunction after initial resuscitation
Persistent circulatory dysfunction after fluid resuscitation can be expressed through 
diverse clinical profiles. In our opinion, at least three distinct hemodynamic patterns can 
be recognized at this stage: overt or classic septic shock (vasopressor requirements and 
hypoperfusion) [36], cryptic shock (persistent hypoperfusion without hypotension) [37], 
and a state of persistent sepsis-related hypotension without hypoperfusion [38] (Figure 1).

In contrast to the pre-resuscitative phase, more complex mechanisms may lead the 
pathogenesis of persistent circulatory dysfunction [27,39]. Vascular dysfunction induces 
vasoplegia, capillary leak and distributive abnormalities [29]. Myocardial depression 
is frequently manifested by a decreased left ventricle ejection fraction [28]. 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 [30]. 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 
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the individual level. To add more complexity, other factors such as hyperadrenergia [40], 
hypermetabolism [41], hyperinflammation [42], organ dysfunctions [43], or the effect of 
concurrent therapies may further complicate the interpretation of each perfusion marker.

Several recent papers support the heterogeneity of hemodynamic and perfusion profiles 
in persistent sepsis-related circulatory dysfunction. Boerma et al. found no correlation 
between peripheral perfusion, microvascular flow index and systemic hemodynamics 
in 35 septic patients after fluid resuscitation [44]. In the same line, Lima et al. found no 
correlation between systemic hemodynamics and thenar basal StO2 or its recovery slope 
after a vascular occlusion test assessed by NIRS [45]. Other experiences have found no 
association between ScvO2 and lactate clearance [5] or peripheral perfusion changes [9]. 
Moreover, discrepancies between ScvO2 and P(cv-a)CO2 values after initial resuscitation 
have been also described [6].

Therefore, in contrast to the pre-resuscitative phase where all perfusion markers tend to 
improve in parallel, during persistent circulatory dysfunction individual perfusion markers 
may change in unpredictable or even opposite directions. Consequently, the assessment of 
perfusion status based solely on one marker can lead to incomplete, inaccurate or misleading 
conclusions. This highlights the necessity of a multimodal approach for this phase.

Figure 1.1 Clinical patterns which can be recognized in patients with persistent 

sepsis-related circulatory dysfunction.  

 
Figure 1.1 Clinical patterns which can be recognized in patients with persistent sepsis-related 
circulatory dysfunction. 
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Interpretation of perfusion markers: towards a multimodal approach
Hypoperfusion is not a simple and unique condition. Several mechanisms are potentially 
involved and are distinctively reflected on perfusion parameters leading to a wide array 
of clinical profiles. An integrative approach including at least macrohemodynamic, 
metabolic-related and peripheral perfusion parameters may aid to identify the predominant 
pathophysiological determinant in each individual case, and to guide physiologically-based 
therapies. 

Although hypoperfusion is the most common cause of hyperlactatemia [7], increasing 
evidence for non-hypoxic related mechanisms has recently expanded our understanding 
of the physiological meaning of lactate in sepsis. Sustained hyperadrenergia [40,46,47], 
hypermetabolism [41], hyperinflammation [42], liver dysfunction [43], among others, may 
contribute to hyperlactatemia. Thus, interpretation of this parameter is particularly difficult 
in some cases. The distinction between these two scenarios (hypoxic versus non-hypoxic 
hyperlactatemia) may strongly impact the therapeutic approach. As an example, treatment 
of a non-hypoxic related hyperlactatemia with sustained efforts aimed at increasing oxygen 
delivery (DO2) could lead to detrimental effects of excessive fluids or inotropes. 

On the contrary, the ability of some patients to maintain normal lactate levels even under 
severe circulatory stress provides additional valuable information. It suggests an adequate 
physiologic reserve, a relative indemnity of multiple underlying mechanisms involved in 
lactate genesis or metabolism, and is associated to a better prognosis [38]. Our recent study 
involving 302 septic shock patients support this notion since patients with sepsis-related 
hypotension without hyperlactatemia exhibited a very low mortality of less than 8% [38]. 
In contrast, the presence of hyperlactatemia even without hypotension (cryptic shock) is 
associated to a very high mortality risk as was recently shown by Puskarich et al. [37].

From of our point of view the real challenge in overt (classic) or cryptic shock is to 
determine the source of persistent hyperlactatemia. Therefore, lactate assessment should be 
the starting point for a multimodal perfusion monitoring approach. A practical integrative 
algorithm to interpret hyperlactatemia is shown in Figure 2. 

In a septic patient, the foremost priority is to rule out a hypoxic cause for hyperlactatemia. 
Analysis of ScvO2, P(cv-a)CO2 and peripheral perfusion may be helpful. The presence 
of a low ScvO2 clearly indicates an imbalance in the DO2/ oxygen consumption (VO2) 
relationship. This finding should prompt an aggressive DO2/VO2 optimization strategy as was 
demonstrated by Rivers et al [20]. In contrast, the presence of normal or even supranormal 
ScvO2 values, as frequently observed in ICU patients, should not be interpreted as evidence 
of a normal tissue perfusion because of several reasons: First, Vallee et al. found persistent 
abnormal P(cv-a)CO2 values in 50% of septic shock patients who had already achieved 
normal ScvO2 values after initial resuscitation [6]. Second, ScvO2 is in strict terms a regional 
monitor. We demonstrated that the maneuver of sedation and connection to mechanical 
ventilation rapidly normalizes this parameter in septic patients subjected to emergency 
intubation by decreasing regional oxygen extraction, but this does not assure the correction 
of global tissue hypoxia [48]. Third, since severe microcirculatory derangements could 
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theoretically impair tissue oxygen extraction capacities, a normal DO2/VO2 relationship 
may coexist with profound tissue hypoxia [29]. Moreover, abnormally high ScvO2 values 
have been recently shown to be associated to bad prognosis [49]. Therefore an isolated 
normal DO2/VO2 relationship is not sufficiently sensitive to rule out tissue hypoperfusion 
in patients with persistent sepsis-related circulatory dysfunction. 

The assessment of peripheral perfusion in the context of hyperlactatemia may provide 
additional physiological information. An abnormal peripheral perfusion may be caused 
by a low cardiac output and thus a complementary evaluation of cardiac function through 
invasive or non-invasive techniques is obligatory. It should also prompt a reassessment 
of preload status, since triggering of adrenergic response by ongoing hypovolemia could 
induce peripheral vasoconstriction.

More sophisticated techniques assessing microcirculatory oxygenation, flow or 
reactivity have been helpful as research tools. NIRS can be used to evaluate tissue 

Figure 1.2 Assessment of hyperlactatemia in patients with persistent sepsis-related 

circulatory dysfunction. Status of perfusion markers can aid on differentiating 

between non-hypoxic and hypoxic causes of persistent hyperlactatemia. 

 

 

 

 

 
Figure 1.2 Assessment of hyperlactatemia in patients with persistent sepsis-related circulatory 
dysfunction. Status of perfusion markers can aid on differentiating between non-hypoxic and 
hypoxic causes of persistent hyperlactatemia.
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oxygenation at the thenar muscle, and complementarily can give relevant information about 
microvascular reactivity [13]. These parameters exhibit a significant correlation with other 
markers of peripheral perfusion [45]. In addition, videomicroscopic bedside techniques 
have allowed to directly visualize microvascular flow, especially at the sublingual mucosa 
[15]. Microcirculatory flow or density abnormalities have been described and linked to 
bad outcome [15,16]. Microcirculatory dysfunction with microvascular shunting could 
contribute to the genesis of hyperlactatemia in selected patients. We recently demonstrated 
a significant correlation between hyperlactatemia and microcirculatory derangements in a 
large series of septic shock patients A very high proportion of patients with hyperlactatemia 
> 4 mmol/l presented severe microcirculatory dysfunction [50].

Since microcirculatory derangements can be present even in patients with normal 
peripheral perfusion and ScvO2 values, a microcirculatory assessment through different 
technologies might provide valuable data for a better interpretation of microperfusion [29]. 
Eventually, these techniques could be incorporated in a multimodal monitoring algorithm 
for a more comprehensive understanding of persistent tissue hypoperfusion, especially in 
the context of discrepant signals from other classic parameters. 

Although the assessment of hepatosplanchnic perfusion has a strong physiological 
rationale, unfortunately technical limitations have precluded further development of 
valuable tools such as gastric tonometry [18]. Rather novel techniques such as transcutaneous 
assessment of indocyanine green plasma disappearance rate have become available [11]. 
We believe that these techniques could be useful in the context of multimodal perfusion 
monitoring but their precise role should be addressed by future research.

Conclusions
Sepsis-related circulatory dysfunction is usually manifested as an early hypovolemic state 
that can be completely reversed with initial fluid resuscitation, or eventually progresses 
into a persistent circulatory dysfunction. In contrast to a quite predictable course during 
the initial phase, persistent circulatory dysfunction can be expressed in complex and 
heterogeneous patterns. All individual perfusion parameters have extensive limitations to 
adequately reflect tissue perfusion status in this phase. However, a multimodal approach 
integrating macrohemodynamic, metabolic, peripheral, and eventually microcirculatory 
perfusion parameters can overcome their individual limitations. This proposal may provide 
a holistic understanding of the predominant underlying mechanisms of hypoperfusion, and 
lead to individualized and physiologically-oriented therapeutic strategies.
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Abstract
Microcirculatory dysfunction has been recently recognized as a key pathophysiologic 
process in the evolution of sepsis. In the present review, we discuss fundamental aspects 
of microcirculatory abnormalities during septic shock, including pathogenic mechanisms, 
technological assessment, clinical correlates and potential therapies. 

The most important function of the microcirculation is the regulation and distribution 
of flow within the different organs. In septic shock, microcirculatory dysfunction may 
arise as a result of several factors such as endothelial dysfunction, leukocyte-endothelium 
interactions, coagulation and inflammatory disorders, hemorheologic abnormalities, and 
functional shunting. Severity and persistence of these microcirculatory abnormalities are 
associated with bad prognosis and are not necessarily predicted by systemic variables. 

The introduction of bedside techniques that allow evaluation of the microcirculation 
into clinical practice has opened up a new field of functional hemodynamic monitoring. 
Recent data suggest that microcirculatory abnormalities can be staged in severity. Some 
microcirculatory indices are more accurately related to morbidity and mortality, and thus a 
definition of clinically relevant microcirculatory abnormalities is feasible. 

On the other hand, although several systemic variables do not predict microcirculatory 
status, high norepinephrine (NE) requirements and hyperlactatemia are associated with 
a much higher prevalence of relevant microcirculatory derangements. Therefore, severe 
septic shock patients could represent a more precise target for interventions, particularly in 
microcirculation-oriented clinical trials. 

Clinical research has identified various therapeutic approaches that are successful in 
modifying the microcirculation. Future research must determine whether some of these 
approaches are successful in improving outcome of critically ill patients by recruiting 
the microcirculation.
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Introduction
Microcirculatory dysfunction has been recently recognized as a key pathophysiologic 
process in the evolution of sepsis. In the present review, we discuss fundamental aspects 
of microcirculatory abnormalities during septic shock, including pathogenic mechanisms, 
technological assessment, clinical correlates and potential therapies. 

I. Characteristics of normal microcirculation
By microcirculation we refer to the network of small blood vessels (<100 µm diameter), 
which comprises arterioles, capillaries, and venules (microcirculatory units) [1]. It includes 
10 billion capillaries and is lined with endothelial cells, which on total make up more than 
0.5 km2 of endothelial surface. In addition to endothelial cells, it includes smooth muscle 
cells (mostly in arterioles), red blood cells (RBC), leukocytes, and platelets. Microcirculation 
plays several key roles such as ensuring oxygen delivery to tissues, exchange of nutrients and 
waste products, and modulating inflammation and coagulation. Most of these functions are 
controlled by endothelial cells, which release several biologic signals to regulate local blood 
flow, cell adhesion, permeability, and coagulation activation [2]. 

Microvascular oxygen delivery cannot be directly predicted from systemic or even 
regional oxygen delivery. First, microvascular hematocrit is lower than systemic hematocrit 
due to the Fahraeus effect (dynamic reduction of hematocrit due to axial migration of 
erythrocytes near the center of the vessel). Second, the distribution of hematocrit is 
nonlinear at vascular branch points. Third, microvascular partial oxygen pressure (pO2) is 
also lower than systemic pO2 and is heterogeneously distributed. Hence, oxygen delivery is 
heterogeneously distributed throughout the microcirculatory network [3]. 

The structure and function of microcirculation is highly heterogeneous in different 
organs, and it is closely related to the functional role played by a particular organ as a 
whole. The number of capillaries per unit mass of organ or tissue (capillary density) may be 
related to the organ metabolic requirements (muscles, heart, brain) or to other functional 
requirements (skin, gut, kidney) [4].

Microcirculation normally ensures adequate oxygen delivery to meet the oxygen 
demands of every cell within an organ. A strict regulatory mechanism is in place to 
achieve this, with multiple signaling pathways interacting at different levels. In this way, 
oxygen transport to tissues with high oxygen needs is augmented and oxygen transport 
to tissues with low metabolic activity is restricted [5]. This regulatory mechanism allows 
microcirculatory flow to occur independent of changes in systemic blood pressure, 
a mechanism called autoregulation [4]. In general, driving pressure, arteriolar tone, 
hemorrheology, and capillary patency, are the main determinants of microcirculatory blood 
flow. Although regional blood flow is determined by large vessels (medium-sized arterioles), 
which are mainly controlled by the sympathetic nervous system, local distribution of blood 
flow to tissues is regulated by microcirculation. When terminal arterioles are vasodilated, 
perfusion of capillaries increases; when terminal arterioles are vasoconstricted, the number 
of recruited capillaries decreases. These microvessels are primarily under local control, 
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which is possible because endothelial cells sense metabolic and physical signals, and 
respond to them by modulating arteriolar smooth muscle cell tone [2]. Nitric oxide (NO) is 
one of the critical signals produced by endothelial cells to exert this regulation.

II. Microcirculatory alterations in sepsis
Although microcirculatory alterations in sepsis have been recognized from long ago from 
experimental data, clinical interest in this field has been growing strongly during the last 
decade after the introduction of bedside videomicroscopic techniques, which have validated 
that these microcirculatory disturbances can be also observed in septic patients. The presence 
and persistence of such abnormalities has been found to be associated with prognosis. De 
Backer [6] reported a significant decrease in vessel density and in the proportion of small 
perfused vessels in septic patients compared to healthy volunteers, where this impairment 
of microcirculation was more severe in non-survivors. These results were later confirmed 
by Trzeciak [7]. Interestingly, Trzeciak also found that alterations in microcirculation 
were related to the severity of organ failure, as assessed by the Sequential Organ Failure 
Assessment (SOFA) score. Sakr [8] has characterized the time course of microcirculatory 
alterations in patients with septic shock and its relation to outcomes. Although similar at 
baseline, microcirculation improved rapidly in survivors as compared to non-survivors, even 
though global hemodynamic variables did not differ. More importantly, capillary perfusion 
when shock resolved was related to the severity of organ failure. However, the reported 
statistical association between outcome and microcirculatory abnormalities does not imply 
a mechanistic relation. Such potential relationship could only be demonstrated by a large 
multicentric trial targeting these abnormalities and showing an outcome improvement

Microcirculatory alterations during sepsis may be explained by multiple mechanisms, 
involving all the components of microcirculation [1, 9, 10]: redistribution of blood flow 
from compliant vascular beds (skin and the splanchnic area) to more crucial body areas 
(brain, heart), with secondary microvascular derecruitment; endothelial activation and 
injury; loss of the glycocalyx, which covers the endothelium and forms an important 
barrier and transduction system; increased microvascular permeability with capillary 
leakage, edema formation, and hypovolemia; decreased RBC deformability, with secondary 
capillary plugging; increased leukocyte adhesion to the endothelial surface; production of 
reactive oxygen species (ROS) that directly disrupt microcirculatory structures, cellular 
interactions, and haemostasis; capillary obstruction by platelet/fibrin clots secondary to 
disseminated intravascular coagulation; and impaired arteriolar smooth muscle cell tone 
and reactivity, secondary to dysregulation of NO production. The role of endothelial 
dysfunction, and the consequent increase in platelet and leukocyte adhesion, has been 
recently emphasized as a potential mechanism contributing to microcirculatory flow 
abnormalities [11]. Increased expression of adhesion molecules on both, endothelial and 
immune cells, has been consistently demonstrated during sepsis. 

The combination of these mechanisms contributes to a reduction in perfused capillaries 
(decreased functional capillary density), the development of heterogeneous abnormalities in 
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microcirculatory blood flow, and the loss of intrinsic vasoregulation in most vascular beds. 
The decreased capillary density implies that the diffusion distance for oxygen is increased 
[4]. The increased heterogeneity of microcirculation, in which some vascular beds exhibit 
a preserved functional capillary density, whereas others have a sluggish blood flow and still 
others have no flow at all, generates areas of hypoxia and impairs oxygen extraction in both 
mathematical and animal models of septic shock [9]. These alterations generate an impaired 
ability to regulate local oxygen delivery, which translates to rapid onset of tissue hypoxia [12]. 

III. Bedside visualization of microcirculation
One of the most important advances in the study of sepsis in recent years has been the 
development of microscopic imaging techniques incorporated in hand held devices 
designed to filter out surface reflections caused by illumination light. These techniques for 
filtering out surface reflections have been termed orthogonal polarization spectral (OPS) 
imaging and sidestream dark field (SDF) imaging and are based on intravital microscopy 
principles developed more than 20 years ago but only recently implemented in handheld 
device. The principles and technical aspects of these devices have been recently extensively 
reviewed [13-22]

IV. Clinical relevance of microcirculatory abnormalities, and relationship 
with systemic hemodynamics and perfusion parameters
Several recent small studies have been focused on potential therapies to improve 
microcirculatory flow [23-27]. However, there are still fundamental aspects that need 
to be resolved before launching a major controlled clinical trial. First, the prevalence of 
microcirculatory disorders in critically ill patients is unknown. This subject is being 
addressed by the microSOAP study (Microcirculatory Shock Occurrence in Acutely ill 
Patients registered at ClinicalTrials.gov (NCT01179243)), which will include at least 400 
patients and is currently in the phase of image analyses. Second, although several indices 
to evaluate sublingual microcirculation have been proposed, specific cut-off values that 
correlate to severity have not been identified, and thus the clinical relevance of individual 
microcirculatory abnormalities is unknown [18]. In addition, the dynamic relationship 
between systemic hemodynamics, global perfusion parameters and microcirculatory 
abnormalities is still obscure and far from being well established [7, 28, 29]. Therefore, it is 
not clear if, and to what extent, macrohemodynamic or perfusion parameters can predict 
the finding of severe microcirculatory derangements. 

To address these subjects, Hernandez et al. conducted a multinational retrospective 
cross-sectional study 1. One hundred and sixty-five septic shock patients recruited in 

1 Hernandez G, Boerma EC, Dubin A, Pedreros C, Bruhn A, Koopmans M, Pozo M, Kanoore Edul V, 
Ruiz  C, Kattan E, Castro R, Rovegno M, Ince C. The relationship between microcirculatory flow 
abnormalities and systemic hemodynamic variables in septic shock patients. A multi-centre cross-
sectional study. Intensive Care Med 2011; 37 (Suppl 1): 0341 (abstract)
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7 different clinical studies were included. All were managed with perfusion-driven protocols, 
and were subjected to at least one microcirculatory assessment, concomitantly to evaluation 
of systemic hemodynamic and perfusion parameters, during the first 24 h of resuscitation. 
ROC curve analysis demonstrated that among microcirculatory parameters, PPV and PVD 
exhibited a significant predictive value for mortality, with cut-offs of 86% for PPV, and 
12 n/mm for PVD, while MFI exhibited only a trend toward significance. Sensitivity analyses 
confirmed that these cut-off values could be defined as clinically relevant microcirculatory 
abnormalities, since both were associated with highly significant differences in mortality, 
organ dysfunctions, and severity of shock. Although these findings should be tested and 
confirmed in a prospective study, they could be relevant. In fact, they are consistent with 
previous studies involving smaller sample sizes and different methodology, describing that 
a PPV >80% could be significantly related to survival in septic patients [8, 29, 30]. With 
regard to PVD, there are no clear normal reference values. Nevertheless, some studies have 
described basal pre-resuscitation PVD values of 12-13 n/mm that can improve with therapy 
[25, 27]. Thus, the cut-off value of 12 n/mm for PVD is also consistent with literature. 
The lack of predictive value for MFI in this study is intriguing since this parameter has 
been related to outcome in previous studies [7, 31]. Since MFI is inherently subjective, it is 
possible that intercenter differences in analysis may have compromised its prognostic value. 

Additionally, logistic regression analysis demonstrated that among systemic variables, 
only NE doses (OR 39 [4-341]) and lactate levels (OR 1.3 [1.1-1.6]) were significantly 
associated with the probability of finding a PPV<86%. NE requirements > 0.3 mcg/kg/min 
and hyperlactatemia > 4 mmol/l, more than doubled the probability of presenting clinically 
relevant microcirculatory abnormalities. These results tend to confirm that hyperlactatemia 
during septic shock effectively reflects a wide array of derangements among the determinants 
of tissue perfusion, including an abnormal microcirculatory flow. This could explain at least 
in part, the high mortality risk associated with hyperlactatemia. In contrast, a relatively 
better preserved microcirculation in patients with septic-related hypotension but without 
hyperlactatemia, could explain the better prognosis associated with this condition [32]. 
Nevertheless, the preceding studies do not clarify if hyperlactatemia in the setting of 
microcirculatory dysfunction may reflect hypoxia or simply a stagnant lactate accumulation.

On the other hand, mean arterial pressure (MAP), cardiac index (CI), or central / 
mixed venous O2 saturation (SvO2) values, commonly used to assess response to septic 
resuscitation, failed to predict microcirculatory abnormalities. In the case of SvO2, it could 
be surprising since an impaired O2 extraction capacity has been attributed to potential 
microcirculatory abnormalities during septic shock [33, 34]. Even more, a normal SvO2 
in the presence of hyperlactatemia has been advocated as an indication for the use of 
vasodilators to improve microcirculatory flow [35], and SvO2 is a commonly recommended 
resuscitation goal [36]. Thus, in contrast to common beliefs [37], microcirculatory status 
may not be predicted by any SvO2 value.

In summary, recent data suggest that microcirculatory abnormalities can be staged 
in severity. Some microcirculatory indices are more accurately related to morbidity and 
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mortality, and thus, a definition of clinically relevant microcirculatory abnormalities 
is feasible. On the other hand, although several systemic variables do not predict 
microcirculatory status, high NE requirements and hyperlactatemia are associated with 
a much higher prevalence of relevant microcirculatory derangements. Therefore, severe 
septic shock patients could represent a more precise target for interventions, particularly in 
microcirculation-oriented clinical trials. 

V. Therapeutic strategies
Fluid resuscitation

Fluid resuscitation is a fundamental therapy aimed at restoring circulating volume, and 
consequently increasing cardiac output and arterial blood pressure in septic shock patients. 
Fluid loading may improve microcirculatory blood flow through several mechanisms. 
Among them, volume resuscitation could increase perfusion pressure and/or CI, induce 
rheologic changes with decreased microvascular blood viscosity, trigger local vasodilation, 
or modulate interactions between the endothelium and circulating cells [26, 38]. Pottecher 
et al. showed that sublingual microcirculatory perfusion in septic shock patients was 
significantly improved following fluid loading [26]. Interestingly, both passive leg raising 
maneuver and effective volume expansion simultaneously increased microcirculatory 
functional capillary density (FCD) and flow (MFI and PPV), and reduced microvascular 
heterogeneity. Since MFI is known to be sensitive to flow variations, while changes in FCD 
or PPV are more likely related to microcirculatory recruitment, these results reflect a global 
impact of fluid resuscitation over several determinants of microcirculatory perfusion. 

Another interesting aspect of the previous study [26] is that in contrast to other reports 
[38], changes in microcirculatory flow exhibited some correlation with improvement in 
global hemodynamics, particularly with CI. These results in preload-responsive patients 
confirm the findings of Trzeciak et al. showing correlations between macrocirculatory and 
microcirculatory variables in patients studied within 6 h of early goal-directed therapy [7]. 
Thus, it appears that during early resuscitation, microcirculatory flow can be improved 
with aggressive fluid resuscitation in parallel with changes in systemic hemodynamics. In 
fact, the very low values of MFI found by Trzeciak et al. early on after emergency room 
admission in pre-resuscitated patients have not been reproduced in the ICU arena. In the 
same line, Boerma et al. reported that MFI increased from 1.42 to 2.25, after only 2 hours of 
resuscitation in the placebo arm of their nitroglycerin trial [23]. These data taken together 
suggest that MFI values are very low in non-resuscitated patients but may improve rapidly 
after initial fluid expansion, resembling what happens with SvO2. In summary, fluid loading 
is an essential first step in the resuscitation of the microcirculation. 

Concerning the type of fluids, Dubin et al. demonstrated that a hydroxyethyl starch 
solution (HES) had superior microcirculatory recruitment power compared to a saline 
solution in early goal-directed therapy in septic patients [24]. The beneficial effects of HES 
on sublingual microcirculation seen in this study might be related to potential effects on 
several mechanisms involved in septic-related microcirculatory dysfunction, as has been 
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suggested by several experimental studies. Infusion of HES could modulate the inflammatory 
response, including reductions in extravascular fluid losses, endothelial cell activation [39], 
neutrophil adhesion and transendothelial migration [40]. A HES solution could also reduce 
platelet aggregation [41], but the effect of different HES solutions on blood viscosity is 
variable and probably depends on molecular weight [42]. Finally, other explanations for the 
favorable effects of HES could be a better intravascular volume expansion and less edema 
formation [43].

Red blood cell transfusions

There are conflicting data concerning the effect of RBC transfusions over microcirculatory 
parameters in septic patients, although at least patients with more severe microvascular 
dysfunction at baseline may benefit [44-49]. This fact highlights the relevance of 
monitoring sublingual microcirculation in critically ill septic patients to target therapies 
on an individual basis. 

Arterial pressure and vasopressors

When MAP decreases below an autoregulatory threshold of 60 to 65 mm Hg, organ perfusion 
becomes pressure dependent and, consequently, the use of vasopressors to increase MAP 
could improve tissue perfusion in septic shock patients. Georger et al. evaluated the 
effects of increasing MAP on NIRS-derived thenar oxygenation parameters in 28 severely 
hypotensive septic shock patients [50]. Administration of NE in doses up to 0.7 mcg/kg/min 
was associated with significant increases on MAP from 54 ± 8 to 77 ± 9 mmHg, on CI from 
3.14 ± 1.03 to 3.61 ± 1.28 L/min/m2, on thenar tissue oxygen saturation (StO2) from 75 ± 9 
to 78 ± 9%, and on StO2 recovery slope from 1.0 ± 0.6 to 1.5 ± 0.7%/s.

However, vasopressors, although effective in increasing blood pressure, may do so 
at the expense of microcirculatory flow suggesting that in some circumstances excessive 
vasoconstriction could be deleterious to the microcirculation [51]. Jhanji et al. recently 
demonstrated that increasing MAP from 60 to 90 mm Hg with NE resulted in an increase 
in global DO2, but caused no change in cutaneous microvascular flow and tissue pO2, or 
in sublingual microcirculation [52]. Dubin et al. titrated NE to increase MAP from 65 
to 75 and then to 85 mm Hg to evaluate effects on sublingual microcirculation in septic 
patients [53]. Their main finding was that increasing MAP failed to improve sublingual 
microcirculation or any other variable related to tissue oxygenation or perfusion such as 
arterial lactate, anion gap, pCO2 gradients, and oxygen-derived parameters. Interestingly, 
there was considerable variation in the individual responses that were strongly dependent 
on the basal condition of microcirculation. In fact, PVD improved in patients with an 
altered sublingual perfusion at baseline and decreased in patients with a preserved baseline 
microvascular perfusion. 

There are conflicting reports about the microcirculatory effects of other vasopressors 
such as phenylephrine or vasopressin analogues, but at least some studies have demonstrated 
detrimental effects, and thus should be used with caution in patients with suspected 
microcirculatory dysfunction [51].
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In summary, there is no doubt that increasing MAP with NE in refractory hypotension 
improves microcirculatory flow, but the preceding data suggest that optimal MAP for 
microcirculatory perfusion is quite variable and should be selected on an individual basis. 

Vasodilators

The rationale for the use of vasodilators in sepsis is based on experimental findings 
of pockets of ischemic areas lying close to well-perfused zones [54]. Vasodilators may 
increase the driving pressure of blood flow at the entrance of the microcirculation and 
perfuse hypoxic zones [5]. Nitroglycerin undergoes intracellular metabolism in order to 
produce NO-mediated vasodilatation. Despite the fact that excessive NO production is 
believed to play an important role in sepsis-induced hypotension, it has also been suggested 
as a therapeutic strategy to overcome heterogeneity in microcirculatory blood flow [55]. 
The general idea that increasing MAP results in a higher net microcirculatory perfusion 
pressure is not in line with physiological theory of the microcirculation as a low-pressure 
vascular compartment [51, 56].

In a small series of septic patients who fulfilled static systemic hemodynamic 
resuscitation endpoints, Spronk et al. found an improvement in sublingual perfusion 
despite a significant decrease in MAP, after a bolus of 0.5 mg followed by an infusion of 
2 mg/h nitroglycerin (NTG) [57]. Of note, improvement of microcirculatory blood flow 
after the NTG bolus was instantaneous, indicating some NO-mediated endothelial ability 
for vasodilatation. However, it is important to consider that this study protocol included 
a large fluid challenge, and thus it is rather difficult to isolate the effects of concomitant 
fluids vs. NTG. Nevertheless, Spronk’s observations together with the recent report of 
sublingual microcirculatory recruitment after topical acetylcholine in already resuscitated 
septic patients [29], challenge the general idea of endothelial hyporesponsiveness in sepsis-
induced hypotension. More recently Boerma et al, in a double-blind placebo-controlled 
study, demonstrated that sublingual microcrocirculatory perfusion improved significantly 
over time, but no effect of NTG in comparison to placebo could be shown [23]. Although 
other NO-donors or vasodilators have been tested in experimental or clinical settings, the 
role of vasodilators in sepsis as a therapeutic strategy to recruit “microcirculatory weak 
units” is yet to be elucidated [51]. 

Inodilators

Dobutamine has both inotropic and vasodilatory effects. In an open label setting addition 
of dobutamine in septic patients was associated with improved OPS-measured sublingual 
microcirculatory perfusion over time, irrespective of changes in systemic hemodynamic 
variables [29]. However, this was an uncontrolled study and it is rather difficult to isolate 
net dobutamine effects from previous fluid loading or ongoing background resuscitation. In 
contrast, other controlled experimental and clinical studies in sepsis challenge the common 
view that dobutamine can improve regional or microcirculatory flow [25, 58, 59]

Levosimendan, a calcium-sensitizer drug with inotropic and vasodilator effects has been 
proven useful in cardiogenic shock. Some recent experimental and small clinical trials have 
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shown favorable effects on regional and microcirculatory flow as compared to dobutamine, 
in septic shock [25, 58, 59]. The place of these inodilators in a microcirculation-oriented 
resuscitation strategy has yet to be defined in view of the discordant results cited above.

Other therapies

Other potential therapies such as recombinant activated protein C (APC) [60-66], steroids 
(67,68], and high volume hemofiltration [27,69,70] have been tested with variables degrees 
of success and low levels of evidence.

In conclusion, the present review has covered the current state of knowledge concerning 
the effects on the microcirculation of disease and therapy in critically ill patients. 
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Abstract
Purpose 
The prognostic value of hyperlactatemia in septic shock is unquestionable. However, 
as current definitions do not include hyperlactatemia as a mandatory criterion, some 
hypotensive patients may be diagnosed as septic shock despite exhibiting normolactatemia. 
The significance of persistent sepsis-induced hypotension without hyperlactatemia is 
unclear. Is it really septic shock? Our aim was to determine differences in outcome between 
patients diagnosed as septic shock but exhibiting normal vs. elevated lactates during 
evolution. We also explored the potential implications of including hyperlactatemia as an 
obligatory diagnostic criterion.

Methods 
Retrospective analyses on a cohort of 302 septic shock patients 

Results 
When we divided patients according to the presence of hyperlactatemia, 34% evolved 
without hyperlactatemia and exhibited a very low mortality risk (7.7% compared to 42.9% 
of those with hyperlactatemia). These patients also presented less severe organ dysfunctions, 
higher ScvO2 values and required lower norepinephrine doses. The potential inclusion of 
hyperlactatemia in septic shock definition would reduce incidence in 34% but increase 
absolute mortality risk in 11%.

Conclusions 
Persistent sepsis-induced hypotension without hyperlactatemia may not constitute a real 
septic shock. Our results support the need to review the current definition of septic shock. 
Hyperlactatemia could represent an objective parameter worth to be explored as a potential 
diagnostic criterion for septic shock.
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Introduction
Septic shock exhibits a highly variable mortality in the range of 30 to 80% across epidemiologic 
and therapeutic studies [1]. This extreme variability has been attributed to an intrinsic 
heterogeneity of septic shock patients [1-2]. However, a complementary explanation could 
be the use of non-equivalent definitions [3-5].

Indeed, septic shock can be pathophysiologically defined as a progressive circulatory 
dysfunction leading to hypoperfusion and bioenergetic failure, regardless of the presence of 
hypotension. Nevertheless, it has been difficult to translate this concept into clinical definitions, 
which need to be practical and simple in order to facilitate recognition. Several definitions 
including new categories within the spectrum of septic circulatory dysfunction have been 
recently proposed (e.g. cryptic shock [6], occult hypoperfusion [7], non-sustained hypotension 
[8]), although none has been prospectively validated or gained universal acceptance [3-9].

The 1991 ACCP-SCCM consensus included both volume-refractory hypotension 
and perfusion abnormalities as obligatory components of a septic shock definition [3]. 
Lactic acidosis, acute mental changes or oliguria were mentioned as potential surrogates 
of perfusion abnormalities [3], suggesting a bioequivalence between these parameters, 
an assumption that subsequently has never been tested. Moreover, a simplified definition 
relying mainly on vasopressor requirements  has been broadly used over the last decade 
(2001 consensus definition) [4]. In addition, the Surviving Sepsis Campaign (SSC) 
guidelines grouped septic shock, hyperlactatemia and oliguria as equally representing 
sepsis-induced tissue hypoperfusion [5]. Thus, not surprisingly highly variable diagnostic 
criteria have been used in recent major trials [10-16], a fact which may have important 
implications for clinical and epidemiologic research. 

Recently, several clinical and experimental studies have addressed the physiological 
meaning of hyperlactatemia in shock and reinforced its prognostic value [17-20]. Therefore, 
current guidelines strongly recommend serial lactate monitoring [5]. However, some 
hypotensive septic patients never develop hyperlactatemia. The strong efforts to detect 
and understand hyperlactatemia are in sharp contrast with our poor understanding of 
what normal lactate levels represent in patients undergoing sepsis-induced hypotension. 
True septic shock may increase lactate levels by compromising several steps involved in 
lactate generation and metabolism. Therefore, the maintenance of normal lactate levels in 
vasopressor-requiring patients may represent a different physiologic stage in the setting of 
sepsis-related circulatory dysfunction.

We hypothesized that the outcome of patients with sepsis-induced hypotension but with 
normal lactate levels does not correspond to the severity expected for septic shock. Therefore, we 
designed a hypothesis-generating study to determine differences in outcome between patients 
with persistent sepsis-induced hypotension evolving without hyperlactatemia as compared to 
those presenting hyperlactatemia during evolution. In addition, we addressed the potential 
implications of including hyperlactatemia as an obligatory diagnostic criterion for septic shock. 

51

3

Persistent sepsis-induced hypotension without hyperlactatemia: is it really septic shock?



Material and methods
We performed several retrospective analyses on a cohort of 302 septic shock patients treated 
during a 6 year-period from March 2002 through March 2008. For operative purposes, 
septic shock was defined as a state of severe sepsis developing persistent volume-refractory 
hypotension and thus requiring vasopressors (2001 consensus definition) [4]. According 
to our Institutional Review Board (IRB) policy, clinical data can be analyzed without 
disclosing patient’s identities.

We included all consecutive septic shock patients with confirmed infectious foci 
requiring vasopressors for at least 4 hours during ICU-based resuscitation. All patients 
committed to full resuscitation were managed according to a local algorithm and entered in 
a prospective dataset, with the aim of building a framework to assess compliance, perform 
quality control, and evaluate the potential impact of novel therapies added over time. The 
IRB approved this management protocol and relatives or surrogates signed an informed 
consent to be treated in the ICU according to standard care including this algorithm.

The protocol was aimed at normalizing perfusion parameters. It included early aggressive 
source control and fluid loading, followed by norepinephrine (NE) to maintain a mean 
arterial pressure (MAP) > 65 mmHg. Septic patients presenting a circulatory dysfunction 
in the emergency department (ED) or the pre-ICU service were subjected to vigorous fluid 
resuscitation followed by central venous catheter insertion, and basal measurements of 
lactate (Radiometer ABL 735, Copenhagen Denmark) and central venous O2 saturation 
(ScvO2). If developing persistent hypotension or hyperlactatemia, patients were transferred 
to the ICU, where perfusion parameters were measured at least every 4 hours during the first 
ICU day and then every six hours during the first 72 hours. Additional volume was guided by 
a Starling-curve approach in the early period but more recently was indicated according to 
dynamic predictors or bedside echocardiographic assessments. Complementary therapies 
were implemented over time according to specific indications. Mechanical ventilation (MV) 
and sedation were managed according to current protective strategies. Different aspects and 
results of our management algorithm have been published elsewhere [21-24]. In summary, 
every patient had an initial pre-ICU lactate assessment and then at 0, 4, 8, 12, 16, 20, 24 hrs 
during the first ICU day, and every 6 hrs thereafter, until normalization or death. A normal 
range of 0.1-2.4 mmol/l is accepted according to our laboratory standards. Therefore, a 
lactate of ≥ 2.5 mmol/l is considered as elevated, a cut-off recently revalidated by Shapiro 
et al. [25]

Three- hundred and two patients fulfilled our inclusion criteria. We divided this cohort 
according to the presence or not of hyperlactatemia during the whole evolution and 
compared the resulting subgroups for differences in mortality and other clinical relevant 
variables. Additionally, we applied two different definitions of septic shock to the same 
cohort, one including hyperlactatemia as an obligatory qualifier and the other not, and 
observed for potential changes in 28-day mortality, incidence and other clinical variables.
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Statistical analysis
Continuous variables were compared between subgroups using t-test and categorical values 
using chi-square test. Results are expressed as mean ± SD and a probability value < 0.05 was 
considered as statistically significant. SPSS 17.0 (Chicago IL, USA) statistical software was used. 

In addition, we used fractional polynomials analyses in order to examine continuous 
predictors, because of their sensitivity to non-straight relationships between continuous 
variables. This more complex statistical analysis was performed using Stata 11 (StataCorp, 
College Station, TX. USA) statistical package.

Results
The 302 patients (mean age 61.0 ± 17.5 yrs; basal APACHE II score 19.7 ± 7.2; peak SOFA 
score 9.6 ± 3.9; MV 84.1%) presented more frequently abdominal (44.7%) and respiratory 
septic sources (26.8%), with an ICU length of stay (LOS) of 9.6 ± 9.5 days and a 28-day 
mortality of 30.8% (93 patients). As a whole they used NE for 62 ± 12 hrs without differences 
between subsequent compared subgroups.

When we categorized patients according to the presence of hyperlactatemia, 198 patients 
presented at least one lactate value ≥ 2.5 mmol/l during evolution (66%) and 104 did not 
(34%). Although no differences in basal comorbidities or sources of infection between these 
subgroups  were found, they exhibited highly significant statistical differences in severity 
scores, outcome and other biochemical parameters (Table 1 and Figure 1). 

Figure 3.1 Kaplan-Meier survival curves of septic shock patients classified according to the 
presence or not of hyperlactatemia.
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After adjusting for APACHE II and SOFA scores, hyperlactatemia remained as a powerful 
predictor of death in the logistic regression model. Preexistent chronic liver disease, a 
condition potentially confounding lactate interpretation, was not related to outcome 
(p= 0.98). Multivariate analysis adjusting for demographics, vasopressor requirements, 
ScvO2, mechanical ventilation and comorbidities (including liver disease) showed that only 
age and hyperlactatemia were significantly associated with mortality (p< 0.002).

To better address the relationship between lactate levels and survival probability, we 
performed fractional polynomials analyses where the statistical significance of lactate as a 
predictor of survival remains (p< 0.001). Survival clearly decreases as lactate levels increase, 
in a practically lineal relationship (Figure 2). 

When analyzing for quartiles of lactate (0.2 to 16 mmol/l), mortality exhibited stepwise 
increments for each quartile (from 15.64 up to 87.5% (p=0.0001)). 

One hundred and sixteen patients (59%) presented an early (admission) peak lactate value, and 
82 (41%) exhibited a delayed peak value (20±12 hrs) within the hyperlactatemia group. Although 
both subgroups exhibited higher mortality than patients without hyperlactatemia, the former 
registered a better prognosis  (37 vs. 61% 28-day mortality; p < 0.0015). Interestingly, 19 patients 
presenting a delayed peak lactate exhibited a normal value at admission. These patients were 
indistinguishable within the hyperlactatemia subgroup in several baseline characteristics such 
as age, comorbidities, source, severity and perfusion parameters. Taken together with the 
104 patients who never increased lactate, 19 of 123 patients (15%) presenting normolactatemia 
at admission, increased lactate later during ICU evolution. 

When we applied two different definitions of septic shock to the same cohort, one 
including hyperlactatemia as an obligatory qualifier (lactate-depending definition) and the 

Figure 3.2 Fractional Polynomial analysis (Lactate vs. 28-day survival).
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other not (2001 consensus definition), we also found important differences in incidence and 
clinical outcomes. One-hundred and ninety-eight patients would have been classified as 
septic shock during the 6-years period if using the lactate-depending definition, contrasting 
to the whole cohort of 302 patients when using the 2001 consensus definition (a 34% lower 
incidence with the former). Twenty-eight day mortalities for both definitions were 42.9% 
and 30.8%, respectively (p<0.01) (Table 1 and Figure 3). 

Discussion
We studied a cohort of 302 patients fitting the 2001 consensus definition [2]. When categorized 
by the presence of hyperlactatemia, two subgroups with major differences in severity and 
outcome could be identified, remarkably exhibiting a 35% absolute difference in mortality. 
At least one-third of these patients evolved with a persistent circulatory dysfunction without 
hyperlactatemia and although requiring intensive treatment (e.g. 79% MV and > 48 hrs of 
NE), exhibited a very low mortality rate and may not qualify for a true septic shock diagnosis. 
Adding hyperlactatemia as an obligatory diagnostic criterion to septic shock definition may 
reduce the incidence of disease in 34% but increase absolute mortality risk in 11%. 

Our results reveal the complexities involving septic shock definitions.  In fact, the pragmatic 
2001 consensus definition with major or minor adaptations has been used in many septic shock 
studies [10,13-16]. Only two trials considered hyperlactatemia as a specific hypoperfusion-
related inclusion criterion in concordance with the 1991 ACCP-SCCM consensus 
suggestions. In the EGDT study, septic patients presenting volume-refractory hypotension or 

Figure 3.3 Kaplan-Meier survival curves of septic shock patients classified according to two 
definitions: one involving hyperlactatemia as an obligatory qualifier (lactate-depending 
definition) and the other not (2001 consensus definition).
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hyperlactatemia > 4 mmol/l were recruited [11]. The French steroid multicentric trial included 
hyperlactatemia among obligatory entry criteria, although this status was changed to optional 
by a later amendment [12]. The control arms of these 2 trials exhibited basal lactates of 6.9 ±4.5 
and 4.3±4.3 mmol/l, respectively and presented very high mortalities (49-61%). In contrast, 
other important studies using an adapted 2001-consensus definition, exhibited both lower basal 
lactates  (range 2.5-3.5 mmol/l) and mortalities (range 29-39%) in their control arms [13,14,16]. 
Thus, as expected, definitions including lactate may lead to selection of patients with higher risk 
of death. In this sense our results are obvious, but what is rather surprising is that very important 
research trials have used the broad 2001 consensus definition [10,13-16], therefore inevitably 
mixing up patients with and without hyperlactatemia, and thus with a dramatic heterogeneity 
in risk of death. As a matter of fact, some controversial therapies may only show efficacy in 
more  severely ill patients    (e.g. the PROWESS trial [10]) and this potential effect could be 
neglected by using a less stringent definition. The fact that mortality steadily increased in an 
almost linear relationship with lactate, may justify a reappraisal of current definitions.

Our results confirm that even a single elevated lactate level confers a higher mortality 
risk, although in concordance with other studies [26], patients who cleared admission 
hyperlactatemia over time did better than those presenting a progressive increment. The 
strong and independent prognostic value of hyperlactatemia was confirmed by univariate 
and multivariate analyses. On the other hand, the fact that 15% of vasopressor-requiring 
septic patients increased lactate during resuscitation should not preclude the potential 
inclusion of hyperlactatemia as a necessary diagnostic criterion for septic shock. Indeed, 
the transition of patients into different stages of severity during ICU stay is very frequent. 
As examples, patients with sepsis can evolve into severe sepsis or septic shock; or patients 
admitted with acute lung injury (ALI) can evolve into full ARDS. Unfortunately, no single 
basal parameter could positively identify patients who later increased lactate in our study. 
This fact reinforces the necessity of serial monitoring and awareness of such possible 
transition for an early recognition and additional resuscitation [5]. 

It was beyond our scope to explore the physiologic meaning of our findings. Moreover, 
the true physiologic significance of lactate has been recently matter of debate and 
research [17-20].  Serum lactate levels represent the balance between massive production 
and consumption during circulatory dysfunction. Thus, the maintenance of normal 
serum levels may represent a state of physiologic compensation eventually implying an 
adequate peripheral perfusion and mitochondrial function, a preserved hepatosplanchnic 
perfusion or clearance, and a physiologic adrenergic tone [17-20]. In contrast, progressive 
hyperlactatemia may reflect a failure of any or all of these aspects, thus representing the 
collapse of the compensatory response and a real progressive shock state. This speculation 
may contribute to explain the lactate paradox: a physiologic protective molecule contrasting 
with the very poor prognosis associated with progressive hyperlactatemia.

The preceding concepts may give theoretical support for including lactate into septic 
shock definitions. Indeed, one of the most interesting aspects of our results was the very 
low mortality of the subgroup of patients that maintained normal lactate levels even while 
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requiring vasopressor support (7.7% compared to 42.9% in those with hyperlactatemia). 
These patients also exhibited less severe organ dysfunctions, higher ScvO2 values and 
required lower doses of NE, probably representing a minor expression of sepsis-related 
circulatory dysfunction and not real septic shock. In fact, their evolution and outcome are 
almost incompatible with a physiological definition of shock. This low mortality risk although 
surprising is consistent with the reports of Howell et al. involving hypotensive septic patients 
without hyperlactatemia [7], and Marchick et al. addressing non-sustained hypotension [8].  

The potential inclusion of lactate as an obligatory diagnostic criterion in future septic 
shock definitions could also have relevance in clinical and epidemiological research. For 
instance, research power calculations are based on estimates of mortality risk. If the use of 
the 2001-consensus definition vs. a lactate-depending definition leads to more than a 10% 
difference in the probability of death, this fact could induce an inappropriate sample size 
calculation and therefore, may distort results in unpredictable ways.

Our message should not be interpreted under any circumstance as a signal to reserve 
aggressive resuscitation and source control only for patients with hyperlactatemia. As stated 
above, all patients with clinical manifestations of sepsis-related circulatory dysfunction, 
including early hyperadrenergia, sustained or non-sustained hypotension, should receive 
adequate treatment (e.g. early goal directed therapy), monitoring, and triage irrespective of 
lactate levels. In our opinion, this stage of early sepsis-related circulatory dysfunction can evolve 
into a persistent septic-induced hypotension after initial resuscitation, a stage that should be 
classified as septic shock if developing hyperlactatemia at least for research, epidemiological 
and clinical purposes. As a clinical consequence, patients with progressive hyperlactatemia 
should be subjected to additional evaluation (e.g. inadequate resuscitation, microcirculatory 
dysfunction, hepatosplanchnic hypoperfusion, pathologic adrenergic response, etc.) and 
treatment. Patients without hyperlactatemia, although representing a minor expression of 
sepsis-related circulatory dysfunction and probably a compensated physiologic state, should 
nonetheless be carefully monitored and treated until complete resolution. 

A potential objection for the inclusion of lactate in a septic shock definition is the lack of 
specificity of hyperlactatemia as a marker of tissue hypoperfusion, a problem unfortunately 
shared by most of other potential markers such as peripheral vasoconstriction, oliguria, 
mental changes and even hypotension. In the case of hyperlactatemia several conditions not 
necessarily related to global hypoperfusion may be involved. Among them we could mention 
necrotic foci, liver failure, unresolved infection or hyperinflammation [8].   However, the 
present and previous studies confirm the strong and independent prognostic value of 
hyperlactatemia in the setting of sepsis-related circulatory dysfunction [11,12,25-27], but 
more importantly hyperlactatemia may constitute a signal of physiologic descompensation. 
Therefore, it mandates not only a resuscitative approach specially during the first 24 hrs, 
but also parallel efforts to pursue definitive source control (radiologic images, cultures) 
and biochemical/hematological analyses that may help to rule out a non-hypoxic related 
hyperlactatemia. We acknowledge that it may be difficult to isolate lactate as “the variable” 
to define a septic shock condition but doubtless it is a critical parameter. 
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Our study has several other limitations including the retrospective analysis; the inclusion 
of patients from a single center; the complexity of comparing two populations that are not 
independent cohorts (performed here as an exercise for the 2 potential definitions); the 
controversial cut-off value for a “normal” lactate [27]; the possibility of having missed some 
high lactate values between sampling; and the lack of long-term outcome data (e.g. 90 days 
mortality). Nevertheless, we believe that our results are valuable and may contribute for a 
reappraisal of current definitions.

Conclusions
According to our results, hyperlactatemia appears as an objective parameter worthy to 
being prospectively explored and validated as a potential obligatory diagnostic criterion for 
septic shock. Addressing this subject may be relevant for research and epidemiologic arenas 
and also for clinical management. The clinical and physiologic significance of maintaining 
normal lactate levels during circulatory stress should also be explored.
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Abstract
Introduction 
A subgroup of septic shock patients will never develop hyperlactatemia despite being 
subjected to a massive circulatory stress. Maintenance of normal lactate levels during 
septic shock is of great clinical and physiological interest. Our aim was to describe the 
clinical, hemodynamic, perfusion and microcirculatory profiles associated to the absence 
of hyperlactatemia during septic shock resuscitation.

Methods
We conducted an observational study in septic shock patients undergoing resuscitation. 
Serial clinical, hemodynamic and perfusion parameters were registered. A single sublingual 
microcirculatory assessment was performed in a subgroup. Patients evolving with 
vs. without hyperlactatemia were compared.

Results
124 septic shock patients were included. Patients without hyperlactatemia exhibited lower 
severity scores and mortality. They also presented higher platelet counts and required 
less intensive treatment. Microcirculation was assessed in 45 patients. Patients without 
hyperlactatemia presented higher PPV and MFI values. Lactate was correlated to several 
microcirculatory parameters. No difference in systemic flow parameters was observed.

Conclusion
Persistent sepsis-induced hypotension without hyperlactatemia is associated with less organ 
dysfunctions and a very low mortality risk. Patients without hyperlactatemia exhibit less 
coagulation and microcirculatory derangements despite comparable macrohemodynamics. 
Our study supports the notion that persistent sepsis-induced hypotension without 
hyperlactatemia exhibits a distinctive clinical and physiological profile. 

64



Introduction
Although the physiologic basis of lactate generation during shock has been recently matter 
of debate and research, a perfusion-related mechanism is probably involved at least in 
early stages [1-3]. Recent clinical studies have confirmed the strong prognostic value of 
hyperlactatemia and its association to other hemodynamic and perfusion abnormalities 
in septic shock [4-6]. Either a single abnormal level or an impaired lactate clearance, are 
related to morbidity and mortality.

More intriguingly, a subgroup of septic patients requiring prolonged vasopressor support 
and thus classified as septic shock according to the 2001 Sepsis Definition Conference [7], 
will never develop hyperlactatemia despite being subjected to a massive circulatory stress 
[8,9]. Moreover, we recently performed a retrospective analysis of 302 vasopressor-requiring 
septic patients, and demonstrated that the absence of hyperlactatemia was associated with a 
very low 7.7% mortality risk as compared with 42% in patients presenting hyperlactatemia 
at some point during resuscitation [9]. 

The maintenance of normal lactate levels in a septic patient with circulatory dysfunction 
is of great clinical and physiological interest. In fact, since several potential mechanisms 
can induce hyperlactatemia, including low cardiac output, microcirculatory abnormalities, 
sustained hyperadrenergia with accelerated aerobic glycolysis, and hepatosplanchnic 
hypoperfusion, among others, it is likely that the absence of hyperlactatemia reflects a more 
adequate physiological response to stress [1,9]. Indeed, the very low mortality associated 
to this condition supports the notion of a relatively preserved global homeostasis [9]. 
However, this statement is highly speculative and should be addressed in additional clinical 
and physiological research specifically focused on the determinants of lactate homeostasis 
during sepsis-related circulatory dysfunction.

Our aim was to describe the clinical, hemodynamic, perfusion and microcirculatory 
profiles associated to the absence of hyperlactatemia during septic shock resuscitation as a 
hypothesis generating study. 

Patients and methods
We conducted an observational study from April 2008 to October 2010, including all adult 
patients admitted to the ICU with a diagnosis of septic shock according to the 2001 Sepsis 
Definition Conference [7]. Under this definition, septic patients are considered in shock 
when presenting a volume-refractory hypotension and thus require vasopressors to sustain 
blood pressure.

All septic shock patients were treated with a periodically updated management protocol 
independently of their participation in this study, and their demographic and clinical data 
were registered in a prospective data set. The Institutional Review Board (IRB) of our 
University approved this study and waived the necessity of an informed consent because of 
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the solely observational nature of the study design, and considering that it did not deviate 
from the best standard of care.

Patients requiring vasopressors to maintain mean arterial pressure (MAP) >65 mmHg 
despite initial fluid loading [10] and committed to full resuscitation were considered eligible 
for this study.

Our local management algorithm for septic shock has been published elsewhere [9,11-14]. 
Septic patients presenting a circulatory dysfunction at the emergency department (ED) or the 
pre-ICU service were subjected to vigorous fluid resuscitation, and basal measurements of 
lactate (Radiometer ABL 735, Copenhagen Denmark). If developing persistent hypotension 
or hyperlactatemia, patients were transferred to the ICU as soon as a bed was available. In the 
mean time, and depending on the timing of ICU bed availability, a central venous catheter 
was inserted for measurement of central venous oxygen saturation. The mean transfer time 
from the ED to the ICU for septic shock patients in our university hospital is 48 minutes [14]. 

ICU- based resuscitation was aimed at normalizing macrohemodynamic, and 
clinical and metabolic perfusion parameters. Invasive hemodynamic monitoring and 
mechanical ventilation (MV) were decided on an individual basis by attending physicians. 
Norepinephrine (NE) was used as the sole vasopressor and adjusted to the minimal dose 
to maintain the MAP target. Optimal fluid resuscitation was guided by dynamic predictors 
[15] or by a Starling curve approach when the former were not feasible. High-volume 
hemofiltration (HVHF) was indicated as a final salvage therapy in unresponsive patients 
[13]. Intra-abdominal pressure was monitored and treated according to recent guidelines 
[16]. Complementarily, a dedicated sepsis team performed a daily exhaustive reassessment 
of the adequacy of source control and participated in major decisions.

Perfusion assessment included metabolic (arterial lactate, central (ScvO2) or mixed 
(SvO2) venous O2 saturation, central venous-to-arterial PCO2 difference (P(cv-a)CO2)), 
and peripheral perfusion parameters (capillary refill time, central to peripheral temperature 
gradient, skin mottling) at least every 6 h during the first 48 h of treatment. A patient with 
septic shock was subjected to at least 9 arterial lactate determinations (including the first 
pre-ICU assessment) during this period.

A patient was considered as resuscitated when normalization of both metabolic and 
peripheral perfusion parameters was achieved, while maintaining stable or decreasing NE 
requirements for at least 12 h. Patients were followed until hospital discharge or death. 
Baseline values were registered after arterial line and central venous catheter insertion. 
Sublingual microcirculatory assessments were performed within 6 h of ICU- resuscitation 
in a subgroup of patients (see below). 

We divided the whole cohort according to the presence or not of any abnormal lactate 
value during the resuscitation period, and compared the resulting subgroups for differences 
in mortality and other relevant clinical and physiological variables. To be classified to the 
“normal” lactate subgroup, all lactate measurements including the pre-ICU determinations 
had to be in the normal range. Patients with at least one abnormal level, were classified to 
the”hyperlactatemia” subgroup.
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Lactate determination
Lactate levels were measured in arterial blood using the hospital’s central laboratory 
through a blood gas analyzer (Radiometer ABL 735, Copenhagen, Denmark). According 
to our laboratory standards a range from 0.1 to 2.4 mmol/l was considered as normal. This 
cut-off was recently revalidated by Shapiro et al [4].

Sublingual microcirculation imaging
Microcirculatory assessments were performed in all septic shock patients included after 
April 2010. At this point, proper training of staff in image acquisition was completed, thus 
allowing around-the-clock availability. A different investigator, who was blinded to clinical 
data, performed image analysis according to a recent consensus [17].

Sublingual microcirculation was assessed with sidestream dark field (SDF) 
videomicroscopy with a 5x lens (Microscan® for NTSC, Microvision Medical). At each 
time-point, at least five 10-20 sec images were recorded. After removing saliva and oral 
secretions the probe was applied over the mucosa at the base of the tongue. Special care was 
taken to avoid exerting excessive pressure on the mucosa, which was verified by checking 
ongoing flow in larger microvessels (>50 μm). Analog images were digitalized by using the 
pass-through function of a digital video camera recorder (Sony DCR-HC96, for NTSC) and 
were recorded instantaneously and transformed to AVI format in a laptop with the aid of a 
commercial software (DVGate Plus 2.3, Sony Corporation). 

According to recommendations of the cited consensus [17], image analysis consisted in 
flow (percentage of perfused vessels, PPV; microcirculatory blood flow, MFI), density (total 
vascular density, TVD; perfused vascular density, PVD) and heterogeneity parameters 
(MFI heterogeneity, Het MFI). Briefly, to determine MFI, the image was divided in four 
quadrants and the predominant type of flow is assessed in each quadrant and characterized 
as absent=0, intermittent=1, sluggish=2 or normal=3. Values of the 4 quadrants were 
averaged. MFI heterogeneity was calculated as Het MFI = (MFI max – MFI min) x 100 / MFI 
mean. For TVD and PVD a gridline consisting of 3 horizontal and 3 vertical equidistant 
lines was superimposed on the image. All vessels crossing the lines were counted and 
classified either as perfused (continuous flow) and non-perfused (no flow or intermittent 
flow) vessels. Next, densities were calculated as the total number of vessels (TVD), or the 
number of perfused vessels (PVD), divided by the total length of the gridline in millimeters. 
PPV was calculated as PVD / TVD x 100 [17].

Statistical analysis
In order to accomplish our objectives, patients evolving with versus without hyperlactatemia 
were compared for differences in severity scores, organ dysfunctions, hemodynamic and 
perfusion parameters, microcirculatory abnormalities, and hospital mortality. 
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Numerical variables were compared using Mann-Whitney U test, and categorical 
variables were compared by chi-square goodness-of-fit test. Spearman correlation was used 
for testing between continuous variables, due to non-normal distribution of data. Logistic 
and multivariate regression was performed to determine variables independently associated 
with hyperlactatemia, microcirculatory abnormalities and hospital mortality. SPSS software 
version 17.0 (Chicago, IL, USA) was used for statistical calculations. Results are expressed 
as percentages or median and interquartile range. A p < 0.05 was considered as statistically 
significant. All reported p values are two-sided.

Results
A total of 124 patients were included in this study. The general characteristics of the cohort 
are shown in Table 1. Thirty-eight patients (31%) did not present hyperlactatemia during 
resuscitation and 86 (69%) did. Sepsis was caused more frequently by abdominal and 
respiratory sources. Surgical resolution of sepsis foci was necessary in 39%. 

When comparing both subgroups, no difference in comorbidities was found (Table 1). 
Patients without hyperlactatemia presented lower severity scores, less MV requirements, 
and lower hospital mortality (Table 1). They also exhibited higher platelet counts and lower 
serum creatinine levels (Table 2). 

In relation to hemodynamic and perfusion parameters, patients with persistent sepsis 
induced hypotension without hyperlactatemia presented lower NE requirements, less 
positive fluid balances, and received dobutamine less frequently (Table 3). A pulmonary 
artery catheter was inserted in 9 patients without hyperlactatemia and in 38 with elevated 
lactate levels. No significant differences in cardiac index, pulmonary artery occlusion 
pressure, ScvO2 and SvO2 were observed. 

A sublingual microcirculatory assessment was performed in 45 patients (36% of the 
whole cohort; see above), 14 without and 31 with hyperlactemia. This subset was comparable 
to the whole cohort in clinical, hemodynamic and perfusion variables, and outcome. When 
comparing subgroups, patients without hyperlactatemia exhibited significantly higher PPV 
and MFI values (Table 4). 

In the subset of patients in whom a sublingual microcirculatory assessment was 
performed, lactate levels exhibited a significant correlation with PPV (Spearman’s 
Rho = 0.499, p<0.0001) and MFI (Spearman’s Rho = 0.497, p<0.0001).

Discussion
Our results confirm that patients with persistent sepsis induced hypotension without 
hyperlactatemia present a very low mortality risk. This condition is associated with less 
organ dysfunctions and intensity of ICU management. Age, comorbidities, sepsis source 
control, and macrohemodynamic parameters including cardiac output, were not related to 
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Table 4.1 General characteristics of the cohort and subgroups of patients.

Total Lactate < 2.5 Lactate ≥ 2.5

Number of patients 124 38 86

Age (y) 65 [53 – 75] 62 [39 – 73] 65 [58 – 75]

ICU LOS (d) 5 [3 – 9] 4.5 [2 – 7] 5 [3 – 10]

APACHE II Score 18 [12 – 24] 12 [8 – 19] 20 [15 – 25]**

Basal SOFA Score 8 [5 – 10] 6 [3 – 8] 9 [6 – 11]**

ICU mortality (%) 13.7 5.2 17.4*

Hospital mortality (%) 17.6 7.9 20.9*

Patients in MV (%) 79 71 82*

Length of MV (d) 2 [1 – 5] 1 [0 – 3.7] 3 [1 – 7]*

Renal replacement therapy 19 3 16*

Sepsis source (%)

Pulmonary 27 26 28

Abdominal 45 45 44

Other 28 29 28

Adequate initial AB empiric coverage (%)

Yes 81 71 85

No 13 16 12

Unknown 6 13 3

Comorbidities (%)

Diabetes 20 19 21

Hypertension 26 23 27

Chronic kidney disease 7 6 8

Stroke 24 0 3

Atrial fibrillation 11 0 15

*: p <0.05 for the comparison between subgroups
**: p <0.01 for the comparison between subgroups
Data are shown as median [interquartile range] or percentage. ICU: intensive care unit; LOS: length 
of stay; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure 
Assessment; MV: mechanical ventilation; AB: antibiotic.

the presence or absence of hyperlactatemia. Interestingly, patients without hyperlactatemia 
presented less severe microcirculatory abnormalities and higher platelet counts. Although 
our conclusions are to some extent speculative and basically hypothesis generating, these 
data support the notion that patients with persistent sepsis-induced hypotension without 
hyperlactatemia exhibit a distinctive clinical and physiological profile. 

Sepsis involves a complex interaction between the coagulation and inflammatory 
systems at the endothelial and microvascular level [18,19]. This may result in tissue 
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Table 4.2 Baseline and peak laboratory parameters of organ dysfunction.

Lactate < 2.5 mmol/l Lactate ≥ 2.5 mmol/l

Baseline PaO2/FiO2 260 [185 - 388] 275 [160 - 339]

Lowest PaO2/FiO2 257 [184 - 340] 218 [150 - 286]

Baseline D-dimer levels (ng/ml) 3070 [2031 - 4198] 3788 [2096 - 5480]

Peak D-dimer levels (ng/ml) 3447 [2182 - 4771] 5298 [2885 - 7392]

Baseline platelet count (x103/mm3) 192 [157 - 332] 145 [101 - 255]*

Lowest platelet count (x103/mm3) 171 [116 - 261] 83.5 [43.3 - 162.5]**

Baseline bilirubin levels (mg/dl) 0.7 [0.5 - 1.3] 1 [0.6 - 1.9]

Peak bilirubin levels (mg/dl) 0.7 [0.6 - 1.7] 1.1 [0.7 - 3]

Baseline C-reactive protein levels (mg/dl) 15.9 [8.5 - 25.9] 14.7 [5.7 - 27.6]

Peak C-reactive protein levels (mg/dl) 24.4 [15.2 - 33.9] 28 [19.7 - 36]

Baseline serum creatinine levels (mg/dl) 0.8 [0.6 - 1.6] 1.7 [1 - 3]**

Peak serum creatinine levels (mg/dl) 1 [0.6 - 1.7] 1.7 [1.1 - 2.9]**

*: p < 0.05
**: p < 0.01
Data are shown as median [interquartile range].

Table 4.3 Hemodynamic and perfusion parameters in subgroups of patients.

Lactate < 2.5 mmol/l Lactate ≥ 2.5 mmol/l

Peak lactate level (mmol/l) 1.7 [1.3 - 2] 4.5 [3.4 - 7.4]**

Baseline lactate levels (mmol/l) 1.2 [1 - 1.8] 4 [3 - 5.8]**

Baseline PAOP (mmHg) 18 [13 - 26.5] 19.5 [15.3 - 23.8]

Baseline CI (L/min/m2) 3.2 [1.9 - 3.5] 3 [2.4 - 3.7]

Lowest CI (L/min/m2) 2 [1.9 - 3.2] 2.4 [2 - 2.7]

Lowest ScvO2 (%) 67 [59 - 71] 66 [58 - 72]

Lowest SvO2 (%) 69 [65 - 74] 68 [61 - 75]

Peak NE dose (μg/kg/min) 0.08 [0.04 - 0.17] 0.2 [0.07 - 0.53]**

NE use (h) 22 [11 - 41] 35 [17 - 69]*

24 h fluid balance (ml) 1903 [845 - 2835] 4000 [1973 - 5509]**

Cumulative 72 h fluid balance (ml) 2857 [1130 - 5264] 5978 [3674 - 9551]**

Dobutamine use (% of patients) 18 46**

Basal P(cv-a)CO2 (mmHg) 5.5 [3 - 8] 6.1 [4.7 - 8]

Peak intra-abdominal pressure (mmHg) 19 [12.5 - 24] 17 [15 - 19]

*: p < 0.05
**: p < 0.01
Data are shown as median [interquartile range] or percentage. PAOP: pulmonary artery occlusion 
pressure; CI: cardiac index; ScvO2: central venous oxygen saturation; SvO2: mixed venous oxygen 
saturation; NE: norepinephrine; P(cv-a)CO2: central venous-to-arterial PCO2 difference.
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hypoperfusion, thus inducing hypoxia-driven hyperlactatemia [20]. Moreover, disseminated 
intravascular platelet activation may occur, contributing to microvascular failure and 
organ dysfunction [21]. Thrombocypenia is a marker of this process. On the other hand, 
several microcirculatory abnormalities, such as endothelial edema, leukocyte activation, 
red blood cells stiffness, platelet aggregation, and functional shunting, could also induce 
microvascular hypoperfusion and eventually hyperlactatemia [22].

In effect, patients without hyperlactatemia evolved with higher platelet counts, a trend 
to lower D-dimer levels (p=0.08), and a relatively preserved microcirculatory flow (PPV 
and MFI). Taken together, these data suggest that the absence of hyperlactatemia could be 
related, at least in part, to less severe endothelial and microcirculatory dysfunctions. As a 
matter of fact, macrohemodynamic variables, oxygen-derived parameters such as SvO2, and 
venous–arterial pCO2 gradients, were not different between subgroups, thus suggesting that 
systemic flow disturbances are not major determinants of the genesis of hyperlactatemia in 
this setting. 

The relationship between hyperlactatemia and microcirculatory abnormalities in septic 
patients is somehow controversial. Three studies reported a poor correlation between MFI 
and hyperlactatemia after single assessments [23-25]. In contrast, De Backer et al., testing the 
effect of dobutamine on microcirculatory abnormalities, found that an improvement in PPV 
was significantly associated with a decrease in lactate levels [26]. The same group confirmed 
these findings in another study addressing the effects of fluids on microvascular flow [27]. 
These discrepancies could be better explained by different study designs, concerning timing 
and number of microcirculatory assessments and therapeutic interventions. As a matter 

Table 4.4 Hemodynamic, perfusion and microcirculatory parameters in 45 patients evaluated 
with sublingual SDF videomicroscopy.

Lactate < 2.5 mmol/l Lactate ≥ 2.5 mmol/l

n (%) 14 (31%) 31 (69%)

NE (ug/kg/min) 0.2 [0.09 - 0.39 ] 0.48 [0.22 - 0.93]*

Lactate (mmol/l) 1.4 [1.2 - 2.1] 5.8 [3.9 – 8.4]*

ScvO2 (%) 73 [67 - 77] 71 [66 - 78]

TVD (n/mm) 12.9 [10.7 – 13.9] 12.9 [11.1 – 14.9]

PVD (n/mm) 10.5 [9.5 – 12] 10.1 [6.6 – 12.4]

PPV (%) 87.3 [81.6 – 90.6] 75.5 [60.9 - 86.4]*

MFI 2.44 [2.25 - 2.61] 2.11 [1.7 - 2.32]*

Het MFI 0.33 [0.18 – 0.49] 0.42 [0.27 – 0.72]

*: p < 0.01
Data are shown as median [interquartile range] or percentage. NS: non-significant (p >0.05). NE: 
norepinephrine; ScvO2: central venous oxygen saturation; P(cv-a)CO2: central venous-to-arterial 
PCO2 difference; TVD: total vascular density; PVD: perfused vascular density; PPV: percentage of 
perfused vessels; MFI: microvascular flow index; Het MFI: MFI heterogeneity.
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of fact, the latter group [26,27] performed 2 sequential microcirculatory evaluations, thus 
comparing the time-course of microvascular flow recovery and lactate decrease. In our case, 
although we performed a single microcirculatory assessment per patient, the main difference 
with the studies cited above [23-25], is that we compared microcirculatory derangements 
between two mutually exclusive subgroups and found a significant correlation between 
several microcirculatory flow related parameters and lactate. Although methodological 
differences preclude a direct comparison between studies, in our opinion they ultimately 
suggest that there is an effective association between hyperlactatemia and microcirculatory 
abnormalities, at least during the early stages of septic shock. However, no definite cause-
effect relationship can be established at this point. 

Another interesting finding is the relatively moderate degree of microcirculatory 
derangements found in our study, as shown by a mean MFI of 2.1 and a PPV of 75.5% in 
patients with hyperlactatemia. However, while our observation is consistent with recent 
studies that found similar mean basal MFI values [28- 30], it is in sharp contrast with 
another trial reporting MFI values of less than 1.5 early after emergency room admission 
[31]. Moreover, Boerma et al. [32] reported that MFI improved over time (from 1.4 to 2.2) 
during resuscitation in the placebo arm of their nitroglycerin trial. These data considered 
together suggest that MFI values are very low in non-resuscitated patients but may improve 
rapidly after initial aggressive resuscitative maneuvers, resembling what happens with 
ScvO2. Nevertheless, this fact does not invalidate our results, since both subgroups, with and 
without hyperlactatemia, presented similar pre-ICU management and time from diagnosis 
to ICU admission (data not shown). Therefore, we believe that the observed differences in 
microcirculatory flow indexes are relevant and provide interesting potential clinical and 
physiological implications.

Our study suggests that persistent sepsis-induced hypotension without hyperlactatemia, 
traditionally included under septic shock definitions, constitutes a different subgroup 
in terms of prognosis and endothelial/microcirculatory dysfunction. Remarkably, more 
than 90% of these patients resolved this condition and were discharged from ICU without 
further complications. Moreover, they required less intensive critical care treatment. The 
2001 Sepsis Definition Conference proposed vasopressor requirements as a mandatory 
criterion for septic shock diagnosis, irrespective of lactate levels [7]. In this sense, besides 
confirming our previous retrospective findings [9], the present study provides more clinical 
and physiological data for a potential reappraisal of current septic shock definitions. The 
question whether persistent sepsis induced hypotension without hyperlactemia constitutes 
a different pathophysiological entity, or simply a mild form of septic shock, should be 
addressed in future studies.

Our study has several limitations. This was a single-centre study, thus limiting the 
extrapolation of our results. Microcirculatory assessments were performed at different 
time-points during early resuscitation, were limited to a subset of patients, and did not 
include serial measurements. We did not evaluate other potential mechanisms involved 
in the genesis of hyperlactatemia, such as, hyperadrenergia with accelerated glycolysis, 
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hepatosplanchnic flow, or mitochondrial dysfunction. No sample size calculation was 
performed and our cohort was relatively small. We can not rule out the possibility of having 
missed some high lactate values between sampling, although this is unlikely considering 
the frequent sampling. Finally, it was beyond our scope to comprehensively address all 
the potential causes of persistent hyperlactatemia. As stated in the introduction, this has 
been matter of extensive recent research, but briefly, many potential non-hypoxic causes 
could contribute including hepatosplanchnic hypoperfusion, liver dysfunction, adrenergic-
driven aerobic glycolysis, hyperinflammation, among others [1-3]. Nevertheless, we think 
that these results provide valuable information concerning the clinical and physiological 
significance of the absence of hyperlactatemia during sepsis-related circulatory dysfunction.

Conclusions
Persistent sepsis-induced hypotension without hyperlactatemia is associated with less 
severe organ dysfunctions and a very low mortality risk. Systemic flow parameters are 
not related to the presence or absence of hyperlactatemia. Our data suggest a relationship 
between coagulation, microcirculatory derangements and lactate levels. This study tends 
to support the notion that patients with persistent sepsis-induced hypotension without 
hyperlactatemia exhibit a distinctive clinical and physiological profile within the spectrum 
of septic shock. This subject should be addressed in future studies.
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Abstract
Purpose
To determine the general relationship of perfused vessel density (PVD) to mortality and 
organ dysfunctions, and to explore if patients in the lowest quartile of distribution for 
this parameter present a higher risk of bad outcome. To identify systemic hemodynamic 
and perfusion variables that enhances the probability of finding a severe underlying 
microvascular dysfunction. 

Material and methods 
Retrospective multicenter study including 122 septic shock patients participating in seven 
prospective clinical trials on which at least one sublingual microcirculatory assessment was 
performed during early resuscitation 

Results 
PVD was significantly related to organ dysfunctions and mortality but this effect was largely 
explained by patients in the lowest quartile of distribution for PVD (p=0.037; [OR 8.7, 95% 
CI 1.14-66.78] for mortality). Hyperlactatemia (p<0.026; [OR 1.23, 95% CI 1.03-1.47]) and 
high norepinephrine requirements (p<0.019, [OR 7.04 CI 1.38-35.89]) increased the odds 
of finding a severe microvascular dysfunction. 

Conclusions 
PVD is significantly related to organ dysfunctions and mortality in septic shock patients, 
particularly in patients exhibiting more severe abnormalities as represented by the 
lowest quartile of distribution for this parameter. The presence of hyperlactatemia and 
high norepinephrine requirements increases the odds of finding a severe underlying 
microvascular dysfunction during a sublingual microcirculatory assessment.
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Introduction
Microcirculatory perfusion has been the subject of extensive research over the last decade, 
especially in the context of sepsis [1-4]. Several sublingual microcirculatory abnormalities 
have been described and linked to morbidity and mortality in septic shock patients [1,3,5]. 
More recent research has been focused on potential therapies to improve microcirculatory 
flow with some promising results [6-11]. However, there are still fundamental aspects 
that need to be resolved before launching major controlled clinical trials. First, although 
several indices to evaluate sublingual microcirculation have been proposed [5], the clinical 
relevance of individual microcirculatory parameters is far from being well established [1-4]. 

This is particularly true for perfused vessel density (PVD), a parameter representing 
functional capillary density. Second, no severity staging has been proposed or validated 
for any of these microcirculatory indices. Third, the relationship between systemic 
hemodynamics, global perfusion parameters and microcirculatory derangements is still 
controversial [6,8,12-14], and as a consequence it is not clear if macrohemodynamic or 
perfusion parameters can predict the status of microcirculatory perfusion.

As a matter of fact, a significant correlation between systemic hemodynamic parameters 
and microcirculatory indices was observed in septic shock patients early on after emergency 
hospital admission [12]. Nevertheless, this finding has not been reproduced in intensive 
care unit-based studies [1,6]. In the same line, the relationship between microcirculatory 
derangements and metabolic perfusion-related parameters is controversial. While some 
studies report parallel changes in microcirculatory flow and lactate during septic shock 
resuscitation [6,11], others have failed to find any correlation [13]. Therefore, from a bedside 
perspective, it is hard to identify which septic shock patients are more likely to present 
a microvascular dysfunction, and thus constitute better candidates for microcirculatory 
assessment and for potential inclusion in clinical trials.

To address these uncertainties, we conducted a clinical study in a large multicenter 
cohort of patients with septic shock. Our aims were to determine the general relationship 
of PVD to mortality and organ dysfunctions, and to explore if patients in the lowest quartile 
of distribution for this parameter presented a higher risk of bad outcome. Additionally, 
we wanted to identify systemic hemodynamic and perfusion variables that enhance the 
probability of finding a severe underlying microvascular dysfunction.

Methods
Setting
We conducted a retrospective, cross-sectional study in 3 academic centers (Chile, Argentina 
and The Netherlands). Septic shock patients [15] enrolled in 7 prospective studies evaluating 
microcirculation in different settings were considered for inclusion [4,7,9,10,13,16,17]. 
Although the main objectives of these studies were markedly different, they shared the 
following aspects: 1) local Institutional Review Boards (IRB) approval with informed 
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consent requirement (except in study # 17 for which it was waived by the IRB); 2) one or 
more microcirculatory assessments performed in parallel with macrohemodynamic and 
perfusion parameters within the first 24 h of septic shock diagnosis; 3) microcirculatory 
image analysis performed by an experienced investigator; 4) image analysis criteria based 
on a recent consensus [5]; 5) demographic, severity scores and clinical data registered at 
baseline, and follow- up until hospital discharge or death; and 6) overall management of 
septic shock based upon perfusion-driven protocols, as summarized below.

Background management 
Management protocols shared the following principles: Resuscitation was aimed at 
restoring macrohemodynamics and global perfusion. Normalization of lactate was the 
main endpoint in addition to early aggressive source control. Initial fluid resuscitation was 
directed at correcting basic hemodynamic parameters. Norepinephrine (NE) was used as 
the sole vasopressor in patients with persistent hypotension after fluid loading. Additional 
invasive monitoring, vasoactive drugs and mechanical ventilation were decided on an 
individual basis and center preferences by attending physicians. Cardiac index and related 
parameters were evaluated with a pulmonary artery catheter. Intravascular volume status 
was optimized following recent recommendations if suitable [18]. Unresponsive patients 
received different rescue therapies [10,19] observing center-specific variations.

Microcirculatory assessment 
Sublingual microcirculation was evaluated as soon as technically feasible during the first 
24 h of resuscitation. Whenever microcirculation was evaluated, mean arterial pressure 
(MAP), cardiac index, lactate, mixed venous O2 saturation (SvO2), and NE doses were 
registered in parallel. The earliest microcirculatory assessment per patient was considered 
for the present study.

Sublingual microcirculation was assessed with orthogonal polarization spectral imaging 
[4,13] or side dark stream field videomicroscopy [7,9,10,16,17] with a 5x lens (Microscan®, 
Microvision Medical, Amsterdam, The Netherlands). At each time-point, at least five, 
10-20 seconds, images were recorded. After removing saliva and oral secretions the probe was 
applied over the mucosa at the base of the tongue. Special care was taken to avoid pressure 
artifacts, which was verified by checking ongoing flow in larger microvessels (>50 μm).

Microcirculatory analysis Each center followed the recommendations of a recent 
consensus conference [5], which proposes that image analysis should be at least depicted 
as measurements of perfusion (proportion of perfused vessels (PPV %), and density (total 
vessel density (TVD, n/mm) and perfused vessel density (n/mm)). A grid-line consisting 
of 3 horizontal and 3 vertical equidistant lines was superimposed on the image. TVD was 
calculated as the number of vessels crossing the lines divided by the total length of the lines. 
All vessels crossing the lines were counted and classified either as perfused (continuous 
flow) and non-perfused (no flow or intermittent flow) vessels. PPV was calculated as the 
number of vessels with continuous flow divided by the total number of vessels, multiplied 
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by 100. PVD, an estimate of functional capillary density, can be calculated as TVD X PPV. 
Microcirculatory indices were determined for large and small vessels using a cutoff diameter 
for small vessels of <20 μm. Only data regarding the small vessels are reported. Considering 
that centers estimated microcirculatory flow index and heterogeneity with different 
methodologies, these flow indices were not included in the present analysis. On the other 
hand, we decided to focus our study mainly in PVD since in our opinion it is the single 
approach that more comprehensively quantifies microvascular perfusion.

Statistical analysis
Due to non-normal distribution of microcirculatory variables, non-parametric statistics 
were used. Results are expressed as median and interquartile range, or mean when pertinent. 
Medians were compared by Mann Whitney test and categorical data with Chi square. 
Association between microcirculatory and hemodynamic and perfusion parameters was 
assessed with Spearman’s rho.

A logistic regression analysis was performed to determine if PVD was an independent 
predictor of hospital mortality, incorporating several variables such as center, APACHE II 
score, NE dose, lactate, and PVD quartile. PPV was excluded from the model to avoid over-
adjustment since PVD is calculated as TVD x PPV.

A second logistic regression analysis was performed to determine systemic and perfusion 
variables independently associated to the probability of presenting severe underlying 
microcirculatory abnormalities as represented by the lowest PVD quartile. Several variables 
such as age, sex, APACHE score; basal and 24 h SOFA scores, NE dose, cardiac index, 
lactate, and SvO2 values, were included in the model.

SPSS software version 17.0 (Chicago, IL, USA) was used for statistical calculations. 
A p value of <0.05 was considered as statistically significant All reported p values are two-
sided. For logistic regression analyses, p values of 0.05 and 0.1 were used as entry and 
retention criteria, respectively.

Results
One hundred and twenty-two patients were included (age 65 y [18-84]; APACHE II score 
21 [18-25]; basal SOFA score 10 [7-12]; 24 h SOFA score 9 [7-11]; hospital mortality 33%). 
Main septic sources were abdominal 44%, respiratory 29%, urinary tract 10% and catheter-
related 5. Microcirculatory assessment was performed in all cases during the first 12 h after 
shock onset. Hemodynamic and perfusion parameters during microcirculatory assessment 
were: MAP 67 [61-72] mmHg, NE dose 0.15 [0.01–0.43] mcg/kg/min, lactate 2.3 [1.3–4.5] 
mmol/L, cardiac index 3.8 [3.1–4.9] L/min/m2, and SvO2 71 [66–76] %.

Among microcirculatory indices, non-survivors exhibited significantly lower PVD 
and PPV values as compared to survivors (PVD 11.3 [7.4-13.8] vs. 13.8 [10.2-16.8] n/mm; 
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p<0.01, and PPV 79.8 [70.1-93.5] vs. 91.1 [80-100] %; p<0.05). No difference was found 
for TVD (14.8 [12.9-19.5] vs. 14.8 [11.3-19.8] n/mm; p=0.55). When dividing PVD into 
quartile, we found that the lowest PVD quartile was independently associated to mortality 
(p=0.037; [OR 8.7, 95% CI 1.14-66.78) (Figure 1), together with lactate (p=0.02; [OR 1.5, 
95% CI 1.2-1.9]) and NE dose (p=0.002; [OR 55.3, 95% CI 4.6-666]). The other tested 

1.  
Figure 5.1 Relation between PVD quartile and mortality (estimate probability) 

 

 

 

Table 5.1 Comparison of lowest versus highest PVD quartiles.

Quartile 1 (n=30) 2-4 (n=92)

Age (y) 56 [48-68] 63 [55-76] p=0.22*

APACHE II score 23 [18-27] 20 [16-23] p=0.02*

SOFA score 12 [10-14] 9 [7-11] p=0.001*

SOFA 24 h 12 [8-16] 9 [7-11] p=0.002*

MAP (mmHg) 67 [63-73] 70 [64-77] p=0.21*

NE dose (mcg/kg/min 0.37 [0.16-0.72] 0.05[0-0.13] p<0.0001*

Lactate (mmol/L) 5.8 [2.3-9.5] 2.1 [1.2-3.4] p=0.002*

SvO2 (%) 75 [67-80] 71 [66-75] p=0.064*

CI (L/min/m2 4.6 [3.2-5.5] 4.0 [3.5-4.9] p=0.68*

Values are expressed as median [interquartile range]. *Mann-Whitney test, ** Chi-square test.
APACHE, Acute Physiology and Chronic health Evaluation; SOFA, Sequential Organ Failure 
Assessment; MAP, mean arterial pressure; NE, norepinephrine; SvO2, mixed venous oxygen 
saturation; CI, cardiac index.

Figure 5.1 Relation between PVD quartile and mortality (estimate probability).
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variables including APACHE II score (p=0.66; [OR 1.0, 95% CI 0.9-1.1] were not associated 
to hospital mortality in this study.

To address potential clinical relevance of these results, we compared the lowest with the 
three upper PVD quartile in several clinical, hemodynamic or perfusion variables. Patients 
in the lowest PVD quartile (<9.4 n/mm) exhibited higher severity scores, NE requirements 
and lactate levels (Table 1, figure 2).

When addressing the relationship between hemodynamic and perfusion parameters 
with this microcirculatory index, we found that PVD was significantly correlated with NE 
requirements and lactate levels (Spearman’s rho, p<0.0001 for both), but not with MAP, 
cardiac index or SvO2 values. Only lactate (p<0.026; [OR 1.23, 95% CI 1.03-1.47]) and NE 
requirements (p<0.019, [OR 7.04, 95% CI 1.38-35.89]) predicted the worst PVD quartile.

Discussion
Perfused vessel density was significantly related to organ dysfunctions and mortality in 
our cohort of septic shock patients, but patients exhibiting more severe microcirculatory 
abnormalities as represented by the lowest quartile of distribution for PVD, largely explained 
this effect. The presence of hyperlactatemia and high norepinephrine requirements 
increased the odds of finding a severe underlying microvascular dysfunction during a 
sublingual microcirculatory assessment.

 

Figure 5.2 Arterial lactate distribution according to PVD quartile. A significant 

difference between the lowest and any other PVD quartile was observed (ANOVA, 

p=0.001, Bonferroni post hoc). 

Figure 5.2 Arterial lactate distribution according to PVD quartile. A significant difference 
between the lowest and any other PVD quartile was observed (ANOVA, p=0.001, Bonferroni 
post hoc).
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A recent consensus conference proposed a semi-quantitative approach to evaluate 
microcirculatory abnormalities [5], but very few studies so far have been aimed at 
establishing their individual specific clinical relevance or hierarchy. Our data suggest 
that from a clinical perspective PVD is relevant due to its association to major outcomes. 
This finding makes physiological sense since this parameter takes into account both the 
diffusional and convective determinants of tissue oxygenation at the microvascular level 
[5]. However, outcome relationships were mainly evident in patients with more severe 
derangements, and thus a staging of severity for proposed microcirculatory indices appears 
as imperative. This is particularly important for future research since microcirculatory-
oriented trials should be focused on patients with severe abnormalities, as determined by 
some staging system, to effectively have the potential to impact morbidity or mortality. 

PVD has been only recently highlighted in some small clinical or experimental 
microcirculatory studies involving cardiogenic and hemorrhagic shock, or septic patients 
[20-23]. Den Uil et al. performed a prospective study of sublingual microcirculatory 
assessment in a cohort of patients with cardiogenic shock and found that organ failures 
recovered more frequently in patients with perfused vessel density > median (10.3 n/mm) 
and that this parameter was associated to outcome [20]. Peruski et al. demonstrated a good 
correlation between PVD and macrohemodynamic variables in a canine model of septic 
shock [21]. Yeh et al. demonstrated a significant correlation between lactate and PVD 
in a small cohort of patients admitted to the ICU after general or thoracic surgery [22]. 
Finally, Top et al, found persistent low PVD values in non-survivors of sepsis in pediatric 
intensive care [23]. Our study involves a large cohort of septic shock patients and provides 
additional robust data concerning the relevance of PVD as an expression of microvascular 
dysfunction. Values reported for PVD across the literature are quite variable and in the 
range of 5.3 to 23 n/mm [10,16,20-25]). Thus, our finding of PVD values < 9.5 n/mm in the 
lowest distribution quartile is consistent with current literature.

In relation to our second objective, we found a significant association between high 
norepinephrine requirements and hyperlactatemia, with microcirculatory perfusion 
as depicted by the PVD parameter. Moreover, the probability of finding a PVD value in 
the lowest quartile (<9.4 n/mm) was particularly higher in patients with hyperlactatemia 
> 4 mmol/l and NE requirements > 0.2 mcg/kg/min, representing a more severe septic 
shock state. Thus, severe septic shock patients could represent a more precise target for 
interventions.

The association between NE requirements and microcirculatory abnormalities does not 
necessarily imply a cause/effect relationship. In a recent study by Dubin et al. there was 
considerable variation in the individual responses to NE that were strongly dependent on 
the basal condition of the microcirculation [16]. In fact, PVD improved in patients with 
an altered sublingual perfusion at baseline and decreased in patients with a preserved 
baseline microvascular perfusion. On the other hand, when MAP decreases below an 
autoregulatory threshold of 60 to 65 mm Hg, organ perfusion becomes pressure dependent 
and, consequently, the use of NE to increase MAP could improve tissue perfusion as 
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was recently confirmed by Georger et al. assessing NIRS-related parameters [25]. High 
NE requirements could also simply reflect a more profound and widespread circulatory 
dysfunction involving also the microvascular level. However, regardless of the presence of 
a cause/effect relationship, an important message for clinicians is that patients with high 
NE requirements are much more likely to have severe microcirculatory derangements. 
Therefore, these patients are particularly suitable to microcirculatory assessment and 
potential inclusion in clinical trials.

Another interesting aspect of our study is the lack of association between systemic 
parameters such as MAP, cardiac index and SvO2, and microcirculatory abnormalities in 
a large series of septic shock patients. The case of SvO2 is counter-intuitive, since impaired 
oxygen extraction capacity has been attributed to potential microcirculatory abnormalities 
during septic shock [3]. Even more, a normal SvO2 in the presence of hyperlactatemia has 
been advocated as an indication for the use of vasodilators to improve microcirculatory flow 
[14]. However, SvO2 is a poor indicator of microvascular dysfunction: SvO2 can be high or low 
for the same degree of microvascular shunting according to a recently proposed theoretical 
model [26]. Several previous experimental and clinical studies have shown conflicting data 
about the relationship between SvO2 and microvascular alterations [1, 27-30].

There are several possible explanations to this fact. Severe mitochondrial dysfunction 
could theoretically impair tissue O2 extraction capabilities and this form of cytophatic 
hypoxia could be associated to high SvO2 values and a relatively preserved microcirculatory 
flow. On the other hand, there is a good correlation between systemic, perfusion (including 
SvO2) and microcirculatory parameters in the pre- resuscitated septic patient early on after 
hospital admission [12], and all parameters tend to improve in parallel after a fluid challenge 
in volume-responsive patients as has been suggested by several studies [31-33]. However, 
in patients who evolve into a persistent circulatory dysfunction (as is the case of our study 
population), individual perfusion markers may change in unpredictable or even opposite 
directions as we discuss in recent review [34]. As an example, sedation and mechanical 
ventilation may normalize central venous O2 saturation in most ICU patients (and by the 
way influencing SvO2), despite persistent ongoing tissue hypoxia and microcirculatory 
derangements [35,36]. Several recent papers support the heterogeneity of hemodynamic 
and perfusion profiles in persistent sepsis-related circulatory dysfunction [13,34,37].

In addition, our study design does not allow us to establish a cause-effect relationship 
between hyperlactatemia and microcirculatory abnormalities although microcirculatory 
dysfunction can clearly induce hypoxic hyperlactatemia. However, concurrent non- hypoxic 
causes for hyperlactatemia may jeopardize a clear-cut interpretation [34]. We also believe 
that discrepancies between our study and previous reports involving this relationship 
[4,6,8,13] may be probably explained by different study designs concerning timing and 
number of microcirculatory assessments or therapeutic interventions.

Our study has several limitations. First, patients were enrolled from clinical trials 
with different aims and settings. However, all fulfilled fundamental requirements in 
terms of background clinical management and microcirculatory assessment. Second, the 
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retrospective design does not allow us to evaluate dynamic changes in microcirculatory 
and systemic parameters. Third, we did not include microcirculatory flow index due to 
inter-center methodological differences in analysis. Thus, we do not know if these results 
are applicable to that parameter. Fourth, in this analysis microcirculatory assessments were 
performed at different time-points within the first 24 h of resuscitation. This fact does 
not invalidate our results since global and microcirculatory parameters were evaluated 
simultaneously in each case. In contrast, we acknowledge that the relationship between a 
single assessment of microcirculatory status and outcome is remote, and thus can only be 
considered as hypotheses generating.

In conclusion, we think that our study provides interesting data for clinical research. 
Perfused vessel density is significantly related to organ dysfunctions and mortality in 
septic shock patients, but patients exhibiting more severe microcirculatory abnormalities 
as represented by the lowest quartile of distribution for PVD, largely explain this effect. 
The presence of hyperlactatemia and high norepinephrine requirements increases the 
odds of finding a severe underlying microvascular dysfunction during a sublingual 
microcirculatory assessment.
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Abstract
Background
Central venous O2 saturation (ScvO2) has emerged as an important resuscitation goal for 
critically ill patients. Nevertheless, growing concerns about its limitations as perfusion 
parameter have been recently expressed, including the uncommon finding of low ScvO2 
values in ICU patients. Emergency intubation may induce strong and eventually divergent 
effects on the physiologic determinants of DO2 and VO2 and thus, on ScvO2. Therefore, we 
conducted a study to determine the impact of emergency intubation on ScvO2

Methods
In this prospective multicenter observational study, we included 103 septic and non-septic 
patients with a central venous catheter in place and in whom emergency intubation was 
required. Patients used a common intubation protocol and we evaluated several parameters 
including ScvO2, before and 15 minutes after emergency intubation. Statistical analysis 
included Chi square test and t test. 

Results
ScvO2 increased from 61.8±12.6% to 68.9 ±12.2%, with no difference between septic and 
non-septic patients. ScvO2 increased in 84 patients (81.6 %) without correlation to changes 
in SaO2. Seventy-eight (75.7%) patients were intubated with ScvO2 <70% and 21 (26.9%) 
normalized the parameter after the intervention. Only patients with pre-intubation ScvO2 
>70% failed to increase the parameter after intubation.   

Conclusions
ScvO2 increases significantly in response to emergency intubation in the majority of septic 
and non-septic patients. When interpreting ScvO2 during early resuscitation, it is crucial 
to consider whether the patient has been recently intubated or is spontaneously breathing.
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Introduction
Central venous oxygen saturation (ScvO2), a complex physiological parameter, is being 
widely used as a resuscitation goal in critically ill patients (1-3), although several limitations 
may preclude a clear interpretation of its changes (4). Early therapeutic interventions applied 
rather simultaneously after hospital or ICU admission, may affect the oxygen transport 
(DO2)/ oxygen consumption (VO2) balance and ScvO2 in an unpredictable direction. The 
uncommon finding of low ScvO2 values in critically ill ICU patients may be explained by 
the predominately positive impact of these early interventions (5,6).

More than 70% of critically ill patients undergo emergency intubation during ICU 
stay (6-8), a maneuver with strong and eventually divergent effects on the physiologic 
determinants of DO2 and VO2. The final impact of emergency intubation on ScvO2 may 
be unpredictable since it could potentially increase ScvO2 by blunting regional VO2, or 
eventually decrease it, particularly in hemodynamically unstable or hypovolemic patients, 
due to the negative effects of sedation and positive intra-thoracic pressure on cardiac 
output. Noteworthy, 53% of septic patients were intubated during the study period in the 
EGDT trial (1), but the impact of this intervention on ScvO2 was not reported, nor has it 
been studied thereafter. 

Our aim was to study the specific impact of this isolated maneuver on ScvO2 in critically 
ill septic and non-septic patients subjected to emergency intubation. 

Materials and methods
This prospective observational multicenter study was performed in three university-
affiliated hospitals between December 2006 and March 2008. The study was approved by 
the corresponding institutional review boards. Surrogates signed an informed consent for 
ICU treatment including the intubation procedure.

Inclusion and exclusion criteria
Adult patients with arterial and central venous catheters in place with a confirmed 
tip position in the superior vena cava (SVC), and in whom emergency intubation was 
required, were enrolled. Patients with acute neurological conditions and post-cardiac arrest 
were excluded.

Study protocol
The intubation protocol started as soon as the intubation was decided. It included pre-
oxygenation with 100% O2, etomidate (0.1-0.3 mg/kg) or propofol (0.5-2 mg/kg) for 
unconsciousness induction. Fentanyl (1-5 mcg/kg), midazolam (0.01-0.1 mg/kg), and 
rocuronium (0.6-1.2 mg/kg) were used for sedation and neuromuscular paralysis. 
Mechanical ventilation was started in all patients with the following initial settings: FiO2 
100%, respiratory rate (RR) 15 per minute, tidal volume of 8 ml/kg and PEEP 5 cmH2O. If 
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hypotension developed during intubation, a bolus of 250 ml of saline solution was infused 
and vasopressors were administered as required. 

The study period was of fifteen minutes. Arterial and central venous samples were 
drawn for blood gases analysis immediately before and fifteen minutes after intubation. 
Simultaneously, the following clinical variables were recorded: arterial pressure, heart rate 
(HR) and RR. After the second blood gases samples, ventilator parameters were adjusted 
according to the particular patients requirements and current recommendations (2). 
Blood samples were placed in ice-cold water and transferred to the central laboratory 
to be analyzed by co-oximetry (ABL 725; Radiometer, Copenhagen, Denmark). Oxygen 
extraction ratio (O2ER) was calculated as O2ER = 100 x (SaO2 - ScvO2) / SaO2

The clinical characteristics of the patients, demographic variables, cause of intubation, 
use of vasoactive drugs, and severity scores (APACHE II and SOFA), were recorded at 
baseline. After the emergency, patients were classified as septic or non-septic, according 
to the predominant condition that led to the cardio-respiratory failure. Changes in ScvO2 
were analyzed for the whole population and also individually for septic and non-septic 
subgroups.

Statistical analysis
Numerical variables were compared by t Student test, and categorical variables were 
compared by chi-square or Fisher’s exact test. Changes in variables (ScvO2, O2ER) were 
analyzed by a paired t Student test. Correlation between changes in ScvO2 and SaO2 was 
performed with linear regression analysis. The SPSS 17.0 software (Chicago IL, USA) 
was used for statistical calculations. Results are expressed as percentages or mean (±SD). 
A  p  value <0.05 was considered as statistically significant. All reported p values are 
two-sided.

Results
A total of 108 critically ill patients requiring emergency intubation were included. Forty-two 
patients (40.8%) were intubated for respiratory failure, 17 (16.5%) for circulatory failure, 
and the reminder 44 (42.7%) for mixed causes. Five patients were excluded from analysis 
because measurements could not be obtained in due time: 2 with difficult intubation 
and 3 for severe cardiovascular instability during the procedure. In these later patients, 
samples were taken only after 35 to 50 minutes, and ScvO2 ranged from 59 to 65% with no 
improvement compared to pre-intubation values. 

Baseline characteristics of the remaining 103 patients are shown in Table 1. Forty-eight 
patients (46.6%) had severe sepsis (more frequently respiratory (43%) and abdominal (40%) 
sources). These patients had septic shock, community-acquired pneumonia, pancreatitis 
and postoperative sepsis, with different organ dysfunction profiles including ALI/ARDS 
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in 20 (42%). Fifty (91%) of non-septic patients were of cardiogenic origin (including 
acute circulatory failure, acute coronary syndromes, pulmonary edema, pulmonary 
thromboembolism, life-threatening arrhythmias and congestive heart failure). 

At intubation, 41 patients were macrohemodynamically stable without vasoactive drugs, 
and the others used either vasopressors or inotropes as shown in Table 1. Basal arterial 
lactate was 2.27 ± 1.77 mmol/L. Severe septic patients had been previously resuscitated 
according to Surviving Sepsis Campaign guidelines (2) including fluid challenge in all and 
vasopressors in 25, mostly norepinephrine (table 1). Source control was ongoing in all. In 
the cardiogenic patients, 24 were receiving inotropic support with dobutamine, milrinone 
or levosimendan (Table 1). Only nine patients were under vasodilator therapy. Hospital 
mortality for the whole group was 22%. 

Table 6.1 Baseline characteristics of the patients.

All Patients (n= 103)

Age (years) 58 ± 17

Gender male/female, n/(%) 65 (63.1)/38 (36.9)

APACHE II score 26 ± 7

SOFA score 9 ± 4

Hemoglobin (g/dl) 10.3 ± 1.9

Presence of severe sepsis

Yes, n (%) 48 (46.6)

No, n (%) 55 (53.4)

Cardiogenic, n (%) 50 (48.5)

Vasoactive drug use 

None, n (%) 41 (40)

Vasopressors, n (%) 33 (32)

Norepinephrine 20 (19)

Dopamine 5 (5)

Inotropes, n (%) 29 (28)

Dobutamine 17 (17)

Milrinone 5 (5)

Levosimendan 2 (2)

Vasoactive dose

Norepinephrine, μg/ kg/ min 0.1 ± 0.1

Dopamine, μg/ kg/ min 5.2 ± 2.6

Dobutamine, μg/ kg/ min 4.6 ± 1.9

Milrinone, μg/ kg/ min 0.42 ± 0.21

Levosimendan, μg/ kg/ min 0.2 ± 0.1
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No severe adverse events, such as arrhythmias, or cardiac arrest during intubation were 
registered. Thirty-three patients used vasopressors before intubation (table 1), of whom 
14 required a transitory increase in norepinephrine dose. Of the reminder 70 patients, 
seventeen required one or two 8 mg ephedrine bolus plus an additional 250 ml normal 
saline bolus during the study protocol.

In the whole group, ScvO2 increased after intubation in 84 of 103 patients (81.6 %) 
from 61.8+12.6% to 68.9+12.2% (p <0.0001) (Table 2 and Figure 1). ScvO2 increased also 
significantly in both septic and non-septic patients (Table 2). Changes in ScvO2 were 
independent from changes in SaO2 as demonstrated by a non-significant correlation 
between both (r2=0.014, p=0.242) (Figure 2). As a whole, 78 (75.7%) patients were intubated 
with a ScvO2 <70% and 21 (26.9%) normalized the parameter after this sole intervention. 

We also explored the impact of the maneuver over ScvO2 according to pre-intubation 
values of ScvO2 and SaO2. We found a significant increase in ScvO2 in patients with baseline 
ScvO2 <70% and both in patients with baseline SaO2 > or < 90%. Only patients with ScvO2 
>70% failed to increase the parameter after intubation (Table 3). 

 

Figure 6.1 Distribution of central venous oxygen saturation (ScvO2) before and 

after intubation. 

 

 

 

 

Table 6.2 Study variables before vs. after intubation.

Before intubation After intubation p

SaO2 (%) 90.6 ± 7.5 97.0 ±2.9 <0.001

O2ER (%) 32.1 ± 10.8 29.2 ± 11.6 0.002

Heart rate (beats/min) 103.7 ± 25.2 96.4 ± 23.1 0.020

Respiratory rate (breaths/min) 29.1 ± 6.2 15.2 ± 3.1 <0.001

MAP (mmHg) 67.8 ± 19.6 57.5 ± 21.1 <0.001

SaO2: arterial O2 saturation; O2ER: Oxygen extraction. 
p< 0.05 considered as significant. 

Figure 6.1 Distribution of central venous oxygen saturation (ScvO2) before and after intubation.

98



Table 6.3 Changes in ScvO2 after intubation for differents subgroups.

ScvO2 (%)

Before intubation After intubation p

All patients 61.8 ± 12.6 68.9 ± 12.2 <0.001

Presence of severe sepsis

Yes (n=48) 63.6 ± 11.9 71.1 ± 12.0 <0.001

No (n=55) 59.3 ± 13.1 65.6 ± 11.6 <0.001

According to baseline ScvO2

< 70% (n=76) 56 ± 8.4 64.8 ± 10.8 <0.001

≥ 70% (n=27) 78 ± 6.7 80.2 ± 8.1 0.181

According to baseline SaO2

<90% (n=42) 54,1±8.0 61.5±11.4 <0.001

≥90% (n=61) 67.1±12.5 73.0±10.0 <0.001

ScvO2: central venous O2 saturation
p< 0.05 considered as significant.

 

Figure 6.2 Correlation between changes in central venous oxygen saturation 

(change in ScvO2) and arterial oxygen saturation (change in SaO2) after intubation. 

 

Figure 6.2 Correlation between changes in central venous oxygen saturation (change in ScvO2) 
and arterial oxygen saturation (change in SaO2) after intubation.
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As a whole, oxygen extraction decreased in 56 patients (54.4%) by more than 2.5%, but 
increased >2.5% in 32 patients (31%), compared to baseline. As expected, patients who 
decreased O2ER after intubation, exhibited higher pre-intubation respiratory rates (30.7+ 
6.3 vs. 25.3+4.0; p =0.047). Mean arterial pressure, heart and respiratory rates decreased 
also significantly after intubation (Table 2).

Septic and non-septic subgroups showed the same trends in physiologic variables after 
intubation, except for a higher decrease in O2ER in septic patients, and in MAP in the non-
septic subgroup.

Discussion
Our study demonstrates that emergency intubation markedly improves ScvO2 in both 
septic and non-septic patients. Changes in ScvO2 were consistent across studied subgroups, 
regardless of the cause of intubation and baseline arterial oxygen saturation. In contrast, 
the effects on oxygen extraction were more variable. In almost thirty percent of the patients 
this sole maneuver increased ScvO2 over 70%, a level considered as a resuscitation goal by 
current guidelines (2). 

The role of central O2 venous saturation as a reliable marker of global dysoxia has been 
widely accepted (1, 2). Nevertheless, no study has replicated the very low ScvO2 values of 
the EGDT trial (1). Low ScvO2 values are present in less than 21% of ICU patients with 
septic shock or respiratory failure (5,6). Interestingly, in van Beest’s study, 83% of patients 
were already intubated before the first ScvO2 sampling (6). In fact, our low pre-intubation 
ScvO2 values in septic patients closely resemble baseline data from the  EGDT trial (1), 
while ScvO2 values after intubation are quite similar to those previously reported in the 
ICU setting (5,6,9).

Is normalization of ScvO2 after intubation a reliable indicator of a successful 
resuscitation? Our data show that ScvO2, as expected, is highly sensitive to intubation. We 
believe that early normalization of this sole parameter after intubation should be interpreted 
with caution. Either an increase in arterial oxygen saturation in some patients, or a decrease 
in cerebral and respiratory muscles VO2, may both increase ScvO2, but not necessarily 
reflect an improvement in global perfusion. In concordance, a recent study challenged the 
sensitivity of a ScvO2 > 70% as a marker of an adequate DO2/VO2 balance after resuscitation 
in the ICU setting (10). Therefore, we strongly believe that a multimodal approach including 
other parameters such as clinical perfusion, venous-arterial pCO2 gradient or lactate, must 
be used to assess perfusion, particularly after intubation. 

Although the aim of our clinical observational study was to evaluate the specific impact 
of emergency intubation on ScvO2 and not to explore the determinants of this response, 
some physiological considerations are important. Several studies have shown that sedation 
and connection to mechanical ventilation can decrease oxygen consumption in the brain 
and respiratory muscles, the principal determinants of VO2 in the territories drained by 
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the superior vena cava (11-17). Supporting this concept, and as expected, we found that 
patients with higher pre-intubation respiratory rates exhibited more pronounced decreases 
in O2ER after the maneuver. Conversely, DO2 can also be affected by emergency intubation 
and mechanical ventilation either by increases in SaO2 or changes in cardiac output. The 
increase in intra-thoracic pressure and decrease in sympathetic outflow induced by the 
maneuver favor a decrease in venous return, vasomotor tone and cardiac output. Thus, 
sometimes divergent changes in DO2 and VO2 can be induced by emergency intubation and 
could probably explain the variable effect on oxygen extraction. Our results demonstrate 
that in the majority of patients subjected to emergency intubation, either septic or not, 
the predominant effect is to increase ScvO2, although this cannot be predicted a priori in 
individual cases. Therefore, an early measurement of ScvO2 after intubation may facilitate 
interpretation of further changes during ScvO2-guided resuscitation. 

Our study has several limitations. To obtain a more comprehensive physiologic 
interpretation of ScvO2 changes, future studies should assess directly the effects of 
intubation on each of the determinants of ScvO2. Unfortunately, we did not measure cardiac 
output due to the extreme emergency context. In addition, it should be confirmed if these 
short-term effects persist over time and if, early normalization of ScvO2 after emergency 
intubation, truly represents a correction of global hypoperfusion. 

Our results should not be interpreted as a mandatory recommendation to intubate 
every patient presenting low ScvO2 during resuscitation. Some patients present severe 
hemodynamic instability after the maneuver. Clinicians must be aware of the inherent 
risks associated with emergency intubation, which should be balanced against the 
potential benefit.

Conclusions
ScvO2 increases significantly in response to emergency intubation in critically ill septic 
and non-septic patients, although it is not clear if this truly represents an improvement in 
global dysoxia. Our findings may contribute to explain the discrepancy between EGDT trial 
and ICU reports concerning the incidence of low ScvO2 values in heterogeneous critically 
ill patients. When interpreting ScvO2 during early resuscitation, it is crucial to consider 
whether the patient has been intubated. 
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Abstract
Purpose
Perfusion assessment during septic shock resuscitation is difficult and usually complex 
determinations. Capillary refill time (CRT) and central-to-toe temperature difference 
(Tc-toe) have been proposed as objective reproducible parameters to evaluate peripheral 
perfusion. The comparative evolution of peripheral versus metabolic perfusion parameters 
in septic shock resuscitation has not been studied. We conducted a prospective observational 
clinical-physiological study to address this subject.

Methods
Patients with sepsis-related circulatory dysfunction were resuscitated according to a 
standard local algorithm. Perfusion assessment included serial determinations of metabolic 
(central venous O2 saturation (ScvO2) and central venous to arterial pCO2 gradient [P(cv-a)
CO2]), and peripheral perfusion parameters (CRT, Tc-toe, among others). Successful 
resuscitation was defined as a normal plasma lactate at 24 h

Results
41 patients were included. The presence of normal values for both CRT and Tc-toe considered 
together at six hours was independently associated with a successful resuscitation (p 0.02), 
as compared to the behavior of metabolic parameters. CRT was the first parameter to be 
significantly normalized.

Conclusions
Early recovery of peripheral perfusion anticipates a successful resuscitation compared 
to traditional metabolic parameters in septic shock patients. Our findings support the 
inclusion of serial peripheral perfusion assessment in multimodal monitoring strategies for 
septic shock resuscitation.

106



Introduction
The ultimate goal of septic shock resuscitation is improvement of global hypoperfusion 
[1-4] and lactate normalization is an accepted standard for a successful resuscitation [2,3]. 
However, perfusion assessment might be a difficult task in critically ill patients. Relevant 
parameters such as lactate and central venous oxygen saturation (ScvO2) could occasionally 
be misleading or non-interpretable [5-7]. On the other hand, occult hypoperfusion may 
be present despite normal macrohemodynamic parameters [8]. Therefore, a multimodal 
assessment of the adequacy of resuscitation has been proposed, including a renewed interest 
in peripheral perfusion [9]. 

Peripheral perfusion monitoring in the Intensive Care Unit (ICU) has been studied 
both in the acute and post-resuscitation stages of septic shock [10, 11, 12]. Capillary refill 
time (CRT) and central-to-toe temperature difference (Tc-toe), among others, have been 
proposed as objective, reproducible parameters to evaluate peripheral perfusion [12]. 
Moreover, peripheral perfusion can be severely compromised in this setting, which has 
been correlated to cardiac output, hyperlactatemia, and organ dysfunction [12]. 

However, no study has evaluated the temporal profile of changes in peripheral perfusion 
during severe sepsis and septic shock resuscitation, or has compared the dynamics of 
evolution of peripheral versus traditional metabolic perfusion parameters. This could 
provide valuable insights about perfusion monitoring in the critically ill and help to delineate 
the potential role and limitations of peripheral perfusion as a target for resuscitation.

We hypothesized that in patients with sepsis-related circulatory dysfunction, early 
recovery of peripheral perfusion parameters is associated with a successful resuscitation 
at 24 h, in contrast to metabolic perfusion parameters such as ScvO2 and central venous to 
arterial pCO2 gradient [P(cv-a)CO2].

Our study was aimed at evaluating the evolution of peripheral and metabolic perfusion 
parameters in patients resuscitated for early sepsis-related circulatory dysfunction. An 
additional objective was to assess if early improvement in peripheral perfusion parameters 
could anticipate the presence of normal lactate levels at 24 hours. 

Materials and methods
Setting
This prospective observational clinical-physiological study was conducted in the Intensive 
Care Units of two University Hospitals in Santiago, Chile, from October 2009 to October 
2010. The Institutional Review Board of both centers approved this study and waived the 
requirement of informed consent, because the study design and intervention did not put 
critically ill patients at unnecessary risk of harm, or deviate from the best standard of care 
according to the state-of-the-art. According to our Institutional Review Board policy, 
clinical data can be used for research purposes without disclosing patients’ identities.
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Patient selection
All consecutive adult patients admitted to the ICU within two hours of onset of sepsis-
related circulatory dysfunction were considered eligible for this protocol.

For the purposes of this study, sepsis-related circulatory dysfunction was defined as the 
presence of any of the following conditions:
1. Septic shock according to the 2001 Consensus Definition [13].
2. Sepsis-induced hypoperfusion as represented by acute hyperlactatemia irrespective of 

blood pressure [2]. These patients could also be classified as septic shock according to a 
more recent consensus [3].
Patients were excluded for ethical reasons or if they presented conditions precluding 

a correct interpretation of measured parameters. These conditions included any of the 
following conditions: Do-Not-Resuscitate (DNR) status; life expectancy less than 24 h; 
pre-existing conditions precluding peripheral perfusion assessment, such as hypothermia, 
Raynaud disease, severe peripheral vascular disease, among others; severe arrhythmias; 
pregnancy; uncontrolled hemorrhage; failure of arterial or central venous catheterization; 
surgery or dialytic procedure anticipated during the study period; and liver failure.

Protocol and measurements
The study period corresponded to the first 24 hours of ICU resuscitation. Patients were 
considered as successfully resuscitated if they had normal lactate levels (< 2 mmol/l) in 
addition to stable macrohemodynamics at the end of this period.

All patients were managed according to a local algorithm and entered in a prospective 
data set. Characteristics of this algorithm have been published elsewhere [14-17]. The 
protocol was aimed at normalizing perfusion parameters. It included early aggressive source 
control and fluid loading, followed by norepinephrine (NE) as needed to maintain a mean 
arterial pressure (MAP) > 65mmHg. Basic monitoring included central venous, arterial and 
bladder catheters. The attending physicians decided respiratory support and pulmonary 
artery catheter placement. Fluid loading was guided according to pulse pressure variation 
in ventilated patients or a classic Starling curve approach in patients with a pulmonary 
artery catheter in place.

Protocol-related measurements were obtained at baseline (immediately after central 
venous catheter placement= 0 h), 2, 6 and 24 h. These included:
1. Peripheral perfusion parameters: CRT, Tc-toe, forearm-to-fingertip skin temperature 

gradient (Tskin-diff), and subjective assessment.
2. Metabolic perfusion parameters: ScvO2 and P(cv-a)CO2].
3. Arterial lactate as the standard of successful resuscitation.

Two months before patient enrollment, a group of investigators were trained in a 
standardized method to assess peripheral perfusion according to previously published 
studies [11, 12]. Group training sessions included a review of theoretical background, a 
written checklist, video recording, and supervised patient assessment. 
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Demographic characteristics and all the variables of Acute Physiology and Chronic 
Health Evaluation II (APACHE II) and Sequential Organ Failure Assessment (SOFA) were 
collected for each patient at baseline. Fluid administration, macrohemodynamic parameters 
(i.e.,  mean arterial pressure (MAP), central venous pressure (CVP), heart rate (HR), 
diuresis), vasopressor requirements and pulmonary artery catheter-derived parameters 
when applicable, were registered at the pre-established time-points. Changes in SOFA score 
at 24 hours (dSOFA) and mortality at 28 days were also recorded.

Peripheral perfusion assessment was performed only by the trained investigators as 
follows:
1. Capillary refill time was measured by applying firm pressure to the distal phalanx of the 

index finger for 15 seconds. A chronometer recorded the time for return of the normal 
color at the ventral surface, and 4.0 seconds was defined as the upper normal limit [11, 12].

2. Central-to-toe temperature difference: central temperature was measured by pulmonary 
arterial catheter or a rectal probe. Great toe temperature was measured on the ventral 
face with a skin probe. A difference up to 7°C was considered as normal [12].

3. Forearm-to-fingertip skin temperature gradient: obtained from two skin probes attached to 
the index finger and on the radial side of the forearm, mid-way between the elbow and the 
wrist. The presence of any temperature gradient was considered as abnormal [12].

4. Subjective assessment: the examiners hands were applied to the anterior surface of the 
thorax and to the dorsal surface of the foot of the patient. The presence of a perceived 
temperature gradient (Tthorax-limb) was recorded as 1= absent, 2= mild or 3= marked. 
The presence of livedo reticularis was recorded as 1= absent, 2= mild or 3= marked.
Patients were maintained in closed individual rooms with an active ambient temperature 

control at 22°C.

Statistical analysis 
Categorical data were analyzed with Fisher’s exact test, and repeated measures with 
Friedman test. Differences between repeated measures were explored with post-hoc Dunn 
test. All data are presented as median and interquartile range. All reported p values are 
two-sided, with a significant alpha level of <0.05. Finally we performed a logistic regression 
to determine perfusion variables independently associated with a lactate < 2.0 mmol/l at 
24 hours. SPSS (SPSS for Windows Release 17.0.0; SPSS Inc, Chicago, IL) package was used 
for statistical analysis.

Results
Forty-one patients fulfilling inclusion criteria were enrolled, of whom 39 survived the 24 h 
study period and 34 were alive at 28 days. Baseline demographic and physiologic data, 
as well as severity scores are shown in Table 1. Twenty-seven patients requiring NE were 
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Table 7.1 General characteristics of the study population.

Number of patients 41

Age (yrs) 64 [53-75]

Male (%) 48.9%

SOFA at admission 9 [5-11]

APACHE II 20 [14-24]

Second day SOFA 7 [5-10]

PAC 9/41 (22%)

MV 26/41 (63%)

Basal lactate level (mmol/l) 3.3 [1.6-4.5]

Basal MAP (mmHg.) 71.5 [65.7-81.2]

Basal NE requirements (μg/kg/min) 0.05 [0-0.013]

First day mortality 2/41 (5%)

28-day mortality 7/41 (17%)

Values are expressed as median and interquartile range. PAC, pulmonary artery catheter; MV, 
mechanical ventilation; MAP, mean arterial pressure; NE, norepinephrine.

Figure 7.1 Percentage of patients with normal perfusion parameters at each time point.
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classified as septic shock, and fourteen presented a sepsis-related hyperlactatemia. The most 
frequent septic sources were pulmonary and abdominal. On average, patients received 
5900cc [4200-7100] of fluids (isotonic crystalloids and colloids) during the study period. 

The evolution of peripheral and metabolic perfusion parameters over time is shown in 
Table 2. Lactate and CRT exhibited a significant decrease at six hours which was maintained 
at 24 hours, while change in P(cv-a)CO2 was significant only at the end of the study period. 
A significantly higher proportion of patients exhibited normal CRT values at two and six 
hours, as compared to other peripheral and metabolic perfusion parameters as shown in 
Figure 1. 

Thirty patients normalized lactate at 24 hours and 11 did not. When analyzed 
individually, none of the studied parameters was associated with lactate normalization at 
24 h. Nevertheless, 85% of patients who exhibited normal values for both CRT and Tc-toe 
together at six hours achieved a successful resuscitation at the end of the study period, 
compared to only 50% of those who did not (p= 0.015). In contrast, normalization of 
metabolic parameters (ScvO2 (table 3), and P(cv-a)CO2 or both) was not significantly 
associated with a successful resuscitation (p= 0.48).

After multivariate analysis the presence of normal values of both CRT and Tc-toe 
(peripheral perfusion) at six hours was independently associated with a successful 
resuscitation (p= 0.02). In contrast, the normalization of ScvO2 and P(cv-a)CO2 at six 
hours, considered separately or together, did not show a significant association with lactate 
<2.0 mmol/l at 24 h. Subjective assessment and Tskin-diff exhibited no correlation with the 
other studied parameters at different time points, when analyzed individually or in different 
combinations (data not shown). SOFA improvement at 24 h was not associated with changes 
in any perfusion parameter in this study. The only single parameter significantly associated 
with 28-day mortality was persistent hyperlactatemia at 24 h.

Table 7.2 Evolution of perfusion parameters and heart rate over the study period.

Baseline 2 h 6 h 24 h

Lactate level 
(mmol/l)

3.3 [1.6-4.5] 2.5 [1.2 – 4.2] 2.4 [1-3.1] * 1.4 [1-2.2] *

P(cv-a)CO2 
(mmHg)

6 [4.1-8] 5 [4-7.2] 4 [3-7] 3.7 [2.5-5.7] *

ScvO2 (%) 75 [64-81] 75 [65-78] 74 [69-82] 77 [72-80]

CRT (sec) 5 [2 - 6] 3 [2- 5] 3 [2-3] * 2 [1-3] *

Tc-toe (°C) 6.7 [4.7-9.8] 6.9 [3.7-9.7] 6 [4-9] 4.7 [2.3-7.2]

Heart Rate 
(bpm)

113 [85-124] 102 [90-115] 95 [79-112]* 86,5 [75-106]*

*: p<0.05 for comparison with values at 0 hr. Values are expressed as median [inter-quartile range]. 
P(cv-a)CO2, central venous to arterial pCO2 gradient; ScvO2, central venous oxygen saturation; CRT, 
capillary refill time; Tc-toe, Central-to-toe temperature difference. 
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Discussion 
The main finding of our study was that early recovery of peripheral perfusion might predict 
successful resuscitation at 24 h in patients with sepsis-related circulatory dysfunction. 
Among all the studied perfusion parameters, capillary refill time exhibited the earliest 
normalization. Thus, serial peripheral perfusion monitoring appears as a simple but 
powerful tool to assess global resuscitation status.

Although forty years ago Weil et al. reported the prognostic value of an increased central-
to-toe temperature difference in critically ill patients [10], the subject of peripheral perfusion 
assessment during septic shock resuscitation has been only recently re-addressed. Kaplan 
et al. retrospectively demonstrated a good correlation between subjective skin temperature, 
hemodynamic and metabolic parameters in a heterogeneous group of surgical ICU patients 
[11]. Subsequently, Lima et al. proposed a standardized quantitative clinical assessment 
of peripheral perfusion [12]. An abnormal peripheral perfusion as demonstrated by this 
approach was associated with hyperlactatemia and predicted a worsening SOFA score at 48 
hours. More recently, Boerma et al. found no relation between Tc-toe and microcirculatory 
dysfunction in septic patients [18], although more studies exploring the relationship 
between microcirculation and peripheral perfusion are clearly needed [19]. We believe that 
the main difference between this and previous studies is the focus on dynamic changes in 
peripheral perfusion along the course of severe sepsis resuscitation. 

To our knowledge, this is the first study to address the dynamic association between 
metabolic and clinical perfusion parameters in sepsis-related circulatory dysfunction. We 
found that most of the evaluated parameters changed in parallel and improved significantly 
at 24 hours as expected after ICU resuscitation. However, CRT was normalized at two and 
six hours in a significant proportion of patients, notably earlier than any other parameter 
during the study period. Of special note was that the presence of normal values for both 
CRT and Tc-toe at six hours was significantly associated with successful resuscitation, while 
ScvO2 and P(cv-a)CO2 were not, as confirmed by multivariate analysis. The behavior of 

Table 7.3 Incidence of abnormal perfusion parameters at different time points in patients with 
already normal ScvO2 values.

Hour Lactate >2 mmol/l
P(cv-a)CO2 >6 

mmHg CRT >4s Tc-toe >6°C

0 65% (15/23) 26% (6/23) 48% (11/23) 57% (13/23)

2 63% (15/24) 29% (7/24) 29% (7/24) 63% (15/24)

6 70% (16/23) 39% (9/23) 17% (19/23) 48% (11/23)

24 29% (9/31) 23% (7/31) 13% (4/31) 39% (12/31)

Values are expressed as percentage of patients exhibiting an abnormal perfusion parameter at 
different time points in a subgroup of patients with already normal ScvO2 values. 
P(cv-a)CO2, central venous to arterial pCO2 gradient; ScvO2, central venous oxygen saturation; CRT, 
capillary refill time; Tc-toe, Central-to-toe temperature difference.
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Tc-toe is interesting since although it did not per se show statistically significant changes 
during the first hours, when added and interpreted together with a normal CRT, it may 
add valuable information about resuscitation status. Thus, according to our results, non-
invasive clinical evaluation integrating skin temperature gradients and CRT may be used 
as surrogates of more invasive and complex monitors, at least during initial resuscitation. 
This could be an important contribution to pre-hospital and emergency department (ED) 
management.

Another interesting finding was that heart rate decreased almost in parallel with the 
other perfusion parameters along the study period. Although it is beyond the scope of 
this study to address a potential mechanistic relationship between these phenomena, it 
makes physiological sense. In fact, both tachycardia and peripheral vasoconstriction are 
consequences of the adrenergic stress response. Moreover, a role of epinephrine as a trigger 
of aerobic glycolysis and massive lactate production during circulatory stress has been 
nicely demonstrated by Levy et al. [20]. Therefore, as resuscitation goes on, an improvement 
in peripheral perfusion, lactate and tachycardia, may reflect a flow-driven decrease in 
adrenergic tone. Future studies should evaluate the potential role of heart rate as a surrogate 
of adrenergic tone in the setting of multimodal perfusion monitoring.

Despite this sound body of evidence, surprisingly, clinical assessment of perfusion 
has not attained a definite role in current septic shock resuscitation guidelines [2]. 
Several concerns about peripheral perfusion evaluation have been raised, including inter-
observer variability, dispersion of normal values, influence of ambient temperature, the 
need for central temperature determinations, and feasibility in certain settings [21, 22]. 
We acknowledge these limitations and the fact that this kind of evaluation cannot be 
universally implemented. Nevertheless, we confirmed that peripheral perfusion assessment 
using a standard protocol by trained personnel is feasible in the clinical ICU setting. 

Since our study was designed as an acute clinical-physiological study, it was beyond our 
scope to analyze the prognostic significance of a persistent abnormal peripheral perfusion, 
a subject elegantly addressed by Lima et al. in a recent study [12]. Nevertheless, the finding 
that improvement in peripheral perfusion is associated with an 85% probability of a normal 
lactate level at 24 h, appears to be relevant since in concordance with other studies [23,24], 
persistent hyperlactatemia was associated to a higher probability of 28-day mortality. One 
could argue that there are some patients (15%) who despite having normalized peripheral 
perfusion parameters do not clear lactate at 24 h but this concern could be also applicable to 
other traditional parameters such as ScvO2 or P(cv-a)CO2, which exhibited a worse behavior. 
As a matter of fact, a recent study by Vallee et al. found a persistent elevated P(cv-a)CO2 
in 50% of resuscitated septic patients with already normal ScvO2 values [6]. Therefore, our 
data reinforce the need for a multimodal monitoring approach and in this sense peripheral 
perfusion may add valuable complementary information concerning resuscitation trend.

Our results should not be interpreted under any circumstance as a signal to stop 
resuscitation when peripheral perfusion has been normalized. Improvement in peripheral 
perfusion simply implies that resuscitation is moving in the right direction and should 
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be continued until the background resuscitation goal, such as lactate clearance, has been 
achieved. On the contrary, a failure to improve peripheral perfusion should alert physicians 
about a possible inadequate source control or resuscitation strategy. 

Our study has several limitations. The reduced number of patients is an important issue 
and our findings should be confirmed in a larger multicenter study before being translated 
into regular clinical practice. Second, the study period may be considered not long enough 
to evaluate other relevant clinical outcomes and the selected time points are arbitrary. 
Third, we included heterogeneous patients with potential underlying subgroups presenting 
different patterns of recovery. Fourth, the study was conducted by a reduced number of 
trained evaluators, thus eventually introducing bias and limiting extrapolation of results. 
Fifth, the evaluated hemodynamic parameters could be considered insufficient. On the 
other hand, some of the drawbacks mentioned could be considered as assets, in terms that 
a reduced number of patients makes significant findings more difficult to attain, so our 
results are truly relevant; a reduced but diverse number of operators may reduce inter-
observer bias since peripheral perfusion assessment was performed under more similar 
conditions and training, although we did not evaluate it formally; lastly, the heterogeneity 
of the study population makes our findings more generalizable to a general ICU context. 

There is another potential limitation that deserves some special considerations, 
the lack of sample size calculation. Before launching this study, an extensive review of 
current literature provided no background data over which we could build up a sample 
size calculation. Indeed, previous studies addressing the subject of peripheral perfusion 
[11,12,18], exhibit a completely different design since they performed single, static, non-
serial assessments of peripheral perfusion. In contrast, our study was aimed at comparing 
the dynamics of evolution of peripheral vs. metabolic parameters over time, assessing both 
mean values at baseline, 2, 6 and 24 hrs, and also the specific proportion of patients with 
normal values at each time point (Figure 1). Since no serial assessment was performed 
in the studies cited above, we had no previous data concerning the dynamics of recovery 
for each parameter. Nevertheless, we did include a number of patients similar to those 
admitted in some previous published reports, i.e. 35 to 50 (12,18). Additionally, and more 
importantly, we found statistically significant differences, and therefore the probability of 
type 1 error is fairly low independently of the additional number of patients that could 
have been included. For non-significant findings, our study may be used for future sample 
size calculations.

Our results open up several potential research pathways. Additional modalities of 
perfusion assessment could be explored to contrast their evolution with the proposed clinical 
evaluation. Of particular physiological interest could be the assessment of parallel changes 
in microcirculatory flow and microvascular reactivity in this setting [25, 26]. Eventually, 
this may lead to a better understanding of the complex dynamic interrelationship between 
clinical, hemodynamic, metabolic, regional, and microcirculatory parameters during septic 
shock resuscitation [27].
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Conclusions
Early recovery of peripheral perfusion assessed by non-invasive, simple techniques at 
bedside was associated with normal lactate levels at 24 h during sepsis resuscitation. In 
contrast, the evolution of perfusion-related metabolic parameters was not clearly associated 
to a successful resuscitation. Our findings support a role for serial peripheral perfusion 
assessment and suggest that it should be incorporated into future multimodal monitoring 
strategies for septic shock resuscitation.
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Abstract
Introduction
Previous studies have suggested that high volume hemofiltration (HVHF) may contribute 
to revert hypotension in severe hyperdynamic septic shock patients. However, arterial 
pressure stabilization occurs due to an increase in systemic vascular resistance, which could 
eventually compromise microcirculatory blood flow and perfusion. The goal of this study 
was to determine if HVHF deteriorates sublingual microcirculation in severe hyperdynamic 
septic shock patients.

Methods
This was a prospective, nonrandomized study at a 16-bed, medical-surgical intensive care 
unit of a university hospital. We included 12 severe hyperdynamic septic shock patients 
(norepinephrine requirements > 0.3 μg/kg/min and cardiac index > 3.0 L/min/m2) who 
underwent a 12-hour HVHF as a rescue therapy according to a predefined algorithm. 
Sublingual microcirculation (Microscan ® for NTSC, Microvision Medical), systemic 
hemodynamics and perfusion parameters were assessed at baseline, at 12 hours of HVHF, 
and 6 hours after stopping HVHF. 

Results
Microcirculatory flow index increased after 12 hours of HVHF and this increase persisted 
6 hours after stopping HVHF. A similar trend was observed for the proportion of perfused 
microvessels. The increase in microcirculatory blood flow was inversely correlated with 
baseline levels. There was no significant change in microvascular density or heterogeneity 
during or after HVHF. Mean arterial pressure, and systemic vascular resistance increased 
while lactate levels decreased after the 12-hour HVHF. 

Conclusions
The use of HVHF as a rescue therapy in patients with severe hyperdynamic septic shock 
does not deteriorate sublingual microcirculatory blood flow despite the increase in systemic 
vascular resistance.
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Introduction
High volume hemofiltration (HVHF) is a potential rescue therapy in severe septic 
shock patients, and some clinical studies suggest that HVHF can decrease vasopressor 
requirements and improve lactate clearance [1, 2]. Therefore, HVHF may have a place in 
refractory septic shock by contributing to stabilize systemic hemodynamics and eventually 
improving systemic perfusion.

However, studies supporting HVHF are rather small and non-randomized, which 
precludes making more definitive conclusions about its real impact on clinically relevant 
outcomes. Indeed, decreases in vasopressor requirements and lactate levels may not 
necessarily reflect a real improvement in perfusion. In the past, therapies such as steroids 
and nitric oxide synthase inhibitors have shown to increase vascular tone without any 
significant benefit in terms of perfusion or survival [3, 4]. In addition, it is now well accepted 
that hyperlactatemia may be explained by mechanisms not related to hypoperfusion [5]. 
Clearly, it would be desirable to assess the impact of HVHF on perfusion determinants, and 
particularly on microcirculation, more directly. 

Development of optical techniques such as orthogonal polarized spectral imaging, and 
more recently, side dark field videomicroscopy (SDF), has made it possible to visualize 
microcircirculation at bedside. Microcirculation is known to be markedly compromised 
during septic shock and these disturbances are considered to play a central role in multiple 
organ failure. By using these novel techniques the impact of conventional therapies on 
microcirculation is starting to be unraveled [6-9]. 

There is very limited information concerning the potential effects of HVHF on 
microcirculation during septic shock. Only one previous experimental study has 
addressed this subject [10], but unfortunately, the model induced only non-severe 
microcirculatory derangements, which makes the results difficult to interpret. Beneficial 
effects of HVHF have been related to non-specific removal of mediators, which could 
potentially contribute to revert microcirculatory disturbances induced by sepsis. 
However, the most evident clinical effect of HVHF is an increase in arterial pressure, 
which occurs as result of an increased systemic vascular resistance, and not to an 
increase in cardiac output, at least in hyperdynamic patients [2]. Therefore, it is critical 
to discard that this increase in vascular resistance is not associated to a detrimental 
effect on microcirculatory flow. 

We performed a prospective observational pilot study to assess changes in sublingual 
microcirculation during HVHF in severe hyperdynamic septic shock patients. 

Methods
Our local ethics committee approved the study and informed consent was obtained from 
the patients or their relatives. All septic shock patients in our institution are managed with 
a norepinephrine-based, perfusion-oriented, management algorithm. In this algorithm, 
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norepinephrine dose is adjusted at least once every hour to keep MAP ≥ 65  mmHg 
(or more frequently if MAP < 60 or > 85 mmHg). Dobutamine is indicated as an inotrope 
for patients with low cardiac index (CI) (< 2.5 L/min/m2), or low central venous oxygen 
saturation (ScvO2) or mixed venous oxygen saturation (SmvO2) values (<60%) not 
responsive to other measures and with a mean arterial pressure (MAP) > 65 mmHg. The 
characteristics of this algorithm have been published elsewhere [2, 11], and it includes 
HVHF as a rescue therapy. HVHF was indicated to patients who failed to respond to 
all preceding management steps including source control and fluid optimization guided 
by pulse pressure variation (∆PP). Specific inclusion criteria for this study were: septic 
shock according to the 1992 ACCP-SCCM consensus [12], norepinephrine requirements 
> 0.3 μg/kg/min to maintain MAP > 65 mmHg for at least one hour before deciding 
HVHF, progressive hyperlactatemia (>2.4 mmol/l and an increase in lactate levels during 
6 hours of full resuscitation), and a CI > 3 L/min/m2. Patients without full commitment 
for resuscitation, or with active bleeding or an undrained source of surgical sepsis 
were excluded.

All patients had a pulmonary artery catheter in place, and were mechanically ventilated 
following current guidelines [13], with fentanyl/midazolam sedation targeted to a SAS 
score <3. No patient received steroids, vasopressin or drotrecogin alpha either previously 
or during the hemofiltration procedure. Blood transfusions were indicated before the 
procedure if a hemoglobin value < 8 gr/dl.

High volume hemofiltration technique
A 13.5 French double lumen hemodialysis catheter was inserted in the femoral vein 
under local anesthesia (Q-plus, Covidien, Mansefield, MA, USA). HVHF was performed 
with a polysulfone hemofilter, 1.5 m2 of area, wall thickness 40µm and internal diameter 
200µm (Diacap acute-M, BBraun, Melsungen, Germany). Hemofiltration monitor was 
adjusted for a blood flow of 200 ml/min. Ultrafiltration rate was increased gradually 
during the first 60 min according to hemodynamic tolerance up to 100 ml/kg/h keeping 
always a neutral fluid balance (Diapac, BBraun, Melsungen, Germany). Pre-hemofilter 
ultrafiltrate reposition was performed using a bicarbonate based solution with the 
following final composition: sodium 140.0 mmol/L, potassium 2.0 mmol/L, calcium 
1.5 mmol/L, magnesium 0.5 mmol/L, chloride 111 mmol/L, bicarbonate 35  mmol/L, 
dextrose 1 g/L and osmolality 296 mOsm/L (S-BIC 35 and SH-EL 02, BBraun, Avitum 
AG, Glandorf, Germany). The extracorporeal system was not anticoagulated and 
patient core temperature was kept over 35°C by the heating device coupled to the 
monitor and by warming the solutions when necessary. According to our ICU protocol 
[2], all patients were scheduled to receive a 12-hour period of HVHF with a single 
hemofilter, during which additional fluids and norepinephrine dose were adjusted to 
maintain MAP > 65 mmHg and a ∆PP < 10%. Before starting the procedure all patients 
should have a ∆PP < 10% which was calculated as ∆PP = 100 x (PP max – PP min)/
[(PP max – PP min)/2].
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Measurements 
Patients were assessed before starting HVHF (baseline), after 12 hours of HVHF, and 6 hours 
after stopping HVHF. Each assessment consisted in hemodynamic measurements: MAP, 
heart rate, CI, pulmonary artery occlusion pressure, central venous pressure; vasoactive 
requirements; perfusion parameters: arterial lactate, SmvO2, urine output; score of organ 
failure assessment (SOFA); and sublingual microcirculation imaging.

Sublingual microcirculation imaging
Sublingual microcirculation was assessed with SDF with a 5x lens (Microscan ® for NTSC, 
Microvision Medical). At each time-point, at least five 10-20 sec images were recorded. 
After gently removing saliva and oral secretions the probe was applied over the mucosa at 
the base of the tongue. Special care was taken to avoid exerting excessive pressure on the 
mucosa, which was verified by checking ongoing flow in the larger microvessels (>50 μm). 
Analog images were digitalized by using the pass-through function of a digital video 
camera recorder (Sony DCR-HC96, for NTSC ) and were recorded instantaneously to AVI 
format in a personal computer with the aid of a commercial software (DVGate Plus 2.3, 
Sony Corporation).

Images were analyzed blindly and randomly using a semiquantitative method. 
According to recommendations of a consensus committee [14], the image analysis consisted 
in determinations of (i) flow: proportion of perfused vessels (PPV) and microvascular 
flow index (MFI), (ii) density: total vascular density (TVD) and perfused vascular density 
(PVD), and (iii) heterogeneity: MFI heterogeneity (Het MFI). Briefly, to determine MFI, 
the image was divided in four quadrants and the predominant type of flow was assessed in 
each quadrant and characterized as absent=0, intermittent=1, sluggish=2 or normal=3; the 
values of the 4 quadrants were averaged. MFI heterogeneity was calculated as Het MFI = 
(MFImax – MFImin) x 100 / MFImean. For TVD and PVD a gridline consisting of 3 horizontal and 
3 vertical equidistant lines was superimposed on the image. All the vessels crossing the lines 
were counted and classified as perfused (continuous flow) and non-perfused vessels (absent 
or intermittent flow, this is at least 50% of time with no flow). Densities were calculated as 
the total number of vessels (TVD), or the number of perfused vessels (PVD), divided by 
the total length of the gridline in millimeters. PPV was calculated as PVD x 100 / TVD (%). 
Large and small vessels (< 20μm) were analyzed separately. According to recommendations 
from experts [14], the analysis of large vessels are of limited interest and in this study they 
were used as a quality control to ensure that no excessive pressure was being applied on 
the sublingual mucosa. Therefore, all the data from sublingual microcirculation presented 
correspond to small vessels.

Clinical follow-up
Patients were classified as responders to a 12-hour HVHF session if a 30% decrease in 
norepinephrine requirements and lactate levels could be demonstrated. Clinical follow-up 
was until day 28. 
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Statistical analysis 
Data with normal distribution are presented as mean ± standard deviation, and data not 
normally distributed as median and 25th-75th percentiles. Repeated measures analysis of 
variance (ANOVA) with Bonferroni post hoc test, was used to evaluate changes along time for 
normally distributed data, and Friedman test with Dunn test correction was used for variables 
without normal distribution. Correlations were determined by the Pearson coefficient or 
Spearman´s rho, for data with normal and not normal distribution respectively. Analysis was 
performed with GraphPad Prism version 5.00 for Windows (GraphPad Software, San Diego 
California, USA). A two-sided p < 0.05 was considered statistically significant. 

Results
Twelve consecutive severe hyperdynamic septic shock patients, 7 men and 5 women, 
age 57.9 ± 13.2 years old, were recruited between March 2007 and March 2009. Baseline 
characteristics are presented in Table 1. The more common sources were abdominal in 5 
and pulmonary in 2. All patients started HVHF within less than 6 hours since meeting the 
inclusion criteria. One patient had a baseline norepinephrine requirement of 0.28 μg/kg/min 
but in the previous hours he had already met inclusion criteria including norepinephrine 
requirement > 0.3 μg/kg/min for more than one hour with a ∆PP < 10%. Baseline values 
were measured just before starting HVHF. Only two patients were receiving dobutamine for 
at least 2 hours before starting HVHF and its dose was not changed during the procedure 
(patients 1 and 6). All patients survived throughout the study period but five patients had 
died at day 28 (42%). No technical problems with the procedure were observed and no 
change of hemofilter was required in any patient.

Hemodynamic and perfusion parameters
MAP and systemic vascular resistance index (SVRI) increased and lactate levels decreased at 
12 hours of HVHF, with no changes thereafter. CI, SmvO2, O2 transport and O2 consumption 
did not change during or after HVHF (Table 2).

Microcirculatory parameters
Density scores (TVD and PVD), and Het Index MFI didn´t show any significant variation 
during the study (Figure 1 and Table 2). MFI significantly increased compared to baseline 
after 12 hours of HVHF, without deterioration after HVHF was stopped. In parallel, there 
was a trend to increased PPV during HVHF (Figure 2 and Table 2). Interestingly, 3 of the 
4 patients with the worst MFI (< 2) had a notorious improvement after 12 hours of HVHF.

We looked for correlations between microcirculation at baseline and the relative 
changes occurring during the 12-hour HVHF. For PVD and PPV there was a strong 
negative correlation such that patients with the worst scores at baseline had the largest 
improvements during the 12-hour HVHF (Figure 3). For TVD, MFI and Het MFI there 
was no significant correlation between baseline values and their relative changes during 

124



HVHF. In addition, there was no significant correlation between microcirculatory changes 
and changes in hemodynamic and perfusion parameters.

Discussion
In the present study performed in severe hyperdynamic septic shock patients we found no 
deterioration of sublingual microcirculation during HVHF despite an increase in systemic 
vascular resistance. Furthermore, microcirculatory flow index significantly improved during 
HVHF while PPV showed the same trend although not reaching a statistical significance. 
These effects seem to be more marked in patients with more impaired basal microcirculation. 

Several experimental and clinical studies have suggested that HVHF can be an effective 
rescue therapy in refractory septic shock, stabilizing hemodynamics, decreasing vasopressor 
requirements, and improving lactate clearance [1, 2, 15]. This is the first study that explores 
the effects of HVHF on microcirculation in septic shock patients. We observed an increase 

Table 8.1 Baseline characteristics of the patients at the moment of starting HVHF.

Patient
N° Diagnosis

APACHE 
II SOFA

Survival
(day 28)

MAP
(mmHg)

NE
(μg/kg/

min)

CI
(L/min/

m2)
SmvO2

(%)
Lactate

(mmol/L)

1 Cholangitis 34 13 yes 70 0.30 3 49 6

2 Necrotizing 
fasceitis

24 10 yes 67 0.56 5.5 79 4.7

3 Cholangitis 25 11 yes 65 0.50 5.3 76 8.3

4 Catheter 
related sepsis

31 15 no 70 0.60 3.1 71 4.1

5 Diverticulitis 19 14 yes 75 0.37 5.5 80 2.6

6 Peritonitis 19 11 no 64 0.30 4.4 61 6.7

7 Pneumonia 21 13 yes 74 0.50 3.1 58 2.6

8 Necrotizing 
fasceitis

25 13 no 64 1.00 4.8 79 4.5

9 Pyonephrosis 23 13 yes 66 0.28 3.5 71 3.6

10 Mesenteric 
ischemia

23 13 yes 62 0.62 3.4 78 2.6

11 Empyema 27 14 no 63 0.30 4.8 96 13

12 Endocarditis 25 15 no 70 0.60 3 70 5.8

Mean 24.7 12.8 67.5 0.49 4.1 72 5.4

SD 4.4 1.7 4.3 0.21 1.0 11 3.0

Abbreviations: APACHE II (Acute Physiology and Chronic Health Evaluation II), CI (cardiac index), 
MAP (mean arterial pressure), NE (norepinephrine dose), PAOP (pulmonary arterial occlusion 
pressure), SmvO2 (mixed venous oxygen saturation), SD (standard deviation) 
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in sublingual microcirculatory blood flow during HVHF. Interestingly, this increase 
occurred despite an increase in SVR and a trend to decreased cardiac output. One of the 
theories proposed to explain microcirculatory alterations in sepsis is the presence of shunt. 
The observation of increasing microcirculatory blood flow paralleled by increasing vascular 
resistance and decreasing cardiac output may be explained by a reversal of shunt.

The underlying mechanisms involved in the changes observed on hemodynamics and 
microcirculation are unclear. HVHF may remove some inflammatory mediators involved 
in the hemodynamic collapse of refractory septic shock from the blood compartment or 
the extravascular space [16]. Due to its broad theoretical physiologic effects, HVHF could 
potentially influence several microcirculatory parameters and improve microcirculatory 
derangements in septic shock. However, because of the uncontrolled design of our study we 
can’t rule out that the changes observed on hemodynamics and microcirculation were not 

Table 8.2 Evolution of microcirculatory scores, hemodynamic and perfusion parameters during 
the study.

Parameter Baseline
HVHF

12 hours
6 hours  

after HVHF

MAP (mmHg) 67.5 ± 4.3 74.5 ± 6.8 b 76.0 ± 9.4 b

NE (μg/kg/min) 0.49 ± 0.21 0.44 ± 0.45 0.26 ± 0.38

CI (L/min/m2) 4.06 ± 1.11 3.68 ± 1.36 3.55 ± 1.12

SmvO2 (%) 72.4 ± 1.7 71.4 ± 7.0 76.1 ± 6.0

Lactate (mmol/L) 5.38 ± 2.99 3.66 ± 2.39 b 3.64 ± 3.89 b

IDO2 (mL/min/m2) 543 ± 211 483 ± 350 475 ± 173

IVO2 (mL/min/m2) 137 ± 63 135 ± 101 108 ± 40

O2ER (%) 26 ± 12.3 27.8 ± 0.7 23.1 ± 6.0

SVRI (dyne×s×cm-5×m-2) 1027 ± 268 1373 ± 408 a 1432 ± 375 a

Core temperature (°C) 38.1 ± 1 37.2 ± 0.9 37.5 ± 1.1

SOFA 12.8 ± 1.7 13.1 ± 2.1 12.4 ± 2.5

TVD (n/mm) 13.1 ± 1.9 13.6 ± 3.3 14.2 ± 3.8

PVD (n/mm) 9.6 ± 2.5 11.1 ± 3.0 12.1 ± 4.3

PPV (%) 73.6 ± 15.6 81.7 ± 13.3 c 83.2 ± 14.7 c

MFI * 2.15 (1.64 - 2.28) 2.5 (1.96 - 2.7) a 2.5 (2.31 - 2.63) a

Het Index MFI * 0.44 (0.36 - 0.47) 0.4 (0.12 - 0.65) 0.29 (0.18 - 0.32)

Data are presented as mean ± SD, or median and 25th-75th percentiles (*)
a p< 0.01 versus baseline, b p< 0.05 versus baseline, c p < 0.06 versus baseline
Abbreviations: CI (cardiac index), Het Index MFI (MFI Heterogeneity index), IDO2 (Oxygen delivery 
index), IVO2 (Oxygen consumption index), MAP (mean arterial pressure), MFI (microvascular flow 
index), NE (norepinephrine), O2ER (Oxygen extraction ratio), PPV (proportion of perfused vessels), 
PVD (perfused vascular density),Smvo2 (mixed venous oxygen saturation), SOFA (Sequential Organ 
Failure Assessment), SVRI (systemic vascular resistance index), TVD (total vascular density). 
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related to HVHF. They might correspond to the natural evolution of septic shock after initial 
resuscitation, as shown by Sakr et al. [17], or occur as the result of other co-interventions 
such as ongoing fluids or a strict hemodynamic management. Despite this caveats we still 
believe HVHF was responsible for the improvements observed on hemodynamics and 
microcirculation. Supporting this idea, changes occurred during the 12 hours of HVHF but 
not during the 6 hours that followed HVHF interruption. 

Although norepinephrine was always titrated to keep a MAP ≥ 65 mmHg average MAP 
increased from 67.5 at baseline, to 74.5 mmHg at 12 hours of HVHF. This increase in MAP 
occurred because most patients exhibited a persistent trend to increase MAP during HVHF 
and norepinephrine was usually adjusted only once per hour. Theoretically MAP could 
influence microcirculatory blood flow but we found no significant correlation between 
changes in MAP and changes in MFI during the 12 hour HVHF. In addition, we considered 
the possibility that the trend to decreased doses of norepinephrine might have influenced the 

Figure 8.1 Effects of HVHF on sublingual microvascular density. The graphs present the 
individual evolution of total vascular density (TVD, upper graph) and perfused vascular density 
(PVD, lower graph) of small vessels (< 20 μm) at baseline, at the end of the 12-hour period of 
HVHF, and 6 hours after stopping HVHF. Density is expressed as number of vessels / total length 
of the gridline in millimeters. There was no significant change.
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change in MFI but again we found no correlation between changes in norepinephrine and 
changes in MFI. Against a role for arterial pressure and vasopressors, two nice studies have 
shown that changes in arterial pressure induced by changing norepinephrine doses did not 
influence sublingual MFI across a large range of MAP and norepinephrine doses [18, 19]. 

A previous elegant experimental study compared the effects of standard hemofiltration 
versus HVHF in a porcine model of hyperdynamic sepsis [10]. Although HVHF was 
associated with an improvement in global hemodynamics, no beneficial effect on 
microcirculatory flow, hepatosplanchnic hemodynamics, cellular energetics, endothelial 
injury or systemic inflammation, could be observed. Unfortunately, the model induced only 
mild to moderate disturbances in hemodynamics and microcirculatory flow and therefore, 
it did not represent a severe septic shock condition.

Until now, only a few uncontrolled small studies have evaluated the hemodynamic 
effects of HVHF in septic shock patients. Honore et al., showed that HVHF-responders 
improved cardiac output and systemic hemodynamics in a series of hypodynamic septic 
shock patients[1]. In our previous report involving only hyperdynamic septic shock 

Figure 8.2 Effects of HVHF on sublingual microvascular flow. The graphs present the individual 
evolution of flow assessed by the percent of perfused vessels (PPV, upper graph) and by the 
microvascular flow index (MFI, lower graph) of small vessels (< 20 μm) at baseline, at the end of 
the 12-hour period of HVHF, and 6 hours after stopping HVHF. * p < 0.05 compared to baseline.
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patients [2], we found that MAP increased mainly due to an increase in SVRI. However, 
an improvement in MAP at the expense of an increase in SVRI may not necessarily be 
beneficial in terms of microcirculatory flow [19], perfusion parameters [20], or survival [4]. 
The nonselective nitric oxide synthase inhibitor 546C88 induced a strong pressor effect in 
septic shock patients, but unfortunately this effect was associated with a higher incidence 
of pulmonary hypertension, systemic arterial hypertension and heart failure, a decreased 
cardiac output, and a higher mortality [4]. Therefore, our results may be relevant since 
they suggest that the potential beneficial hemodynamic effect of HVHF is not at expense of 
microcirculatory flow. 

It is rather surprising that only 4 of 12 patients exhibiting a severe septic shock presented 
a low MFI < 2. This observation is consistent with recent data from Dubin et al. [18], and 
Jhanji et al. [19], who found a mean basal MFI of 2.1 ± 0.7 and 2.3 ± 0.4, respectively. In 
fact, in the first study, only 4 of 22 septic shock patients exhibited a MFI < 2. This is in 
sharp contrast with the data of Treziak et al. [21] who reported MFI values < 1.5 early after 
emergency room or ICU admission. It appears that MFI values, resembling what happens 

Figure 8.3 Relationship between baseline sublingual microcirculatory parameters and their 
change during the 12-hour HVHF. The upper graph shows a significant correlation between 
baseline values of perfused vascular density (PVD) and their variation during the 12-hour 
HVHF. The lower graph shows a similar correlation between the baseline values of the percent of 
perfused vessels (PPV) and their variation during the 12-hour HVHF. Both PVD and PPV were 
calculated for small vessels (< 20 um).
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with ScvO2, are very low in pre-resuscitated patients but may improve after aggressive 
resuscitation, except in refractory dying patients. 

We found a negative correlation between the severity of basal microcirculatory 
derangements and their change after a 12-hour HVHF session. Similar observations 
have been reported by other authors when studying the effect of different interventions 
on microcirculatory dysfunction in septic patients. Dubin et al. assessed the effects of 
increasing MAP over microcirculatory dysfunction and found that changes in perfused 
capillary density correlate inversely with basal values [18]. Sakr et al. showed that changes 
in capillary perfusion after red blood cell transfusion correlate negatively with baseline 
capillary perfusion [17]. At this moment we have no clear explanation for these findings.

The present study has several limitations. First, it includes a small number of patients. 
In our current septic shock management algorithm, HVHF is a rescue therapy. As reported 
elsewhere [11], the strict application of our protocol has lead to an improvement in outcome, 
and therefore only 20% of septic shock patients are eligible for this intervention. Since only 
hyperdynamic septic shock patients with norepinephrine requirements > 0.3 μg/kg/min and 
progressive hyperlactatemia were included in this study, we recruited only 1 patient every 
45 days. This fact precluded the inclusion of a larger number of patients. Second, we did not 
include a control group. This limitation is shared by several studies addressing the impact of 
conventional therapies on microcirculation [6-8, 22]. In our case, this was an observational 
pilot study and therefore a control group was not considered. However, we acknowledge 
the advantage of having a control group for future studies. In fact, the only randomized 
controlled trial involving microcirculatory dysfunction, which compared nitroglycerin versus 
placebo in septic shock patients, found that MFI improved over time in both groups in the 
setting of a strict background common resuscitation protocol [9]. Third, our study protocol 
considered microcirculatory reassessment only after completing the standard 12-hour HVHF 
procedure, and thus, we could have missed earlier effects. We selected a 12-hour design for 
two reasons: a) the first couple of hours after starting HVHF are characteristically unstable 
and patients are subjected to frequent fluid challenges or vasopressor titration that preclude 
a clear interpretation of microcirculatory changes; and b) because we were interested in 
evaluating the full effect of a 12-hour pulse HVHF session. Finally, it is still unclear if the 
sublingual microcirculation is representative of other organs [23, 24], so additional studies 
are necessary to assess the impact of HVHF over other microvascular beds.

Conclusions
The use of HVHF as a rescue therapy in patients with severe hyperdynamic septic shock is not 
associated to deterioration of sublingual microcirculation despite the increase in systemic 
vascular resistance. For the clinician this suggests that the increase in arterial pressure and 
SVRI, which is usually observed during HVHF is not at the expense of microcirculation. 
Furthermore, patients with the lowest values of sublingual microcirculatory blood flow 
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seem to improve this condition during HVHF. However, randomized controlled studies 
with HVHF in septic shock are required to confirm and better define the physiologic effects 
of HVHF on hemodynamics and perfusion.
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Abstract
Background 
Recent clinical studies have confirmed the strong prognostic value of persistent 
hyperlactatemia and delayed lactate clearance in septic shock. Several potential hypoxic 
and non-hypoxic mechanisms have been associated to persistent hyperlactatemia, but the 
relative contribution of these factors has not been specifically addressed in comprehensive 
clinical physiological studies. Our aim was to determine potential hemodynamic and 
perfusion-related parameters associated to 6 h lactate clearance in a cohort of hyperdynamic 
hyperlactatemic septic shock patients. 

Methods 
We conducted an acute clinical physiological pilot study including 15 hyperdymamic 
septic shock patients undergoing aggressive early resuscitation. Several hemodynamic 
and perfusion-related parameters were measured immediately after preload optimization 
and 6 hours thereafter, with 6 h lactate clearance as the main outcome criterion. Evaluated 
parameters included cardiac index, mixed venous oxygen saturation, capillary refill time and 
central-to-peripheral temperature difference, thenar tissue oxygen saturation (StO2) and 
its recovery slope after a vascular occlusion test, sublingual microcirculatory assessment, 
gastric tonometry (pCO2 gap) and plasma disappearance rate of indocyanine green (ICG-
PDR). Statistical analysis included Wilcoxon and Mann-Whitney tests.

Results 
Five patients presented a 6 h lactate clearance < 10%. When compared to 10 patients 
with a 6 h lactate clearance ≥10%, they presented a worse hepatosplanchnic perfusion as 
represented by significantly more severe derangements of ICG-PDR (9.7 (8-19) vs. 19.6 
(9-32) %/min, p<0.05) and pCO2 gap (33 (9.1-62) vs. 7.7 (3-58) mmHg, p<0.05) at 6 hours. 
No other systemic, hemodynamic, metabolic, peripheral or microcirculatory parameters 
differentiated these subgroups. We also found a significant correlation between ICG-PDR 
and pCO2 gap (p=0.02). 

Conclusions 
Impaired 6 h lactate clearance could be associated to hepatosplanchnic hypoperfusion 
in some hyperdynamic septic shock patients. Improvement in systemic, metabolic and 
peripheral perfusion parameters does not rule out the persistence of hepatosplanchnic 
hypoperfusion in this setting. Severe microcirculatory abnormalities can be detected in 
hyperdynamic septic shock patients, but their role on lactate clearance is unclear. ICG-PDR 
may be a useful tool to evaluate hepatosplanchnic perfusion in septic shock patients with 
persistent hyperlactatemia.
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Introduction
Several recent clinical studies have confirmed the strong prognostic value of hyperlactatemia 
in septic shock [1-3]. Both a single abnormal level and an impaired lactate clearance are 
related to morbidity and mortality [1-4]. Nguyen et al. demonstrated the relevance of 
lactate clearance in a study involving one hundred and eleven septic patients [4]. Patients 
exhibiting a lactate clearance > 10% after 6 h of early resuscitation exhibited a significant 
lower mortality than patients with less than 10% [4]. Furthermore, at least two randomized 
controlled trials have explored lactate clearance as a potential resuscitation goal for septic 
shock patients with encouraging results [5,6].

The physiologic basis of lactate generation during shock has been matter of debate and 
research [7-11]. Hypovolemia-related hypoperfusion is probably the predominant pathogenic 
mechanism during the early pre-resuscitative phase. Some patients resolve sepsis-related 
circulatory dysfunction and clear lactate after initial fluid resuscitation, while others evolve 
into a persistent circulatory dysfunction with hyperlactatemia [12]. Although several potential 
hypoxic and non-hypoxic mechanisms have been associated to persistent hyperlactatemia 
[7-14], recent literature has highlighted the role of microcirculatory abnormalities [14] or 
hyperadrenergia [10,11,13] as the most likely determinants. This has occurred in parallel to a 
decline in the availability of gastric tonometry precluding clinicians to assess hepatosplanchnic 
perfusion in this setting. More importantly, the relative contribution of several potential 
factors to persistent hyperlactatemia after initial septic shock resuscitation has not been 
specifically addressed in comprehensive clinical physiological studies. 

To address this subject, we designed an acute clinical physiological study to determine 
potential hemodynamic and perfusion-related parameters associated to 6 h lactate clearance 
in a cohort of hyperdynamic septic shock patients with persistent hyperlactatemia. This 
pilot study evaluated several macrohemodynamic, metabolic, peripheral, hepatosplanchnic 
and microcirculatory parameters immediately after preload optimization and 6 h thereafter.

Material and methods
This prospective study was conducted in a 16-bed mixed medical-surgical ICU at a 
university hospital in Santiago, Chile from September 2010 to December 2011. The local 
Institutional Review Board approved this study and informed consent was obtained from 
each patient or surrogates.

This study is part of an ongoing randomized double blind crossover controlled trial 
exploring the acute effects of dobutamine on tissue hypoperfusion in hyperdynamic septic 
shock patients. 

Patient selection
All consecutive adult patients (>18 years) admitted to the ICU within 24 hours of onset 
of septic shock were considered eligible for this protocol. Specific inclusion criteria were: 
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1) septic shock according to the 2001 Consensus Definition (septic-related volume-
refractory hypotension requiring vasopressors to maintain a mean arterial pressure (MAP) 
> 65 mmHg) [15]; 2) persistent hyperlactatemia (arterial lactate > 2.0 mmol/l after initial 
fluid loading); 3) cardiac index (CI) ≥ 2.5 L/min/m2; 4) sinus rhythm; and 5) mechanical 
ventilation and pulmonary artery catheter in place.

Patients were excluded according to the following criteria: 1) pregnancy; 2) anticipated 
surgery or dialytic procedure during the study period; 3) Child B or C liver cirrhosis; 4) do-
not-resuscitate status or life expectancy less than 24 hours; and 5) preexisting conditions 
precluding peripheral perfusion assessment, such as hypothermia, Raynaud’s disease or 
severe peripheral vascular disease.

General management of hyperdynamic septic shock patients
Recruited patients were resuscitated with a local norepinephrine (NE)-based, perfusion-
oriented management protocol [16,17]. All patients were subjected to early aggressive source 
control. The main endpoint of ICU resuscitation was lactate normalization. Initial fluid 
resuscitation was directed at correcting basic hemodynamic parameters. NE was started and 
titrated to a MAP > 65 mmHg in patients with persistent hypotension after fluid loading. Early 
intubation and mechanical ventilation were indicated for oxygen consumption reduction 
in patients with progressive hyperlactatemia or increasing NE requirements. Mechanical 
ventilation and sedation were managed in accordance to current protective strategies [18]. 
CI and related parameters were evaluated with a pulmonary artery catheter. Intravascular 
volume status was optimized following pulse pressure variation criteria [19]. Red blood cell 
transfusions were prescribed as necessary to maintain hemoglobin levels ≥8 gr/dL. High-
volume hemofiltration was used as a rescue therapy in refractory patients [17].

Study protocol
Total study period was of 6 hours. Two sets of hemodynamic and perfusion assessments 
were considered for the purpose of this specific study. A baseline set was performed 
immediately after preload optimization in the ICU as defined by a pulse pressure variation 
<10%. The second set was performed 6 h thereafter.

Specific measured parameters at each time-point were:
1. Macro-hemodynamic parameters: MAP, heart rate, NE dose, pulse pressure variation 

(%), and pulmonary artery catheter-derived values.
2. Metabolic-related perfusion parameters: Mixed venous O2 saturation (SvO2), arterial 

lactate (Radiometer ABL 735, Copenhagen Denmark), and mixed venous to arterial 
pCO2 gradient (p(cv-a)CO2). Six-hour lactate clearance was defined as the percent 
change in lactate level after 6 h from the baseline measurement. It was calculated by 
using the following formula: baseline ICU lactate (hour 0) minus lactate at hour 6, 
divided by baseline ICU lactate, then multiplied by 100.

3. Peripheral perfusion parameters: a) Central to toe temperature gradient (Tc-toe), 
where central temperature was obtained from the pulmonary artery catheter, and toe 
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temperature from the ventral face of the great toe of the right foot. A difference up to 
7°C was considered as normal. All skin temperatures were obtained with skin probes 
(HP 21078A, Hong Kong Kabeil Technology, Guangdong, China); and b) Capillary refill 
time (CRT), measured by applying firm pressure to the distal phalanx of the index finger 
for 10 seconds. A chronometer recorded the time for return of the normal color at the 
ventral surface, and 4.0 seconds was defined as the upper normal limit.

4. Near-infrared spectroscopy (NIRS)-derived parameters [20]: Tissue oxygen saturation 
(StO2) was measured by a tissue spectrometer (InSpectra Model 325, Hutchinson 
Technology, Mn, USA). The NIRS probe was placed on the skin of the thenar eminence 
and a sphygmomanometer cuff was wrapped around the arm over the brachial artery. 
After a 3 min period to stabilize the NIRS signal, a vascular occlusion test (VOT) was 
performed. Arterial inflow was stopped by inflating the cuff to 50 mmHg above the systolic 
arterial pressure. After 3 min of ischemia cuff pressure was released, and StO2 recorded 
continuously for another 3 min period (reperfusion period). Baseline StO2 before VOT 
was recorded. During the reperfusion phase, the recovery slope of the StO2 signal was 
registered (expressed in percent per second).

5. Microcirculatory- derived parameters [21]: Sublingual microcirculation was assessed 
with sidestream dark field videomicroscopy imaging obtained with a 5x lens 
(Microscan® for NTSC, Microvision Medical, Amsterdam, NL). At each assessment, 
at least five 10-20  sec video images were recorded. Image acquisition and analysis 
were performed following recent recommendations of a consensus conference [21]. 
A trained investigator performed image analysis in all cases. Parameters considered 
for this study were proportion of perfused vessels, perfused vessel density (PVD), and 
microcirculatory flow index (MFI).

6. Hepatosplanchnic-related perfusion parameters: a) Gastric tonometry calculating 
the gastric-to-arterial pCO2 gradient (pCO2 gap) with a upper normal limit of 
8 mmHg (Tonocap, Datex-Ohmeda Division, Helsinki, Finland) [22]; and b) Plasma 
disappearance rate of indocyanine green (ICG-PDR) as a dynamic test for the 
assessment of liver function and global hepatosplanchnic blood flow [23]. The 
ICG-PDR was assessed with a non-invasive liver function monitoring system (LiMon, 
Pulsion Medical Systems, Munich, Germany). Each patient received an ICG finger clip 
that was connected to the liver function monitor. A dose of 0.25 mg/kg of ICG was 
injected through a central venous catheter. A range of ICG-PDR of 20-30%/min was 
considered as normal.

Statistical analysis
To address our objectives, we compared hemodynamic and perfusion-related parameters 
at baseline and at 6 h in relation to lactate evolution. Specifically, we evaluated changes of 
hemodynamic and perfusion parameters in patients with a 6 h lactate clearance ≥ 10% as 
compared to those with less than 10%.
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Non-parametric statistics were performed including Wilcoxon test for paired 
measurements and Mann-Whitney test for independent measurements. Spearman 
correlation was used to explore the relationship between ICG-PDR and pCO2 gap.

Results are expressed as median and range. A p value of <0.05 was considered as 
statistically significant. All reported p values are two-sided.

Results
Fifteen hyperdynamic septic shock patients were included. Baseline characteristics of each 
individual patient are shown in table 1. Nine of 15 patients had an abdominal sepsis (six 
with peritonitis secondary to gastrointestinal perforation, two with infected pancreatitis 
and one with non-occlusive colonic ischemia). 

Six-hour lactate clearance was ≥ 10% in ten patients and lower in five (16% (12.9-66) vs 
3.6% (-14.3 - 9), respectively; p<0.05). During the protocol both groups received the same 
amounts of fluids (6 h lactate clearance ≥ 10%: 780 ± 520 ml vs. 6 h lactate clearance < 10%: 
690 ± 380 ml; p=0.8).

Compared to patients with a 6 h lactate clearance ≥ 10%, patients with a lower lactate 
clearance presented a worse hepatosplanchnic perfusion as represented by significantly 
more severe derangements of ICG-PDR and pCO2 gap at 6 hours (Figure 1 and table 2). 
In the case of gastric pCO2 gap, this difference was also significant at baseline (table 2). No 
other parameter differentiated these subgroups as shown in table 2. When all data were 
pooled together, a significant correlation between delta lactate (baseline lactate – final 
lactate) and delta ICG-PDR (p=0.05, R2=0.3) was found”

Liver-related parameters were also not different between patients with 6 h lactate 
clearance ≥ vs < 10% (billirubin 0.9 (0.2-1.7) vs. 1.8 (0.6-4.1) mg/dl, p=0.3; prothrombin 
time 46 (11-86) vs. 46 (34-59)%, p=0.9; SGOT 174 (10-92) vs. 48 (18-105) U/l, p=0.4). 
Nine patients exhibited intra-abdominal hypertension, but no patient had an abdominal 
compartment syndrome. Intra-abdominal pressure was not significantly correlated with 
lactate (p=0.3), pCO2 gap (p=0.3), neither with the ICG-PDR (p=0.32).

We found a mild but significant correlation between pooled ICG-PDR and pCO2 gap 
values (Figure 2).

Discussion
Our main finding was the association of delayed 6 h lactate clearance to hepatosplanchnic 
hypoperfusion but not to systemic hemodynamics or other perfusion parameters in 
hyperdynamic septic shock patients undergoing aggressive resuscitation.

The relevance of the concept of lactate clearance has been recently highlighted [4-6,24]. 
Therefore, it appears as critical to gain insight into potential pathogenic mechanisms 
associated to failure to clear lactate, especially in hyperdynamic septic shock patients in 
whom a low flow state is by definition a less probable mechanism. However, this task may 
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be particularly complex in the setting of septic shock where an easy assumption to make 
is to attribute persistent hyperlactatemia to inadequate resuscitation. Indeed, although 
hypoperfusion is the most common cause of hyperlactatemia, increasing evidence for non-
hypoxic related mechanisms such as sustained hyperadrenergia with accelerated aerobic 
glycolysis, has recently expanded our understanding of the physiological meaning of 
lactate in sepsis [7-13]. Nevertheless, a limited number of factors such as persistent global 
hypoperfusion, microcirculatory dysfunction, impaired hepatosplanchnic perfusion or liver 
dysfunction are more likely involved in a resuscitation scenario. A multimodal perfusion 
monitoring approach relying on relatively simple or non-invasive clinical tools can identify 
persistent global hypoperfusion. In our series of hyperdynamic septic shock patients, 
evolution of metabolic and peripheral perfusion parameters tends to rule-out global 
hypoperfusion as a cause of impaired lactate clearance. In fact, these patients presented a 
median CI > 4 L/min/m2, SvO2 > 70%, p(v-a)CO2 <5 mmHg, CRT <4 sec, and a thenar StO2 
>80%, which is consistent with an hyperdynamic state.

Videomicroscopic bedside techniques have allowed to directly visualize microvascular 
flow, especially at the sublingual mucosa [25]. Microcirculatory flow or density 
abnormalities have been described and linked to bad outcome during septic shock [26,27]. 
Microcirculatory dysfunction with microvascular shunting could contribute to the genesis 
of hyperlactatemia in selected patients [12]. We recently demonstrated a significant 
correlation between hyperlactatemia and microcirculatory derangements in a large series 

 
 
 
 

 

Figure 9.1 The figure shows the evolution of gastric-to-arterial pCO2 gradients 

(pCO2 gap in mmHg) and indocyanine green plasma disappearance rates (ICG-

PDR in %/min) in patients exhibiting a 6 h lactate clearance ≥ or < 10%. 

Patients with lower lactate clearance rates exhibited a significant increase in 

pCO2 gap and a decrease in ICG-PDR. 

 

Figure 9.1 The figure shows the evolution of gastric-to-arterial pCO2 gradients (pCO2 gap in 
mmHg) and indocyanine green plasma disappearance rates (ICG-PDR in %/min) in patients 
exhibiting a 6 h lactate clearance ≥ or < 10%. Patients with lower lactate clearance rates exhibited 
a significant increase in pCO2 gap and a decrease in ICG-PDR. 
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Table 9.2 Multimodal perfusion parameters comparing patients with a lactate clearance higher 
or lower than 10%.

Parameters

Lactate Clearance ≥ 10% (n=10) Lactate Clearance < 10% (n=5)

Basal End p-value# Basal End p-value#

Hemodynamic parameters          

Pulse pressure 
variation (%)

7 (0-10) 7 (0-12) 0.1 4 (0-9) 2 (0-5)* 0.07

Heart rate (bpm) 97 (80-119) 107 (65-132) 0.12 86 (74-120) 96 (74-136) 0.1

Cardiac Index  
(L/min/m2)

3.4 (2.5-4.7) 4.1 (3-6.1) 0.2 3.1 (27-4.3) 4.2 (2.6-6.2) 0.1

NE dose  
(mcg/kg/min)

0.23 (0.1-0.44) 0.2 (0.08-0.7) 0.3 0.08 (0.01-0.4) 0.08 (0.05-0.6) 0.2

Metabolic parameters          

SvO2 (%) 77 (65-91) 77 (71-94) 0.2 75 (66-79) 73 (68-79) 0.07

P(cv-a)pCO2 
(mmHg)

4.3 (0.7-7) 3.5 (0.2-6) 0.1 6.3 (0.8-7.7) 3.5 (1-3.8) 0.1

Peripheral perfusion parameters          

CRT (s) 3.5 (1-7) 4 (2-6) 0.6 5 (1-12) 3 (1-12) 0.9

Central-
peripheral temp. 
difference (°C)

8.6 (5.2-12.2) 6.5 (4-11.2) 0.06 11.8 (2.6-14) 10.5 (2.6-15.2) 0.7

NIRS-derived parameters          

StO2 (%) 84 (55-94) 85 (77-95) 0.03 74 (72-94) 82 (69-95) 0.5

StO2 recovery 
slope (%/s)

1.71 (0.4-4) 2.35 (0.8-3.4) 0.3 2.3 (0.4-7.6) 0.9 (0.8-5.1) 0.7

Microcirculatory parameters          

MFI (score) 2.1 (1.3-2.8) 1.95 (1.8-2.9) 0.9 1.87 (1-2.2) 1.92 (1.5-2.9) 0.06

PPV (%) 78.9 (62-93) 74.9 (67-99) 0.7 73.9 (40.8-82) 82.5 (71-92.1) 0.1

PVD (n/mm) 8.7 (7.5-10.7) 9.1 (6-11.3) 0.9 7.9 (4.1-10.4) 9 (7.2-10.7) 0.08

Splanchnic perfusion parameters           

ICG-PDR  
(%/min)

19.9 (6.1-28) 19.6 (9-32) 0.48 14.4 (8.4-19) 9.7 (8-19)* 0.6

pCO2 gap 
(mm/Hg)

5.3 (2-10.7) 7.7 (3-58) 0.2 10.8 (5.9-61)* 33 (9.1-62)* 0.04

Data presented as median (range). p-value#: Wilcoxon test for paired measurements. p-value*: 
p <0.05 by Mann-whitney test for independent measurements comparing end values between both 
subgroups. NE: norepinephrine; SvO2: mixed venous oxygen saturation; P(cv-a)CO2: central venous 
to arterial pCO2 gradient; CRT: capillary refill time; NIRS: near-infrared spectroscopy; StO2: tissue 
oxygen saturation; MFI: microcirculatory flow index; PPV: proportion of perfussed vessels; PVD: 
perfused vascular density; ICG-PDR: indocyanine green plasma disappearance rate; pCO2 gap: 
gastric to arterial pCO2 gradient.
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of septic shock patients [14]. Interestingly, the majority of our patients exhibited significant 
microcirculatory abnormalities, irrespective of the status of lactate clearance. The median 6 h 
values of proportion of perfused vessels, MFI and PVD among microcirculatory parameters 
are well beyond the thresholds associated to morbidity or mortality in previous studies 
[1,2]. This is consistent with a profoundly abnormal StO2 recovery slope after VOT in our 
patients with a low lactate clearance, suggesting a persistent microvascular dysfunction. 

Splanchnic contribution to hyperlactatemia may be secondary to an increased hypoxic 
or non-hypoxic gut lactate production, a decreased hepatic lactate clearance secondary to 
hypoperfusion or dysfunction, or a combination of both [28-31]. In our study, patients 
with a lactate clearance <10%, increased pCO2 gap and decreased ICG-PDR to extremely 
abnormal values (medians of 33 mmHg and 9.7%, respectively) after 6 hours of resuscitation, 
suggesting the presence of sustained hepatosplanchnic hypoperfusion despite a global 
hyperdynamic flow status. Moreover, since no difference in liver enzymes between these 
subgroups was found, it is highly probable that alterations in hepatic flow rather than function 
were responsible for the low ICG-PDR. Our results confirm and expand previous findings by 
Friedman et al. demonstrating a significant association of persistent hyperlactatemia at 24 h 
with gastric mucosa hypoperfusion, but without correlation to systemic hemodynamics [32]. 
Our study, using a more comprehensive and multimodal monitoring approach, supports a 
relationship between persistent hyperlactatemia and hepatosplanchnic hypoperfusion, this 
latter confirmed by an independent technique such as ICG-PDR. 

Several factors could theoretically have contributed to the development of both gut 
hypoperfusion and hyperlactatemia in our patients. An ischemic bowel may be a source 
of anaerobic lactate production that depending on hepatic clearance could result in 

 
 
 
 

Figure 9.2 Correlation between pooled indocyanine green plasma 

dissapearance rate (ICG-PDR) and gastric-to-arterial pCO2 gradient (pCO2 gap) 

values.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.2 Correlation between pooled indocyanine green plasma dissapearance rate (ICG-PDR) 
and gastric-to-arterial pCO2 gradient (pCO2 gap) values. 
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systemic hyperlactatemia, but only one of these patients was operated for a non-occlusive 
colonic ischemia with secondary peritonitis. Some clinical reports have emphasized 
that intraabdominal hypertension could induce hyperlactatemia through gut mucosal 
hypoperfusion and also decrease hepatic lactate clearance [33,34]. However no difference in 
intra-abdominal hypertension between subgroups was observed in our series. Hypovolemia 
or high doses of vasoconstrictors could hasten hepatosplanchnic hypoperfusion, but this 
was not the case for our patients since final pulse pressure variation was of 2 (0-5)%, with 
NE doses of only 0.08 (0.05-0.6) mcg/kg/min. 

The presence of occult hepatosplanchnic hypoperfusion in the setting of a global 
hyperdynamic state and with parallel improvements or no change in peripheral perfusion, 
metabolic and microcirculatory parameters, may appear as contradictory. However, regional 
hepatosplanchnic vasoconstriction is a physiologic and early neurohumoral response to 
shock that can cause prolonged hypoperfusion and gut ischemia. Persistence of this state as 
represented by an abnormal gastric tonometry at 24 h has a strong prognostic significance, 
irrespective of the status of systemic hemodynamics [35]. Unfortunately, a decline in the 
availability of gastric tonometry has precluded intensivists to use this valuable physiological 
monitor. Rather novel techniques such as transcutaneous assessment of indocyanine green 
plasma disappearance rate have become available, offering an opportunity for the early 
diagnosis of hepatic dysfunction or hypoperfusion [23]. Previous studies demonstrated 
a strong association between ICG-PDR and outcome in critically ill patients [36,37]. 
The ICG-PDR is influenced both by liver function and perfusion, but when evaluated in 
short periods of time, it mainly reflects hepatosplanchnic perfusion since the function of 
liver cells does not change rapidly [38]. Thus, this method could eventually be used as a 
surrogate for gastric tonometry, and indeed we found a significant correlation between both 
techniques (Figure 2).

Our study has several limitations. Since it was designed as an acute clinical physiological 
pilot study it included a limited number of patients, thus making it difficult to generalize 
conclusions. Only 2 sets of measurements were considered, thus precluding the possibility 
of capturing earlier or late changes of some of these parameters. The majority of patients 
were of an abdominal source, factor that eventually could influence the results of the 
hepatosplanchnic perfusion assessment. We did not address potential non-hypoxic causes 
for persistent hyperlactatemia. Despite these limitations, we think that our data may be 
useful to reconsider the approach to persistent hyperlactatemia in hyperdynamic septic 
shock patients. 

Conclusions
Impaired 6 h lactate clearance could be associated to hepatosplanchnic hypoperfusion in 
some hyperdynamic septic shock patients subjected to aggressive early resuscitation. An 
improvement in systemic, metabolic and peripheral perfusion parameters does not rule out 
the persistence of hepatosplanchnic hypoperfusion. Relatively new techniques such as non-
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invasive assessment of ICG plasma disappearance rate could aid in interpreting a persistent 
hyperlactatemia. Severe microcirculatory abnormalities can be detected in hypedynamic 
septic shock patients, but their role on lactate clearance is unclear. Future clinical studies 
should determine the best strategy to address persistent hyperlactatemia in hyperdynamic 
septic shock patients. Evaluation of hepatosplanchnic perfusion with current or developing 
technologies should probably be considered as a useful complementary tool in this setting. 
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Abstract
Objectives 
Several parameters have been used to monitor perfusion status or as potential resuscitation 
goals in septic shock under the assumption that they are flow-responsive. However, little is 
known about the specific recovery time course of individual parameters a fact that appears 
as relevant to select the most appropriate target at different time-points. We assessed 
the recovery time course for hemodynamic, peripheral, metabolic and microcirculatory 
parameters during early intensive care unit based resuscitation.

Design 
A prospective observational clinical study.

Setting 
A 16-bed mixed intensive care unit in a university hospital

Patients 
Thirty-five septic shock patients with hyperlactatemia, mechanical ventilation and less than 
2 h of evolution were originally included but final analysis was performed only in the 31 
hospital-survivors.

Interventions 
Patients were evaluated with a multimodal perfusion monitoring protocol.

Measurements and main results 
Macrohemodynamic, metabolic, peripheral, and sublingual microcirculatory perfusion 
parameters were evaluated at baseline, 2, 6 and 24 after starting intensive care unit-based 
resuscitation. Some variables such as central venous oxygen saturation, central venous-
arterial pCO2 gradient, capillary refill time, thenar tissue oxygen saturation were already 
normal in more than 70% of survivors after 6 six hours of resuscitation. Lactate presented 
a much slower recovery trend, decreasing significantly at 6 h compared to baseline 
((2.7 [2.2–3.9] vs. 4.0 [3.0–4.9] mmol/l p<0.01), but with only 48% of patients achieving 
normality at 24 h. Sublingual microcirculatory parameters exhibited the slowest recovery 
rate with persistent moderate derangements still present in almost 80% of patients at 24 h 
(proportion of perfused vessels 77% [68–84], and microvascular flow index 2.2 [2.0–2.5]). 

Conclusions 
Perfusion parameters exhibit markedly different recovery rates in response to early 
resuscitation in septic shock surviving patients. The recovery time course of microcirculatory 
abnormalities in survivors seems to be the slowest among all perfusion parameters. 
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Introduction
During the past decades, several parameters such as gastric tonometry [1,2], lactate 
[3,4], mixed (SvO2) [ 5] or central venous oxygen saturations (ScvO2) [4,6], peripheral 
perfusion [7,8], oxygen tissue saturation (StO2) [9,10] and central venous-arterial pCO2 
gradient (P(cv-a)CO2) [11,12] have been used to monitor perfusion status or as potential 
resuscitation goals in septic shock [1-12]. More recently, the pathophysiological relevance 
of septic-related microvascular dysfunction has been highlighted [13,14] and trials testing 
microcirculatory-oriented therapeutic strategies start to appear in the literature [15]. 

Currently recommended septic shock treatment strategies are based on the assumption 
that perfusion variables will improve after increasing oxygen transport (TO2) mainly by 
cardiac output manipulation, a concept that can be defined as flow-responsiveness [4,6,16]. 
However, parameters traditionally considered as representing tissue perfusion can also be 
mechanistically determined by non-flow dependent or mixed mechanisms [17,18]. This 
may result in a wide variability in the recovery time courses of individual parameters after 
TO2 optimization depending on the predominant pathogenic mechanism. This aspect 
has not been well addressed in experimental or clinical studies, although it seems to be 
important in order to determine the most appropriate target at different time-points. 
Parameters such as ScvO2 [6] and P(cv-a)CO2 [11] tend to improve rapidly after initial fluid 
resuscitation but others such as lactate may exhibit variable response curves depending on 
the relative preponderance of hypoxic versus non-hypoxic pathogenic mechanisms [17-19]. 
Furthermore, the dynamics of recovery of microcirculatory variables during septic shock 
resuscitation has only recently begun to be revealed [14].

In fact, pursuing complete normalization of a perfusion goal with repeated attempts 
to increase TO2 without considering the above-mentioned aspects could also impose 
harm since it may induce fluid overload, pulmonary edema, intraabdominal hypertension, 
cardiac arrhythmias and myocardial ischemia, thus eventually increasing morbidity and 
mortality [20-22]. 

We hypothesized that perfusion parameters exhibit markedly different recovery 
time courses resulting in varying degrees of normalization throughout the first 24 h of 
resuscitation. If potential resuscitation targets demonstrate a time-dependent recovery, this 
fact could be clinically relevant to determine the most appropriate goal at different time-
points. Eventually the proper target can change over time depending on the degree of flow-
responsiveness of individual parameters. 

To address this subject, we designed a prospective observational study to assess the 
recovery time course for hemodynamic, peripheral, metabolic and microcirculatory 
parameters during early intensive care unit (ICU)-based resuscitation in a cohort of septic 
shock patients evaluated with a multimodal perfusion monitoring protocol. We were 
particularly interested a priori in describing the normalization of these parameters at 
different time-points in the subgroup of hospital survivors.
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Materials and methods
Setting
We conducted an 18-month prospective observational study from April 2010 to September 
2012 in a mixed 16-bed ICU at our University Hospital. The Institutional Review Board of 
our University approved this study and waived the need of an informed consent because 
of the observational nature of the study including no study-related invasive monitoring 
techniques, and considering that it did not deviate from the best standard of care.

Patient selection
All consecutive adult patients admitted to the ICU within two hours of onset of septic shock 
according to the 2001 Consensus Definition [23], with a basal arterial lactate >2 mmol/l, 
and requiring to be mechanically ventilated at or before admission, were considered eligible 
for the study. Mechanical ventilation was required as an inclusion criterion to facilitate 
sublingual microcirculatory assessment. 

Patients were excluded if they had no commitment for full resuscitation, a do-not-
resuscitate status or life expectancy less than 24; or if they presented conditions precluding 
a correct interpretation of measured parameters, such as uncontrolled hemorrhage or 
end-stage chronic liver failure. 

Protocol and measurements
Patients were studied for the first 24 hours following start of ICU-based resuscitation. 
Outcome was followed until hospital discharge. 

All patients were managed according to a local algorithm. Characteristics of this algorithm 
have been published previously [24] and include early aggressive source control and fluid 
loading, followed by norepinephrine (NE) as needed to maintain a mean arterial pressure 
(MAP) > 65mmHg. Attending physicians decided about pulmonary artery catheter (PAC) 
placement and dobutamine use. Our protocol encourages a PAC insertion in patients who evolve 
with a persistent circulatory dysfunction and hyperlactatemia after an initial fluid challenge. 
Mechanical ventilation settings were adjusted according to currently recommended lung 
protective strategies [16]. Optimal fluid resuscitation was guided by pulse pressure variation 
analysis or by a Starling curve approach when the former was not feasible [16]. High-volume 
hemofiltration was indicated as a final salvage therapy in unresponsive patients [24]. Intra-
abdominal pressure was monitored and treated according to recent recommendations [22, 25]. 

Clinical and demographic data, and all the variables of Acute Physiology and Chronic 
Health Evaluation II (APACHE II) [26] and Sequential Organ Failure Assessment (SOFA) 
[27] scores were collected for each patient at baseline. 

The multimodal perfusion monitoring protocol included the following measurements 
obtained at baseline (immediately after starting ICU resuscitation= 0 h), 2, 6 and 24 h: 
1. Macro-hemodynamic parameters: MAP, heart rate (HR), NE or vasoactive drug doses, 

central venous pressure (CVP), pulse pressure variation (%), and PAC-derived values 
(when in place). Fluid administration was also registered at each predefined time-point.
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2. Metabolic-related perfusion parameters: ScvO2 (normal values >70%, arterial lactate 
(normal values <2 mmol/L; Radiometer ABL 735, Copenhagen Denmark), and P(cv-a)
CO2 (normal values <6 mmHg).

3. Peripheral perfusion was assessed with the capillary refill time (CRT) [7], measured 
by applying firm pressure to the distal phalanx of the index finger for 10 seconds. 
A chronometer recorded the time for return of the normal color at the ventral surface 
(normal values <4.0 s).

4. Thenar muscle oxygen saturation (StO2) was measured by a tissue spectrometer (InSpectra 
Model 650, Hutchinson Technology, Mn, USA). A value >75% was considered as normal 
for this protocol [28]. The near-infrared spectroscopy (NIRS) probe was placed on the 
skin of the thenar eminence free of arterial line, and a sphygmomanometer cuff was 
wrapped around the arm over the brachial artery. After a 5 min period to stabilize the 
NIRS signal, a vascular occlusion test (VOT) was performed [10]. Inflating the cuff up 
to 50 mmHg above the systolic arterial pressure stopped arterial inflow. After 3 min 
of ischemia, cuff pressure was released, and StO2 recorded continuously for another 
3 min (reperfusion period). Baseline StO2 (mean value of a 5 min period) before VOT 
was registered. During the reperfusion phase, the recovery slope of the StO2 signal was 
registered and calculated with a software provided by the manufacturer (InSpectra 
V3-03, Hutchinson Technology, Mn, USA), and expressed in percent per second (values 
>3.5 %/s were considered as normal for this study) [10].

5. Microcirculatory-derived parameters: Sublingual microcirculation was assessed 
with sidestream dark field (SDF) videomicroscopy imaging obtained with a 5x lens 
(Microscan® for NTSC, Microvision Medical, Amsterdam, NL). At each assessment, 
at least five 10-20 sec video images were recorded. Image acquisition and analysis 
were performed following recent recommendations of a consensus conference [29]. 
A  trained independent investigator performed image analysis in all cases and these 
data were not disclosed to attending physicians. Parameters considered for this study 
were proportion of perfused vessels (PPV; values >90% were considered as normal for 
this study); perfused vessel density (PVD; values >14 n/mm were considered as normal 
for this study); and microcirculatory flow index (MFI; values >2.5 were considered as 
normal for this study).

Statistical analysis 
Categorical data were analyzed with Fisher’s exact test, and repeated measures with 
Friedman test. Differences between repeated measures were explored with post-hoc 
Bonferroni test. All data are presented as median and interquartile range (25th-75th 
percentile). All reported p values are two-sided, with a significant alpha level of <0.05. 
SPSS (SPSS for Windows Release 17.0.0; SPSS Inc, Chicago, IL) package was used for 
statistical analysis.
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Results
Thirty-five septic shock patients were originally included in the study, of whom 31 were 
discharged alive from the hospital. Basal demographic, clinical and physiological data, and 
severity scores for the whole group and for survivors/non-survivors are shown in table 1. 
The four non-survivors exhibited median lactate and PPV values of 2.7 mmol/L [1.9–12.3] 
and 69% [61–77], respectively at 24 h, and died in the ICU at a median of 16 days [5-25] 
after admission. Due to the very low observed mortality and because it was beyond the 
scope of our study, no formal statistical comparison between survivors and non-survivors 
was performed. 

All the following data and analyses are for the 31 hospital survivors. Three patients had 
a previous chronic atrial fibrillation, and eight a past medical history of coronary artery 
disease. The main septic sources were abdominal (n=15), pulmonary (n=6), urinary tract 
(n=5), and others (n=5). Eight patients were admitted directly from the operating room. 

Patients received 1560 [570-2150] ml of crystalloids in the pre-ICU setting after 
developing septic shock criteria. The rate of fluid administration tended to decrease over 
time. A total of 815 [360–1540] ml of crystalloids were administered during the first two 
hours, 500 [238–1050] ml from two to six hours, and 810 [150-2400] ml from 6 to 24 hours 
of ICU-based resuscitation. A PAC was placed in twenty-one patients. The maximal cardiac 
index was registered at 2 h, and the highest CVP and PAOP values were observed at 6 h. The 
evolution of different hemodynamic parameters is shown in table 2. Dobutamine was used 
in three patients (2 mcg/kg/min fixed doses) as decided by attending physicians. Basal and 
24 h intraabdominal pressures were 11 [9-14] and 12 [8-14] mmHg, respectively.

The medians values for individual perfusion parameters at different time-points are 
shown in table 3. Median lactate values had significantly decreased 6 h following inclusion 
(2.7 [2.2–3.9] vs. 4.0 [3.0–4.9] mmol/l, p<0.01; Table 3), When analyzing the percentage of 
patients that normalized their parameters over time, a high proportion of patients started 
ICU-based resuscitation with already normal values for some variables: 64% for CRT 
and P(cv-a) CO2, and 72% for baseline StO2. This proportion increased to >70% at 6 h, 
and >80% at 24 h for these parameters. Ninety-two percent of the patients had already a 
normal ScvO2 at baseline without significant changes in this proportion during the study. 
By definition, all patients had an abnormal lactate level at baseline. Lactate levels had 
normalized in 48% of the patients at 24 h (Figure 1). During follow-up of the 16 patients 
with persistent hyperlactatemia at 24 h, nine normalized lactate at 48 h, four at 72 h, and the 
remainder three patients between the fifth and seventh days. In contrast, microcirculatory 
parameters remained abnormal in the majority of the patients. PPV had only normalized 
in 10% of the cases at 24 hours whereas MFI only in 24% of cases (Figure 1). Similarly 
persistent abnormalities in StO2 recovery slope were still detected at 24 h (Table 3) in 81% of 
patients. Finally, the normalization trend for some individual perfusion parameters in these 
31 hospital survivors is shown in figure 2.
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Table 10.1 General characteristics of the study population.

Parameter All Patients Survivors Non-survivors

N 35 31 4

Age (y) 68 [56–78] 67 [56–76] 73 [37–82]

Male / Female (%) 37/ 63 39/ 61 25/7 5

APACHE II 23 [18–27] 24 [19–27] 20 [17–24]

Basal SOFA 10 [8–13] 10 [8– 13] 9 [8 –12.3]

24 h SOFA 11 [10-13] 11 [10-13] 12 [12-12]

Length of hospital stay (days) 23 [15–35] 24 [15–43] 18 [6-26]

Length of ICU stay (days) 11 [7–17] 10 [7–16] 16 [5–25]

MV duration (days) 8 [5–14] 8 [5–14] 16 [5–25]

Basal NE requirements (mcg/kg/min) 0.16 [0.05–0.3] 0.16 [0.03– 0.3] 0.18 [0.07– 0.52]

Basal Lactate (mmol/L) 4 [2.8–4.9] 4 [3.0 – 4.9] 3.0 [2.4–15.1]

Values are expressed as median [interquartile range] or percentage
APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure 
Assessment; ICU, Intensive Care Unit; MV, mechanical ventilation; NE, norepinephrine.

Table 10.2 Evolution of different hemodynamic parameters in a cohort of 21 septic shock 
patients monitored with a pulmonary artery catheter.

Parameters Baseline 2 hours 6 hours 24 hours

CI 
(L/min/m2)

2.3 [1.9–3.8] 2.9 [2.3–3.3] 2.8 [2.2–3.6] 2.7 [2.4–3.3]

CVP
(mmHg)

12 [8–16] 14 [12–17] 15 [8–17] 14 [11–17]

PAOP
(mmHg)

18 [13–22] 17 [15–27] 20 [18–23] 17 [14–25]

Pulse 
Pressure 
Variation (%)

6 [3–9] 4 [2–9] 7 [3–9] 5 [4–9]

HR (bpm) 96 [85–119] 106 [86–117] 100 [88–122] 89 [77–108]**

MAP
(mmHg)

75 [67–82] 73 [68–77] 70 [68–74] 72 [69–77]

NE dose
(mcg/kg/min)

0.16 
[0.05–0.3]

0.18 
[0.06–0.31]

0.17 
[0.06–0.34]

0.04 
[0–0.24]*

Values expressed as median [interquartile range]. *p<0.01 for comparison with values at baseline. 
** p<0.01 for comparison with 2 hour values. Friedman test – Bonferroni posthoc correction.
CI, cardiac index; CVP, central venous pressure; PAOP, pulmonary artery occlusion pressure; 
HR, heart rate; MAP, mean arterial pressure; NE, norepinephrine.
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Table 10.3 Evolution of different perfusion parameters in a cohort of hospital survivors during 
the first 24 h of septic shock resuscitation.

Parameters Baseline 2 hours 6 hours 24 hours

Lactate (mmol/L) 4.0 [2.8–4.9] 3.3 [2.4–4.1] 2.7 [2.2–4.0]* 2.2 [1.6–2.8]*

P(cv-a)CO2 (mHg) 5.6 [2.2–7.0] 3.7 [2.5–6.0] 3.8 [2.0–5.5] 2.8 [1.2–4.6]*

CRT (s) 3 [2–6] 3 [2–4] 3 [2–5] 2 [2–3.5]*

ScvO2 (%) 79 [74–83] 80 [76–85] 80[74–83] 79 [73–86]

PPV (%) 69 [62–77] 71 [68–79] 71 [67–79] 77 [68–83]*

MFI (score) 1.9 [1.5–2.2] 2.1 [1.7–2.3] 2.1 [1.8–2.3] 2.2 [2.0–2.5]

PVD (n/mm) 8.6 [8.2–9.9] 9.1 [8.0–10.7] 9.0 [8.3–9.7] 10.6 [8.7–11.6]*

StO2 (%) 78 [73- 84] 81 [74–85] 82 [77–88] 80 [77–87]

StO2 recovery slope 
(%/s)

1.8 [1.0–2.9] 2.4 [1.1-3.2] 2.4 [1.3–3.3] 2.4 [1.7–3.3]

Values expressed as Median [interquartile range]. * p < 0.01 for comparison with values at baseline. 
Friedman Test – Bonferroni post-hoc correction
ScvO2, central venous oxygen saturation; p(cv-a)CO2, central venous to arterial pCO2 gradient; CRT, 
capillary refill time; PPV, proportion of perfused vessels; MFI: microcirculatory flow index; PVD, 
perfused vessel density; StO2, tissue oxygen saturation.

Figure 10.1 Percentage of abnormal perfusion parameters in septic shock 

survivors at different time-points during the first 24 hours of intensive care unit-

based resuscitation. ScvO2, central venous oxygen saturation; P(cv-a)CO2, central 

venous-arterial pCO2 gradient; CRT, capillary refill time; StO2, tissue oxygen 

saturation; PPV, proportion of perfused vessels; MFI, microvascular flow 

index.

 

Figure 10.1 Percentage of abnormal perfusion parameters in septic shock survivors at different 
time-points during the first 24 hours of intensive care unit-based resuscitation. ScvO2, 
central venous oxygen saturation; P(cv-a)CO2, central venous-arterial pCO2 gradient; CRT, 
capillary refill time; StO2, tissue oxygen saturation; PPV, proportion of perfused vessels; MFI, 
microvascular flow index.
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Discussion
This study showed that perfusion parameters exhibited markedly different recovery time 
courses in response to resuscitation in a cohort of surviving septic shock patients. Some 
variables such as ScvO2, P(cv-a) CO2, CRT and StO2 were already normal in more than 70% 
of patients six hours after starting ICU-based resuscitation. Lactate presented a biphasic 
recovery trend, where a large part of the survivors cleared their lactate at 6h, while it 
took much longer for the remaining. Indeed, although lactate had decreased significantly 
at six hours, only 48% of the patients achieved normal values at 24 hours. Sublingual 
microcirculatory parameters exhibited the slowest recovery rate with persistent moderate 
derangements still present in almost 80% of patients at 24 h. To our knowledge, this is the 
first study in survivors showing the recovery dynamics of several perfusion parameters 
during septic shock resuscitation.

Central venous oxygen saturation, P(cv-a) CO2, CRT and StO2 values were already 
normal in the majority of patients at ICU admission. This finding might be explained by 
the fact that these variables appear to be particularly responsive to maneuvers that increase 
cardiac output and thus TO2 [6,9,11,30]. In a previous landmark study, admission ScvO2 

Figure 10.2 Normalization trend for some perfusion parameters in septic shock 

survivors during the first 24 hours of intensive care unit-based resuscitation. CRT, 

capillary refill time; NIRS StO2, thenar muscle oxygen saturation determined by near-

infrared spectroscopy; PPV, proportion of perfused vessels. 

Figure 10.2 Normalization trend for some perfusion parameters in septic shock survivors during 
the first 24 hours of intensive care unit-based resuscitation. CRT, capillary refill time; NIRS StO2, 
thenar muscle oxygen saturation determined by near-infrared spectroscopy; PPV, proportion of 
perfused vessels.
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values increased from 49 to 77% in septic shock patients subjected to 6 h of aggressive TO2 
optimization [6]. The sensitivity of ScvO2 to pre-ICU fluid loading probably explains the 
almost negligible incidence of low ScvO2 values in the ICU setting [8,17]. In the present 
study, ScvO2 was already normal in 92% of patients after having received a median of only 
1560 ml of crystalloids as fluid bolus immediately before admission. In the case of capillary 
refill time, this variable is also controlled by vasoconstrictive sympathetic activity. However, 
since TO2 optimization can decrease adrenergic tone, it may also improve rapidly after fluid 
resuscitation [8]. There are less data for StO2 but 45% of critically ill patients enrolled in 
a recent study exhibited normal values at ICU admission while others normalized this 
variable after early resuscitation [31]. In our study ScvO2, P(cv-a) CO2, CRT and StO2 were 
already normal in at least 70% of patients at 6 h. Changes thereafter appear to be slower 
eventually representing the delayed influence of non-flow dependent mechanisms [17]. 
Interestingly, none of the hospital survivors had 100% normal parameters at 6 or at 24 h. In 
our opinion, the validity of pursuing complete normalization of the preceding parameters 
after the initial 6 h of resuscitation with TO2 increasing maneuvers should be challenged by 
further research.

The case of hyperlactatemia is paradigmatic. Although tissue hypoperfusion has been 
traditionally considered the most common cause of hyperlactatemia, there is increasing 
evidence for concomitant non-hypoxic and thus, non-flow dependent mechanisms such 
as epinephrine-driven aerobic muscle lactate production and liver dysfunction, among 
others [17-19]. These mechanisms may influence the time course of lactate recovery rate. 
The distinction between these two scenarios (flow-responsive versus non-flow dependent 
hyperlactatemia) may strongly impact the therapeutic approach. As an example, treatment 
of the latter with sustained efforts aimed at increasing TO2 could lead to detrimental 
effects of excessive fluids or inotropes. Abnormalities in ScvO2, P(cv-a)CO2 or peripheral 
perfusion may be helpful to determine if a persistent hyperlactatemia is still flow-responsive 
[3,6,8,12], and prompt an aggressive TO2 optimization strategy [3]. In our study, lactate 
exhibited a fast and significant decrease of almost 50% of basal median values during the 
first 6 hours of resuscitation associated with a rapid normalization of other metabolic and 
peripheral perfusion parameters (Figure 2). More interestingly, further decrease in lactate 
values was very slow since 52% of patients normalized lactate beyond the first ICU day. 
Thus, it appears that lactate decrease can be characterized by a biphasic evolution: an early 
rapid response followed by a later slower recovery trend potentially explained by non-flow 
dependent mechanisms. Indeed, a recently published therapeutic algorithm focused 
lactate-driven resuscitation exclusively in the first eight hours of ICU management with a 
significant favorable impact on outcome [3]. 

The time-course of microcirculatory recovery during septic shock resuscitation may 
also follow a biphasic pattern with an early apparently flow-responsive phase as was 
demonstrated by several other clinical studies targeting the microcirculation during 
early fluid resuscitation [32-34]. However, further improvements appear to be very 
slow with a full recovery that may take several days even in survivors [14,34,35]. In the 
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present study, sublingual microcirculatory parameters and thenar muscle microvascular 
dysfunction exhibited the slowest recovery rate with persistent moderate derangements 
still present in more than 75% of these ultimately surviving patients at 24 h (Figure 2). 
Moreover, since concomitant clinical and metabolic perfusion parameters were already 
normal in the great majority of our patients, it appears as highly unlikely that persistent 
microcirculatory abnormalities may respond to additional fluids or TO2 optimization 
maneuvers after 24 h of resuscitation. This speculation is supported by the study of 
Ospina-Tascon et al. demonstrating that fluid loading after 48 h of severe sepsis fails to 
improve microcirculatory derangements [34]. More recently, De Backer et al. reported that 
microcirculatory abnormalities still persisted in a large number of surviving patients after 
48 h of ICU treatment despite achievement of adequate systemic resuscitation goals [14]. 
Thus, our and previous data suggest that persistent microcirculatory abnormalities after 
24 hours of resuscitation may represent different pathogenic mechanisms not responsive 
to TO2 increasing maneuvers [36]. Whether additional non-hemodynamic interventions 
that have been shown to improve microcirculatory parameters may improve morbidity or 
mortality should be the focus of studies that recognize the different time-courses found in 
this report [37]. 

We acknowledge several limitations of our study. We included a small and highly 
selected subgroup of patients. Thus we do not know if our findings can be universally 
extrapolated but at the very least they can be considered as hypothesis generating. Second, 
the study period may be considered not long enough and the selected time points are 
arbitrary. Third, the intensity of TO2 optimization maneuvers could be criticized since 
no significant changes in several hemodynamic parameters could be observed within 
the study period. However, fluid administration rates, cardiac index and central filling 
pressures reached maximal values within the first 6 h of resuscitation together with 
normal pulse pressure variation values, reflecting a clear impact of therapy in central 
hemodynamics.

In conclusion, perfusion parameters exhibit markedly different recovery rates in 
response to resuscitation in septic shock patients. Parameters such as ScvO2, CRT, P(cv-a) 
CO2 and StO2 show a rapid response expressed as high percentages of normalization during 
the first six hours of resuscitation. Lactate exhibits a biphasic response with an initial fast 
normalization in a large proportion of surviving patients, followed by a much slower trend 
thereafter in which more than 50% of the patients normalize the parameter only beyond 
24 h. The recovery time course of microcirculatory abnormalities seems to be the slowest 
among all perfusion parameters. These markedly different recovery time courses should be 
taken into account when composing a resuscitation protocol to avoid potentially harmful 
and inappropriate therapies. 
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Abstract
Purpose 
The role of dobutamine during septic shock resuscitation is still controversial since most 
clinical studies have been uncontrolled and no physiological study has unequivocally 
demonstrated a beneficial effect on tissue perfusion. Our objective was to the potential 
benefits of dobutamine on hemodynamic, metabolic, peripheral, hepatosplanchnic, and 
microcirculatory perfusion parameters during early septic shock resuscitation.

Methods 
We designed a randomized controlled, double-blind, crossover study comparing the effects 
of 2.5 h infusion of dobutamine (5 mcg/kg/min fixed-dose) or placebo in septic shock 
patients with cardiac index ≥2.5 L/min/m2 and hyperlactatemia. Primary outcome measure 
was change in microcirculatory perfused vessel density. 

Results 
Dobutamine significantly increased cardiac index, heart rate and left ventricular ejection 
fraction compared to placebo. No differences between dobutamine and placebo were 
found for lactate, mixed venous-arterial pCO2 gradient, thenar muscle oxygen saturation, 
capillary refill time, or gastric-to-arterial pCO2 gradient. Sublingual perfused vessel density 
(9.0 [7.9-10.1] vs. 9.1 n/mm [7.9-9.9]; p=0.24) and microvascular flow index (2.1 [1.8-2.5] 
vs. 2.1 [1.9-2.5]; p=0.73) were comparable between dobutamine and placebo. Indocyanine 
green plasma disappearance rate (14.4 [9.5-25.6] vs. 18.8 %/min [11.7-24.6]; p=0.03), as 
well as the recovery slope of thenar muscle oxygen saturation after a vascular occlusion 
test (2.1  [1.1-3.1] vs 2.5 %/s [1.2-3.4]; p=0.01) were lower with dobutamine compared 
to placebo.

Conclusions 
Dobutamine failed to improve sublingual microcirculatory, metabolic, hepatosplanchnic 
or peripheral perfusion parameters despite inducing a significant increase in systemic 
hemodynamic variables in septic shock patients without low cardiac output but with 
persistent hypoperfusion. 

166



Introduction
Current septic shock resuscitation strategies include fluid administration to optimize 
preload followed by vasopressors to restore blood pressure as initial steps towards improving 
tissue perfusion [1-3]. Nevertheless, a number of patients evolve with persistent global or 
tissue hypoperfusion despite this initial resuscitation. In this setting, dobutamine, a drug 
with inotropic and vasodilatory properties, may be added to increase oxygen delivery (DO2) 
or to directly improve tissue perfusion [1-3]. Over the last decades some experimental and 
clinical studies have shown potential benefits of dobutamine such as increasing cardiac 
output [4], central (ScvO2) [3] or mixed venous oxygen saturations (SvO2) [5], and eventually 
hepatosplanchnic perfusion [6]. A more recent clinical study demonstrated a marked 
improvement in microcirculatory derangements after two hours of dobutamine infusion [7]. 
Based on these data, current guidelines recommend dobutamine for septic shock in patients 
with low cardiac output or with persistent hypoperfusion after initial resuscitation [1, 8]. 

However, other studies have yielded conflicting data concerning the effects of 
dobutamine on hepatosplanchnic and microcirculatory perfusion [9-14], and it remains 
unclear whether it can improve lactate clearance or peripheral perfusion. In addition, 
dobutamine has been associated with serious adverse events [4, 15]. 

Despite the strong recommendations for dobutamine use to improve tissue perfusion 
in septic shock, the supporting evidence is quite weak. Thus, further studies are required to 
determine the contribution of dobutamine for this specific purpose. Therefore, we designed 
a prospective placebo-controlled double-blind crossover study to comprehensively assess 
the effects of dobutamine on hemodynamic, metabolic, peripheral, hepatosplanchnic, and 
microcirculatory perfusion parameters during early septic shock resuscitation.

Methods
This was a prospective randomized double-blind placebo-controlled crossover study, 
conducted from February 2011 to August 2012 in a mixed 16-bed intensive care unit (ICU) 
at a University Hospital. The Institutional Review Board of the University approved the 
study and all patients or surrogates signed an informed consent form before enrollment.

Study population
All consecutive adult patients admitted to the ICU within 24 hours of septic shock onset 
diagnosed according to the 2001 Consensus Definition [16], with a basal arterial lactate 
>2.4 mmol/l, and mechanical ventilation and pulmonary artery catheter in place, were 
considered eligible for this protocol. 

We excluded patients with pregnancy, refractory hypotension, acute coronary syndrome 
within the last 3 months, previous use of dobutamine during the last 72 hours, cardiac 
index < 2.5 L/min/m2, non-sinus rhythm, heart rate > 140 bpm, anticipated surgery or 
dialysis during the study period, Child B or C liver cirrhosis, hemoglobin < 8 gr/dl, fever 
> 39°C, or a do-not-resuscitate status.
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Study design
Eligible patients were randomized into two groups: the first group received primarily 
dobutamine at a fixed-dose of 5 mcg/kg/min for 2.5 h, followed by a 5% dextrose solution 
as placebo for another 2.5 h, without a washout-period; the second group was subjected 
to the same interventions in the inverse sequence (Fig 1). Randomization to the sequence 
order was performed through sealed envelopes. Two blocks of 10 sealed completely opaque 
envelopes containing information about treatment sequence (either first dobutamine or 
first placebo) in one-to-one proportion were consecutively used for each patient. 

Dobutamine and placebo infusions were prepared at the ICU satellite pharmacy by an 
unblinded research nurse and labeled as infusion 1 or 2, following the allocation contained 
in the randomization envelope. Attending physicians, investigators, nurses and relatives 
were blinded to the specific drug.

In order to start the study period, patients should have maintained a pulse pressure 
variation <10% for at least one hour without fluid challenges. A continuous infusion of normal 
saline was administered during the study period to maintain pulse pressure variation below Fig 11.1 Diagram of the study design. 

 

 

Fig 11.1 Diagram of the study design.
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10%. Norepinephrine infusion was adjusted to keep mean arterial pressure ≥ 65 mmHg. 
Before and during the protocol, all patients were sedated to maintain Sedation-Agitation 
Scale [17] of 1-2 and mechanically ventilated in volume-controlled mode, with ventilatory 
settings adjusted according to current recommendations [1]. No new vasopressors or 
inotropes were administered after starting the study protocol. In the event of sudden life-
threatening hypotension, tachycardia > 150 bpm, acute atrial fibrillation, ST changes in the 
cardiac monitor or any adverse event judged as severe by attending physicians, the study 
had to be stopped and randomization disclosed.

Outcome measures
Primary outcome was the effect of dobutamine or placebo on sublingual perfused small vessel 
density. Secondary outcomes were the effects over sublingual microvascular flow index and 
proportion of perfused vessels; gastric-to-arterial pCO2 gradient, and indocyanine green 
plasma disappearance rate; capillary refill time, central-to-toe temperature gradient and 
forearm-to-fingertip skin temperature gradient; thenar muscle oxygen saturation (StO2), 
and StO2 recovery slope after a vascular occlusion test; lactate, SvO2, and mixed venous-
arterial pCO2 gradient; macrohemodynamic variables; and echocardiographic assessment 
of left and right ventricular functions. 

Data collection
Biochemical and clinical variables required for calculation of Acute Physiology and Chronic 
Health Evaluation (APACHE) II [18] and Sequential Organ Failure Assessment (SOFA) 
[19] scores were collected at baseline. 

Specific study measurements were performed at baseline (within 30 minutes before 
starting first drug infusion), and repeated within the last 30 minutes of each drug infusion 
period. 

Statistical analysis
Based on a previous study [7] we estimated that a sample size of 20 patients would yield 
a statistical power of 80 percent to detect an increase in perfused small vessel density of 
0.6 vessels/mm during infusion of dobutamine compared to placebo.

To compare effects of dobutamine versus placebo we followed recommendations for 
crossover trials [20]. As dobutamine has such a rapid elimination (half-life of 4.5 min), we 
estimated a priori that a washout period between treatments was unnecessary. However, we 
performed a test for carryover effects, which consisted in comparing the sum of the results 
obtained in both periods for the two sequences with Mann-Whitney U test. Differences 
between dobutamine and placebo were analyzed by comparing the period differences for 
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Table 11.1 Baseline parameters in the whole population and in subgroups randomized to start 
with dobutamine or placebo.

 
All patients

(n=20)

Dobutamine - 
Placebo
(n=10)

Placebo - 
Dobutamine

(n=10) p value

Hemodynamic and echocardiographic parameters

Heart rate (bpm) 95 [84-100] 95 [83-101] 93 [83-105] 0.96

Mean arterial pressure (mmHg) 73 [70-84] 73 [67-86] 76 [72-83] 0.52

Central venous pressure (mmHg) 13 [11-16] 14 [11-19] 12 [10-15] 0.37

Pulmonary artery occlusion 
pressure (mmHg)

15 [11-19] 15 [11-19] 14 [10-19] 0.74

Cardiac index (L/min/m2) 3.2 [2.9-3.9] 3.1 [2.9-3.4] 3.7 [2.8-4.3] 0.38

Left ventricular ejection  
fraction (%)

62 [51-70] 57 [47-69] 63 [57-71] 0.44

Norepinephrine dose  
(mcg/kg/min)

0.18 [0.08-0.29] 0.13 [0.07-0.33] 0.21 [0.07-0.25] 0.71

Pulse pressure variation (%) 6 [4-8] 6 [5-8] 7 [4-9] 0.77

Peripheral perfusion parameters

Capillary refill time (s) 3 [2-6] 3 [2-7] 3 [2-5] 0.67

Central to peripheral temperature 
difference (°C)

8.7 [7-11] 9.1 [8-11] 8.4 [5-11] 0.31

Thenar muscle O2 saturation (%) 78 [73-85] 74 [72-80] 84 [76-88] 0.07

StO2 recovery slope after VOT 
(%/s)

1.9 [1.1-3.1] 2.9 [1.6-2.7] 1.7 [0.4-3.6] 0.42

Metabolic-related perfusion parameters

Mixed venous oxygen saturation 
(%)

76 [70-79] 76 [68-78] 77 [75-83] 0.34

Mixed venous-arterial pCO2 
gradient (mmHg)

4.9 [2.2-6.5] 4.4 [1.5-7.5] 5.4 [2.5-6.1] 0.86

Arterial lactate (mmol/L) 3.3 [2.6-4.8] 3.6 [2.5-4.8] 3.3 [2.7-4.9] 0.96

Hepatosplanchnic parameters

Intraabdominal pressure (mmHg) 10 [8-15] 10 [8-14] 10 [7-17] 0.98

ICG plasma disappearance rate  
(%/min)

19 [11.9-22.7] 19 [12.2-23.7] 19 [10.1-24] 0.73

Gastric-arterial pCO2 gradient 
(mmHg)

8.2 [5.5-15.8] 8.1 [4.7-15] 8.3 [5.7-25.5] 0.75

Sublingual microcirculatory parameters

Perfused vessel density (n/mm) 8.2 [7.5-9.3] 8.4 [7.3-9.3] 8.2 [7.3-10.1] 0.79

Percent of perfused vessels (%) 74 [67-81] 73 [63-80] 75 [69-82] 0.42

Microvascular flow index 2.0 [1.3-2.2] 1.7 [1.2-2.2] 2.2 [1.3-2.3] 0.59

Values are expressed as median [interquartile range]; p < 0.05 considered as significant.
StO2, thenar muscle oxygen saturation; VOT, vascular occlusion test; ICG, indocyanine green.
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the two sequences with Mann-Whitney U test. All comparisons between dobutamine and 
placebo were analyzed with this method. Accordingly, obtained p values correspond to the 
treatment effect adjusted by period in the whole study group.

The Kolmogorov-Smirnov test was used to verify data distribution normality. Since 
the majority of data exhibited a non-normal distribution, we reported data as median 
[interquartile range] with non-parametric statistics for analysis including Mann-Whitney 
U test for continuous data and Fisher’s exact test for categorical data. P values <0.05 were 
considered as statistically significant. Reported p values are two-sided. SPSS software 
version 17.0 (Chicago, IL, USA) was used for calculations.

Results
Enrolled patients had a median age of 67 y [57 - 73], APACHE II score of 23.5 [19.3 - 25] and 
basal SOFA score of 10 [8.3 - 14.5]. Sepsis sources were abdominal in 11, respiratory in 3, and 
others in 6. Patients fulfilled septic shock criteria for 6.2 h [2.3-12.3] before being recruited 
for the study and exhibited a hospital mortality of 15%. There were no significant differences 
in any variable at baseline between the two study groups. Baseline characteristics of the whole 
population and of subgroups starting with dobutamine or placebo are shown in table 1.

Hemodynamic and echocardiographic parameters
Fluid administration (normal saline solution) was comparable between groups during 
dobutamine and placebo periods (318 ml (230-372) vs. 330 ml (204-423); p=0.83). 
Dobutamine significantly increased heart rate, cardiac index, and left ventricular ejection 
fraction compared to placebo (Table 2, Figure 2). These effects were not associated to 
changes in norepinephrine requirements, pulse pressure variation, central venous pressure 
or pulmonary artery occlusion pressure (Table 2). No differences in diastolic function or 
other echocardiographic variables were observed. 

Peripheral perfusion parameters
No significant effect of dobutamine on capillary refill time, temperature gradients or StO2 
was observed (Table 3). However, the recovery slope of StO2 after the vascular occlusion test 
was significantly lower with dobutamine compared to placebo. 

Metabolic perfusion-related parameters
Dobutamine induced a significant increase in DO2 and SvO2. Nonetheless, this was not 
associated to differences in oxygen consumption, mixed venous-arterial pCO2 gradient or 
lactate levels, compared to placebo (Table 3). 
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Fig 11.2 Comparison of the effects of dobutamine vs. placebo on  heart rate (HR), 

left ventricular ejection fraction (LVEF), cardiac index (CI), perfused vessel density 

(PVD), proportion of perfused vessels (PPV), and microvascular flow index (MFI).  

 

 

 

 

Fig 11.2 Comparison of the effects of dobutamine vs. placebo on heart rate (HR), left ventricular 
ejection fraction (LVEF), cardiac index (CI), perfused vessel density (PVD), proportion of 
perfused vessels (PPV), and microvascular flow index (MFI). 

Table 11.2 Comparison of hemodynamic and echocardiographic parameters with placebo or 
dobutamine.

Parameter Placebo Dobutamine p value

Heart rate (bpm) 93 [84-108] 108 [97-122] <0.01

Mean arterial pressure (mmHg) 71 [68-80] 69 [65-75] 0.52

Central venous pressure (mmHg) 13 [11-16] 11 [9-14] 0.13

Pulmonary artery occlusion pressure (mmHg) 13 [10-15] 12 [10-15] 0.15

Cardiac index (L/min/m2) 3.7 [3.2-4.1] 4.2 [3.5-5.0] <0.01

Stroke volume index (L/beat/m2) 0.04 [0.03-0.04] 0.04 [0.04-0.05] 0.24

System vascular resistance index (dynes-s/cm-5/m2) 1362 [1137-1675] 1098 [847-1307] <0.01

Pulmonary vascular resistance index (dynes-s/cm-5/m2) 294 [228-378] 253 [195-339] 0.1

Left ventricular ejection fraction (%) 63 [58-72] 74 [64-78] 0.02

Left ventricular shortening fraction (%) 32 [28-44] 38 [31-43] 0.16

E/e’ 9.2 [7.7-12.4] 9.0 [6.8-13.2] 0.36

Norepinephrine dose (mcg/kg/min) 0.15 [0.07-0.33] 0.16 [0.06-0.42] 0.65

Pulse pressure variation (%) 6 [2-8] 6 [3-8] 0.16

Values are expressed as median [interquartile range]; p < 0.05 considered as significant.
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Hepatosplanchnic perfusion parameters
Dobutamine induced no significant beneficial effect on gastric tonometry. Nevertheless, 
indocyanine green plasma disappearance rate was lower with dobutamine compared to 
placebo (Table 4).

Sublingual microcirculatory parameters
We found no significant effect of dobutamine on perfused microvascular density, neither in 
any of the other assessed microcirculatory variables, (Table 4, Fig. 2).

Adverse events
No serious adverse events such as cardiac arrhythmia, myocardial ischemia, or sudden 
hypotension were registered, thus the study could be completed in all patients. However, 
heart rate increased over 130 bpm in three patients during dobutamine infusion.

Table 11.3 Comparison of peripheral and metabolic-related perfusion parameters with placebo 
or dobutamine.

Parameter Placebo Dobutamine p value

Peripheral perfusion parameters

Capillary refill time (s) 3 [2-4] 3 [2-5] 0.67

Central-to-toe temperature gradient (°C) 6.8 [4.9-10.5] 6.9 [5.3-10.0] 0.54

Forearm-to-fingertip skin temperature gradient (°C) 1.4 [0.2-2.9] 1.6 [0.3-3.0] 0.59

Thenar muscle oxygen saturation (%) 82 [74-88] 84 [75-88] 0.1

StO2 down slope after VOT (%/min) -0.1 [-0.2- -0.1] -0.1 [-0.2- -0.1] 0.05

StO2 recovery slope after VOT (%/s) 2.5 [1.2-3.4] 2.1 [1.1-3.1] 0.01

Metabolic-related perfusion parameters

Mixed venous oxygen saturation (%) 77 [72-81] 78 [75-81] 0.05

Mixed venous-arterial pCO2 gradient (mmHg) 3.3 [1.5-3.8] 3.6 [0.4-4.6] 0.45

Arterial lactate (mmol/L) 2.8 [2.4-3.9] 2.8 [2.4-4.0] 0.20

pH 7.35 [7.30-7.37] 7.32 [7.29-7.36] 0.15

Base Excess (meq/L) -6.8 [-8.5- -5.5] -6.9 [-8.6- -5.5] 0.35

Oxygen delivery (mL/min/m2) 566 [374-722]  717 [419-771] 0.02

Oxygen consumption (mL/min/m2) 129 [100-156] 140 [106-167] 0.35

Oxygen extraction ratio (%) 0.24 [0.20-0.29]  0.22 [0.17-0.25] 0.65

Values are expressed as median [interquartile range]; p < 0.05 considered as significant. StO2, thenar 
muscle oxygen saturation; VOT, vascular occlusion test.
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Discussion
In this randomized double-blind crossover study in septic shock patients with persistent 
hypoperfusion after initial resuscitation, dobutamine failed to improve sublingual 
microcirculatory, hepatosplanchnic, peripheral perfusion parameters or lactate levels, 
despite inducing a significant increase in systemic hemodynamic variables. 

The effects of dobutamine on macrohemodynamic parameters in septic shock have 
been well addressed by several studies during the last decades. Our results show an increase 
of 15% in cardiac index, 12% in heart rate, and 16% in left ventricle ejection fraction, which 
is in concordance with previous data [15, 21]. These effects were obtained with a dose of 
5 mcg/kg/min, which is in the lower range of current recommendations for the drug when 
aimed at improving tissue perfusion (up to 20 mcg/kg/min) [1, 8]. 

Dobutamine has been used in several previous studies as part of hemodynamic 
management algorithms aimed at increasing DO2 as a tool to improve tissue perfusion [2-5]. 
Hayes et al. performed a randomized controlled study of DO2 maximization in 100 critically 
ill patients using dobutamine in median doses of 25 mcg/kg/min (range 2.5-200) in the 
treatment group. Despite increasing DO2, dobutamine failed to improve oxygen consumption 
and was associated with a 20% higher absolute mortality risk [4]. Two more recent trials of 
perfusion-oriented strategies included dobutamine as part of the protocol. Although both 
trials showed an improvement in outcome, the specific contributing role of dobutamine was 
not addressed and less than 50% of patients received the drug overall [2, 3]. 

In the present study, we included a cohort of septic shock patients with clear criteria of 
persistent hypoperfusion (100% with hyperlactatemia and moderate to severe sublingual 

Table 11.4 Comparison of hepatosplanchnic and sublingual microcirculatory perfusion 
parameters with placebo or dobutamine.

Parameter Placebo Dobutamine p value

Hepatosplanchnic parameters

Intraabdominal pressure (mmHg) 12 [8-16] 12 [9-17] 0.39

ICG plasma disappearance rate (%/min) 18.8 [11.7-24.6] 14.4 [9.5-25.6] 0.03

ICG retention rate at 15 min (%) 6.0 [2.8-17.4] 11.5 [2.3-24.3] 0.06

Gastric-arterial pCO2 gradient (mmHg) 13 [7-18] 13 [7-29] 0.52

Sublingual microcirculatory parameters

Total microvascular density (n/mm) 11.8 [10.2-12.5] 11.9 [9.7-12.5] 0.91

Perfused vessel density (n/mm) 9.1 [7.9-9.9] 9.1 [7.9-10.1] 0.24

Proportion of perfused microvessels (%) 75 [69-79] 79 [72-84] 0.09

Microvascular flow index 2.1 [1.9-2.5] 2.1 [1.8-2.5] 0.73

Het Index MFI 0.58 [0.46-0.73] 0.47 [0.40-0.86] 0.52

Values are expressed as median [interquartile range]; p < 0.05 considered as significant.
ICG, indocyanine green; Het Index MFI, heterogeneity of microvacular flow index.
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microcirculatory abnormalities, 40% with hepatosplanchnic or peripheral hypoperfusion). 
As expected, the increase in cardiac output obtained with dobutamine resulted in increased 
DO2 and SvO2. However, there was no beneficial effect of dobutamine on any of the 
assessed tissue perfusion parameters. Moreover, despite the low doses used in this trial, 
dobutamine led to a significant rise in heart rate that might potentially increase myocardial 
oxygen consumption. 

Both favorable and neutral effects of dobutamine on sublingual microcirculatory 
parameters have been reported [7, 14, 15]. De Backer et al. showed in 22 septic shock 
patients that a fixed dose of dobutamine at 5 mcg/kg/min applied for 2 hours markedly 
increased the proportion of perfused microvessels from 48 to 67% [7]. Based in this study, 
dobutamine has been suggested as a potential tool to improve microvascular flow [22]. 
However, an important limitation of this study is the lack of a control arm. Therefore, it 
cannot be excluded that improvements observed in microvascular blood flow may have 
been caused by a carry-over effect of fluids or other concomitant interventions [7]. In a more 
recent clinical trial, dobutamine was infused at increasing doses up to 10 mcg/kg/min for 
20-min periods in a group of 23 septic shock patients. As expected, dobutamine increased 
heart rate and cardiac output but failed to induce any significant change in sublingual 
microcirculatory variables when considering the whole study group [15]. In a randomized 
double-blind clinical trial, Morelli et al compared the sublingual microcirculatory effects 
of a 24-h infusion of levosimendan vs dobutamine in a cohort of septic shock patients. 
Again, dobutamine in doses of 5 mcg/kg/min had no significant beneficial effects in any 
microcirculatory variable [14]. In the present study, when comparing dobutamine to 
placebo in a double-blind design, we found no differences on sublingual microcirculatory 
variables, despite the increase in cardiac output and DO2. Therefore, according to current 
evidence, dobutamine cannot be recommended to treat microvascular dysfunction 
in sepsis [22]. 

Septic shock may compromise splanchnic perfusion, which may lead to mucosal 
ischemia, increased permeability, and predispose to bacterial or endotoxin translocation 
[23, 24]. Various inodilator agents, including dobutamine, have been studied with the aim 
of restoring splanchnic perfusion in septic shock [25, 26]. Experimental and clinical studies 
have shown conflicting results. In endotoxic septic models, dobutamine has been shown to 
restore villus blood flow, and increase mucosal and hepatic blood flow [27-30]. However, 
more recent experimental studies have challenged previous data [31-33]. Dubin et al. found 
that dobutamine failed to correct splanchnic hypoperfusion assessed by mesenteric blood 
flow, gut tonometry and videomicroscopical visualization of mucosal blood flow in an 
endotoxic-sheep model [31]. 

Some clinical non-controlled studies have associated dobutamine use to improvements 
in gastric mucosal perfusion, assessed by gastric tonometry [9, 12, 25]. However, two 
randomized controlled studies in septic patients could not confirm those observations [11, 
13]. In addition, a few studies have addressed potential effects of dobutamine on hepatic 
perfusion using indocyanine green clearance, again with conflicting findings [9, 10, 34]. 
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Unfortunately, none of these studies included a placebo-control or a clear description of 
preload optimization and co-interventions. 

In the present study we evaluated hepatosplanchnic perfusion with gastric tonometry 
and indocyanine green clearance. The latter is influenced by liver function and perfusion, but 
acute changes are explained mainly by variations in liver perfusion [34]. Hepatosplanchnic 
perfusion was moderately impaired at baseline but failed to improve with dobutamine in 
these two evaluated parameters. Surprisingly, indocyanine green clearance was significantly 
lower with dobutamine. We do not have a clear explanation for this finding, but it could 
be related to observations from a previous study where dobutamine was found to decrease 
fractional liver blood flow [10]. 

Correction of peripheral hypoperfusion during resuscitation is usually considered a 
favorable sign [35-37]. There are no data about the effects of dobutamine on peripheral 
perfusion in septic shock. As dobutamine has direct vasodilator properties, it may 
theoretically counteract peripheral vasoconstriction, in addition to the potential beneficial 
effects of an increased DO2. However, we observed no effect of dobutamine on peripheral 
perfusion markers. Unexpectedly, dobutamine decreased post-ischemic thenar StO2 
recovery rate, a finding that requires further studies. 

Lactate is routinely measured in septic shock patients and has been proposed as a 
target to guide resuscitation [2]. Persistent hyperlactatemia after initial resuscitation is 
usually advocated as an argument to further increase DO2. However, its interpretation 
may be largely more complex [35]. Although tissue hypoperfusion has been traditionally 
considered the most common cause of hyperlactatemia, there is increasing evidence 
for concomitant non-hypoxic and thus, non-flow responsive mechanisms such as 
epinephrine-driven aerobic muscle lactate production [35]. Eventually adrenergic 
agonists could have antagonistic effects on lactate production, either decreasing hypoxic-
related generation, or on the contrary, increasing skeletal muscle aerobic production [35, 
38]. This subject clearly requires more research. In our study, despite the increase in 
cardiac output obtained with dobutamine, there was no impact on lactate levels when 
compared to placebo.

We acknowledge several limitations of our study. First, a relatively small sample size, 
although it fit our power calculation. Second, because most clinicians feel compelled to use 
inotropes in patients with low cardiac output, we excluded them from this trial. Third, we did 
not include a washout period. This decision was taken considering the very short half-life of 
dobutamine (<4 min), and the need to shorten the study period to decrease the impact of 
ongoing resuscitation and co-interventions on results. Nevertheless, and as recommended 
by experts in crossover trials, we adjusted results to the potential bias introduced by period 
and sequence, and this analysis discarded a carry-over effect of the drug. Fourth, we used 
a fixed dobutamine dose without titrating the drug against sublingual microcirculatory 
findings. This decision was taken to avoid potential adverse effects of higher doses, and 
took into account the positive results on sublingual microcirculation observed with the 
same dose in a previous study.
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On the other hand, our study design has several strengths: previous preload optimization 
according to dynamic predictors of fluid responsiveness; a control with placebo in which 
according to the crossover design each patient was subjected to both therapies; and the 
short study period, which may diminish the impact of co-interventions and spontaneous 
dynamics of septic shock evolution. 

In conclusion, dobutamine failed to improve sublingual microcirculatory, metabolic, 
hepatosplanchnic or peripheral perfusion parameters despite inducing a significant increase 
in systemic hemodynamic variables in septic shock patients without low cardiac output but 
with persistent hypoperfusion. Thus, our study challenges current septic shock guidelines 
recommending dobutamine to improve tissue hypoperfusion after initial resuscitation.
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Summary and conclusions
A fundamental challenge in septic shock resuscitation is to evaluate tissue perfusion. In this 
thesis, we review the basic foundations for the development of a comprehensive and holistic 
model for perfusion assessment in septic shock, and outline its application to evaluate the 
impact of resuscitation strategies on tissue perfusion. 
1. In contrast to initial sepsis-related circulatory dysfunction, persistent circulatory 

dysfunction can be expressed in complex and heterogeneous patterns. Several recent 
studies support the heterogeneity of hemodynamic and perfusion profiles in persistent 
sepsis-related circulatory dysfunction. A conceptual framework for understanding 
the relationship between macrohemodynamics, and metabolic, peripheral and 
microcirculatory perfusion parameters is built up. This holistic approach is useful 
to develop monitoring algorithms that can aid in interpreting perfusion changes 
throughout septic shock resuscitation, particularly in determining the likelihood of a 
hypoxia-related mechanism in cases of persistent hyperlactatemia. 

2. The maintenance of normal lactate levels in a septic patient with circulatory dysfunction is 
of great clinical and physiological interest. In fact, since several potential mechanisms can 
induce hyperlactatemia, including low cardiac output, microcirculatory abnormalities, 
sustained hyperadrenergia with accelerated aerobic glycolysis, and hepatosplanchnic 
hypoperfusion, among others, it is likely that the absence of hyperlactatemia reflects 
a more adequate physiological response to stress. In two studies involving 426 septic 
shock patients treated with perfusion-oriented algorithms, we demonstrated that 
one-third of them course without hyperlactatemia, exhibit an extremely low mortality, 
less organ dysfunctions and a better preserved microcirculatory flow, although they 
are indistinguishable in macrohemodynamic aspects. On the contrary, development of 
hyperlactatemia during persistent circulatory dysfunction is probably multifactorial but 
clearly represents an unbalanced physiological state. 

3. Microcirculatory alterations, particularly proportion of perfused vessels and perfused 
vessel density, can be staged in severity and specific cut-offs related to mortality and 
morbidity can be identified (Chapters 2 and 5). Clinically relevant microcirculatory 
abnormalities are significantly more prevalent in patients with hyperlactatemia and 
requiring doses of norepinephrine >0.3 mcg/kg/min. Thus, these patients may constitute 
an appropriate target for microcirculatory-oriented resuscitation trials.

4. The fact that the majority of critically ill patients are mechanically ventilated may 
explain the uncommon finding of low ScvO2 values in ICU patients. Since ScvO2 is 
basically a superior vena cava regional monitor, its rapid improvement after the 
maneuver of sedation and mechanically ventilation may not assure a correction of 
global hypoperfusion.

5. Serial peripheral perfusion monitoring is a valuable tool to assess global resuscitation 
status. Capillary refill time is the earliest parameter in being normalized during septic 
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shock resuscitation, and its normalization at 6 hours is significantly associated with a 
successful resuscitation at 24 hours. 

6. High volume hemofiltration (HVHF) is a potential rescue therapy for severe 
hyperdynamic septic shock patients. Responders to this procedure decrease lactate 
levels and tend to improve microcirculatory abnormalities after a 12 h session. On the 
contrary, SvO2 is almost normal at baseline and does not change during treatment in 
these severely ill patients, reflecting eventually a microcirculatory oxygen extraction 
deficit. 

7. A multimodal perfusion-monitoring protocol was developed and applied to determine 
potential parameters associated to lactate clearance in a cohort of hyperdynamic 
septic shock patients with persistent hyperlactatemia. Impaired 6 h lactate clearance 
is associated to hepatosplanchnic hypoperfusion in some hyperdynamic septic shock 
patients subjected to aggressive early resuscitation. An improvement in systemic, 
metabolic, peripheral and even microcirculatory perfusion parameters does not rule 
out the persistence of hepatosplanchnic hypoperfusion. 

8. Perfusion parameters exhibit markedly different recovery time courses in response to 
resuscitation in ultimately surviving septic shock patients. Some variables such as ScvO2, 
P(cv-a) CO2, CRT and StO2 are already normal in more than 70% of patients six hours 
after starting ICU-based resuscitation. Lactate presents a biphasic recovery trend with a 
rapid significant decrease at 6 h, but a much slower recovery rate thereafter. Sublingual 
microcirculatory parameters exhibit the slowest recovery rate with persistent moderate 
derangements still present in almost 80% of patients at 24 h. These markedly different 
recovery time courses should be taken into account when composing a resuscitation 
protocol to avoid potentially harmful and inappropriate therapies.

9. Our multimodal perfusion-monitoring protocol can be applied to assess the efficacy 
of septic shock resuscitation strategies. When tested with this protocol, dobutamine 
fails to improve sublingual microcirculatory, hepatosplanchnic, peripheral perfusion 
parameters or lactate levels, despite inducing a significant increase in systemic 
hemodynamic variables. 
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Samenvatting en conclusies
Een fundamentele uitdaging in de resuscitatie van septische shock patiënten is het evalueren 
van de veranderingen in weefselperfusie. In dit proefschrift beschrijven we de basisprincipes 
voor de ontwikkeling van een compleet integratief model voor weefselperfusie in septische 
shock en beschrijven we de applicatie van weefselperfusiebepalingen in de context van 
verschillende resuscitatiestrategieën. 
1. In tegenstelling tot het initiële sepsis-gerelateerde circulatoire dysfunctioneren is 

aanhoudend circulatoire dysfunctioneren een complex fenomeen wat zich heterogeen 
manifesteert. Verschillende recente studies tonen dit aan. Een concept voor het 
begrijpen van de relatie tussen macrohemodynamiek, metabolisme, en microvasculaire 
hemodynamiek wordt hier opgebouwd. Deze integratieve aanpak is nuttig voor de 
ontwikkeling van monitoringalgorithmes die de interpretatie van perfusieveranderingen 
tijdens septische shock kan helpen. Dit is met name relevant voor de bepaling van 
de hypoxie-gerelateerde mechanismes die verantwoordelijk zijn voor aanhoudende 
hyperlactatemia. 

2. Het behoud van normale lactaatlevels in septische patiënten met circulatoir 
dysfunctioneren is van groot klinisch en fysiologisch belang. Verhoogde lactaatlevels 
kunnen onder andere komen door verlaagd hartminuutvolume, microcirculatoire 
abnormaliteiten, hyperadrenegia, hepatosplanchnic hypoperfusie. Wij hebben in twee 
studies 426 septische shock patiënten behandeld met perfusie-gerichte algorithmes en wij 
hebben laten zien dat patiënten zonder verhoogde lactaatlevels een veel betere uitkomst 
hebben, zoals verlaagde morbiditeit en mortaiteit en beter behoudde microcirculatoire 
perfusie. Op macrocirculatoir niveau waren er geen verschillen tussen patiënten met 
en zonder verhoogde lactaatlevels. De ontwikkeling van verhoogde lactaatlevels is 
multifactorieel en representeert een ongebalanceerde fysiologische staat. 

3. Microcirculatoire veranderingen, vooral de dichtheid en proportie van geperfundeerde 
vaten, kunnen gegradeerd worden en specifieke cut-offs, gerelateerd aan mortaliteit en 
morbiditeit, kunnen geindentificeerd worden voor kritisch zieke patiënten. Klinisch 
relevante microcirculatoire abnormaliteiten komen significant vaker voor in patiënten 
met verhoogde lactaatlevels en vereisen >0.3 mcg/kg/min norepinephrine. Daarom zijn 
microcirculatie-gerichte behandeling uitermate geschikt voor deze patiënten. 

4. Het feit dat de meerderheid van de kritische zieke patiënten mechanisch geventileerd 
wordt kan de ongewone vinding verklaren dat lage ScvO2 waarden worden gevonden 
in intensive care patiënten. Omdat ScvO2 eigenlijk een regionale superior vena cava 
monitor is, staat de snelle verbetering naar aanleiding van sedatie en mechanische 
ventilatie niet direct garant voor een correctie van globale hypoperfusie.

5. Monitoring van de perifere perfusie is een waardevolle methode om globale 
resuscitatiestatus te evalueren. Capillaire vullingstijd is de eerste parameter die 
genormaliseerd wordt tijdens septische shock resuscitatie en normalisatie in de eerste 
zes uur is geassocieerd met een succesvolle resuscitatie na 24 uur. 
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6. Hoog volume hemofiltratie (HVHF) is een potentieel reddende therapie voor zeer 
zieke septiche shock patiënten. Patiënten die hierop reageren verlagen lactaatlevels 
en verbeteren de microcirculatie na een twaalf-urige sessie. In contrast, SvO2 is rond 
normaal niveau voor de behandeling en verandert ook niet in deze patiënten, wat 
suggereert dat er een probleem is met de microcirculatoire zuurstofafgifte.

7. Een multimodaal perfusie-monitoring protocol was ontwikkeld en toegepast om te 
bepalen welke parameters potentieel gerelateerd zijn met lactaat clearance een een groep 
hyperdynamische septische shock patiënten met aanhoudend verhoogde lactaatlevels. 
Verslechterde lactaat clearance de eerste zes uur is geassocieerd met hepatosplanchnic 
hypoperfusie in sommige patiënten die een aggresieve resuscitatie ondergaan 
hebben. Een verbetering in systemische, metabole, perifere, en zelfs microcirculatoire 
perfusieparameters sluiten aanhoudende hepatosplanchnic hypoperfusie niet uit. 

8. Perfusieparameters vertonen een duidelijk ander herstelpatroon in response op 
resuscitatie in uiteindelijk overlevende septische patiënten. Sommige variabelen zoals 
ScvO2, P(cv-a)CO2, CRT, en StO2 zijn al normaal in 70% van de patiënten zes uur na 
de start van resuscitatie. Lactaat vertoont een herstelpartoon dat uit twee fases bestaat 
met een snelle verlaging na zes uur en een veel trager herstel daarna. Sublinguale 
microcirculatoire parameters vertonen het traagste herstelpatroon met aanhoudende 
verstoringen in bijna 80% van de patiënten na 24 uur. Deze verschillen moeten in 
acht genomen worden wanneer een behandelingsplan opgesteld wordt om potentiële 
gevaren van ongepaste therapieën te voorkomen.

9. Ons multimodale perfusie-monitoring protocol kan toegepast worden om de efficiëntie 
van resuscitatiestrategieën in septische shock patiënten te evalueren. Met behulp van 
dit protocol hebben we aangetoond dat dobutamine niet de sublinguale microcirculatie, 
de hepatosplanchnic en perifere parameters, of de lactaatlevels verbetert ondanks dat 
dobutamine een significante verhoging van systemisch hemodynamische variabelen 
teweeg brengt. 
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