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Introduction

ANDROMEDA-SHOCK was a multicenter, randomized 
controlled trial comparing capillary refill time (CRT)- 
versus lactate-targeted resuscitation in patients with early 
septic shock (1). The protocol mandated sequential steps 
starting with fluid challenges, followed by vasoactive-related 
interventions if necessary, until the target was reached. 
CRT-targeted resuscitation was associated with lower 
mortality (34.9% vs. 43.4%; P=0.06), beneficial effects on 
organ dysfunction, and less treatment intensity. A strong 
survival benefit was also supported by a recently published 
post-hoc Bayesian analysis (2).

The general outline of this study and its results 
were discussed by Yoon and Kim in a recent editorial 
commentary. Our purpose is to address some additional 
background ideas and perspectives on ANDROMEDA-
SHOCK’s results.

Theoretical background

The prognostic value of persistent hyperlactatemia in 
septic shock is widely recognized. However, the use of 
lactate as a potential resuscitation target is controversial 
since it is a non-specific marker of hypoperfusion that also 
exhibits slow recovery kinetics (3,4). In fact, decreases in 
lactate levels even after successful resuscitation may exhibit 

a biphasic curve. First, a rapid initial decrease in parallel 
to other flow-sensitive parameters. Second, a later slower 
decline, probably representing residual stress-related 
hyperlactatemia and metabolic clearance problems (4,5). 
Therefore, pursuing lactate normalization may lead to over-
resuscitation and fluid overload, which has been associated 
with higher mortality and worsening organ dysfunction.

On the other hand, peripheral perfusion appears to 
be a flow-sensitive variable that may be used to guide 
septic shock resuscitation (1). The skin territory lacks 
auto-regulatory flow control, and therefore, sympathetic 
activation impairs skin perfusion during circulatory 
dysfunction. Restoring systemic blood flow or perfusion 
pressure during the resuscitation process may also deactivate 
adrenergic response, resulting in an improvement in skin 
blood flow that can be captured by the CRT maneuver. 
This process is essentially a visible ischemia-reperfusion 
phenomenon that can be followed in real-time without any 
technologic device.

In previous observational studies, patients who didn’t 
normalize peripheral perfusion after initial or advanced 
intensive care unit (ICU)-based resuscitation exhibited 
a 20–25% higher mortality than early normalizers (5-7). 
This striking difference deserves further research since it 
appears as counterintuitive that reperfusion of the skin, 
a non-vital organ in the context of shock, may have this 
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prognostic impact. A potential explanation for the better 
prognosis associated with rapid CRT normalization is that 
it simply reflects a preserved hemodynamic coherence. 
Indeed, hemodynamic coherence is a condition in which 
resuscitation of systemic macrohemodynamic variables 
results in concurrent improvement in regional and 
microcirculatory blood flow. In early stages of septic shock, 
coupling between macro- and microcirculation is preserved 
since the predominant pathogenic mechanisms are loss 
of vascular tone and relative hypovolemia. Patients that 
rapidly normalize peripheral perfusion are probably cases 
of early sepsis-related circulatory dysfunction. In contrast, 
patients failing to improve CRT may have lost macro- and 
microcirculation coupling due to the interaction of more 
complex mechanisms such as endothelial/coagulation/
microcirculatory dysfunction. This may explain the higher 
mortality in CRT non-improvers (8,9).

A complementary explanation could be that reperfusion of 
the skin simply reflects the deactivation of the neurohumoral 
response to stress with a decrease in adrenergic vasoconstrictive 
tone, a fact that may also improve flow to the hepatosplanchnic 
region, a far more physiologically relevant territory. 
Supporting this idea, a recent study found that CRT 
was correlated with the pulsatility index, a sonographic 
surrogate of vascular tone of hepatosplanchnic organs in 
early septic shock (10).

The improved prognosis  associated with CRT 
normalization, its rapid-response time to fluid loading, its 
relative simplicity and its availability in resource-limited 
settings were key issues to launch the ANDROMEDA-
SHOCK trial.

Mechanistic considerations

The mechanisms involved in the beneficial effects of CRT-
targeted resuscitation in ANDROMEDA-SHOCK are not 
clear since the trial was not designed to address these issues. 
However, we could speculate on the influence of septic 
shock’s definition. Indeed, sepsis-3 included the criteria 
of hyperlactatemia with the explicit objective to identify a 
cohort of patients with a homogeneous high risk of death. 
Nevertheless, this definition has been criticized since it 
does not consider a critical issue, the multiple pathogenic 
mechanisms involved in persistent hyperlactatemia. Since 
CRT status was not included in sepsis-3 definition, a logical 
assumption is that a significant proportion of septic shock 
patients in ANDROMEDA-SHOCK may have had normal 
CRT at baseline. Because of this, it is plausible that when 
assigned to CRT-targeted resuscitation they received less 
fluids and vasoactive interventions, and this may have 
contributed to the beneficial impact on major outcomes.

Unsolved issues and challenges for a CRT-
focused research agenda

As a concept, then, the CRT has progressively and 
consistently shown to be a dynamic interface, standing 
between physiology and pathophysiology, between perfusion 
and flow, and perhaps between macro and microcirculation. 
There are still many aspects to address and research, mainly 
in the areas of its mechanisms and meaning (Figure 1) while 
we continue to learn to what extent its clinical relevance 
expands in the everyday ICU care.

Figure 1 Scheme depicting some of the unsolved issues and challenges for a CRT-focused research agenda. Left, some of the topics to be 
further investigated in the mechanistic part. Right, some of the still unanswered questions regarding what CRT represents. CRT, capillary 
refill time.
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Relevance

Are we ready for using CRT and to abandon lactate as 
a resuscitation target? We strongly believe that both 
variables are complementary. Following the results of the 
ANDROMEDA-SHOCK, including the post-hoc Bayesian 
analysis, it appears legitimate to use CRT as a target for 
fluid resuscitation and to the fine-tuning of vasoactive 
agents. The strategy of reassessing CRT every 30 minutes 
until normalization is feasible and could be associated 
with less resuscitative interventions, a decisive factor to 
improve prognosis. Still, lactate evolution may provide 
valuable information on the general trend of septic shock 
resuscitation. A failure to decrease lactate levels should 
lead to a reevaluation of diagnosis, source control and 
hemodynamic/perfusion status.
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