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Déterminants de ['oxygénation
tissulaire

* Flux sanguin (convection)
e Quantité des GR (hématocrite local)

e Qualité des GR (déformabilité)

* Diffusion de l'oxygéne (distance
intercapillaire/densité capillaire)
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Déterminants de I'ouverture des
capillaires

* Pression capillaire
* Pression interstitielle

e Thrombose intra-capillaire
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Réglage fin

 Nerfs sympathiques péri-vasculaires
— Quid des sympathicomimétiques ?

e Communication rétrograde via les cellules
endothéliales de proche en proche (Ca2+)
jusqu’a Imm
— Perdue dans le sepsis sur modeles animaux
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P interstitielle

Distance inter-capillaire @

Débit= Pa-Pv (mtr4) / 8nL
Débit= (Pa-Pc)/Ra = (Pc-Pv)/Rv

D’ou Pc = (Pa-Pv) + Pv
w 1+Ra/Rv




La microcirculation est altérée lors du
sepsis et elle est hétérogene
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Malgré une macrocirculation
« normale »

TABLE 2. PRINCIPAL PHYSIOLOGIC VARIABLES OF HEALTHY VOLUMTEERS, PATIENTS BEFORE CARDIAC SURGERY, INTEMSIVE CARE UNIT
CONTROL SUBJECTS, AND PATIENTS WITH SEPSIS

Patients before 1cu
Healthy Cardiac Contraol Patients with
Volunteers Surgery Subjects Sepsis

Age, yr 29 (25-35) 66 (S6-74)* 64 (5669} 61 (50-727*
Temperature, * C 37.0 (36.8-37.1) 36.7 (36.0-37.1) 36.8 (36.4-37.5) 37.0 (36.4-38.00
Heart rate, bpm 69 (64-72) 68 (65-74) 69 (63-106) 105 (911107
Mean arterial pressure, mm Hg 82 (B0-87" 91 (79-99)y 88 (75-94) A (63-79
Cardiac index, L/min - m? MIA MIA 3.03 (2.4-3.60) 3.63 (2.62-4.69)
Doy, mi/min - m? N/A MN/A 440 (380-499) 421 (333-525)
Vo, mijmin - m?2 MJA M/A 119 (115-134) 122 (96-152)
By U0 MJA M/A 29 (27-30) 29 (24-33)
pH MJA N/A 7.44 (7.35-7.48)' 7.35(7.27-7.39)
Pacn,, mm Hg MA MSA 33 (28-34) 37(32-43)
Pas, mm Hg MNIA MIA 142 (107-169)° 94 (73-108)
Sag,, % MIA M/A 99 (99-99) 97 (94-98)
S, Mo MIA MSA 70 (69-72.5) 68 (62-713)
Hermoglabin, g/dl NIA 12.6 (11.5-14.5)! 11.1(9.2-11.8) 8.3 (7.4-9.9)
Lactate, mEg/L N/A M/A 1.4 (1.3-1.7) 2.2 (1.5-3.4)
APACHE Il score® M/A 5 (3-5)F 10 (7-20) 21 (17-25)
SOFA score M/A 0 (0-0F 3(1-8y 13 (10-15)

Definition of abbreviations: Dy, = oxygen delivery; Eq, = oxygen extraction; ICU = intensive care unit; N/A = not available; S¥n, = mixed venous exygen saturation; o, = oxygen

consumption.
* p = 0.07 versus volunteers,
' p = 0.05 versus sepsis,
¥ p o< 0.01 versus sepsis,
¥ Knauss and coworkers {21).
Vincent and coworkers (22).

De Backer AJRCCM 166; 98-104, ZOﬂ
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1¢" message

e |La macrocirculation et la microcirculation sont
dissociées lors des états de choc

e Sauf quand la macrocirculation est
catastrophique

— 0 %9
 macrocirculation | 0:;.
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Microcirculatory alterations associated with
loss of hemodynamic coherence.

o

iR

). - . 0 0

« de base » P
OM]

Type 1: Heterogeneity Type 2: Hemodilution

Remplissage massif

® ® ® Pt B

vasoconstricteurs

Type 3: Constriction/tamponade Type 4: Edema

2 2 .
s o

Ince Critical Care 2015, 19:58



Facteur pronostic

Persistent microcirculatory alterations are associated with organ
failure and death in patients with septic shock*

Yasser Sakr, MB, BCh, MSc; Marc-Jacques Dubois, MD; Daniel De Backer, MD, PhD;
Jacques Creteur, MD, PhD; Jean-Louis Vincent, MD, PhD, FCCM

Crit Care Med 2004 Vol. 32, No. 9
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i 2 i 4 5 6 7 Au moins une association..
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Vascular lumen 'Vascular lu mﬂn|

Endothelial glycocalysx ; : —_—
% - - Leukoe ;.rte-s-ﬁln

¥ ¥
rd * of / Glyco aly \._.

@@Nm ***

-| -

Adhesion molecules Endnlhellal ::Ells

[ Interstitial space |

GLYCOCALYX

e Modulation de cascades : tonus vasculaire,
coagulation

e Perméabilité capillaire

e Difficile a appréhender au lit du patient : acide
nyaluronique ? Syndecan 1 ? SDF (globule blanc)
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Les anomalies microcirculatoires
sont réversibles

Microvascular Blood Flow Is Altered in
Patients with Sepsis

Daniel De Backer, Jacques Creteur, Jean-Charles Preiser, Marc-Jacques Dubois, and |ean-Louis Vincent

Department of Intensive Care, Erasme University Hospital, Free University of Brussels, Brussels, Belgium

Am | Respir Crit Care Med Vol 166. pp 98-104, 2002
DOI: 10.1164/rcem.200109-0160C
Internet address: www.atsjournals.org

TABLE 4. EFFECT OF TOPICAL ACETYLCHOLINE ADMINISTRATION IN 11 PATIENTS WITH SEPSIS

Patients with Sepsis*™ (n = 11)

Volunteers
Baseline Acetylcholine (71074 M) {(n=10)

Total number of vessels, n/mm 4.9 (4.1-5.7) 6.0 (4.7-6.4)° 5.4 (5.4-6.3)
Proportion of vessels perfused, % 83 (77-96) 99 (98-100)F 98 (97-99)
Proportion of venules perfused, % 100 (100-100) 100 (100-100) 100 (100-100)
Proportion of capillaries perfused, % 44 (24-60) 94 (77-96)F 94 (92-95)*
Absent flow (capillaries), % 29 (8-44) 1 (0-3) 3 (2-5)
Intermittent flow (capillaries), % 24 (19-38) 8 (3-19)* 5 (3-6)*

Data are presented as medians (25th-75th percentiles).

* All the patients with sepsis were treated with vasoactive agents (dopamine, n = 11, 20 [15-20] png/kg - min; norepinephrine, n = 4,
1.23 [0.59-2.10] pa/kg - min; dobutamine, n = 7, 20 [5-20] pg/kg - min; epinephrine, n = 1, 0.1 pg/kg - min).

" The principal physiologic variables of the septic patients are reported in Table E2 in the online data supplement.

¥ p < 0.01 versus sepsis.



Cytopathie hypoxique vs
microcirculation en détresse ?

Université
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Etats de bas débit et EO2

Flux normal

60

Bas débit homogene



Choc distributif avant réanimation

0

0

SvO2 tres basse

Choc distributif « réanimé »

120 0 120

0
SvO2 normale



Alors comment les repérer ?

L'ETUDE DE

LA
MICROCIRCULATION

POURRAIT PERMETTRE DE MIEUX
PRENDRE
EN CHARGE LES PATIENTS EN ETAT DE CHOC.

ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss




Moyens diaghostics

e Accessibles

* [naccessibles: colt, expérience, difficultés
d’interprétation = recherche

Université
de Lille



La clinique d’abord quand c’est évident,
biensir !

Pressure is applied for 5 sec - Release of pressure, time to
nail bed turns white return of colour

& normal £ 2 sec in children and young adults 4.5 sec in older patients
i .
il W
#

1 =y
).

Temps de recoloration cutané, marbrures, teint gris
extémités froides



Intensive Care Med (2011) 37:801-807
DOI 10.1007/s00134-011-2163-y

H. Ait-Oufella
S. Lemoinne
P. Y. Boelle
A. Galbois

J. L. Baudel
J. Lemant

J. Joffre

D. Margetis
B. Guidet

E. Maury

G. Offenstadt

ORIGINAL

Mottling score predicts survival in septic shock

Matiling score
5

SCORE 2 SCORE 4

Fig. 1 Leftz the mtthng score 15 based om a motthng area
extension on the legs. Score O indicates mo mottling: score 1, a

Dans Ies étUdes sur Ie remplissage, ON Neé NOUS mudest moitling wrea {coin size) localized 1o the center of the knee;

dit jamais si les marbrures

seore 2, 3 moderate maotiling area that does ot exceed the superior
edge of the kneecap; score 3, o mild motthing srew that doss not
exceed the middle thigh; score 4, a severe motiling area that does
not go heyond the fobl of the groin; score 3, un extremely severe

dispal’aissent..SGUIement Si Ie débit Cardiaque martling area that goes bevond the fold of the oroin. Riphe:

augmente...

Examples of the monling score



Quels marqueurs biologiques ?

e Gradient de P, (au moins initialement
Ospina-Tascon ICM 2016)

e Lactate ? (pompe Na/K..)
e Lactate/SvcO2 (Jansen AJRCCM 2010)

Université
de Lille
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Fig. 2 Scatter plots showing the correlation of variations observed  (R* = 0,42, p = (L001) and b changes in cardiac output (A cardiac
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Le gradient de PCO2 semble étre corrélé plus a la micro qu’a la macrocirculation:
ceci dit ¢a nous arrangerait..



Movyens « inaccessibles »

e Laser-Doppler

| Réactivité vasculaire

-? Hétérogénéité du flux

I. 2 N Université
‘{\{ ?& de Lille
| P 7 B

* NIRS

e SDF/IDF




LDF:laser doppler= réactivité vasculaire




Simple, reproductible,
(mais ne tient pas compte de I’hétérogénéité du flux)

Pic

Prostaglandines,
NO

Pente ascendante

_—

Temps de normalisation




NIRS: saturation tissulaire en O,=?

- [ —
I P
.. Patient Sensor [/
: 5 mm




Flux sanguin m(i)crocirculatoire
V

VO2
Contenu m(i)crovasculaire

en 02



Intensive Care Med (2007) 33:1549-1556
DOI 10.1007/500134-007-0739-3 ORIGINAL

Jacques Creteur The prognostic value of muscle St0,
iziana Carollo . . .
Giulia Soldati in septic patients

Gustavo Buchele
Daniel De Backer
Jean-Louis Vincent

100

max$t0,

St0, baseline A

80
70

60

50 —

St0;

40

slope
30

\
20 %

Time {min) 0 3

Fig.1 Representative StO; curve. A, difference between maximum
StO; value during the reperfusion period and baseline StO;. Slope,
slope of the increase in StO;, during the first 14 s of the reperfusion
period

Simple, reproductible mais probablement pas la microcirculation
Part veineuse importante, échantillon trop étendu



OPS/SDF/IDF

Université
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Figure 2

(a) : “ Camera

Magnifying
lens

Green LED

Microcirculation

Ne permet de voir que les GR, on ne sait pas s’ils transportent de I'oxygene...



Proportion de capillaires perfusés:
PPV%

proportion de capillaires

perfusés qui croisent les lignes

5 videos de 20 secondes
Time consuming !!!

MFI: microvascular flow index
Moyenne des 4 quadrants
3:normal

2:intermittent

1:ralenti

0:pas de flux




D’accord on peut les repérer, mais possede-ton
des traitements ?




vasoconstricteurs

 Noradrénaline: effet non prévisible, difficile a
dissocier d’un « effet débit cardiaque »

 Phényléphrine: quand alpha-1 pur a priori
délétere

e Vasopressine: a voir et dans des conditions
bien précises

I. a Ix Université
‘{\¥ ?& de Lille
L = > A



Noradrénaline

e 3 études cliniques: pas d’effets déeléteres
majeurs

 Augmentation de la précharge sans fuite
capillaire ?

e Effet débit cardiaque ?

Université
de Lille



Noradrénaline

 Oui mais précautions

Université
de Lille



P interstitielle

P capillaire ? : :
Hématocrite baisse

Débit microcirculatoire ?

Distance inter-capillaire @

Débit= Pa-Pv (mtr4) / 8nL
Débit= (Pa-Pc)/Ra = (Pc-Pv)/Rv

D’ou Pc = (Pa-Pv) + Pv
w 1+Ra/Rv
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Rien ne sert de remplir si on est pas
parti a point..




Intensive Care Med (2010) 36:1867-1874 . ,
DOI 10.1007/s00134-010-1966-6 ORIGINAL

Stéotare Derldre Both passive leg raising and intravascular

L}EEEZEEZ {;I;SEIE.::-rger m_lume_ expansion imprt_:ve _sublingual _

Christian Laplace microcirculatory perfusion in severe sepsis
pan Benhamou and septic shock patients

Jacques Duranteau

25 patients
<24 heures
Tous précharge-dépendants




MF!

PPV (%)

Baseline 1 PLR Baseline 2 VE, pp_p g VEenD

Study Step

* * *

e o

1 1

L L L]

Baseline 1 PLR  Baseine2 VEyp.oin  VEewo Pottecher, ICM 2010; 36: 1867-1874
Study steps
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Proportion of perfused small vessels
100 -

$
ob.] ‘ ’_‘“_!I tardif >
- ) =
80 - o —— J_—I

704 |

% ! J
60 <

e
o A COC
50 - pre

40 4

30 4

20
Baseline Fluids

Fig. 2 Evolution of proportion of perfused small vessels in patients
investigated early or late after diagnosis of severe sepsis. Patients
investigated within 24 h of the diagnosis of severe sepsis (early,
n = 37) are represented by white rectangles; patients investigated
more than 48 h after diagnosis (late, n = 23) are represented by
gray rectangles. Tp < 0.01 between the two groups, *p < 0.01
fluids versus baseline

Ospina-Tascon, ICM 2010; 36:949-955



P interstitielle augmente si le liquide fuit >

P capillaire ? : :
Hématocrite baisse

Débit microcirculatoire suit probablement le DC

Distance inter-capillaire @
Augmente si la Pinterstitiglle
Augmente trop

Débit= Pa-Pv (mtr4) / 8nL
Débit= (Pa-Pc)/Ra = (Pc-Pv)/Rv

D’ou Pc = (Pa-Pv) + Pv
w 1+Ra/Rv




Low convective Large diffusion
flow distance
;
; = Optimal 1
E fluid volume
Y @ e Vo
; .9
| | ®
I ! t,.'..’
: 5
; i 8 UL
O
Convection Diffusion
limitati limitati
ation o e e imitation
Hypovolemia Fluid overload

Optimal fluid volume Ince Critical Care 2015, 19:58



Message : remplissage

 Oui mais ca dépend quand: au début
surement, apres pas sur du tout...

e Lactate de sodium ?

e Hypertonic sodium lactate improves fluid
nalance and hemodynamics in porcine
endotoxic shock.

Duburcqg et al Crit Care. 2014 Aug 14;18(4):
467e

'I i Université
\'I A4 de Lille



ALUCKY LUKE ADVENTERE © g

f%? NTROGL/CERIN

Quizz: quel traitement est perfusé sur \
périphérique rose ? |

L0 HAZSG v Basoa,
b B



Vasodilatateurs

Université
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Débit= Pa-Pv (mtrd4) / 8nL
Débit= (Pa-Pc)/Ra = (Pc-Pv)/Rv

D’ou Pc = (Pa-Pv) + Pv
1+Ra/Rv

P interstitielle P interstitielle

vasodilatation

@ @

Distance intercapillaire N

Distance intercapillaire

)

Université
de Lille



g =Y g =15
W05 ="H 2,05 ="H

fedes

UONEIN2JID0IDIN euoY

BOpaY . BpOLE) Ny

s, Jusinyg TT=TY Ay
ALY NTOTTA g O3LDIHLENODIOSYA Ll T
G e
g .TEI -
e uondIIsuUod0ses | °°
ek B
i e
MM%MM&% : igjolo LI H
G B ~ 0y @
».&«x"”.w&ﬁm%@" i 5
R e ﬁ.&w@ c
e 2 G -
S S — (13 1]
s e e wm& —
uonepiposer . 3
uﬁ._._mu.._m p— - r— 08 T
f e —
EEE ..#"" e
Gl e 001
||
isisdas ui |njasn aq S10}e[IPOSeA ued N
:u01eIN2AI90491W 3y} SuiuadQ epleang uftely
MHAHIAHA CLOFI-TO0-FETO0S/ 200101 100

LITI=B0TI:8T (TOOT) PR B 2alsuaju]



K
3)IsIaAIUN

‘ogaoed ‘sexog fivad ‘uliand|Foaiu ‘saxog ajryy porkad Apnis ay-g 2
guunp (wl gz=) $[as553A [[PWS Ul ([{Jy) XIPUL MOY IB[NISRACIIN [ENBuUl[qns jo sjojd xog °g aandiyg

(sanoy) swi
vz 4 4 50 0
0
- 50
= H w
o
51
ek — —
= st B
-z
m )
e r = &
- Sz
— | |
L H - e H H H H L ¢

Qud ‘99uj ue) ‘WI24 ‘'dI94 ‘Qud ‘aw ‘Jadiny "y 2Ryl

QN ‘ewbury Ja1ad ‘M -QIN '1918180Y | Ja1ad QW ‘uasiuRy "L Wiy ‘g ‘sieqb3 “H Jai8d

QN suInig aqusIN ‘qQud QW ‘1eing aMauueH ‘gud ‘uooy uea ‘N IuU3 ‘gud ‘19yyeg T ssupuy

‘AW ‘enoJapiey euLisley aiy ‘uliuoy uelny ‘NY ‘suewdooy AW ‘aud QW ‘Bwlsog ueensuyn 3

[eLI} P3[[0AJU0D cn_uua_n pazZiwopuel puijq-ajqnop y “_cch.E
Uo1jeJIdSnsSat OIS ' J23Je }I0yS uzmmm\m_mn% 1A9S UM ﬂ:m_“_un

Ul Mo[J poolq &Bu_zua_uﬁuwﬁ _mzw:_Eﬂw uo atuum_m.o.ﬁ__z Jo s



Table 5. Morbidity and mortality outcome vartables

Mitroglycerin Placebo

Variables (n = 35) (n = 35} n
ICU mwrtality, m (%) 11 (3L.4) 4 {11.4) jIL]
Hospital mortality, n (%) 12 (34,3} 5114.2) I
LAOS 1CL, all patients, median (1GR) Hi4-12) 12 (7=16) AR
LS 1CL, survivors, median (0QR) 9 (5-12] 15 (9..35) Al
108 haspital, all patients, median (1GQR) 21 (8-35) 29 (17-418) A
LOS hospital, suevivors, median (IQR) 11 (7-14) 18 (12-a0) BT
Cumulative SOFA day 1-5, all patients 0 (22-41) 46 (32--53) HIER
Cumulative SOFA day 1=5, survivors 31 (284 46 (34-51) 7
Cumilative SOFA TCL, all patients A6 (2880 Bl (491210 (2
Curmulatiee SOFA TCL, survivors M1 A-BR) 67 (=491 S
ARF RIFLE score maximum, median (1R J 01 I 0-3) a7
CVVH, uze of, i () 12 (34.3) 11 (31.4) T

ICL, intensive care unit; LOS, length of stay; SOFA, Sequentipl Organ Failure Asgessment; ARF,
acute renal filure; RIFLE, Risk, Injury, Failure, Loss, and Endstage; CYVH, continuous veno-vienous
hemndillention

Crit Care Med 2010 Vol. 38, No. 1

Tahle 3. Microvascular variables over time

Baszeline NTG Placeha 3 mins NTG Placebo T hrs NTG Placebn 12 hrs NTG Placeha 24 hrs NTG Maceho
Varkwhles (n = 35) in = 35} {n =35} {n = 35) (n = 35} {n = 35} o= 34) {n = 35} {n = 32) n = 34)
MFI small vessels LT (06T-2.42) 142 0.83—263) 15 (L08275 LRI 0B1-28)) 2285(142-2.75 2251352403 234 0.83-3) 208 (L5-2A3)  ZTI(L85E" 2711879

MF1 medium vessels 233 (LE-2.83) 233 (2-2.83) 267 (225-2.483) ZA2(217-2.92) 2.83 (2.42-3)

MFI large vessels 292 (2.75-3) 292 42.75-3) 3 (2853-3) 3 {2.75-3) 3 153-31

TVD, mm/mm® 1412.8-156) 15{123-16.1) 139(12.2-15  14.1{12.8-159) 14.3(13.2-15.1)
PPV, % OF (B3-100) 07 (RE-T00) UMD (ST 00 a7 (a0-agy” 05 {96-100)
PYD, 1'mm 8.1 {B.3=11h5) 0.5 {8.4-108) 4.7 (B7-10.5) 9.7 {B=10.5) 9.7 18:4-10.T)

Heterogenealy index. L6 (ILB3-2.84) 196 (0.66-3) LT 362171 153 (0.36-2.95) 82 (0.26-2.11)

2.75 (2.33-3)
3 (3-3)
14 (12.9-16)
98 (93— 100)
5 (8,7-11.3)
1.24 (0.34-2.4)

2,79 (2.08-3)
A 42.81-3)
14 {13.1-15.T)
A8 931000
10 {83108}
1292 -2 80)

.67 {2.5-2.02)
3 2.E2-3)
13.9 (13.2-15.5)
98 (43-100)
9.1 (8.2-105)

L44 10.35-2)

32753
333
13.4 {125-15.7)
L0 (SRR—T 00
19.2 (8.7-11.2)
074 (1623

286 {2.19-3)
2,58 {3-3)

14.7 {13.1=148.1)
OB (RG-10H)"
LK1 iB.5=10L7}

.54 {0-1.78¢°

NTG, nitroglycerin; MFI, microcirculatory flow index; TVD, total vessel density of (small) vessels; PPV, proportion of perfusedismall) vessels; PVD,

perfused (small) vessel density.

“p < 05; "p < 0001 after 24 hrs in comparison to haseline, nonparametric test for dependent samples; “p < .05 between groups, nonparametric test
for independent samples. Cutoff value for small vessels <20 pm. All data are presented as medians (interquartile range).

Amélioration du SOFA mais augmentation (ns) de mortalité

Université
de Lille
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NO

 En conditions physiologiques
— Produit par la NO synthase endothéliale: eNOS
— Shear-stress sur les cellules endothéliales
— Régulation par le calcium

— Vasodilatation ET inhibition de I'adhésion et de
I'aggrégation plaquettaire

e Lors du sepsis
— INOS

— Cellules musculaires lisses, Macrophages, hépatocytes,
cardiomyocytes

— Non régulé autoamplifié

|‘ (‘}i{ (Lj]:iL\;ﬁLsité



Effets attendus du NO exogene

Effets bénéfiques

Modulation du tonus vasculaire
avec adaptation aux besoins
métabolique locaux (?)

Modulation de l'activité
plaquettaire: activation,
adhésion, agrégation

Diminution de I'adhésion des
leucocytes sur 'endothélium

Effets secondaires

Peroxynitrite (stress oxydatif)
S-Nitrosylation de I'albumine

Inhibition du complexe IV de la
mitochondrie (effet secondaire ?)

Dysfonction hépatique/rénale
Effet inotrope négatif ?
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TABLE 3. FLUIDS AND VASOACTIVE MEDICATION USE DURING
THE INITIAL TREATMENT PHASE AND UP TO 72 HOURS

Treatment Control Group Lactate Group P Value
Fluids, ml*

0-8 h' 2,194 £ 1,669 2,697 = 1,965 0.011

9-72 ht 10,043 = 6,141 8,515 + 4,987 0.055
Red blood cell transfusion, ml

0-8 h' 196 + 495 322 = 1037 0.15

9-72 Wt 345 + 667 423 = 1300 0.59
Any inotropic agent, %/

0-8 h' 3259 40.1 0.17

e | 1. [
Any vasodilator, %%

0-8 h'
9-72 hl
Any vasopressor, %**
0-8 h' 63.6 69.5 0.25
9-72 hl 63.7 /1.4 0.16

Definition of abbreviation: ICU = intensive care unit.

P values as calculated by two-sample Student t test or the chi-square test, as
appropriate.

* Sum of crystalloid and colloid fluids.

" Values are shown for all patients.

* Cumulative values (* SD) are shown for patients who were still admitted to
the ICU after 72 h.

' Dobutamine, enoximone, or epinephrine.

| Proportions are shown for patients who stayed for more than 8 h in the ICU.

Y Nitroglycerin or ketanserin.

** Norepinephrine, dopamine, or phenylephrine. Jansen, AJRCCM 2010; 182:752-761



EJ A Eur J Anaesthesiol 2014; 31:1-10

Testing a conceptual model on early opening of the
microcirculation in severe sepsis and septic shock

A randomised, controlled pilot study

Peter H.J. van der Voort, Mark van Zanten, Rob J. Bosman, llse van Stijn, Jos P.J. Wester,
Rutger van Raalte, Heleen M. Oudemans-van Straaten and Durk F. Zandstra

37 vs 40 patients



Supplemeantal oxygen, start fluld challenges 20 ml kg"
Endotracheal intubation and meachanical vantilation,

Microcirculation resuscitated group

Central venous and a;terlal catheterisation.

Start enoximone 2.0 ug kg™ min™'
Start nitroglycerin 0.25 ug kg™ min™'
Start dopamine 20ug kg™ min™

_Etup nitroglycerin, encximona
and dopamine after complete
resolution of sepsis

MAP 60 - 65 mmHg

Reduce nurﬂpl:na.];hrlna
by 0.01 ug kg™ min™

+

MAFP < 60 mmHg

MAP =80 mmHg CVP =12 mmHg

CYP <12 mmHao

Fluid challenge

MAP < 80 mmHg

Start or increase

1o miax B g kg™ min?

11 0.25 pg kg ™! min™!

Incraase dopamine by 0.5 g kg™! min='

If nitroglycsrin dose =0.25 ug kg™ min~ than
Decreasa by 0.25ug kg™ min™

narepinephring L
with 0.01 pg kg™ min™

MAP = 8) mmHo

MFlz25

Urine
production

Decroass dopam|ne by
0.5 pg kg! min, to minimum
2.0 pg kg min!

MFl =25

UP <0.5ml kg™ hr;

Cle2stmin™ m™

Cl=25 I min" m™

UP=05mlkg™ hr'

Fluid challenge

Increase doparmine by 0.5 ug ko~ min~" till max & pg kg~' min~!
Increass nitroglycerin by 0.25 pg kg™ min™!

Start captopril uniess norapineaphrine is used

Increasa nitroglycerin 0.25 ug kg™’ min™'

max 4mg/h

1 UP <=0.5ml kg™ hr'
Fluid challenge f—————w

Fluid challenge
Max 2x 20 ml hg'1

UP<0.5ml kg™ hr'

; i
Furosemide 40 mg iv or 12 hye o

max 600 mg in 12 hrs Ly sVvH

Van der Voort, Eur J Anesthesiol 2014; 31:1-10

Fluid challenge: 20 ml kg™ ringers lactate unless otherwise indicated
SOF measurement every hr, until MAP > 60 mmHg and UP > 0.5 ml kg™'hr™'(or CVVH) and MFI 251 min~'m™



Table 2 Cumulative quantity of vasoactive drugs and fluids over the first 3 days of ICU treatment

Microcirculation resuscitated group

Noradrenaline (mg) 1.1 (0.01 to 5.2)
Dopamine (mg) 834 (455 to 1074)
Dobutamine (mg) MNIA
Enoximane {mg) 243 (107 to 320)
Nitroglycerin (mg) 57 (33 to BO)
Crystalloids (ml) B3E0 (7164 to 12494)
Collods (gelatins and albumin, ml) 5500 (1500 ta 2600)
Red blood cell transfusion (mi) 0.0 (0.0 to 280)

Standard resuscitation group

2.0 (0.13 to 4.4)
N/A
5.0 (0.0 to 172.0)
N/
N/A
6533 (4396 to 10785)
1950 (0.0 to 3200)
0.0 (0.0 to 0.0)

NS
/A
/A
N/A
MNIA
0.028
0.006
NS

Data are median {IQR). N/A, not applicable; NS, nonsignificant.

L’étude est négative
Le protocole dure 3 jours...
Beaucoup de remplissage..

Van der Voort, Eur J Anesthesiol 2014; 31:1-10



Lirma et al. Crincal Care 2014, 18:R126
httpfecforum.comécontent/18/3/R126
‘c: CRITICAL CARE

RESEARCH Open Access

Nitroglycerin reverts clinical manifestations of
poor peripheral perfusion in patients with
circulatory shock

Alexandre Lima’, Michel E van Genderen, Jasper van Bommel, Eva Klijn, Tim Jansem and Jan Bakker

Measurements

| I Lo

Tel (Bagalinn 1) Te5 | T=10 | T=15 7T=20 | T35 T30 | T=35 | Tedl Te45 | TeS0 Te55 | T=60 ;T-NI‘MPI'IIJ}

1t no respanse, AL

- 1 no respanse,
HTE = Zmg/h NTG = 4mg/h WTG = Bmgfh leh

End af Study

Figure 1 Flowchart of the study protocol. Time points of the study were defined as baseline 1 befors nitraghecenn infusion [T;

| nitroghecenin infusion (Tg ) NTG, nitroglycerin

= 1), time point

cessation of

15 patients
93% des patients sous noradrénaline




Table 2 Global hemodynamic variables recorded in the
three different time points during execution of the study
protocol (n=15)

Tai Thx TaLz
Heart rate, beats per minute 95 (4.3) a7 4.4) 58 (4.4)
Systolic blood pressure, mm Hg 113 (46) 94 (40° 111 (38)°
Diastolic blood pressure, mm Hg 52 (49) 4948 57 {497
Mean arterial blood pressure, mm Hg 75 (3.0) 61 (29)" 71 (230
Central venous pressure, mm Hg 12 (400 9 (50" 10 (&
Cardiac index, n =8, L/min per m* 41 (047 3805 3.9 (0.4
Stroke volume, n =6, mL 7815 66 (14) 77 (12)

Data are presented as mean (standard error). *F <0.05 versus previous time
point (linear model for repeated measurements). Time points are defined as
before nitroglycerin infusion (T ;). at the maximum dose of nitroglycerin
{Trx). and 30 minutes after cessation of nitroglycerin (Ty ). Cardiac index and
stroke volume were measured in six patients,

Lima, Crit Care 2014; 18:R126

Table 3 Peripheral perfusion parameters recorded in the
three different time points during execution of the study

protocol (n=15)

Taw Thax Taiz
Capillary refill time, seconds 94 (06) 4.8 (0.3)° 7.1 (08)°
Tskin-diff, degrees Celsius 331007 0.7 (0a)° 1.8 (&)
Pllog, percentage =05 (0.2) 07 (017 0.2 {0.1)°
S10,, percentage 75 (34) B4 (2.7)° 79 (28)
Tissue hermoglobine index, 11.1 (1.3} 132 (1.4)° 116127
arbitrary units
RincStDs, n=13, percentage 1.5 (0.08) 28 {005y 2.4 (0.09)"
per second
Rdec5tQs, n= 13, percentage 8.6 (05) 9.2 (0.6) 9.14 (0.7)

per minute

Diata are presented as mean (standard error). “P <0.05: previous time point
(linear model for repeated measurements). Time points are defined as before
nitroglycerin infusion (Tgy), at the maximum dose of nitroglycerin (Tyy). and
30 minutes after cessation of nitroglycerin (T ;). Rate of tissue oxygen
saturation increase after arterial occlusion (RincStO4) and rate of tissue oxygen
saturation deoxygenation during arterial occlusion (Rdec5tOs) were collected

fram 13 patients, P, perfusion index; Tskin-diff, forearm-to-fingertip

skin-temperature gradient.



o 8 Timing

Précoce

Nitroglycérine (Lima, Crit
Care 2014) titrée
Nitroglycérine avec DXM,
enoximone, Dopamine (Van
der Voort, Eur J of
anesthesiol 2014) dose max
de ntg

Nitroglycérine avec EGDT
(Jansen, AJRCCM 2009)

Apres optimisation: 2 RCT

e Nitroglycérine 2mg
(Boerma, Crit Care Med 2009)

e NO inhalé 40 ppm
(Tzreciak, Crit Care Med 2014)




Effects of ketanserin on microcirculatory alterations in septic shock: @Cmmrk
An open-label pilot study™

Namkje A.R. Vellinga, MD, PhD *", Gerke Veenstra, MD ?, Claudia Scorcella, MD °, Matty Koopmans, RN, MSc **,
Eric N. van Roon, PhD €, Can Ince, PhD ", E, Christiaan Boerma, MD, PhD *"

* Department of Intensive Care, Medical Center Lesuwarden, Leerwarden, the Netherlonds
" Department of Translaronal Physislezy, Academic Medicel Center, Amsterdam, the Nerfrerlands 45

* Department of Clinical Pharmacy and Pharmacology, Medical Center Leeuwarden, Leetwaraen, the Netherlonds
E 104 T T
E
Anti R 5HT,, sélectif (vasoD) et E 5
diminution de I'agrégation plaquettaire 3 I
action inhibitrice iNOS (NFKB, ERK) ? * 0 . :
action stimulatrice respiration mitochondriale (PTP) * ' "
R &
& O
Antagoniste alpha-1 " d@:,@“
All patients v
I R —

=) 24

=

£ —

Anomalies initiales prérequis Cop=02
&
« &,ﬁ
& &,«P
&

i&@ig& *: Liu; Free Radic Bio Mol Med 2013: 6553’1@’8



vasodilatateurs

* Oui sirement mais ce n’est pas encore prouve
et il ne faut pas compromettre |la
macrocirculation (mais ca c’est plus simple a
repérer...)

e Penser aux patchs de dérivés nitrés pour les
extremités mal perfusées

t‘ Université

(‘}{, Ay de Lille
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Table 2 Systemic cardiovascular variables and tissue perfusion parameters before and after the fluid challenge

Heart rate (beats/min)

Mean arterial blood pressure (mm Hg)
Central wenous pressune (mim Ha)
Intra-abdominal pressure (mm Hg)
Abdominal perfusion pressure (mm Ha)
Cardiac index (Lfmin/m’)

Respiratory pulse pressure varnation (So)
Arterial lactate (mmal/L)

Central venous oxygen saturation (%)
Central venous arterial PCO: (mm Ha)
Central-peripheral ternperature (°C)

Sublingual micracirculation
Proportion of perfused vessels

Microvascular flow index

PR LIS L IS L VST
Microvascular flow index
Red biood cell velocity (pmys)
Heterogeneity flow index
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Figure 3 Sublingual and intestinal microcirculatory variables in survivor and nonsurvivor patients,
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Conclusions

La microcirculation et la macrocirculation sont dissociées en partie
lors des états de choc

L'hétérogénéité des atteintes microcirculatoires rend difficile leur
détection en clinique (marbrures, ScvO, élevée plus lactate élevé,
gradient de PCO,)

La microcirculation d’intérét est probablement l'intestin mais on
mangue d’outils

Remplissage :
— La microcirculation est « précharge-dépendante » au départ
— Probablement beaucoup moins apres

Vasodilatateurs (kétansérine)

S’il n’y a pas d’anomalies microcirculatoires, probablement ne pas
les traiter |

Si on les traite, probablement tres tot et pas longtemps
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