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Abstract

mottling and the peripheral perfusion index.

Mottling, Skin

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
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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
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and indicate if changes were made.

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].
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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]

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
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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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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
2.24+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
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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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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
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STAGE 4

Fig. 4 aThe 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]

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
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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

Page 7 of 9

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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