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Objectives: The early identification of septic shock patients at high risk of poor outcome is essential to early initi-
ate optimal treatments and to decide on hospital admission. Biomarkers are often used to evaluate the severity. In
prehospital settings, the availability of biomarkers, such as lactate, is restricted. In this context, clinical tools such
as skin mottling score (SMS) and capillary refill time (CRT) are more suitable.
In this study, we describe prehospital SMS and CRT's ability to predict mortality of patients with septic shock ini-
tially cared in the prehospital setting by a mobile intensive care unit.
Methods: Patients with septic shock who received prehospital medical care admitted to the intensive care unit
were retrospectively analyzed.
Results: Sixty-three patients were included. The origin of sepsis was mainly pulmonary (67%). Overall mortality
reached 36%. No significant difference was observed in the duration of prehospital medical care between alive
and deceased patients.Mean prehospital value of SMSwas 3± 2 andmean prehospital value of CRTwas 5± 1 s.
A significant association was found between mortality and prehospital SMS (p = 0.02, OR[CI95] = 1.50
[1.08–2.15]) and prehospital CRT (p = 0.04, OR[CI95] = 1.53 [1.04–2.37]).
After adjusting for confounding factors using propensity score, the relative risk of deathwas 6.58 for SMS N 2 and
2.03 for CRT N 4 s.
Conclusion: In this study, we report an association between prehospital SMS and CRT, and mortality of patients
with septic shock. SMS and CRT are simple tools that could be used to optimize the triage and to decide early in-
tensive care admission.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Septic shock affects approximately 19million people worldwide an-
nually [1, 2] and results in 180,000 deaths in the United States of
America [3]. Septic shock is responsible for one-third to one-half of all
ets used and/or analysed during
thor on reasonable request.
& Intensive Care Unit, SAMU,
75015 Paris, University Paris
in-hospital deaths [4]. The Centres for Disease Control and Prevention
and the “sepsis 3” conference [5] underlined the early recognition and
treatment of sepsis as priorities to improve the survival rate. Actually,
the outcome relies on the early identification of patients at high risk of
poor outcome, their orientation to themost appropriateward, i.e. emer-
gency department (ED) or intensive care unit (ICU), and thus the rapid
implementation of appropriate treatments, including hemodynamic
optimization and antibiotics administration [3, 6].

In the physiopathology of septic shock both themacro- and themicro-
circulation are altered. Despite differences between systemic hemody-
namic parameters and vascular capillaries, evaluation of the
microcirculation through clinical examination of the skin is often
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used to assess the severity of the sepsis [6]. Additionally, dysfunction of
the microcirculation was suggested to better predict patients' outcome
[7-9].

The guidelines of the surviving sepsis campaign [10] recommended
the evaluation of tissue perfusion after initial fluid resuscitation to fulfil
the bundle of care, through repeated assessment of vital signs, cardio-
pulmonary function, pulse, capillary refill time (CRT) and Skin mottling
score (SMS). Central venous pressure measurement, central venous ox-
ygen saturationmeasurement, bedside cardiovascular ultrasoundor dy-
namic assessment of fluid responsiveness through passive leg raising or
fluid challenge also remains of interest [10]. Contrasting with the in-
hospital environment, in the pre-hospital setting, biomarkers availabil-
ity is restricted, reinforcing the interest for clinical tools.

SMS and CRT are clinical tools that reflect the microcirculation and
can thus be used as indicators of reduced peripheral perfusion [11, 12]
impacting on the prognosis of patients. SMS is defined as irregular
Table 1
Demographic characteristics of patients with septic shock cared for by a prehospital mobile int
Initial variables were collected in the prehospital setting at first medical contact and finial varia
(SD). Qualitative variables are expressed as absolute value and percentage

Quantitative covariates Alive (n = 41)

Age (years) 71 ± 14
Weight (kg) 69 ± 10
Size (cm) 170 ± 8

Initial value
SBP (mm Hg) 97 ± 35
DBP (mm Hg) 57 ± 24
MBP (mm Hg) 69 ± 26
HR (bpm) 115 ± 29
RR (mpm) 30 ± 9
Pulse oximetry (%) 87 ± 13
Temperature (°C) 37.3 ± 2.6
Blood glucose (mmol/l) 11.2 ± 6.8
Glasgow coma scale 13 ± 3
SMS 3 ± 2
CRT 4 ± 1
Fluid volume expansion (ml) 1188 ± 617
Norepinephrine dose (mg.h−1) 1.2 ± 0.9

Final value
SBP (mm Hg) 107 ± 28
DBP (mm Hg) 60 ± 19
MBP (mm Hg) 75 ± 20
HR (bpm) 108 ± 24
RR (mpm) 36 ± 8
Pulse oximetry (%) 96 ± 7
Temperature (°C) 37.2 ± 2.7
Blood glucose (mmol/l) 10.9 ± 6.7
Glasgow coma scale 14 ± 2
SMS 3 ± 2
CRT (sec) 5 ± 1
SMS shift (h−1) −0.05 ± 1.32
CRT shift (sec·h−1) −0.01 ± 1.0
Prehospital duration (min) 88 ± 32
ICU length of stay (days) 10 ± 6
IGS2 66 ± 16
SOFA score 9 ± 3

Qualitative covariates

Female gender 11 (27%)
HBP history 19 (46%)
Coronaropathy 5 (12%)
Cardiac insufficiency 2 (5%)
Chronic kidney disease 5 (12%)
Diabetes 14 (34%)
COPD 4 (9%)
Cancer 12 (29%)
Immunosuppression 11 (27%)
Chronic alcoholism 14 (33%)
HIV 1 (2%)

Legend: SBP = systolic blood pressure (mmHg), DBP = diastolic blood pressure (mmHg), MBP
heart rate (beats per minute), SMS= skin mottling score, CRT= capillary refill time (sec), ICU
ment, HBP = high blood pressure, COPD= Chronic Obstructive Pulmonary Disease and HIV =
patchy cutaneous discoloration area mainly observed on the knee [13,
14],whereas CRT is the time taken for the blood flow to reach distal cap-
illaries after pressure applied onto the skin to cause blanching is re-
leased [12]. Both signs are simple to collect at physical examination.
SMS [14, 15] and CRT [13, 16-18], correlated with the severity of sepsis,
underlying their potential prognosis value [13, 14, 19, 20].

The aim of this study was to describe SMS and CRT ability to assess
mortality at day 28 of patients with septic shock initially cared for in
prehospital setting by a mobile intensive care unit.

2. Methods

2.1. Study population

All consecutive patients with septic shock receiving prehospital
medical care by a mobile intensive care unit (MICU) between January
ensive care unit.
bles at ICU admission. Quantitative variables are expressed as mean ± standard deviation

Deceased (n = 22) Overall (n = 63)

73 ± 13 71 ± 14
67 ± 15 68 ± 12
169 ± 8 170 ± 8

95 ± 35 96 ± 35
57 ± 26 57 ± 25
69 ± 28 69 ± 26
102 ± 38 110 ± 33
33 ± 9 31 ± 9
83 ± 14 85 ± 13.2
37.8 ± 1.8 37.5 ± 2.3
9.3 ± 6.2 10.5 ± 6.6
12 ± 4 12 ± 3
4 ± 1 3.2 ± 2
5 ± 1 5 ± 1
938 ± 474 1099 ± 579
1.0 ± 0.6 1.14 ± 0.78

87 ± 26 100 ± 29
49 ± 16 56 ± 19
62 ± 18 71 ± 20
103 ± 36 106 ± 28
30 ± 11 28 ± 9
93 ± 20 94 ± 13
37.3 ± 2.2 37.2 ± 2.5
10.2 ± 5.5 10.7 ± 6.2
13 ± 4 13 ± 3
4 ± 1 3 ± 2
5 ± 2 5 ± 2
−0.05 ± 0.77 −0.05 ± 1.15
−0.04 ± 1.4 −0.3 ± 1.3
90 ± 35 85 ± 33
7 ± 6 9 ± 6
82 ± 18 72 ± 18
13 ± 4 10 ± 4

9 (41%) 21 (33%)
13 (59%) 33 (52%)
4 (18%) 9 (14%)
3 (14%) 5 (8%)
3 (14%) 8 (13%)
6 (27%) 20 (32%)
2 (9%) 6 (10%)
5 (22%) 17 (27%)
7 (32%) 18 (29%)
2 (9%) 16 (25%)
2 (9%) 3 (4%)

= mean blood pressure (mmHg), RR = respiratory rate (movement per minute), HR =
= intensive care unit, IGS=Index Gravity Score, SOFA= Sequential Organ Failure Assess-
human immunodeficiency virus.



Table 2
Origin of sepsis of patients with septic shock initially cared
for by a prehospital mobile intensive care unit.
Data are expressed as absolute value with percentage.

Site of infection n (%)

Pulmonary 42 (67%)
Digestive 11 (17%)
Urinary 7 (10%)
Cutaneous 1 (2%)
Meningeal 1 (2%)
Undefined 1 (2%)
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2016 andDecember 2017 in Paris - Ile de France area (France),were ret-
rospectively included. Septic shockwas defined according to the surviv-
ing sepsis campaign criteria [8].

As previously described [21], in France, out-of-hospital emergencies
aremanaged by the Service d'AideMédicale Urgente (SAMU), the name
for pre-hospital emergency service [22]. For medical assistance, the
SAMU is reached dialling the national number “15”. The SAMU
hospital-based team is composed of switchboard operators and physi-
cians. Over the phone, the SAMU physician determines the appropriate
level of care to dispatch to the scene, based on the patient's symptoms
communicated by the patient himself, by relatives or any witness. For
life-threatening emergencies, the “ServiceMobile d'Urgence et de Réan-
imation” (SMUR) dispatches to the scene a MICU to initiate treatments.
TheMICU team is composed of a driver, a nurse and an emergency phy-
sician [22].

In keeping with the French legislation, our local ethical committee
(Comité de Protection des Personnes, Ile de France, Paris) considered
that consent of patients was waived for participation in this observa-
tional study (Number: 2015-08-03-SC).

2.2. Data collection

Variables were defined prior to data collection and included pa-
tients' demographic characteristics (age, weight, size, and gender), im-
munosuppression status, prehospital vital signs (mean blood pressure,
diastolic and systolic blood pressure, heart rate, pulse oximetry, respira-
tory rate, and temperature), skin mottling score (from 0 to 5), capillary
refill time (in seconds), duration of prehospital care, length of stay in the
ICU, Sequential Organ Failure Assessment (SOFA) score andmortality at
day 28. Sequential Organ Failure Assessment (SOFA) score was calcu-
lated 24 h after ICU admission [23].

Mortality at day 28 was retrieved from hospital medical reports.
Immunosuppression was defined by the presence of one or more of

the following elements: diabetes mellitus, chronic renal insufficiency,
and infection by human immunodeficiency virus.

Data for SMS and CRT were extracted from the MICU prehospital
medical reports.

A SMS chart was used to determine the SMS score. SMS was scored
from 0 to 5, with 0 defined as no mottling and 5 as severe mottling ex-
tending beyond the groin [13, 14]. CRTwas assessedwith awatch timer.
CRT was evaluated in seconds.

SMS and CRT were assessed in the prehospital setting by the MICU
physician establishing the initial values and then by the ICU physician
establishing the final value.

SMS and CRT shift were calculated using prehospital and ICU values
standardized by the duration of prehospital care, according to the fol-
lowing formulae:

Shift ¼ Initial value−Final valueð Þ = Prehospital setting duration hourð Þ

In order tominimize the bias in data abstraction [24], data collection
was performed by a single investigator using a standardized abstraction
template.

2.3. Statistical analysis

SMSwas quoted as an absolute value or percentage in each category
according to the following classification: 0–1, 2–3 and 4–5, as previously
reported [14]. For statistical analyses, a threshold for abnormal values of
SMS N 2 [14] and CRT N 4 s [16, 18, 25] were considered, according to
previous studies.

Univariate and multivariable analyses were conducted to
evaluate the relationship between all covariates and mortality at
day 28.

A propensity score analysis was performed to reduce the effect of
confounders [26]. Covariates considered as potentially interfering with
the decision on ICU admission were included in the propensity score.
Imbalance matching was assessed with standardized mean deviation,
as described by Austin [27]. The formulae used to determine the stan-
dardized mean deviation (SMD) was:

SMD ¼ 100 � j ðx casesð Þ−x controlsð Þ jffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s casesð Þ2 þ s controlsð Þ2

q

where x denotes themean or proportion for binary variables and classes
of categorical variables et s the variance.

In the matched sample, baseline characteristics included in the pro-
pensity score were compared between cases and controls by paired
tests. All p values were two-tailed and p b 0.05 was considered signifi-
cant. As p value is influenced by the sample size, standardizedmean de-
viation was used for statistical testing.

To study the predictive value of SMS N 2 for mortality at day 28, the
covariates included in propensity score were age, length of stay in ICU,
and immunosuppression. For CRT N 4, the covariates included in the
propensity score were age, body temperature, length of stay in ICU
and systolic blood pressure.

At least, to estimate the average treatment effect, relative risk (RR)
for mortality at day 28 was evaluated for SMS N 2 and CRT N 4.

Results are expressed as meanwith standard deviation for quantita-
tive gaussian parameters and, as absolute value and percentage for
qualitative parameters. Results are given as Odds Ratio (OR) with 95%
confidence interval [CI95].

All analyses were performed using R 3.4.2 (http://www.R-project.
org; the R Foundation for Statistical Computing, Vienna, Austria).

3. Results

3.1. Study characteristics

Sixty-three patients with septic shock initially cared for septic shock
in the prehospital setting prior to their admission in the ICU were in-
cluded in this study.

Populations' demographic and clinical characteristics are summa-
rized in Table 1. Forty-two patients (67%) were male. The mean age
was 71± 14 years. Septic shockwasmainly associated with pulmonary
(67%), abdominal (17%) or urinary (10%) infection (Table 2). The mean
length of stay in the ICU was of 9 ± 6 days (Table 1). Overall mortality
reached 36% at day 28.

3.2. Main measurements

No significant difference was observed in the duration of
prehospital medical care between alive and deceased patients (88
± 32 min vs 90 ± 35 min respectively, p = 0.35; Table 1). Mean
prehospital fluid expansion reached 1099 ± 579 ml in the overall
population and was not significantly different between alive and
deceased patients (1188 ± 617 ml vs 938 ± 474 ml respectively,
p = 0.09) (Table 1). Twenty-seven (43%) patients received

http://www.R-project.org
http://www.R-project.org


Fig. 2. Deceased and alive patients at day 28 in the predefined categories of skin mottling score shift (2a) and capillary refill time shift (2b). Results are given as percentage. White plots
represent alive patients, and black plots represent deceased patients.

Fig. 1.Deceased and alive patients at day 28 in the predefined categories of prehospital skin mottling score (1a) and capillary refill time (1b). Results are given as percentage.White plots
represent alive patients, and black plots represent deceased patients.
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Table 3
Univariate analysis of factors associated with mortality at day 28 of patients with septic
shock cared for in the prehospital setting prior to ICU admission.
Initial variables were collected in the prehospital setting at first medical contact and finial
variables at ICU admission. Data are presented as p value and Odds Ratio (OR) with a 95%
confidence interval [CI95]

OR [CI95] p value

Age (years) 1.01 [0.98–1.05] 0.46
Weight (kg) 0.95 [0.95–1.03] 0.68
Size (cm) 0.98 [0.91–1.04] 0.48
Initial SBP (mm Hg) 1.00 [0.98–1.01] 0.79
Initial DBP (mm Hg) 1.00 [0.98–1.02] 0.99
Initial MBP (mm Hg) 1.00 [0.98–1.02] 0.96
Initial HR (bpm) 0.99 [0.97–1.01] 0.12
Initial RR (mpm) 1.03 [0.97–1.10] 0.29
Initial pulse oximetry (%) 0.98 [0.94–1.01] 0.19
Initial temperature (°C) 1.09 [0.88–1.40] 0.46
Initial blood glucose (mmol/l) 0.95 [0.86–1.03] 0.26
Initial Glasgow coma scale 0.97 [0.84–1.14] 0.74
Initial SMS 1.49 [1.08–2.15] 0.02*
Initial CRT (sec) 1.53 [1.04–2.37] 0.04*
Fluid volume expansion (ml) 1.00 [0.99–1.01] 0.09
Norepinephrine dose (mg·h−1) 0.66 [0.21–1.83] 0.44
Final SBP (mm Hg) 0.97 [0.94–0.99] 0.01*
Final DBP (mm Hg) 0.96 [0.93–0.99] 0.02*
Final MBP (mm Hg) 0.96 [0.92–0.99] 0.02*
Final HR (bpm) 0.99 [0.98–1.01] 0.49
Final RR (mpm) 1.04 [0.98–1.10] 0.19
Final pulse oximetry (%) 0.98 [0.92–1.02] 0.36
Final temperature (°C) 1.02 [0.83–1.27] 0.87
Final blood glucose (mmol/l) 0.98 [0.89–1.07] 0.65
Final Glasgow coma scale 0.90 [0.74–1.09] 0.28
Final SMS 1.59 [1.12–2.37] 0.01*
Final CRT (sec) 1.29 [0.92–1.91] 0.16
SMS shift (h−1) 0.97 [0.63–1.49] 0.89
CRT shift (sec·h−1) 1.19 [0.78–1.91] 0.44
Prehospital duration (min) 1.01 [0.99–1.02] 0.35
ICU length of stay (days) 0.93 [0.85–1.01] 0.13
IGS2 1.06 [1.03–1.11] 0.002*
SOFA score 1.45 [1.21–1.83] b0.001*

Gender 1.55 [0.53–4.50] 0.42
HBP history 1.36 [0.50–3.75] 0.54
Coronaropathy 1.52 [0.34–6.38] 0.56
Cardiac insufficiency 2.93 [0.45–23.56] 0.26
Chronic kidney disease 1.09 [0.21–4.88] 0.92
Diabetes 0.69 [0.21–2.06] 0.52
COPD 0.89 [0.12–4.93] 0.89
Cancer 0.68 [0.19–2.15] 0.52
Immunodepression 1.20 [0.38–3.63] 0.75
HIV 3.82 [0.35–84.88] 0.29

Legend: SBP= systolic blood pressure (mmHg), DBP= diastolic blood pressure (mmHg),
MBP=mean blood pressure (mmHg), RR= respiratory rate (movement perminute), HR
= heart rate (beats per minute), SMS = skin mottling score, CRT = capillary refill time
(sec), ICU= intensive care unit, IGS=Index Gravity Score, SOFA= Sequential Organ Fail-
ure Assessment, HBP=high blood pressure, COPD=Chronic Obstructive PulmonaryDis-
ease and HIV = human immunodeficiency virus.

Table 4
Comparison of predictive variable for mortality at day 28 included in the propensity score befo
Values are expressed as mean ± SD or number (%). d corresponds to the standard mean devia

PS covariate Cases Controls p Value (d

SMS N 2 Before matching n = 67

n = 41 n = 17
Age 73 ± 13 70 ± 16 0.15
LOS ICU 8 ± 7 9 ± 6 0.04
IS 11 (27%) 5 (23%) 0.12
Legend: PS: propensity score, LOS ICU: length of stay in intensive care unit, IS: immunosu

CRT N 4 Before matching n = 67

n = 23 n = 44
SBP 102 ± 42 93 ± 40
Temperature 37.3 ± 2.3 37.6 ± 2.4
LOS ICU 8 ± 6 9 ± 7
Age 74 ± 11 70 ± 15

Legend: PS: propensity score, SBP: systolic blood pressure, LOS ICU: length of stay in intensive
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norepinephrine infusion with a mean dose of 1.1 ± 0.8 mg.h−1 in
the prehospital setting with no significant differences between
alive and deceased patients (p = 0.44).

Thirteen (21%) patients received antibiotic in theprehospital setting,
mainly cefotaxime (77%). There was nomissing data for initial and final
SMS and CRT values.

SMS measured at the first medical contact in the prehospital setting
was 3 ± 2 and was significantly different between alive and deceased
patients (3 ± 2 vs 4 ± 1 respectively, p = 0.02) (Table 1). The mean
SMS value at ICU admission was 3 ± 2 in the overall population and
was significantly different between alive and deceased patients (3 ± 2
vs 4 ± 1 respectively, p = 0.01) (Table 1). SMS shift was measured at
−0.05 ± 1.15 in the overall population, and at−0.05 ± 1.32 vs −0.05
± 0.77 in alive and deceased patients respectively, with no difference
(p = 0.97) (Table 1).

Prehospitalmean CRTwas of 5±1 s. in the overall population, and 4
± 1 s. vs 5 ± 1 s. in alive and deceased patients respectively. A signifi-
cant difference was observed for CRT measured in the prehospital set-
ting in alive and deceased patients (p = 0.04) (Table 1). Mean final
CRT reached 5 ± 2 s. in the overall population, 5 ± 1 s. in alive patients
and 5 ± 2 s. in deceased patients. No difference was found between
alive and deceased patients for the mean final CRT measured at ICU ad-
mission (p=0.16) (Table 1). CRT shift wasmeasured at−0.3±1.3 s. in
the overall population. CRT shiftwas not different between alive and de-
ceased patients and reached −0.04 ± 1.4 s. vs −0.01 ± 1.0 s respec-
tively (p = 0.97) (Table 1).

Mortality increased with the increase in SMS scoring according to
the predefined categories (Fig. 1a) and with increased CRT (Fig. 1b).
No alive patients presented normal CRT (0–2.5).

We observed a correlation between mortality at day 28 and SMS
shift (Fig. 2a). No correlation was found between mortality and CRT
shift (Fig. 2b).

In the univariate analysis, mortality at day 28was significantly asso-
ciated with prehospital SMS (p = 0.02, OR [CI95] = 1.49 [1.08–2.15]),
prehospital CRT (p = 0.04, OR [CI95] = 1.53 [1.04–2.37]), final SMS (p
= 0.01, OR [CI95] = 1.59 [1.12–2.37]), final systolic blood pressure (p
= 0.01, OR [CI95] = 0.97 [0.94–0.99]), final diastolic pressure (p =
0.02, OR [CI95] = 0.96 [0.93–0.99]) and final mean blood pressure (p
= 0.02, OR [CI95] = 0.96 [0.92–0.99]) (Table 3).

After dichotomization of CRT and SMS using pre-specified thresh-
olds, an association with mortality at day 28 was observed for SMS N 2
(p = 0.04, OR [CI95] = 3.01 [1.01–10.42] and for CRT N 4 s. (p = 0.04
OR [CI95] = 3.33 [1.12–10.95]).

After adjusting for confounding factors using propensity score, the
relative risk of death at day 28 was 6.58 for SMS N 2 and 2.03 for CRT
N 4 s. No covariates significantly differed between cases and controls
(Table 4). Standardized mean deviation between the groups are pre-
sented in Fig. 3 (SMS N 2) and Fig. 4 (CRT N 4).
re and after matching.
tion.

*) Cases Controls p Value (d*)

After matching n = 56

n = 41 n = 15
72 ± 13 74 ± 14 0.12
8 ± 7 9 ± 6 0.02
11 (27%) 3 (20%) 0.09

ppression

After matching n = 40

n = 17 n = 23
0.24 102 ± 42 101 ± 26 0.04
0.09 37.4 ± 2.3 37.3 ± 2.4 0.04
0.26 8 ± 6 8 ± 7 0.11
0.28 74 ± 11 71 ± 15 0.18

care unit.



Fig. 3. Standard mean deviation between cases (SMS N 2) and controls (SMS b 2) after matching on propensity score.
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4. Discussion

In the herein work including 63 patients with septic shock initially
cared in the prehospital setting by a MICU team and admitted to the
ICU, prehospital SMS and CRT were associated with mortality at day
28. A SMS N 2 or a CRT N 4 s were associated with a 6-fold and 2-fold in-
crease inmortality at day 28 respectively. SMS and CRT are simple, non-
invasive parameters to evaluate the microcirculation in the prehospital
setting.

In septic shock, relative and absolute hypovolemia are compensated
by vasoconstriction to maintain optimal blood pressure and organ per-
fusion. Septic shock preferentially affects the microcirculation [6, 17],
leading to multiple organ failure and thus mortality [28]. Monitoring
of the microcirculation status was shown to have a strong prognosis
value in septic shock [29, 30]. Early bedside exploration of themicrocir-
culation, using clinical and biological parameters, is therefore crucial
[29, 30]. In-hospital monitoring of the microcirculation is preferentially
performed using blood lactate and near-infrared spectroscopy (NIRS).
As biological parameters are limited in the prehospital setting, emer-
gency physicians focused on clinical hallmarks reflecting dysfunctions
of the microcirculation. To this matter, CRT and SMS measurements
gain of interest. If both clinical tools do not replace biological parameters
such as blood lactate, but can be helpful in the prehospital setting. In-
deed, a relationship between SMS, CRT and blood lactate level was pre-
viously reported [17, 31]. Interestingly, in hospital setting, blood lactate
well correlated with SMS and CRT, whereas NIRS did not despite its
promising results for risk stratification in septic shock [32].

In this work, we monitored the microcirculation in patients with
septic shock cared for in the prehospital setting with SMS and CRT.
The absolute value and the kinetic (shift) of these tools were mea-
sured in/between the first prehospital medical contact and ICU
admission.

The absence of significant results concerning SMS and CRT shift can
result from one of the following explanations. First, the lack of power of
our work due to a small sample size may have missed out on a possible
association. Second, the evaluation of reported values of SMS and CRT
may lack precision as there are subjective markers retrieved frommed-
ical records despite the use of a watch timer and a chart. Finally, the rel-
ative short duration of the prehospital care of around 90 min, may be
insufficient to observe the benefits of treatments on the microcircula-
tion status, and thus a significant improvement in the scoring of both
SMS and CRT.



Fig. 4. Standard mean deviation between cases (CRT N 4) and controls (CRT b 4) after matching on propensity score.
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5. Limitations

This works presents limitations. This study is retrospective and
monocentric. Moreover, bias frommisclassification of evaluated covari-
ate (SMS and CRT) might exist, as data were collected from prehospital
and ICUmedical reports. In addition, the study was not designed to de-
termine a threshold for prehospital values of SMS and CRT abovewhich
mortality is increased and neither to conclude in a causality link be-
tween mortality and the clinical tools. Next, intrinsic limitations of
SMS and CRT should be kept in mind. Clinical practice and interpreta-
tion of SMS and CRT may widely vary within individuals and centres,
due to the lack of recommendations [12]. For instance, no guidelines
exist on the preferential site ofmeasurement, thefirmness and the com-
pression time [12]. SMS is also more difficult to assess in patients with
dark skins [33, 34]. Both SMS and CRT evaluation are subjective and
can be affected by others factors (environmental, skin and core temper-
atures, age, ambient light conditions) [35]. Outside intrinsic limitations
of these clinical parameters, pathological threshold for CRT in septic
shock remains undetermined. It is difficult to assess the normal status
of the patient's microcirculation during septic shock. Consequently, in
pathological situations, the monitoring of a value and the evaluation
of its dynamic evolvement, i.e. kinetic, may bemore relevant than abso-
lute values [16, 36]. At last, our work focused on patients with septic
shock, in which, vascular phenomenon are different from other aetiol-
ogies of shock and may not be extrapolated to other clinical situations.

Still, despite the lack of power, we found a significant association be-
tween mortality at day 28 and prehospital SMS and CRT. Interestingly,
blood pressure, a well-known prognosis factor in septic shockwas asso-
ciated with mortality in this analysis. Anyhow, larger cohorts are re-
quired to confirm these preliminary findings and to further explore
the potential benefit to assess SMS and CRT shift in the early evaluation
of treatment efficiency.

Consequently, we suggest using prehospital SMS and CRT as valu-
able tools in the evaluation of patient's outcome in the prehospitalman-
agement of septic shock. SMS and CRT may be used as dynamic
indicators to appraise the microcirculation.

6. Conclusion

Alteration of themicrocirculation reflects the severity of septic shock
and can be assessed using both SMS and CRT. In this work, we report an
association between prehospital SMS and in-hospital mortality at day
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28.We suggest using SMS as a hallmark of themicrocirculation status in
the prehospital setting to predictmortality of patientswith septic shock.
These parameters can help the physician optimize the management of
patients with septic shock cared for in the prehospital setting. These re-
sults still warrant further studies.

Conflicts of interest

The authors report no conflicts of interest.

Authors contribution

- Study concept and design: Jouffroy.
- Acquisition of data: Jouffroy.
- Analysis and interpretation of data: Jouffroy.
- Drafting of the manuscript: Jouffroy, Saade.
- Critical revision of themanuscript for important intellectual content:
Tourtier, Ecollan, Gueye, Bloch-Laine, Carli, Vivien.

Funding/support

None.

References

[1] Fleischmann C, Scherag A, Adhikari NK, Hartog CS, Tsaganos T, Schlattmann P, et al.
Assessment of global incidence and mortality of hospital-treated Sepsis. Current es-
timates and limitations. Am J Respir Crit Care Med 2016;193(3):259–72.

[2] Gaieski DF, Edwards JM, Kallan MJ, Carr BG. Benchmarking the incidence and mor-
tality of severe sepsis in the United States. Crit Care Med 2013;41(5):1167–74.

[3] Epstein L, Dantes R, Magill S, Fiore A. Varying estimates of Sepsis mortality using
death certificates and administrative codes—United States, 1999–2014. MMWR
Morb Mortal Wkly Rep 2016;65(13):342–5.

[4] Liu V, Escobar GJ, Greene JD, Soule J, Whippy A, Angus DC, et al. Hospital deaths in
patients with sepsis from 2 independent cohorts. JAMA 2014;312(1):90–2.

[5] Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al.
The third international consensus definitions for sepsis and septic shock (sepsis-3).
JAMA 2016;315(8):801–10.

[6] De Backer D, Creteur J, Preiser JC, Dubois MJ, Vincent JL. Microvascular blood flow is
altered in patients with sepsis. Am J Respir Crit Care Med 2002;166(1):98–104.

[7] Charlton M, Sims M, Coats T, Thompson JP. The microcirculation and its measure-
ment in sepsis. J Intensive Care Soc 2017;18(3):221–7.

[8] De Backer D, Donadello K, Sakr Y, Ospina-Tascon G, Salgado D, Scolletta S, et al. Mi-
crocirculatory alterations in patients with severe sepsis: impact of time of assess-
ment and relationship with outcome. Crit Care Med 2013;41(3):791–9.

[9] Sakr Y, Dubois MJ, De Backer D, Creteur J, Vincent JL. Persistent microcirculatory al-
terations are associated with organ failure and death in patients with septic shock.
Crit Care Med 2004;32(9):1825–31.

[10] Medicine SoCC. Surviving sepsis campaign: updated bundles in response to new ev-
idence. Mount Prospect, IL: Surviving Sepsis Campaign; (Apr) 2015.

[11] Pickard A, Karlen W, Ansermino JM. Capillary refill time: is it still a useful clinical
sign? Anesth Analg 2011;113(1):120–3.

[12] Bridges E. CE: assessing patients during septic shock resuscitation. Am J Nurs 2017;
117(10):34–40.

[13] Ait-Oufella H, Bige N, Boelle PY, Pichereau C, Alves M, Bertinchamp R, et al. Capillary
refill time exploration during septic shock. Intensive Care Med 2014;40(7):958–64.

[14] Ait-Oufella H, Lemoinne S, Boelle PY, Galbois A, Baudel JL, Lemant J, et al. Mottling
score predicts survival in septic shock. Intensive Care Med 2011;37(5):801–7.
[15] Bourcier S, Joffre J, Dubee V, Preda G, Baudel JL, Bige N, et al. Marked regional endo-
thelial dysfunction in mottled skin area in patients with severe infections. Crit Care
2017;21(1):155.

[16] Hernandez G, Pedreros C, Veas E, Bruhn A, Romero C, Rovegno M, et al. Evolution of
peripheral vs metabolic perfusion parameters during septic shock resuscitation. A
clinical-physiologic study. J Crit Care 2012;27(3):283–8.

[17] Lima A, Jansen TC, van Bommel J, Ince C, Bakker J. The prognostic value of the sub-
jective assessment of peripheral perfusion in critically ill patients. Crit Care Med
2009;37(3):934–8.

[18] Lara B, Enberg L, Ortega M, Leon P, Kripper C, Aguilera P, et al. Capillary refill time
during fluid resuscitation in patients with sepsis-related hyperlactatemia at the
emergency department is related to mortality. PLoS One 2017;12(11):e0188548.

[19] Mrgan M, Rytter D, Brabrand M. Capillary refill time is a predictor of short-term
mortality for adult patients admitted to a medical department: an observational co-
hort study. Emerg Med J 2014;31(12):954–8.

[20] De Backer D, Creteur J, Dubois MJ, Sakr Y, Vincent JL. Microvascular alterations in pa-
tients with acute severe heart failure and cardiogenic shock. Am Heart J 2004;147
(1):91–9.

[21] Jouffroy R, Saade A, Muret A, Philippe P, Michaloux M, Carli P, et al. Fluid resuscita-
tion in pre-hospital management of septic shock. Am J EmergMed 2018. https://doi.
org/10.1016/j.ajem.2018.01.078 [Epub ahead of print].

[22] Adnet F, Lapostolle F. International EMS systems: France. Resuscitation 2004;63(1):
7–9.

[23] Vincent JL, Moreno R, Takala J,Willatts S, DeMendonca A, Bruining H, et al. The SOFA
(Sepsis-related organ failure assessment) score to describe organ dysfunction/fail-
ure. On behalf of the working group on Sepsis-related problems of the European So-
ciety of Intensive Care Medicine. Intensive Care Med 1996;22(7):707–10.

[24] Gearing RE, Mian IA, Barber J, Ickowicz A. A methodology for conducting retrospec-
tive chart review research in child and adolescent psychiatry. J Can Acad Child
Adolesc Psychiatry 2006;15(3):126–34.

[25] Schriger DL, Baraff L. Defining normal capillary refill: variation with age, sex, and
temperature. Ann Emerg Med 1988;17(9):932–5.

[26] Austin PC. An introduction to propensity score methods for reducing the effects of
confounding in observational studies. Multivar Behav Res 2011;46(3):399–424.

[27] Austin PC. Goodness-of-fit diagnostics for the propensity scoremodel when estimat-
ing treatment effects using covariate adjustment with the propensity score.
Pharmacoepidemiol Drug Saf 2008;17(12):1202–17.

[28] Ait-Oufella H, Collin C, Bozec E, Laloux B, Ong KT, Dufouil C, et al. Long-term reduc-
tion in aortic stiffness: a 5.3-year follow-up in routine clinical practice. J Hypertens
2010;28(11):2336–41.

[29] Dubin A, Edul VS, Pozo MO, Murias G, Canullan CM, Martins EF, et al. Persistent villi
hypoperfusion explains intramucosal acidosis in sheep endotoxemia. Crit Care Med
2008;36(2):535–42.

[30] Dubin A, PozoMO, Casabella CA, Palizas Jr F, Murias G,MoseincoMC, et al. Increasing
arterial blood pressure with norepinephrine does not improve microcirculatory
blood flow: a prospective study. Crit Care 2009;13(3):R92.

[31] Bourcier S, Pichereau C, Boelle PY, Nemlaghi S, Dubee V, Lejour G, et al. Toe-to-room
temperature gradient correlates with tissue perfusion and predicts outcome in se-
lected critically ill patients with severe infections. Ann Intensive Care 2016;6(1):63.

[32] Shapiro NI, Arnold R, Sherwin R, O'Connor J, Najarro G, Singh S, et al. The association
of near-infrared spectroscopy-derived tissue oxygenation measurements with sep-
sis syndromes, organ dysfunction and mortality in emergency department patients
with sepsis. Crit Care 2011;15(5):R223.

[33] Ait-Oufella H, Bourcier S, Alves M, Galbois A, Baudel JL, Margetis D, et al. Alteration of
skin perfusion in mottling area during septic shock. Ann Intensive Care 2013;3(1):
31.

[34] Coudroy R, Jamet A, Frat JP, Veinstein A, Chatellier D, Goudet V, et al. Incidence and
impact of skin mottling over the knee and its duration on outcome in critically ill pa-
tients. Intensive Care Med 2015;41(3):452–9.

[35] Espinoza ED, Welsh S, Dubin A. Lack of agreement between different observers and
methods in the measurement of capillary refill time in healthy volunteers: an obser-
vational study. Rev Bras Ter Intensiva 2014;26(3):269–76.

[36] Hernandez G, Luengo C, Bruhn A, Kattan E, Friedman G, Ospina-Tascon GA, et al.
When to stop septic shock resuscitation: clues from a dynamic perfusion monitor-
ing. Ann Intensive Care 2014;4:30.

http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0005
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0005
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0005
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0010
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0010
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0015
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0015
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0015
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0020
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0020
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0025
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0025
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0025
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0030
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0030
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0035
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0035
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0040
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0040
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0040
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0045
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0045
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0045
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0050
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0050
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0055
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0055
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0060
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0060
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0065
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0065
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0070
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0070
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0075
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0075
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0075
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0080
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0080
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0080
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0085
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0085
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0085
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0090
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0090
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0090
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0095
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0095
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0095
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0100
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0100
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0100
https://doi.org/10.1016/j.ajem.2018.01.078
https://doi.org/10.1016/j.ajem.2018.01.078
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0110
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0110
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0115
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0115
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0115
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0115
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0120
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0120
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0120
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0125
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0125
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0130
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0130
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0135
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0135
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0135
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0140
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0140
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0140
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0145
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0145
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0145
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0150
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0150
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0150
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0155
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0155
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0155
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0160
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0160
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0160
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0160
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0165
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0165
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0165
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0170
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0170
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0170
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0175
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0175
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0175
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0180
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0180
http://refhub.elsevier.com/S0735-6757(18)30567-9/rf0180

	Skin mottling score and capillary refill time to assess mortality of septic shock since pre-�hospital setting
	1. Introduction
	2. Methods
	2.1. Study population
	2.2. Data collection
	2.3. Statistical analysis

	3. Results
	3.1. Study characteristics
	3.2. Main measurements

	4. Discussion
	5. Limitations
	6. Conclusion
	Conflicts of interest
	Authors contribution
	Funding/support
	References


