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a b s t r a c t 

Septic shock leads to progressive hypoperfusion and tissue hypoxia. Unfortunately, numerous uncertainties exist 

around the best monitoring strategy, as available techniques are mere surrogates for these phenomena. Never- 

theless, central venous oxygen saturation (ScvO 2 ), venous-to-arterial CO 2 gap, and lactate normalization have 

been fostered as resuscitation targets for septic shock. Moreover, recent evidence has challenged the central role 

of lactate. Following the ANDROMEDA-SHOCK trial, capillary refill time (CRT) has become a promissory target, 

considering the observed benefits in mortality, treatment intensity, and organ dysfunction. Interpretation of CRT 

within a multimodal approach may aid clinicians in guiding resuscitative interventions and stop resuscitation 

earlier, thus avoiding the risk of morbid fluid overload. Integrative assessment of a patient’s perfusion status 

can be easily performed using bedside clinical tools. Based on its fast kinetics and recent supporting evidence, 

targeting CRT (within a holistic assessment of perfusion) may improve outcomes in septic shock resuscitation. 
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Septic shock is associated with a high risk of mortality re-

ated to progressive tissue hypoperfusion. [1] However, despite

xtensive researches on the best monitoring and resuscitation

trategies, numerous uncertainties remain. Over-resuscitation,

articularly when inducing fluid overload, may contribute to a

orse outcome. [2] Fluid overload occurs more likely when: (1)

uids are administered to fluid unresponsive patients; (2) inap-

ropriate resuscitation goals are pursued; and (3) a “one-size-

ts-all ” strategy is followed. [3] 

A top priority in septic shock resuscitation is to recognize

ypoperfusion in early stages before the development of gener-

lized tissue hypoxia. Therefore, it has been proposed that sev-

ral perfusion-related markers, such as lactate, [4] central venous

xygen saturation (ScvO 2 ), 
[5] venous-to-arterial CO 2 gap, [6] and

eripheral perfusion, [7] can be utilized to indirectly monitor the

tatus of tissue perfusion and/or hypoxia. However, their poten-

ial role has broadened over time to areas not strictly related

o the original physiological significance. Indeed, perfusion-

elated variables have been used as triggers or targets in sep-

ic shock resuscitation. [8] prognostic markers, [9,10] surrogates of
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ardiac output. [6] signals of underlying microcirculatory alter-

tions. [11] etc. 

The purpose of this article is to review the currently available

iterature on perfusion monitoring in septic shock and provide

ome integrative insight into this field, particularly following

he ANDROMEDA-SHOCK trial. [8] 

omplexities in the Interpretation of Perfusion-related 

ariables 

Despite advances in knowledge regarding pathogenic mecha-

isms and numerous studies performed in the last decades, many

ncertainties on perfusion monitoring in patients with septic

hock persist. 

First, tissue hypoxia (the ultimate consequence of shock) is

 cellular/mitochondrial phenomenon poorly captured by sys-

emic or metabolic variables, which can only be considered as

urrogates or approximations to the events occurring at the tis-

ue level. [12] 

Second, tissues may be heterogeneously affected by hypop-

rfusion, and the hepatosplanchnic region (one of the most rel-

vant territories) may be considered a “black box ” in terms of
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(  
erfusion monitoring; moreover, advances in regional flow as-

essment are scarce. [13] 

Third, sublingual microcirculatory evaluation has not been

pplied to routine clinical practice and remains in the research

hase. [14] Technical aspects, logistics, costs, and lack of agree-

ent between experts on the most appropriate approach to cap-

uring and analyzing images may have compromised further de-

elopment. 

Finally, it is impossible to consider a single parameter as the

allmark for monitoring tissue perfusion or guiding septic shock

esuscitation due to the complexity of sepsis-related acute cir-

ulatory dysfunction. [15] All individual parameters have limita-

ions and interpretation difficulties, rendering the multimodal

onitoring of perfusion imperative. [16] 

efinitions of Septic Shock 

Current definitions of septic shock have inherent limita-

ions because some are predominately focused on pathophysi-

logical concepts. For example, the definition proposed by the

emodynamic consensus of the European Society of Intensive

are Medicine is as follows: “Shock is best defined as a life-

hreatening, generalized form of acute circulatory failure asso-

iated with inadequate oxygen utilization by the cells ”. [17] ] Al-

hough this approach is relevant, it does not provide informa-

ion on how to translate the pathophysiological term dysoxia

nto clinical variables. 

The Third International Consensus Definitions for Sepsis and

eptic Shock (Sepsis-3) provide a more clinically-oriented defi-

ition of septic shock. Nevertheless, this definition has been crit-

cized because it does not consider that lactate is a non-specific

arker of tissue hypoperfusion. [18] Data from several previous

tudies suggest that interpretation of hyperlactatemia is condi-

ioned by the hypoperfusion context. [15,19] Patients without a

ypoperfusion context may be at a low risk of mortality and

ould be harmed by over-resuscitation when pursuing lactate

ormalization as a goal. [20] 

None of the definitions captures the early stages of sepsis-

elated acute circulatory dysfunction as they are based on pa-

ients with volume-refractory hypotension requiring treatment

ith vasopressors. [18,21] However, in earlier stages, patients

ay arrive at the emergency department (ED) with a hypera-

renergic compensatory state without evident hypotension, and

arked tachycardia and peripheral vasoconstriction. Clinicians

ho are unaware of these early signs may miss the diagnosis at

 stage in which hypoperfusion is easily reversible. 

emodynamic Coherence 

The pathogenic mechanisms involved in sepsis-related acute

irculatory dysfunction change over time. This process includes

 transition from loss of vascular tone and relative hypovolemia

n early stages (dry microcirculation) to progressive endothelial

nd coagulation dysfunction with severe derangements at the

icrocirculatory level in an advanced stage (inflamed microcir-

ulation). [22] This transition may not be easily recognizable, par-

icularly when patients are assessed at a single time-point. How-

ver, it is relevant since it is the basis for the concept of hemo-

ynamic coherence. [22–24] Indeed, in the early stage, increasing

ystemic blood flow or perfusion pressure may improve tissue
18 
ypoperfusion since macrocirculation and microcirculation are

oupled. In contrast, increasing cardiac output with fluids in the

ater stage may not improve microcirculatory flow. In fact, this

ay worsen derangements by inducing fluid overload and ve-

ous congestion after the loss of hemodynamic coherence. Thus,

his concept should be considered in the interpretation of per-

usion monitoring. [25] 

eripheral Perfusion 

The pathophysiological determinants and technical aspects

f peripheral perfusion assessment have been extensively dis-

ussed in contemporary literature. [26–29] Capillary refill time

CRT) and the mottling score. [26,27,29,30] have been incorporated

nto routine clinical monitoring worldwide. This incorporation

as based on solid observational data, which established the

rognostic value of these parameters. [8,11,31] Patients with nor-

al peripheral perfusion after initial or advanced septic shock

esuscitation were at a lower risk of mortality in several con-

exts (absolute difference in risk: 20–25%) compared with those

ho exhibited persistent abnormal CRT or mottling. [11,31,32] This

ifference is striking and may simply represent the impact of

nderlying hemodynamic coherence, where rapid normalizers

re probably in the early stages of circulatory dysfunction and,

herefore, highly responsive to flow-increasing maneuvers (e.g.,

ith fluids in fluid-responsive patients). [23,25] In contrast, the

henotype of CRT-non-responders may reflect hemodynamic

ncoupling and a more advanced stage. For such cases, rescue

r immunomodulatory therapies may be considered earlier in

he process. [23,33] 

he ANDROMEDA-SHOCK Trial 

The ANDROMEDA-SHOCK trial was a multicenter, random-

zed, controlled study comparing CRT- vs. lactate-targeted resus-

itation in 424 patients with early septic shock. [8,34,35] According

o the hypothesis, targeting of CRT leads to decreased mortality

nd organ dysfunction. The rationale behind this hypothesis is

hat CRT is a flow-sensitive variable that can be assessed at very

requent intervals (30 min) compared with lactate. The latter ex-

ibits relatively slow kinetics of recovery in some patients due

o delayed metabolic clearance. This could theoretically allow

arlier termination of resuscitation when a CRT target is pur-

ued. This fact may decrease the risk of over-resuscitation and

ventually mortality and organ dysfunction. [8] 

In the study, CRT was assessed using a novel standardized

echnique to improve interrater reliability. The intervention pe-

iod was 8 h, and resuscitation goals were a normal CRT ( ≤ 3 s)

s. a normalization or decrease > 20% in the levels of lactate.

he protocol mandated sequential steps commencing with fluid

hallenges, followed by vasoactive-related interventions if nec-

ssary, until the target was reached. 

Compared with lactate-targeted resuscitation, CRT-targeted

esuscitation was associated with a trend toward lower 28-

ay mortality rate (43.4% vs. 34.9%, respectively; P = 0.060),

ess organ dysfunction at 72 h ( P = 0.045), lower mortality

n the predefined subgroup of patients with less organ dys-

unctions at baseline (39.3% vs. 20.4%, respectively; P = 0.030),

aster improvement in organ dysfunctions during the first 72 h

 P < 0.001), less resuscitation fluids ( P = 0.010), and less vaso-



E. Kattan and G. Hernández Journal of Intensive Medicine 2 (2022) 17–21 

p  

a  

c

P

 

a  

d  

i  

r  

l  

s  

t  

h  

g  

p  

p  

t  

m  

fl  

a

 

s  

u  

v  

t  

t  

o  

p  

s  

t  

n  

v  

n

a  

a

L

 

u  

t  

l

T  

t  

t  

s

 

n  

d  

t  

n  

fl  

d  

t  

a  

t  

e  

b  

a  

o

 

S  

t  

o  

t  

w  

t  

fi  

m  

m  

P  

j  

i  

t  

p

 

r  

f  

r  

l  

o  

b  

r  

w  

f  

p  

A  

g  

m

 

i  

to decrease the levels of lactate should lead to a reevaluation 

Figure 1. Characteristics of the ideal resuscitation target. 
ressor testing ( P = 0.020). [8] A subsequent Bayesian post-hoc

nalysis supported the survival benefit of CRT-targeted resus-

itation. [36] 

erspectives Following the ANDROMEDA-SHOCK Trial 

The ANDROMEDA-SHOCK trial was not designed as a mech-

nistic study; hence, many questions remain unsolved. A fun-

amental question is whether both strategies are equivalent

n terms of improvement in tissue hypoperfusion or hypoxia-

elated parameters. Brunauer et al. [27] found a significant corre-

ation between changes in CRT and mottling score with the pul-

atility index of various hepatosplanchnic arteries during sep-

ic shock resuscitation. This correlation is physiologically co-

erent since both territories are affected by the same adrener-

ic response to circulatory stress that could be reverted at least

artially by increments in systemic flow. A posterior clinical-

hysiological study demonstrated that normalization of CRT af-

er fluid resuscitation is associated with comparable improve-

ent in hypoxia surrogates and regional/microcirculatory blood

ow to those observed with lactate; however, it is also linked to

 faster achievement of target in CRT-guided resuscitation. [37] 

Unfortunately, the complexity of the ANDROMEDA-SHOCK

tudy protocol has limited its applicability to pre-intensive care

nit (pre-ICU) settings. However, since CRT is a simple and uni-

ersally available technique, more studies should be performed

o establish its potential role in guiding septic shock resuscita-

ion in EDs or resource-limited settings. Encouragingly, a couple

f studies demonstrated the strong prognostic value of CRT after

re-hospital initial assessment [32] and following the first fluid re-

uscitation at the ED. [38] Eventually, the response of CRT to ini-

ial fluid resuscitation may be used for triage decisions, where

on-responders should be rapidly transferred to the ICU for ad-

anced monitoring and treatment. The potential usefulness of

ewly developed optical devices to objectively assess CRT. [39,40 

nd further establish its role as a dynamic cardiovascular test is

lso being investigated. [28] 

actate 

The strong prognostic value of persistent hyperlactatemia is

ndebatable. However, there is still some discussion concerning

he correct terminology (delta vs. clearance) for the definition of

actate reduction in response to resuscitation in the ICU. [9,10,26,41] 

o be rigorous, the term clearance should be abandoned since

he evolution of lactate levels over time reflects the balance be-

ween increased production, redistribution, and metabolism in

hock states, and not only real clearance in kinetic terms. [20] 

A slow decrease is frequently associated with a worse prog-

osis; nonetheless, caution should be exercised since this also

epends on the hypoperfusion context. [15,19,20,42] In a retrospec-

ive proof-of-concept study, patients with hyperlactatemia but

ormal ScvO 2 , venous-to-arterial CO 2 gap, and CRT (e.g., more

ow-sensitive variables) demonstrated less severe circulatory

ysfunction with lower requirement for norepinephrine, and a

rend toward shorter ICU length of stay, less rescue therapies,

nd lower mortality rate vs. those with abnormal ScvO 2 , venous-

o-arterial CO 2 gap, and CRT. [15] Serum lactate levels remain el-

vated in half of septic shock survivors 24 h after initiating ICU-

ased resuscitation. In contrast, the more flow-sensitive vari-
19 
bles return within the normal range in 70–80% of patients after

nly 2 h. [19] 

In the ANDROMEDA-SHOCK trial, all patients fulfilled the

epsis-3 definition of septic shock, which includes hyperlac-

atemia as an obligatory criterion. [8] In a post-hoc analysis, 25%

f the global cohort had a normal CRT at baseline. These pa-

ients exhibited a significant lower mortality rate than those

ith an abnormal baseline CRT, regardless of the group in which

hey were allocated (27% vs. 43%, respectively; P = 0.001). This

nding was confirmed by a multivariate analysis where abnor-

al CRT at baseline was an independent determinant of 28-day

ortality (odds ratio: 1.8; 95% confidence interval: 1.07–3.02;

 = 0.026). [43] ] These data challenge one of the proclaimed ob-

ectives of the Sepsis-3 definition of septic shock, which is to

dentify a cohort of patients at similar risk of death. [18] In addi-

ion, they support that hyperlactatemia should always be inter-

reted under the perspective of the hypoperfusion context. 

These data redetermine the role of lactate in septic shock

esuscitation. Several experts have recently emphasized the pit-

alls of lactate clearance as a potential target in septic shock

esuscitation based on several considerations. This is particu-

arly attributed to the fact that, in most cases, the main source

f hyperlactatemia is not residual hypoperfusion or hypoxia,

ut rather stress-related hyperlactatemia. [20,44] Considering the

isk of over-resuscitation, this condition should not be treated

ith further resuscitation or the “lacto-bolo reflex ”. [45] Data

rom the ANDROMEDA-SHOCK trial tend to support this princi-

le. [8] In addition, results from another post-hoc analysis of the

NDROMEDA-SHOCK trial suggest that pursuing a lactate tar-

et in patients with already normal CRT at 2 h may increase the

ortality rate. [46] 

Nevertheless, changes in lactate level may provide valuable

nformation on the course of septic shock resuscitation. A failure
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f the diagnosis, source control, and hemodynamic/perfusion

tatus. 

elevance of Target Selection in Avoiding Fluid Overload 

Based on the available literature, it is evident that perfusion-

elated variables have different pathophysiological determi-

ants and kinetics of recovery after successful resuscitation. Pur-

uing a rapid-response or targeting more flow-sensitive vari-

bles, such as CRT, may allow earlier termination of the resus-

itative process, thereby eventually avoiding the risk of fluid

verload [ Figure 1 ]. 

onclusions 

The importance of CRT and lactate is supported by robust

hysiological and epidemiological findings. Moreover, complex-

ties in their interpretation and potential confounders warrant

 multimodal approach to assessing the perfusion status. Con-

idering its fast kinetics and the recent results of a major ran-

omized clinical trial, CRT could be considered a hierarchical

erfusion variable and serve as a resuscitation target for septic

hock resuscitation. 
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