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Objectives:
shock and
namic We evaluated whether changes in
-during circulatory shock were-to
Design: Prospective study.
Setting: Thirty-five-bed medical-surgical university hospital de-
partment of intensive care.
Subjects: Twenty healthy volunteers and 70 patients with circula-
tory shock (< 12hr duration), defined as the need for
sors to maintain mean arterial pressure greater than or equal to
65mm Hg-signs of altered
Interventions: We assessed skin blood flow usin
on the fingertip for 3 minutes at
at (SBF,,) once in volunteers and at
the time of inclusion and after 6, 24, 48, 72, and 96 hours in patients
with shock. and peripheral perfusion index were
measured at the same time points on the contralateral hand.
Measurements and Main Results: The thermal challenge response
(ASBF/AT) was calculated using the following formula:
— Area under the receiver operating
characteristic curves were calculated to evaluate variables predic-
tive of ICU mortality. At inclusion, skin blood flow and ASBF/AT
were lower in patients than in volunteers. Baseline skin blood flow
(81 [17-113] vs 16 [9-32] arbitrary perfusion units; p = 0.01) and
ASBF/AT (4.3 [1.7-10.9] vs 0.9 [0.4-2.9] arbitrary perfusion unit/s)
were greater in survivors than in nonsurvivors
in

is rapidly altered during circulatory
hemody-
blood

was in the two groups.
operating characteristic curve [0.88-0.99]) and SBF, (area
under the receiver operating characteristic curve 0.83 [0.73—0.93])
had the value for ICU with cutoff values less
than or equal to 1.25 arbitrary perfusion unit/°C (sensitivity 88%,
specificity 89%) and less than or equal to 21 arbitrary perfusion unit
(sensitivity 84%, specificity 81%), respectively.
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Université Libre de Bruxelles, Brussels, Belgium.
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Conclusions: Alterations in fingertip skin blood flow can be evalu-
ated using a laser Doppler thermal challenge technique in patients
with circulatory shock and are directly related to outcome. These
could potentially be used to guide
resuscitation. (Crit Care Med 2019; XX:00-00)

Key Words: laser Doppler flowmetry; microcirculation; peripheral
tissue perfusion; skin reactivity; thermal challenge

with signs of tissue hypoperfusion (1), leads to ab-

normal cellular oxygen availability and organ dys-
function (1). i can occur early in
patients with shock, even
are (2-6), and
after resuscitation (6-10). Therefore, any altera-
tion in perfusion could be a-- signal (4, 5).
However, evaluation of peripheral perfusion at the bedside re-
mains challenging. Clinical assessment, for example, using the

capillary refill time or the mottling score, has been used,
but remains

The CRT measures the time required for a distal capil-
lary bed to regain its color after pressure has been applied to
cause blanching. Alterations in capillary perfusion prolong
the time needed for distal capillaries to refill with blood, lead-
ing to longer CRTs. Although the for prolonged
are (11), it has been
concentrations (12), more severe

ICU - (7-9, 12). assessment can

by many factors, including the of -
and there is

levels as a resuscitation targe
The presence of patchy skin discoloration that
usually starts around the and is believed to reflect ab-
normal skin perfusion, has been related to worse outcomes (17).

( :irculatory shock, recognized as arterial hypotension
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Ait-Oufella et al (10) developed a_ in which the
extent of mottling on the legs was scaled from 0 to 5, and re-
ported that higher scores were associated with increased 14-day
mortality in patients with septic shock and that patients whose
mottling score decreased during resuscitation had better out-
comes. However,

tlal-of circulatory shock (17),
resuscitation.

Because of the difficulties in reliably assessing skin perfu-
sion by clinical evaluation, several techniques have been de-
veloped to more precisely quantify peripheral perfusion,
including transcutaneous monitoring of carbon dioxide and
oxygen tensions using cutaneous electrodes (2), monitoring
of muscle oxygen saturation using near-infrared spectroscopy
(NIRS) (4, 18-20), and assessment of

using (21-23).
SBF monitoring using is an attractive technology be-
cause of its _ character and (21-23). An

interesting approach is to

ini-
to guide

(24-29). We previously showed
capabili-
SBF after a thermal challenge test was related
in patients with circulatory shock (22). To
investigate the value of this technique further using the
as is used in monitoring, we decided to
at the-using SLD and to explore whether the variables
measured were associated with outcome in patients with circu-
latory shock. Although there is some evidence (26, 27) to sug-
gest that impairment of SBF at the fingertip measured using
SLD is correlated with severity of disease, these studies were
conducted in patients with systemic sclerosis and no studies
have been performed in circulatory shock. We hypothesized
that a blunted fingertip SBF response to a thermal challenge
would be associated with increased mortality in patients with
circulatory shock.

MATERIALS AND METHODS
This prospective study was conducted between October 2015
and July 2017 in our 35-bed Department of Intensive Care.
Local ethical committee approval was obtained (protocol
number P2015/365/B406201525438) and informed consent
was signed by the volunteers and patients or their next of kin.
All adult ICU admissions during the study period were
screened. Patients were eligible if they fulfilled the follow-
ing criteria for need for_ to
maintain a mean arterial pressure (MAP) greater than or equal
to 65mm Hg with at least one sign of poor tissue perfusion
(mottled skin, altered level of consciousness, oliguria) and an

arterial-concentration greater than or equal to
We only included patients within the after the

onset of shock. We patients with any of the follow-
ing criteria: presence of any skin lesion that rendered study
measurements difficult, a previous history of phe-
nomenon (26), a previous diagnosis of systemic sclerosis (27)
or or previous inclusion in this

2 www.ccmjournal.org

study. Volunteers were recruited from the hospital personnel
for convenience, using the same exclusion criteria.

SBF was evaluated using a-- (PeriFlux System 5000;
Perimed, Jarfalla, Sweden) with a small thermostatic SLD probe
(Reference number 457, Perimed; Fig. S1, Supplemental Dig-
ital Content 1, http://links.lww.com/CCM/F265). This probe
allows - measurement and for the at the place
where it is positioned to be

The emitted laser
beam has a wavelength of 780 nm, which allows evaluation of
a depth between 0.5 and 1.0mm under the skin. The back-
scattered light is collected by the probe and the- in light

is in the studied
skin area, thus providing a
expressed as arbitrary perfusion units (APUs).
Volunteers were studied once in the supine position. They
were asked to rest calmly for 30 minutes before the measure-
ments and to refrain from any movement during the mea-
surements. In patients, SBF was measured as soon as possible
(baseline) after the identification of circulatory shock and 6,
24, 48, 72, and 96 hours thereafter. Patients were asked not to
move their fingers during measurements. If a patient became
agitated during the procedure, the measurements were re-
peated as soon as possible after the patient had settled.
At each time point, the thermostatic probe was positioned

or SBE

was then immediatel
) was again recorded Data
were registered continuously for future s using

PeriSoft software 2.5.5 (Perimed). To standardize the chanie in

SBF bi the chanie in temierature, we calculated the

TABLE 1. Baseline Skin Blood Flow at Basal
Temperature (SBF_,) and at 37°C (SBF,)
and Response to Thermal Challenge Test
(ASBF/AT) in Healthy Volunteers and
Patients in Circulatory Shock

Healthy

Volunteers Patients
Characteristic (n=20) (n=70)
Male 13 (65%) 37 (53%) 0.6
Age, yr 29 (30-31) 63 (53-73) 0.01
Finger tem- 30.1 (29.8-30.2) 269 (256.3-29.3) 0.03

perature (°C)

SBFBT (APU) 201 (1568-245) 18 (12-73) <0.01
SBF37 (APU) 558 (554-602) 61 (26-107) < 0.01
ASBF/AT 59.5 (40.4-62.5) 1.9 (0.9-6.3) <0.01

APU = arbitrary perfusion units, SBF = skin blood flow, SBF, = SBF at
basal temperature, SBF,, = SBF at 37°C.

Values shown as counts (%) or median (25-75th percentiles).
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o< 2 Baseline Clinical Characierstics of SUrivors and NORSURIVOS in Patients With

Circulatory Shock®

Characteristic Total (n=70)  Survivors (n =41)

Age, yr 63 (63-73) 62 (61-67) 63 (64-74) 0.5
Acute Physiology and Chronic Health Evaluation II- 26 (21-31) .(1 8-97) .(24—32) -
Sequential Organ Failure Assessment score 13 (9-15) 10 (7-14) 15 (12-16) -
Mean arterial pressure (mm Hg) 75 (68-83) 77 (69-84) 75 (66—-83) 0.2
Heart rate (beats/min) 96 (76-109) 97 (76-113) 96 (756-107) 06
Cardiac index (L/min/m?) (n = 55) 2.3(2.0-2.8) 2.4 (2.0-2.8) 2.2 (2.0-26) 0.4

Central venous pressure (mm Hg) 9 (6-14) 8 (b-14) 11(8-14) 0.1

Norepinephrine dose (ng/kg/min) 02(0.1-05)  0.1(0.1-09) 03 (0.1-0.7) 002
[E&ctate (mmol/L) 29 (23-4.1)  [25(2.1-35) B8 (25-5.7) 001
o 210 ST ) e @657 @Wo-m 08
Type of shock (%)

Septic 47 28 19 0.8

Cardiogenic 22 113

Hemorrhagic 1 0 1
Capillary refil time at finger (s) 2(1-3) B(1-9) B(-4) <005
Finger temperature (°C) 27 (26-30) 28 (26-30) 26 (24-28) 0.02
Perfusion index 1.3 (0.6-2.1) 1.4 (0.6-1.3) 1.2 (0.6-1.8) 0.6
SBF (APU) 18 (12-73) 31 (17-113) 16 (9-32) 0.01
ASBF/AT (APU/*C) 19(09-63)  43(1.7-109) 09(04-29) <001
Hemoglobin (g/dL) 11(8-13) 12 (9-14) 10 (9-13) 0.7
Mechanical ventilation, n (%) 56 (83) 31 (77) 25 (89) 0.4
Renal replacement therapy, n (%) 24 (34) 11 (27) 12 (41) 0.3
Time on ICU before study inclusion (hr) 6 (4-8) 6 (4-9) 6 (3-8) 0.4

APU = arbitrary perfusion units, SBF = skin blood flow.
aTime of first SBF measurement.
Values shown as median (25-75th percentiles) unless stated otherwise.

Protocol and Data Collection

Patients with circulatory shock were managed according to cur-
rent guidelines (30) by a team of intensivists different from those
who performed the SLD measurements. Demographic data were
collected at admission. We recorded the presence of mechanical
ventilation at study inclusion and the need for renal replacement
therapies during the first 24 hours after inclusion. The type of
shock was classified as septic or nonseptic (cardiogenic or hypo-
volemic). At each SBF time-point, hemodynamic variables and
blood gas analyses were obtained, the peripheral perfusion index
(PPI) was recorded from the bedside monitor (IntelliVue MP70
monitor; Philips Medical Systems, Boblingen, Germany) and the
CRT assessed on the opposite hand to that used for SBF mea-
surements.
of the until the skin showed whiten-
ing; the time until of baseline after release of
the pressure was

Critical Care Medicine

The Acute Physiology and Chronic Health Evaluation
(APACHE) 1I score (31) was calculated using the worst data
during the first 24 hours in the ICU and the Sequential Organ
Failure Assessment (SOFA) score (32) was calculated at admis-
sion and at each SBF measurement point. Survival status was
recorded at ICU discharge.

Statistical Analysis

Variables were assessed for normality of distribution using a
Kolmogorov-Smirnov test and data are presented as median
(25-75th percentiles) or mean with sp as appropriate. The dif-
ferences between groups were assessed using a chi-square test,
Fisher exact test, Mann-Whitney U test, analysis of variance
(ANOVA) with Bonferroni post hoc analysis, or Kruskal-Wallis
test as appropriate. We also grouped patients according to inter-
quartile ranges of initial SOFA score and lactate concentration to
assess the association between SBF and these variables. ANOVA

www.ccmjournal.org 3
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Figure 1. Skin bl flow (SBF) and thermal challenge response (ASBF/AT) during the study period in

survivors and nonsurvivors. A, SBF. B, ASBF/AT. Data are expressed as medians with 95% Cls. *p < 0.05
versus survivors; °p < 0.05 versus baseline in the same group; °p < 0.05 versus the indicated time point within
the same group; #p < 0.05 versus volunteers. APU = arbitrary perfusion units.
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was used to evaluate the time
course of SBF between groups
(survivors vs nonsurvivors,
sepsis vs nonsepsis). We plot-
ted sensitivity and specificity
using a receiving operating
characteristics (ROCs) graph,
and the area under the ROC
curve (AUROC) was calculated
for the different variables as a
measure of their ability to pre-
dict ICU mortality. AUROCs
are presented as means with
95% CI and compared using the
Hanley and McNeil method. To
assess correlations of possible
variables with the different SBF-
derived variables, we plotted
individual data on graphs and
calculated the Pearson or Spear-
man correlation  coefficient
() as appropriate. A two-sided p
value of less than 0.05 was con-
sidered statistically significant.
All analyses were performed
using STATA 15.0 (StataCorp
LLC, College Station, TX).

RESULTS

Of the 74 patients who met the
inclusion criteria during the study
period, four refused to participate,
so 70 were studied. Patients were
older than the healthy volunteers
(Table 1). All patients had reached
an MAP greater than or equal to
65mm Hg by the time of the base-
line measurements. [Twenty-nine
patients died (41%)_ in the ICU,
five within the 96-hour study pe-
riod. The cause of death was mul-
tiple organ failure for all patients.
Two patients became severely agi-
tated during the test and their SBF
measurements were delayed by 20
minutes at T6 and T24, respec-
tively. Initial blood lactate con-
centration, APACHE II score and
SOFA score were higher in the
nonsurvivors than in the survi-
vors (Table 2). MAP, cardiac index
(CI), and central venous oxygen

XXX 2020 ¢ Volume XX ¢ Number XXX
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Figure 2. Median baseline skin blood flow ‘for different quartiles of Sequential Organ Failure Assessment (SOFA) score and blood lactate level.

Median baselin
quartiles of
quartiles, #p < 0.05 versus survivors. APU = arbitrary perfusion units.

for different quartiles of

saturation (Scvo,) were not significantly different in survivors and
nonsurvivors (Table 2). Lactate levels decreased in the first 6 hours in
survivors and nonsurvivors and remained relatively stable thereafter
(Fig. S2, Supplemental Digital Content 1, http:/links.lww.com/
CCM/F265).

SBF and SBF-Derived Variables

SBF,, SBF_, ASBF/AT ratio, and finger temperature were
lower in the patients at baseline than in the healthy volunteers
(Table 1).

In the patients, SBF (Fig. 14), SBF,, (Fig. S3, Supplemental
Digital Content 1, http://links.lww.com/CCM/F265), and
ASBF/AT ratio (Fig. 1B) were lower in the nonsurvivors than in
the survivors at baseline (Table 2) and throughout the study pe-
riod. Finger temperature was also lower in the nonsurvivors than
in the survivors throughout the study (Fig. S4, Supplemental
Digital Content 1, http://links.Iww.com/CCM/F265).

In survivors, SBF, (Fig. 1A) was significantly higher than
the value at baseline from 6 hours. SBF,  (Fig. S3, Supplemental
Digital Content 1, http://links.lww.com/CCM/F265) and the
ASBF/AT ratio (Fig. 1B) increased significantly in survivors

Critical Care Medicine

score in all patients (A) and in survivors and nonsurvivors (B). Median baseline
level in all patients (C) and in survivors and nonsurvivors (D). Data are expressed as medians with 95% Cls. *p < 0.05 between

for different

from 24 hours compared with baseline. SBF, SBF,, and
ASBF/AT in survivors and nonsurvivors remained below
values in healthy volunteers at all time points (p < 0.01). These
patterns were similar in septic and nonseptic shock subgroups
(Figs. S5 and S6, Supplemental Digital Content 1, http://links.
lww.com/CCM/F265)

Baseline median - was

than in
n
after inclusion
(data not shown). Three of the nonsurvivors had a CRT greater
than or equal to 4 seconds for more than 6 hours after inclusion.
There was between the
-and the but PPI was higher in the survivors
than in the nonsurvivors at T6 and T24 (Fig. S7, Supplemental
Digital Content 1, http:/links.Iww.com/CCM/F265).

——

Correlations Between SBF, Other Variables, and
Mortality

At study inclusion, there was a but _
- between - and blood level (r =

0.26;
p=0.01) and SOFA score (r=0.29; p < 0.01), but not with the

www.ccmjournal.org 5
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and throughout the study pe-

riod. Furthermore, the
8
2]
(=]
z
A=}
E=pog
Zo
% .
circulatory shock,
4. is in order to pre-
s reduced in order to p
serve blood flow to vital organs
(2-6). This alteration is usually
(=2 . .
S, ! . . ! present before the deterioration
0.00 0.25 0.50 0.75 1.00 of hemodynamic variables and
1-Specificity :
Scv02 AUC 0.58 [0.44-0.72]  ====Lactate AUC 0.73 [0.61-0.86] suscitation; it
CRT AUC 0.72 [0.60-0.85] =2 == SBF AUC 0.83 [0.73-0.93] when
ASBF/AT AUC 0.94 [0.88-0.99] Reference to have to
Values (26, 33, 34), as shown in

Figure 3.

|BiSdiction of (CU iioriality by baselinie VariablesTAUC = ares under the curve, CRT = capillary refil
time, SBF = skin blood flow, Scvo, = central venous oxygen saturation, = skin blood flow/ thermal

challenge response.

APACHE 1II score (r=0.28; p=0.1), MAP (r=0.1; p=0.2), CI
(r=0.2; p=0.1; Fig. S8, Supplemental Digital Content 1, http://
links.lww.com/CCM/F265), or norepinephrine dose (r = 0.2;
p = 0.3; Fig. S9, Supplemental Digital Content 1, http://links.
lww.com/CCM/F265).

When the patients were grouped by interquartile range of
initial SOFA score and lactate concentrations, patients with the
highest SOFA scores and lactate concentrations had the lowest
SBF values. Within each interquartile range of SOFA score and
lactate concentrations, SBFs were lower in the nonsurvivors
than in the survivors (Fig. 2).

The for baselin and SBF were

than those for blood (p<0.01), (p<0.01),

p <0.01), and PPI (area under the curve 0.51; p < 0.01)

for predicting ICU mortality (Fig. 3). Baseline ASBF/AT ratio

had a greater AUROC than baseline SBF (p = 0.02) with-

values less than or equal to_ (sensitivity 88%, spec-

ificity 89%) and less than or equal to 21 APU (sensitivity 84%,
specificity 81%), respectively.

Similar results were obtained in patients with and without
septic shock (Figs. $10 and S11, Supplemental Digital Content
1, http://links.lww.com/CCM/F265).

DISCUSSION
In this prospective study, -was - in patients with cir-

culatory shock compared with healthy volunteers, though
the patients were with

than or equal to SBF at baseline was related to the
SOFA score and initial lactate concentration, but not to MAP or
CI. SBF was lower in nonsurvivors than in survivors at baseline

6 www.ccmjournal.org

the current study, and has been
related to an unfavorable course
and increased mortality (7-11).
Monitoring of peripheral per-
fusion could therefore help to detect occult perfusion deficits.

The during
resuscitation may be even than

values. Our results are consistent with results from stud-
ies by Ait-Oufella et al (8) and Hernandez et al (9) who re-
ported that to although
our patients were than in those studies. The
patients in the studies by|Ait-Oufella et al (8) and
et al (9) had lactate levels of 4.5 mmol/L and 3.3 mmol/L
(1.6-4.5 mmol/L), respectively, versus 2.9 mmol/L (2.3-4.1
mmol/L) in the present study and-values of
andlseconds (2—-6'), versus 2/ seconds (1-3s).
al (9) demonstrated that the
was associated with
which they as a blood concentration

.nmol/L in the after resuscitation. A recent mul-
ticenter study showed that there was less organ dysfunction
in the 72 hours after resuscitation in patients in whom CRT
normalized during the treatment of circulatory shock (16). In
our study, there was a significant increase in SBF in the first
6 hours after resuscitation only in survivors, suggesting that
the recovery of SBF during the treatment of circulatory shock
may be associated with the severity of disease. Furthermore,

and was similar
between

Vs eptic). This
systemic variables has been reported previously using

other techniques, such as NIRS (18, 19, 35) and PPI (36, 37).
One may argue that the higher dose of norepinephrine in

nonsurvivors than in survivors could have reduced fingertip

SBF because of the activation of alpha-receptors resulting in
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peripheral vasoconstriction. However,
and were

Similar findings have been re-
ported in the thenar muscle with NIRS (38) and the sublingual
area using side stream dark-field imaging (39, 40).

measurement

test requires
so that the SBF can increase during the rise in skin
temperature (27-29, 41, 42). This test is usually performed
at temperatures of 43°C on the forearm to obtain a maximal
vasodilatory effect (27-29, 41, 42), but we used --
of 'C for several reasons. First, in patients with endothelial
dysfunction, such as those in circulatory shock, a thermal chal-
lenge test at temperatures greater than 40°C may cause skin
burn (25, 26) and, in our experience (unpublished), patients
complain of a burning sensation in the finger with a tempera-
ture of 43°C. Second, in patients with septic shock, Vallée et al
(43) reported altered cutaneous blood flow, evaluated by Pco,
monitoring on the ear lobe at 37°C, with changes more severe
in nonsurvivors than in survivors.

We demonstrated that the response to the thermal challenge
test than in nonsurvi-
to.
Furthermore, we observed an improvement in the
ASBF/AT in the first 24 hours in the survivors, suggesting that the
evolution of ASBF/AT is linked to disease severity. Additionally,
there was no difference in ASBF/AT between patients with septic
and nonseptic shock, suggesting that the capillary vasodilatory
effect was-in_of circulatory-

ASBF/AT was more accurate at predicting ICU mortality
than SBF at basal temperature (about 28°C). Nevertheless, the
than the change in

ay therefore be the
peripheral tissue -
_so that treatments can be adjusted rapidly.

Our study has several limitations. First, it was a single-cen-
ter study, limiting its external validity. However, this reduced
any effect of variability in the treatment of shock that may have
occurred if several centers had been involved. Second, the vol-
unteers were than the patients, which may have af-
fected the results. (44) demonstrated that- on the
-of the was 30%-in- (age 70 yr) than
in younger (age 20 yr) healthy volunteers. By contrast, Vionnet
et al (45) observed on the
These different results suggest that age-related change in SBF
may- on the- studied, but this needs further inves-
tigation. Third, although we patients and volunteers
with a history of - as this may in-
terfere with the vasodilatory response to local hyperthermia
(thermal challenge test) (46), we have no information on the
of patients or volunteers, which may also po-
tentially impact on the results (47, 48).

To our knowledge, these are the first observations describ-
ing the evolution of fingertip SBF measurements using SLD

Critical Care Medicine

Clinical Investigation

during circulatory shock and reporting a persistently blunted
response to a thermal challenge test in nonsurvivors. Further
study is needed to determine whether the SLD technique
could be used to detect an improvement in peripheral perfu-
sion during initial fluid administration and thus guide fluid
resuscitation.

CONCLUSIONS

SBF measured by SLD was altered in patients with circulatory
shock and the magnitude of this alteration was proportional
to the SOFA score and to lactate levels and predictive of ICU
mortality. SBF evaluation by SLD may be a valuable tool for
monitoring tissue perfusion in circulatory shock.
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Alterations in skin blood flow at the fingertip of patients with circulatory shock are related
to disease severity and mortality
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Digital Supplementary Content

Figure S1. Thermostatic skin laser Doppler (SLD) probe (Reference number 457, Perimed, Jarfalla,
Sweden)
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Figure S10. Receiver operating characteristic (ROC) curves of baseline parameters for prediction of

mortality in patients with septic shock. ScvO,: central venous oxygen saturation; CRT: capillary refill
time; SBF: skin blood flow; AUC: area under the curve
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Figure S11. Receiver operating characteristic (ROC) curves of baseline parameters for prediction of

mortality in patients with non-septic shock. ScvO»: central venous oxygen saturation; CRT: capillary refill
time; SBF: skin blood flow; AUC: area under the curve
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