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Narrative review: clinical assessment 
of peripheral tissue perfusion in septic shock
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Abstract 
Sepsis is one of the main reasons for intensive care unit admission and is responsible for high morbidity and mortality. 
The usual hemodynamic targets for resuscitation of patients with septic shock use macro-hemodynamic parameters 
(hearth rate, mean arterial pressure, central venous pressure). However, persistent alterations of microcirculatory blood 
flow despite restoration of macro-hemodynamic parameters can lead to organ failure. This dissociation between 
macro- and microcirculatory compartments brings a need to assess end organs tissue perfusion in patients with 
septic shock. Traditional markers of tissue perfusion may not be readily available (lactate) or may take time to assess 
(urine output). The skin, an easily accessible organ, allows clinicians to quickly evaluate the peripheral tissue perfusion 
with noninvasive bedside parameters such as the skin temperatures gradient, the capillary refill time, the extent of 
mottling and the peripheral perfusion index.
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Background
International guidelines emphasized that fast identifica-
tion, assessment and treatment combining early anti-
biotic therapy, fluid administration and vasopressor 
infusion are crucial steps in the management of septic 
shock. However, despite early management, mortality of 
patients with septic shock remains high [1]. A possible 
explanation may be the persistent tissue hypoperfusion 
despite restoration of macro-hemodynamic parameters.

The usual hemodynamic targets for resuscitation of 
patients with septic shock use macro-hemodynamic 
parameters (heart rate, mean arterial pressure, cen-
tral venous pressure). However, persistent alterations 
of microcirculatory blood flow despite restoration of 
macro-hemodynamic parameters can lead to organ fail-
ure. In a meta-analysis of 252 patients, De Backer et  al. 
[2] showed that microcirculatory perfusion alterations 

predict mortality during serious infections, whereas 
mean arterial pressure or cardiac output did not. In 
critically ill patients, cardiac output optimization using 
increasing doses of dobutamine did not improve micro-
vascular blood flow in the sublingual area [3, 4]. In 
another study, modulating mean arterial pressure by 
increasing norepinephrine dose had variable unpredict-
able effects on microcirculatory flow, which occasionally 
worsened [5, 6]. This dissociation between macro- and 
microcirculatory compartments, defined by Ince as «a 
loss of hemodynamic coherence» [7], brings a need to 
assess end organs tissue perfusion in patients with septic 
shock and to develop tools to analyze microcirculatory 
blood flow [8]. The direct identification of severe micro-
circulatory alterations remains difficult at bedside. Tra-
ditional markers of tissue perfusion may not be readily 
available (lactate) or may take time to assess (urine out-
put). The skin, an easily accessible organ, allows clinicians 
to quickly evaluate the peripheral tissue perfusion with 
noninvasive bedside parameters such as the skin tem-
peratures gradient, the capillary refill time, the extent of 
mottling and the peripheral perfusion index.
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The aim of this review is to evaluate whether peripheral 
tissue perfusion assessment in septic patients could be 
helpful in evaluating organ failure severity and to screen 
patients at high risk of mortality. Finally, we analyze avail-
able data regarding implementation of peripheral perfu-
sion evaluation in sepsis management.

Skin as a tool for the evaluation of the microcirculation 
and tissue perfusion
The skin provides important information in patients with 
septic shock. As a visible and easily accessible organ, the 
skin allows simple observation of local microcirculatory 
perfusion through skin temperature alterations (skin 
temperature gradient), perfusion (capillary refill time) 
and color (mottling). The pathophysiology of these clini-
cal disorders has not been investigated in depth, but sev-
eral authors assume that the main driven mechanism of 
reduced blood flow is local vasoconstriction mediated by 
sympathetic neuroactivation [8]. Additional mechanisms 
could participate to impair microvascular blood flow 
(Fig. 1) [9, 10] such as local endothelial dysfunction [11, 
12] (Fig.  2), leukocyte adhesion, platelet activation and 
fibrin deposition [13]. These clinical, noninvasive, easy-
to-use, parameters are attractive tools to follow micro-
circulatory perfusion in patients with acute circulatory 
failure [14, 15]. In 2014, several European experts recom-
mended to integrate abnormal skin perfusion parameters 
in the definition and treatment of shock [16].

Subjective assessment of peripheral skin temperature 
may be a valuable tool in the evaluation of patients with 
septic shock. Eighty years ago, Ebert et al. [17] described 
the skin of septic shock patients as being «pale, often 
sweaty». Altemeier et  al. [18] then noticed that a moist 
and cold skin was a factor of worse prognosis in patients 
with septic shock. Cold hands and feet, and abnor-
mal skin color are the first clinical signs that developed 

Fig. 1 Examples of skin microvascular perfusion evaluation using laser Doppler imaging in the knee area according to the mottling score. Skin 
perfusion decreases when mottling score worsens. Adapted from [9]
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Fig. 2 Examples of skin microcirculatory endothelial reactivity in 
the knee area in a patients with sepsis, in a patient with septic shock 
that was alive at day 14 and in a patient with septic shock that was 
ultimately dead at day 14. Skin microcirculatory blood flow was 
measured at baseline and after acetylcholine iontophoresis. Adapted 
from [11]
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in meningococcal disease in children [19]. In a cohort 
of 264 surgical ICU patients, patients with cold skin on 
extremities and knees had significantly lower central 
venous saturation and higher lactate level as compared 
to patients with normal skin temperature (4.7 ± 1.5 vs 
2.2 ± 1.6  mmol/L, p < 0.05) [20]. In a prospective cohort 
study of 50 critically ill patients with circulatory dys-
function, including 26 patients with septic shock, Lima 
et  al. [21] observed that patients with cold skin on the 
extremities had a higher rate of organ failure at 48 h after 
resuscitation as compared to patients with normal skin 
temperature.

However, skin temperature gradients may be more 
accurate in the evaluation of patients with septic shock. 
Several studies investigated quantitative temperature 
gradients in critically ill patients, particularly between 
peripheral and ambient temperatures [22], central and 
peripheral body temperatures [23] and finger and fore-
arm skin temperatures [24]. Temperature gradients do 
not correlate with cardiac output [22, 25, 26] but are 
predictive of both organ failure severity and worse out-
come. Joly et al. [22] measured toe-to-ambient tempera-
ture gradients 3 h after admission in a mixed population 
of critically ill patients, and non-survivors had a mean 
toe-ambient temperature gradient of 0.9  °C, whereas 
survivors had a gradient of 3.4  °C. Normalization of 
central-peripheral temperature gradients (< 7  °C) within 
the 6 first hours of resuscitation predicted correction of 
hyperlactatemia in septic shock patients [27]. In a recent 
study including 103 septic patients, Bourcier et  al. [28] 
reported higher central-to-toe temperature gradients and 
lower toe-to-ambient temperature gradients in patients 
with septic shock, compared to patients with sepsis. 
Moreover, a rise in the toe-to-ambient temperature gra-
dient was independently associated with decreased ICU 
mortality (OR 0.7 [0.5, 0.9] per °C, p < 0.001).

Finger-to-forearm skin and toe-to-ambient tempera-
ture gradients are more accurate tools that could be used 
in every patient without previous hypothermia, including 
patients with dark skin, providing quantitative informa-
tion with good reproducibility (Table 1, Fig. 3).

Capillary refill time
The capillary refill time (CRT) measures the amount of 
time necessary for the skin to return to baseline color 
after applying a pressure on a soft tissue (generally finger 
tip). The CRT gives important information on skin per-
fusion and microcirculatory status but does not reflect 
cardiac output [25, 29]. Visual measurement of CRT 
associated with other clinical signs (tachycardia, mucosal 
dryness, etc.) helps to diagnose dehydration in children 
[30]. In acute pathologies, such as gastro-intestinal infec-
tions or malaria [31], CRT represents an attractive and 

easy-to-use tool for clinicians in the initial screening of 
severely ill patients [32]. Inter-rater variability of CRT 
was weak in non-trained physicians [33], but is better in 
centers expert in tissue perfusion evaluation [34], espe-
cially in the knee area [35]. Standardization of finger-tip 
pressure (i.e., How long? How strong the applied pres-
sure?) might improve CRT reproducibility. Ait-Oufella 
et  al. [35] obtained good inter-rater concordance by 
“applying a firm pressure for 15  s. The pressure applied 
was just enough to remove the blood at the finger tip of 
the physician’s nail illustrated by appearance of a thin 
white distal crescent (blanching) under the nail.”

Capillary refill time measurement correlates with the 
pulsatility index, a surrogate ultrasound-derived param-
eter that reflects vascular tone of visceral organs in septic 
shock patients [36]. CRT is an interesting tool to assess 
the severity of an acute illness. In the intensive care 
unit, Lima et al. [21] reported an association between a 
prolonged CRT (> 4.5  s on the index finger) and hyper-
lactatemia and a higher SOFA score. In septic shock 
patients, a prolonged CRT 6  h after resuscitation has 
been shown to be predictive of 14-day mortality, with 
an Area Under Curve (AUC) of 84% for a measure on 
the index finger, and 90% for a measure on the knee. A 
2.4-second threshold value on the index finger predicted 
mortality with an 82% sensitivity (95% CI [60–95]) and a 
73% specificity (95% CI [56–86]). On the knee, a thresh-
old value of 4.9 s predicted 14-day mortality with an 82% 
sensitivity (95% CI [60–95]) and an 84% specificity (95% 
CI [68–94]) [35].

Overall, when used as a qualitative variable (prolonged 
or not), CRT is a reliable triage tool to identify critically 
ill patients at risk of negative outcome. Quantitative 
measurement of CRT should be mainly used by trained 
physicians in patients with non-dark skin (Table 1, Fig. 3).

Mottling
Mottling, a characteristic discoloration of the skin fol-
lowing reduced skin blood flow [9], is taught as a marker 
of shock, but its clinical relevance has been poorly inves-
tigated until recent years. A significant relationship 
between mottling extension and visceral organ vascular 
tone has been reported suggesting that mottling could 
reflect gut, liver spleen and kidney hypoperfusion [36].

To assess the predictive value of mottling in criti-
cally ill patients with severe infections, a semi-quanti-
tative clinical score for mottling (ranging from 0 to 5), 
based on the extension of these purple patches from the 
patella toward the periphery, has been developed and 
validated with an excellent inter-observer reproduc-
ibility [37] (Kappa 0.87% (CI 95% [0.72–0.97]) (Fig. 4). 
Mottling score reliably reflects organ failure sever-
ity in patients with sepsis or septic shock and helps to 
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Table 1 Summary of selected studies investigating clinical parameters of peripheral tissue in critically ill sepsis patients

CRT  capillary refill time, MOF multiorgan failure, SOFA sequential organ failure assessment

Parameters References Patients’ 
number

% sepsis % septic shock Relation to organ failure 
severity

Relation to mortality Changes following resuscitation

Peripheral temperature

 Subjective assessment: cold 
versus warm extremities

Kaplan et al. [20] 264 42 – Cold extremities group had 
lower cardiac index, lower 
SvO2 and higher lactate levels

– –

 Toe-to-room temperature 
gradient

Joly et al. [22] 100 20 Temperature gradient lower 
in non-survivors

Temperature gradient increased 
in non-survivors following 
resuscitation but decreased in 
non-survivors

 Toe-to-room temperature 
gradient

Bourcier et al. [28] 103 39 61 – Lower in MOF death patients Decreased in MOF death patients 
but increased in survivors

Capillary refill time (CRT)

 Finger-tip and knee CRT Ait-Oufella et al. [35] 59 0 100 Correlated with SOFA score Related to Day-14 mortality CRT decreased during resuscitation 
which is associated with better 
outcome

 Finger-tip CRT Lara et al. [47] 95 100 – – – Prolonged CRT following resuscita-
tion is associated with higher 
organ failure severity and higher 
mortality

 Finger-tip CRT Hernandez et al. [46] 104 0 100 – – CRT is normalized within 6 h fol-
lowing resuscitation, whereas 
lactate normalization is longer

Mottling

 Mottling score after initial 
resuscitation

Ait-Oufella et al. [37] 60 0 100 Correlated with lactate, urinary 
output and SOFA score

Related to Day-14 mortality Mottling score decreased follow-
ing resuscitation which was 
associated with better outcome

De Moura et al. [39] 97 0 100 – Related to Day-28 mortality –

Preda et al. [41] 109 100 0 – Related to Day-28 mortality –

 Mottling presence Coudroy et al. [40] 791 – – – Related to Day-28 mortality Mottling persistence > 6 h was 
associated with higher mortality

Combined parameters

 Finger tip CRT + temperature 
gradient + peripheral perfu-
sion index

Lima et al. [21] 50 – 42 Associated with lactate levels – Peripheral hypoperfusion associ-
ated with worsening SOFA score 
following resuscitation

 CRT and central-to-toe tem-
perature gradient

Hernandez et al. [27] 41 33 67 – – CRT is the first be normalized dur-
ing resuscitation within 2 h
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identify critically ill patients with worse outcome. In 
a study including septic shock patients, the mottling 
score at 6 h after resuscitation was predictive of death 
at day 14 (odds radio [OR] 16, CI 95% 4–81, for stages 
2–3; vs 74, CI 95% 11–1568, for stages 4–5). Mortality 
occurred within 12–24 h for stages 4–5, within 24–72 h 
for stages 2–3 and later than 72  h for the rare deaths 
for stages 0–1 (Kaplan–Meier charts, p < 0.0001). In the 
same study, cardiac output and blood pressure were 
not associated with mortality at day 14, confirming the 
disparity between microcirculatory and macrocircula-
tory parameters [37]. These results were confirmed in 
cirrhotic patients with septic shock [38]. In addition, 
in mottling groups ≤ 3, knee CRT improved patient 
discrimination according to their outcome, with non-
survivors presenting a significantly higher knee CRT 
[35]. Another South American study confirmed these 
results in septic shock patients. Mortality rate at day 
28 was 100% when the mottling score was higher or 
equal to stage 4, 77% for stages 2 and 3, and 45% for 
stages 1 or lower [39]. Prognostic value of mottling 
was also reported in unselected ICU patients: Persis-
tent (> 6 h) mottling extending over the knee (> stage 2) 
was an independent risk factor for mortality (OR 3.29, 
95% CI 2.08–5.19; p < 0.0001) [40]. Finally, Preda et al. 

[41] found the good predictive value of the mottling 
score for mortality at day 28 in patients with sepsis not 
receiving vasopressors.

In summary, mottling score is a reliable semi-quan-
titative tool that reflects organ failure severity in non-
selected septic patients with or without vasopressors and 
is helpful to identify critically ill patients with pejorative 
outcome and also to monitor changes during resuscita-
tion. In patients with mottling score ranging from 0 to 
3, knee CRT measurement could be associated with 
improving risk stratification (Table 1, Fig. 3).

Peripheral perfusion index
Peripheral perfusion index is defined as the difference 
between the pulsatile and non-pulsatile portion of pulse 
wave, measured by plethysmography. Peripheral perfu-
sion index (PPI) gives information on peripheral vascular 
tonus by the pulsatility, decreasing in vasoconstriction 
and raising in vasodilation [42]. Peripheral perfusion 
index is an early predictor of central hypovolemia [43]. 
In a prospective observational study in an emergency 
department, PPI was not significantly different between 
patients admitted to the hospital and patients discharged 
from the emergency department suggesting that it could 
not be used as a triage tool [44]. However, in critically 

Dark skin ?

No Yes

Temperature gradient
-Finger-to-Forearm
-Toe-to-Room

Mottling score

Stage >3 ?

Yes No

Finger or knee CRT

Hypothermia ?

No Yes

P Perfusion Index

Trained physician ?

Yes
Quantitative CRT

No
Qualitative CRT
Finger threshold 3 s
Knee threshold 5  s

Fig. 3 Proposed strategy to evaluate peripheral tissue perfusion using the skin. CRT  capillary refill time, P.Perfusion index peripheral perfusion index
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ill patients, PPI is significantly lower in patients with 
a peripheral perfusion alteration (0.7 vs 2.3, p < 0.01) 
[21]. He et al. [45] showed that the PPI is altered in sep-
tic shock patients, as compared to control subjects in 
postoperative scheduled surgery. Moreover, in the same 
study, the PPI was significantly lower in non-survivors. 
With a 0.20 cutoff value, PPI was predictive of ICU mor-
tality with an AUC of 84% (69–96), a sensitivity of 65% 
and a specificity of 92%.

Discussion
Abnormal skin perfusion evaluation and resuscitation
Despite some differences between micro and macrovas-
cular compartments, it would be over-simplifying and 
possibly wrong to completely separate these two vascu-
lar compartments. In the study by Ait-Oufella et al. [37] 
focusing on mottling, global hemodynamic improvement 

within the first hours following resuscitation, based on 
blood volume optimization and catecholamine use, was 
associated with mottling improvement. Patients whose 
mottling score improved through the first 6-hour resus-
citation had a good prognosis, whereas those whose 
score was stable or even worsened had a poor progno-
sis (14-day mortality: 23% vs 88%, p < 0.001). Finger-tip 
CRT is also quickly normalized in septic shock patients 
within 2–6 h after resuscitation, whereas hyperlactatemia 
requires longer time to recover [27, 46]. Interestingly, 
patients in whom CRT did not recover after fluid infu-
sion had pejorative outcome [47]. Altogether, these stud-
ies suggest that peripheral tissue perfusion could be 
used as triage tool at the early steps of sepsis manage-
ment at admission and after fluid infusion. The ongo-
ing ANDROMEDA-SHOCK trial aims to compare two 
resuscitation strategies during the first hours of sepsis 

1
2

3

4

5 

STAGE 4

a b

Fig. 4 a The mottling score, ranging from 0 to 5, is based on skin mottling area extension on legs. Score 0 represents no mottling, score 1 
represents small mottling area (coin size) localized to the center of the knee, score 2 represents mottling area not exceeding the superior edge of 
the knee cap, score 3 represents mottling area not exceeding the middle thigh, score 4 represents mottling area not exceeding the fold of the groin 
and score 5 otherwise. b Example of mottling score 5. Adapted from [37]
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treatment on 28-day mortality, one based on CRT meas-
urement and the other on arterial lactate clearance [48]. 
During ICU stay, evaluation of peripheral perfusion 
could also be helpful. A «proof-of-concept» study has 
been done comparing a volume expansion strategy based 
on peripheral perfusion, clinical parameter assessment, 
to a classical strategy based on mean arterial pressure, 
central venous pressure and cardiac index. Peripheral 
perfusion was assessed through CRT, index-forearm tem-
perature gradient, peripheral perfusion index, and StO2. 
The resuscitation strategy based on clinical tissue perfu-
sion assessment led to a reduction in fluid therapy vol-
ume in the first 72 h (7565 ± 982 mL vs. 10,028 ± 941 mL, 
p = 0.08) and to a reduction in hospital length of stay (16 
[5–28] vs. 43 [8–45] days, p < 0.05) [49]. A task force of 
six international experts with extensive bedside experi-
ence recently proposed to integrate peripheral tissue 
perfusion tools in risk stratification and management of 
septic patients in resource-limited intensive care units, 
especially CRT, mottling score and temperature gradients 
[50].

As bedside evaluation of tissue perfusion using the skin 
improves risk stratification in patients with sepsis, there 
is a possibility that it could be used as a tool to guide 
resuscitation. Lavillegrand et al. [51] reported that a mild 
arterial hypotension (MAP between 55 and 65  mmHg) 
could be safely tolerated in patients without any sign 
of hypoperfusion. Such «personalized» management 
requires close monitoring (in an ICU) but may decrease 
the use of invasive devices and vasopressors, both having 
potential side effects. Conversely, patients with markers 
of tissue hypoperfusion require rapid ICU transfer, and 
also, we hypothesized that they should be good candidate 
for therapeutic approaches targeting microcirculation 
for resuscitation in the future. For example, nitroglyc-
erin infusion had no beneficial effect in unselected sep-
sis patients [52] but improved peripheral perfusion in 
selected patients with prolonged CRT and/or increased 
finger-tip-to-forearm skin gradient temperatures [53]. 
Ilomedin has been also recently proposed as a rescue 
therapy in sepsis shock with refractory tissue hypoper-
fusion [54] and will be tested soon in a prospective ran-
domized multicenter trial (I-MICRO NCT03788837). 
In the future, it is important to evaluate whether drugs 
targeting the microcirculation could improve outcome of 
selected patients with persistent peripheral hypoperfu-
sion despite initial resuscitation [55]. The first results of 
ANDROMEDA-SHOCK, an international multicenter 
trial recently completed, support that a tissue perfusion-
guided resuscitation is beneficial [48, 56]. Indeed, Her-
nandez et al. [56] showed in septic shock adults that an 
early peripheral perfusion-targeted resuscitation, aim-
ing at normalizing capillary refill time, was associated 

with less organ dysfunction at day 3 and a trend toward 
reduced 28-day mortality when compared to a lactate-
level-targeted therapeutic strategy.

Limitations
In this review, almost all data were obtained in small-
sized monocenter observational studies and were 
performed by experts in tissue perfusion evaluation, 
suggesting potential biases. In addition, no published 
multicenter randomized trial is available showing that 
the implementation of bedside tissue perfusion assess-
ment improves septic patients management and in fine 
outcome. This narrative review did not provide strong 
recommendation regarding the use of tissue perfusion 
parameters in septic patients according to GRADE meth-
odology but only proposed how and when to implement 
them.

Conclusion
In patients with septic shock, tissue microvascular 
hypoperfusion can be evaluated at bedside using indica-
tors of skin perfusion. After initial resuscitation, these 
parameters are helpful in identifying patients with severe 
organ failure and at high risk of mortality. However, there 
is a need in the future to investigate these bedside tissue 
microvascular perfusion parameters as management tar-
gets for resuscitation in septic shock patients.
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Capillary refill time status could identify 
different clinical phenotypes among septic 
shock patients fulfilling Sepsis-3 criteria: a post 
hoc analysis of ANDROMEDA-SHOCK trial
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Dear Editor,
The Sepsis-3 definition of septic shock is used to cre-
ate a subset of patients with suspected or proven infec-
tion having an homogeneous risk of death based on large 
databases (> 40%) [1]. This definition has been criticized 
as hyperlactatemia is a non-specific marker of tissue 
hypo-perfusion. Therefore, targeting decreases in lactate 
levels in patients with non-hypoperfusion-related hyper-
lactatemia could lead to detrimental over-resuscitation. 
Multimodal perfusion monitoring, including capillary 
refill time  (CRT), could aid in identifying a non-hypop-
erfusion-related hyperlactatemia, to which no further 
resuscitation might be required [2].

The ANDROMEDA-SHOCK trial, comparing CRT 
versus lactate-targeted resuscitation in early septic shock, 
demonstrated lower mortality, less organ dysfunction 
and treatment intensity in the CRT-targeted group [3, 4].

Considering that CRT is not an obligatory criterion of 
septic shock definition, our aim was to determine if base-
line CRT in ANDROMEDA-SHOCK patients could iden-
tify distinct clinical phenotypes according to the risk of 
death, severity scores, organ dysfunction, and treatment 
intensity.

We performed a post hoc analysis of the ANDROM-
EDA-SHOCK dataset. Protocol details are published 
elsewhere [3]. Independently of study arm allocation, we 

identified patients with normal (≤ 3 s) or abnormal (> 3 s) 
CRT at baseline. Univariate comparison using clinical 
characteristics, severity scoring, hemodynamic, perfu-
sion variables, treatment intensity, and 28-day mortality 
between these two groups was performed. Results were 
confirmed with multivariate analysis.

ANDROMEDA-SHOCK trial recruited 424 patients, 
of which 25% (108) had normal CRT at baseline. Clini-
cal characteristics of both groups are shown in Table  1. 
28-day mortality was significantly different (27% vs 43%, 
p = 0.001) (ESM Fig.  1). Multivariate analysis, which 
included significant clinical variables, confirmed that 
abnormal CRT at baseline was an independent deter-
minant of 28-day mortality (OR 1.8; 95%CI[1.07–3.02]); 
p = 0.026) (ESM Table  1). Additionally, we categorized 
our cohort according to CRT status and hyperlactatemia 
level (ESM Table 2). Interestingly, in patients with normal 
CRT, lactate values did not discriminate 28-day mortal-
ity. Moreover, patients with lactate > 4 mmol/l had a sig-
nificantly lower mortality when presenting simultaneous 
normal CRT.

Our results suggest that baseline CRT could define 
phenotypes of different risk among patients fulfilling the 
septic shock definition [1], where 25% of the cases pre-
sented the less severe phenotype. Although the overall 
28-day mortality of the ANDROMEDA-SHOCK cohort 
was 39%, which is within the range of SEPSIS-3 mortality 
prediction, the addition of CRT status could aid to fur-
ther improve risk stratification.

Recent studies have shown high variability in cardiovas-
cular, immunological, and clinical phenotypes of sepsis 
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[5]. A simple and universally available test, like CRT, fur-
ther identifies two populations of widely different risk. 
Implementing “one size fits all” therapies, could expose 
less sick patients to the burden of over-resuscitation.

These findings could also have an important impact on 
the triage of patients in resource-constrained settings, 
and future designs of septic shock clinical trials. Since 
this study is a post hoc analysis, results should be consid-
ered as hypothesis-generating and confirmed by future 
prospective studies.

This post hoc analysis of ANDROMEDA-SHOCK 
concludes that septic shock patients with normal CRT 
after initial resuscitation represent a less severe clinical 

phenotype, with less organ dysfunction and higher sur-
vival rates.
Electronic supplementary material
The online version of this article (https ://doi.org/10.1007/s0013 4-020-05960 -4) 
contains supplementary material, which is available to authorized users.

Author details
1 Departamento de Medicina Intensiva, Facultad de Medicina, Pontificia Uni-
versidad Católica de Chile, Diagonal Paraguay 362, Santiago, Chile. 2 Depart-
ment of Intensive Care Medicine, Fundación Valle del Lili, Universidad ICESI, 
Carrera 98 # 18-49, Cali, Colombia. 3 Division of Pulmonary, Allergy, and Critical 
Care Medicine, Columbia University Medical Center, 630 W 168th St, New York, 
NY, USA. 4 Department Intensive Care Adults, Erasmus MC University Medical 
Center, Rotterdam, CA, The Netherlands. 5 Division of Pulmonary, and Critical 
Care Medicine, New York University-Langone, New York, NY, USA. 

Table 1 Clinical characteristics of patients

Baseline characteristics and clinical outcomes of septic shock patients with normal versus abnormal capillary reill time at protocol inclusion. Data at 8 and 24 h are 
reported for clariication purposes

Data are presented as median [IQR 25–75] or percentage (count)

CRT  capillary refill time, APACHE II acute physiology and chronic health evaluation II, SOFA sequential organ failure assessment score, CRT -T CRT-target, LT lactate-
target, ICU intensive care unit, MAP mean arterial pressure, CVP central venous pressure, CRT  capillary refill time, ScvO2 central venous oxygen saturation, Delta 
pCO2(v-a) difference between central venous carbon dioxide pressure and arterial carbon dioxide pressure

CRT normal CRT abnormal p 
value

Number of patients 25 (108) 75 (316)

Age (years) 65 [48–75] 66 [53–76] 0.13

Sex (female) 51 (55) 45 (143) 0.7

APACHE score 19 [13–24] 23 [18–29] 0.001

SOFA score 8 [6–10] 10 [7–12] 0.001

Charlson index 3 [0–5] 3 [1–5] 0.3

Randomization arm CRT-T: 44.4 (48)
LT: 55.6 (60)

CRT-T: 51.8 (164)
LT: 48.2 (152)

0.2

Sepsis origin Abdominal 28 (30)
Pulmonary 34 (37)
Urinary 21 (23)
Other 17 (18)

Abdominal: 38 (119)
Pulmonary: 29 (91)
Urinary: 20 (64)
Other: 13 (42)

0.1

MAP (mmHg) 68 [64–77] 65 [57–76] 0.015

CVP (mmHg) 8 [5–12] 9 [6–13] 0.5

Fluids administered before
ICU admission (ml)

2000 [1500–2907] 2000 [1196–2747] 0.18

Fluid responsiveness positive state 42 (45) 62 (197) 0.001

Fluid administered in boluses
between 0-8 h (ml)

500 [0–1100] 1000 [500–2250] 0.001

Fluid balance at 8-h (ml) 929 [260–1740] 1700 [855–2772] 0.001

Norepinephrine dose (mcg/kg/min) 0.13 [0.08–0.24] 0.25 [0.12–0.42] 0.001

Lactate (mmol/L) 3.0 [2.5–4.2] 3.8 [2.8–5.8] 0.001

CRT (sec) 2 [2, 3] 5 [4–7] 0.001

ScvO2 (%) 75 [69–81] 71 [62–78] 0.001

Delta pCO2(v-a) 7 [4–9] 7 [5–10] 0.06

SOFA at 24-hours 7 [4–10] 9 [6–12] 0.001

Renal replacement therapy 10 (11) 19 (61) 0.013

Mechanical ventilation 62 (67) 80 (255) 0.001

ICU length of stay (days) 5 [3–12] 6 [1–8] 0.26

28-day mortality 27 (29) 43 (137) 0.001
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In the ANDROMEDA study, Hernandez and colleagues 

evaluated whether a resuscitation strategy targeting the 

capillary refill time (CRT) normalization (CRT strategy) 

could be more effective to decrease 28-day mortality than a 

resuscitation strategy aiming at normalizing or decreasing 

lactate levels by 20% every 2 h (lactate strategy), in the 

first 8 h of septic shock (1). Resuscitation protocol was 

standardized in three successive steps: if the goal was not 

reached at the end of a step, the investigator had to go 

forward to the next step until the goal was reached. On the 

òSTU�TUFQ�UIF�JOWFTUJHBUPST�IBE�UP�UFTU�óVJE�SFTQPOTJWFOFTT��
The second step was a vasopressor test in order to increase 

mean arterial pressure (MAP) from 65 to 80–85 mmHg. 

The third step consisted in an inodilator test (low dose of 

dobutamine or milrinone, depending on the center). The 

authors made the hypothesis that the CRT strategy would 

decrease the mortality rate by 15% (from 45% to 30%) 

compared to the lactate strategy. 

However, they observed a reduction of 8.5% in 28-day 

mortality in the CRT group, that did not reach “statistical 

significance” [hazard ratio, 0.75 (95% CI, 0.55 to 1.02); 

P=.06; risk difference, 8.5% (95% CI, 18.2% to 1.2%)]. 

)PXFWFS�BU�EBZ���UIF�$35�TUSBUFHZ�HSPVQ�IBE�TJHOJòDBOUMZ�
less organ dysfunctions, assessed with Sepsis-related Organ 

failure Assessment (SOFA score) (2) [mean SOFA score, 5.6 

(SD, 4.3) vs. 6.6 (SD, 4.7); mean difference, 1.00 (95% CI, 

1.97 to 0.02); P=0.045] suggesting a beneficial effect of 

the CRT strategy on organ dysfunction.

Despite the fact that the main outcome did not reach 

the statistical significance, clinician could consider that a 

reduction of 20% of the relative risk of mortality is clinically 

relevant. Furthermore, many reasons require us to be careful 

XJUI�JOUFSQSFUBUJPO�PG�1�WBMVFT�BOE�DPOòEFODF�JOUFSWBMT�	��
��
Indeed, all experimental and clinical studies are considered 

“positive” or “negative” according to an arbitrary p value 

cut-off of 0.05. One should remind that this only means 

that the study is considered as positive if the observed 

statistical difference between groups is less than 5% due to 

hazard. However, P value is today seriously challenged (5).  

In 2016, the American Statistician Association (ASA) 

made a statement on P values, the third statement was 

that “scientific conclusions decisions should not be based only 

XIFUIFS�B�Q�WBMVF�QBTTFT�B�TQFDJòD�UISFTIPME” (6). In 2019, the 

same authors published an editorial entitled “Moving to 

a World Beyond P<0.05” where they provide advice to use 

alternatives statistical methods to synthesize evidence across 

studies (i.e., meta-analysis, evidence reviews and Bayesian 

methods) (7). Other large trials, “negative on P value”, have 

also been subject to Bayesian approach (8). Hence, if a strict 

p-value cut-off aims to assess rigorously clinical trials with 

TUBUJTUJDBM�TJHOJòDBODF�JU�JT�BMTP�UIF�CFTU�XBZ�UP�NJTJOUFSQSFU�
trials data. For all these reasons, the authors of this study 
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decided to test different analytic methods including post-

hoc Bayesian and mixed logistic regression approaches to 

help the interpretation of the study (9). 

Bayesian approach consists on a posteriori evaluation 

of the credibility of an event knowing new data (4). It is a 

mathematical way to reallocate credibility of an event or for 

some data to be explained.

The primary endpoint of the new analysis was 28-day 

mortality, and secondary endpoints were 90-day mortality 

and changes in SOFA score between groups at different 

time points (8, 24, 48 and 72 h). The analysis has been 

performed using different degrees of skepticism concerning 

the efficacy of the CRT-based resuscitation strategy 

(optimistic, neutral, null or pessimistic). The authors built 

a Bayesian hierarchical Bernoulli regression model for the 

primary endpoint adjusted for 6 variables: Acute Physiology 

And Chronic Health Evaluation 2 (APACHE2) score (10), 

admission SOFA score, baseline lactate level, baseline CRT, 

source of infection and admission center). 

Concerning the primary endpoint (28-day mortality), 

they observed a beneficial effect of the strategy based on 

CRT normalization, compared to the strategy based on 

lactate clearance for all hypothesis but the pessimistic one 

[OR =0.62 (0.38–0.92) for the null hypothesis, OR =0.63 

(0.41–0.9) for the optimistic hypothesis, OR =0.67 (0.43–0.96) 

for the neutral, OR =0.76 (0.5–1.09) for the pessimistic one, 

respectively]. When looking at the 90-day mortality, no 

CFOFòDJBM�FGGFDU�PG�SFTVTDJUBUJPO�CBTFE�PO�$35�OPSNBMJ[BUJPO�
was observed in all hypothesis. Patients treated in the CRT 

based resuscitation group had a higher probability to have a 

SOFA between 0–7 at 48 and 72 h [OR =1.55 (1.02–2.37) and 

OR =1.52 (1.00–2.24), respectively] compared to the lactate 

strategy group. However, the potential beneficial effect on 

organ dysfunction in the CRT strategy group is possibly due 

to the fact that patients in the lactate strategy had a higher 

MAP at 72 h (85±13 vs. 80±12 mmHg, P<0.01) possibly 

requiring higher doses of norepinephrine [0.10 (0.06–0.21) 

vs. 0.1 (0.03–0.18) mcg/K/min, P<0.01] which may have 

BSUJòDJBMMZ�JODSFBTFE�UIF�40'"�TDPSF�
Despite some limitations that can be avoided by 

standardizing the measurement method of CRT (11,12) a 

resuscitation based on CRT target is seducing and present 

many advantages (e.g., non-invasive, easily performed at the 

bedside, a rapid recovery with patient’s improvement and 

is available even in resource limited-setting). Therefore, 

the authors have concluded from this Bayesian analysis of 

ANDROMEDA study that “Peripheral perfusion-targeted 
resuscitation may result in lower mortality and faster resolution 

of organ dysfunction when compared to a lactated-targeted 
resuscitation strategy”. However, they could also have 

concluded that a resuscitation protocol based on lactate 

clearance may result in higher mortality. 

The strategy based on lactate decrease emerges from the 

surviving sepsis campaign’s recommendations that suggests 

“guiding resuscitation to normalize lactate in patients with 
elevated lactate levels as a marker of tissue hypoperfusion” (13).  

Nevertheless, the grade of this recommendation is weak, 

with a low quality of evidence. The goal of this strategy 

is to normalize or decrease lactate levels by 20% every  

2 h by increasing arterial oxygen transport. To increase the 

BSUFSJBM�PYZHFO�USBOTQPSU�UIF�òSTU�MJOF�UIFSBQZ�JT�DPNNPOMZ�
intravascular volume expansion using crystalloids. This 

approach involves at least two wrong assumptions. 

First,  this strategy assumes the hypothesis that 

hyperlactatemia in septic shock is mainly due to tissue 

hypoperfusion with an imbalance between organ oxygen 

demand and blood oxygen supply. As recently recalled by 

Hernandez et al. there is few evidence that hyperlactatemia 

in septic shock is secondary to tissue hypoxia (14). Almost  

15 years ago, Levy et al. elegantly showed by using 

microdialysis in the muscle of septic shock patients that 

hyperlactataemia was essentially due to exaggerated aerobic 

glycolysis through Na+/K+-ATPase stimulation (15). Indeed, 

patients in septic shock have increased beta adrenergic 

stimulation, with increased glycogenolysis, resulting in 

glucose metabolization into pyruvate. This large amount of 

pyruvate exceeds the capacity of Krebs cycle leading to lactate 

QSPEVDUJPO�	��
��*O�"/%30.&%"�TUVEZ�TJHOJòDBOUMZ�NPSF�
patients in the lactate strategy group received epinephrine 

infusion compared to CRT strategy group [35 (16.5%) vs. 21 

(9.9%), respectively, P<0.01]. Similarly, epinephrine increases 

lactate production through Na+/K+-ATPase activation (17). 

This could explain in part that patients who did not reach the 

therapeutic goal in the lactate strategy (decrease in lactate 

level by 20% every 2 h) could have received unnecessary 

therapeutics (e.g., fluid infusion, increasing vasopressor or 

inodilator) leading to worst outcome. 

The second assumption is that septic shock is associated 

with volume loss and that optimizing arterial oxygen 

transport would improve the outcome. Gattinoni et al. 
showed almost 25 years ago that increasing cardiac index 

at a supra-normal level did not improve outcome among 

critically ill patients (18). More recently, 3 multicentric 

studies evaluating the effect of the early goal directed therapy 

have failed to show a beneficial effect of this strategy (19). 

In a recent post-hoc analysis of patient from ALBIOS 
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study, Gattinoni et al. observed a U shape relationship 

between ScVO2 and lactatemia, with two types of patients 

with hyperlactatemia at each extremity of the U curve: 

patients with high lactate level and a low ScVO2 (24–62%) 

(supposing a deficit in oxygen delivery) and patients with 

high lactate level and a high ScVO2 (82–98%) (suggesting a 

EFòDJU�JO�PYZHFO�DPOTVNQUJPO
��*O�UIJT�TUVEZ�POMZ�POF�UIJSE�
of patient had a ScVO2 below 70%, suggesting that patients 

with impaired tissue oxygenation are more common in 

septic shock (20). Therefore, trying to optimize oxygen 

USBOTQPSU�XJUI�óVJE�CPMVT�JO�UIJT�QPQVMBUJPO�TFFNT�JMMPHJDBM�
and potentially harmful. We know from cohort studies that 

B�QPTJUJWF�óVJE�CBMBODF�BOE�B�IJHI�DFOUSBM�WFOPVT�QSFTTVSF�
(CVP) are associated with organ dysfunction (i.e., acute 

kidney injury, acute respiratory distress syndrome) and 

mortality (21-25). Indeed, fluid overload leads to high 

CVP, which is opposed to venous return. Fluid overload, by 

increasing more CVP than mean systemic pressure (MSP) 

decreases organ perfusion pressure by decreasing driving 

pressure gradient (MSP-CVP) (26). 

Septic shock can no longer be today a single “package” 

that would be the same for all patients. As well as targeted 

therapies for onco-hematology patients, therapies in ICU 

should also be customized to various subgroups of septic 

patients. Since a few years, after the golden age of the 

“early-goal directed therapy”, several authors and data have 

highlighted the interest of microcirculation. However, the 

goals of the resuscitation are still today subjects to debate. 

Instead of guiding the resuscitation on microcirculation 

disorders using CRT or skin mottling, some authors 

suggest to target microcirculation disorders (27). More than  

15 years  ago,  De Backer et  a l .  observed that  the 

administration of acetylcholine restored microcirculation 

in the sublingual territory (assessed using an orthogonal 

polarization spectral imaging technique) (28). This 

observation suggests that an inappropriate vasoconstriction 

could participate to microcirculation disorders and could be 

reversed using vasodilators. This concept has been illustrated 

by Legrand et al. (27) as the “bottleneck-like vascular 

barrier” where an inappropriate arteriolar vasoconstriction 

decreases microcirculation blood flow. Legrand et al. make 

the hypothesis that using drugs targeting this inappropriate 

vasoconstriction could improve microcirculation perfusion 

and then organ dysfunction. In order to test this theory, 

prostacyclin analogue administration has been tested in 

patient with septic shock with high dose of norepinephrine 

and persistent peripheral circulation disorders (29). This 

strategy showed promising results, however, the absence 

of control group does not allow us to conclude on their 

effectiveness in this indication. This is actually tested in an 

ongoing multicentric randomized controlled clinical trial 

comparing ilomedin to placebo in patients with persistent 

peripheral circulation disorders (NCT03788837). 

In summary, this post-hoc analysis of ANDROMEDA 

study suggests that CRT strategy compared to lactate strategy 

improves 28-day survival. To our opinion, this study highlights 

the fact that septic shock patient’s resuscitation should not 

be guided by serum lactate levels but by microcirculatory 

endpoints such as CRT. Further studies should focus on 

tailored resuscitation targeting microcirculation. 
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Adequate treatment of patients with septic shock (SS) entails 
a reliable method to assess the circulatory requirements. A 
number of different indices have been tested to delineate 
the hemodynamic profile and to drive the treatment in 
patients with shock states. However, it is still an unresolved 
topic. Lactates represents one of the milestone to monitor 
UIF�QFSGVTJPO�QSPòMF�BOE�ESJWF�IFNPEZOBNJD�SFTVTDJUBUJPO�
of patients in SS. High lactates, although are not a direct 
measure of tissue perfusion, are mainly considered a marker 
of tissue dysoxia shown to be associated with worst outcome 
in patients with sepsis and SS (1). However, although the 
“dysoxia/tissue hypoperfusion/anaerobic glycolysis” is 
the most commonly interpreted theory for lactates rise in 
SS, there are several other mechanisms leading to lactates 
hyper-production and accumulation. These mechanisms 
include the alteration of Na+/K+-ATPase activity enhanced 
by adrenergic stimuli (2), accelerated aerobic glycolysis 
JOEVDFE�CZ�TFQTJT�BTTPDJBUFE�JOóBNNBUJPO�BOE�UIF�QZSVWBUF�
accumulation due to mitochondrial pyruvate dehydrogenase 
reduction activity (3). Additionally, lactates kinetics could 
be influenced by many different factors (i.e., decreased 
production, dilution, oxidation, organ utilization as 
bioenergetic fuel) (4).

The skin is an accessible organ, mirroring the peripheral 
tissue perfusion through clinical non-invasive bedside 

parameters, such as the skin temperatures gradient, capillary 
SFòMM�UJNF�	$35�XIJDI�JT�UIF�NFBTVSF�PG�UIF�UJNF�OFDFTTBSZ�
for the skin to return to baseline color after applying a 
pressure on a soft tissue), and the extent of mottling. The 
underlying pathophysiology mechanisms inducing skin 
QFSGVTJPO�NPEJòDBUJPO�BSF�OPU�DPNQMFUFMZ�VOEFSTUPPE�CVU�
seems to be driven by sympathetic neuroactivation inducing 
local vasoconstriction (5), local endothelial dysfunction (6), 
leukocyte adhesion and platelet activation (7). Hernandez 
et al. in the ANDROMEDA–SHOCK trial (8) compared 
CRT to lactate monitor peripheral perfusion for driving 
the resuscitation treatment in SS patients. Prolonged CRT 
was already shown to be associated with organ failure 
and volume responsiveness in patients with circulatory  
failure (9), as well as to be a predictive factor of 14-days 
mortality in SS patients after resuscitation (10). The authors 
showed that a peripheral perfusion-guided resuscitation 
strategy was associated with lower 28-day mortality when 
compared to lactate-guided resuscitation strategy (35% vs. 
43%) in SS patients, even if the difference did not reach the 
TUBUJTUJDBM�TJHOJòDBODF�	1�����
�CBTFE�PO�UIF�DPOWFOUJPOBM�1�
values threshold. Thus, Hernandez et al. concluded that the 
null hypothesis of their study (absence of difference between 
peripheral perfusion and lactate-targeted strategies) could 
not be rejected. Recently, Zampieri et al. (11) reported 
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a Bayesian reanalysis of this trial (8) demonstrating that 
peripheral perfusion-targeted resuscitation may result in lower 
mortality when compared to a lactated-targeted resuscitation 
strategy. We agree with the authors that this 8.5% absolute 
risk difference in the 28-day mortality observed in the 
ANDROMEDA-SHOCK trial remains clinically significant 
despite not yet statistically significant (11). Hernandez  
et al. stating that “among patients with SS, a resuscitation 
strategy targeting normalization of CRT, compared with a 
strategy targeting serum lactate levels, did not reduce all-cause 
28-day mortality”, could be misleading for the readers 
who are at risk of labeling a study which such results as 
“negative”. Indeed, interpretation of clinical trials can be 
challenging when dichotomous rules for rejection of the 
null hypothesis are applied, especially when the P value is 
close to the arbitrary cutoff. Data analysts too often resort 
to binary decisions (e.g., whether to reject or accept the null 
hypothesis) in settings like the ANDROMEDA-SHOCK 
trial (8), where this may be misleading because the clinical 
relevance and the physiological plausibility overcome 
the statistical uncertainty. The question of interest in the 
testing framework concerns the relative likelihood of the 
null and alternative hypotheses given the experimental data, 
but P values are heavily dependent on sample size and even 
a large effect may not be found in a relatively small sample 
size. This is the reason because an effect can be relevant 
FWFO�JG�SFTVMUT�BSF�TUJMM�OPU�TJHOJòDBOU��*O�UIJT�DPOUFYU�B�TUSJDU�
binary view of statistical inference is not useful and may 
promote the loss of important findings that do not claim 
UIF�FYQFDUFE�MFWFM�PG�TJHOJòDBODF�XIJMF�QSPWJEF�GVOEBNFOUBM�
insight shock pathophysiology. The Bayesian approach may 
be helpful in contextualizing statistics because can explicitly 
incorporate external information when interpreting the 
results of a study, including biological/clinical plausibility. 
It is important to note as the Bayesian approach differs 
in many ways from the frequentist approach (12,13): (I) 
starting with a prior opinion about probability distribution, 
and then using the posterior probability distribution on the 
basis of both the data and the prior distribution; (II) prior 
information is formally incorporated in the design; (III) 
parameters of interest are unknown random variables; (IV) 
QPQVMBUJPO�QBSBNFUFST�BSF�B�EJTUSJCVUJPO�PG�WBMVFT�SFóFDUJOH�
uncertainty; (V) large sample size are not required; (VI) a 
95% credible interval represents the 95% probability that 
the true value of the unknown parameter is within the limits 
PG�UIF�JOUFSWBM��	7**
�UIF�1�WBMVF�JT�EFòOFE�BT�UIF�QSPCBCJMJUZ�
of the (null) hypothesis. 

Interestingly, Zampieri et al. performed their study by 

using the R statistical computing environment (14). R, a 
free and open-source implementation of the S language, has 
become the lingua franca of the statistical computing (15), 
Zampieri et al. have made available the full R code used for 
their Bayesian reanalysis, making an important contribution 
to reproducible research (16).

Circulatory shock is a pathological situation associated 
with inadequate oxygen utilization by the cells and evidence 
of both clinical and biochemical tissue hypoperfusion. 
Currently available variables for the assessment of peripheral 
hypo-perfusion rely merely on macro-hemodynamics 
and established non-specific, clinical-biochemical signs. 
The evaluation of peripheral perfusion and its response 
to therapy with reliable and widely adoptable parameters 
has a potential to represent a more sensitive diagnostic 
and monitoring tool for the comprehensive assessment of 
cardio-vascular coupling at the bedside of patients in shock 
states (17). Arterial lactate may be due to the downstream 
consequences of yet established hypoperfusion with 
ongoing mitochondrial damage and the shift to anaerobic 
metabolism, whereas CRT allows a direct and pre-emptive 
evaluation of the adequacy of peripheral perfusion and its 
application in the perfusion-targeted resuscitation. 

Bayesian analyses as either a primary or a complementary 
analysis should be considered to contextualized and 
improve clinical messages of adequately powered RCTs. In 
UIF�TQFDJòD�DBTF�	��
� JU�BMMPXFE�UP�EFNPOTUSBUF�UIBU�$35�
driven treatment group was associated with lower mortality 
and faster resolution of organ dysfunction.
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