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PAC technology

Distal port (PA)
\
. PAOP
: Proximal port (RA)
Distal balloon

Optic fibers

RVEF monitoring

SvG,
monitoring CO monitorinD
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Table 2. Characteristics of the Patients during the Five-Day Study Period.

CHARACTERISTICE

Cardiac index (liters/min/m?)

Oxygen delivery {mlmin/m-)

Oxygen consumption (mLiminfm?)
sv0,; (%)

PaCy, FiO,|

Mechanical ventilation {(days )
Oxygen-extraction ratio (%)
Fulmonary arterial pressure imm Hg)

ConTroL GroUr CArRDrac-INDEX  ONYGEN-SATURATION

(=252 Group (M =253
T =50

3.9=x1.0 4.4+1.3%%
575x164 a4l =1 8415
|dasead | 55403
70.7£7.3 72.1+6.5
452+179 462 *167
3518 32+1.9
27.1+6.9 25.8%6.3
21,715 26 4x6.4**

Group (M= 257 F %aLvet

41%x1.2
91165
140255
T1.7£59
47+ 167
lexl.8
26,254
27868
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Control group (157 events)
= Cardiac-index group (156 events)
— Owygen-saturation group (164 events)

PATIENTS AT RISK (MO, OF EVENTS)

Control group

252 (129)

Cardiac-index group 253 {133)

Cnoygean-saturation
group

257 (133)

45 a0 135
Days after Randomization
108 (13) 94 (4) a0 (3)

102 (8) 90 (4) 86 (3)
106 (18) 89 (4) 85 (1)




T
=
5
o
x
1]
=
£
2
@
o
1%
O

1 T T 1
ot 20 40 60

Hours after Volume Replacement




Oxygen Delivery (ml/min/m2)
3
o

300 T T T T T T T T
ot1t 10 20 30 40 50 60 70

Hours after Volume Replacement

80

Oxygen Consumption (ml/min/m2)

[l | | | |
0t1 20 40 80 B0

Hours after Volume Replacement




CONTROL TREATMENT NoT
Group GROUP RanDoMIZED
OUTCOME (N = 50) (N = 50) (N = 9)

Days In unit — median (range) 10 (1-64) 10 (1-48) 10 (1-29)

Ventilation
No. of days — median (range} 8 (0-54) 8 (0-41) 2 (0D=26)
No. of patients 44 46 7
Days in hospital — median 23.5(1-244) 19 (1-187) 20 (11-102)
(range)
Mortality — %

In intensive care unit —
In hospital —
Predicted nisk of death — median 3=5 4 (3-83) 6 (3-32)
% (range)

Cause of death — no. of patients
Intractable hypotension 4
Cardiac event 2

9

Multiple organ failure 1

*P = 0.04 for the companson between the control and treatment groups.
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Aortic pressure

mmHg

120
100
801
607

407

Cycle duration time

<




Cerebral
blood flow T°
(mL 100g-1 min-1)

) —

Vasooconstriction

™

Carabral

hyparpearfusion

/ Vazodilation

!

_/

Autoregulation
failura

G0

120

Mean arterial
prassure (mm Hg)







Relation between Respiratory Changes in Arterial
Pulse Pressure and Fluid Responsiveness in Septic PPmax - PP
Patients with Acute Circulatory Failure _

FREDERIC MICHARD, SANDRINE BOUSSAT, DENIS CHEMLA, NADIA ANGUEL, ALAIN MERCAT, YVES LECARPENTIER, .
CHRISTIAN RICHARD, MICHAEL R. PINSKY, and JEAN-LOUIS TEBOUL (P Pmax + P Pmln) /

Arn J Respir Crit Care Med 2000; 162:134138

Arterial Pressure




Michard F, BoussatS,ChemlaD, Anguel N,Mercat A, Lecarpentier Y, Richard C, Pinsky M, Teboul JL.
Relation betweenrespiratory changes inarterial pulse pressureand fluid responsivenesi septic patients with
acutecirculatory failure. AmJ RespirCrit CareMed 2000 ;162:134138

45 o)

40

UBP (%) 35
before fluid

infusion S0

o non-responders

20

responders
n=16







VO, = (Ca0, - CvO,) . Q

VO, # (Sa0, - SvO,) . (Hb . 1,39 . Q)




VO2

SvO02=5%a02- —
Cl x Hb x PO

Hé&marradies
Heérnodilution
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Rivers et al.N Engl J Med 2001;345:136877

SIRS criteria and systolic
blood pressure 90 pm Hg
or lactateB3 4 mmoifliter

4

Assessment
and
consent

Standard therapy in
emergency department
(n=133)

Early goal-

Randomization
{n=263)

Vital signs, laboratory
data, cardiac monitoring,
pulse oximetry, urinary
catheterization, arterial and
central venous catheterization

CVP 38-12 mm Hg —>»{ CVP= 8-12 mm Hg

Standard Continuous

MAP @ 68 mm Hg | MAP 3 65 mm Hg

care Scv0, monitoring
— and
Urine output early goal-directed 5 Urine output
2 0.5 ml/kg/hr therapy for 6 hr 3 0.5 mi/kg/hr

.| Hospital |
admission 7 choia?()%__ :

Vital signs and laboratory
data obtained every
12 hr for 72 hr =»| Hematocrit 3 30%

> 5802 393%

Did not Y > Cardiac index

complete 6 hr
(n=14)

Did not
complete 6 hr
(n=13)

Follow-up

-3 V09




Supplemental axygen + endofracheal Early Treatment PFDtOCD'

intubation and mechanical ventilation

Sedation, paralysis (il

Central venous and arterial — intubated), or both

<8 mm Hg |:: Crystaliold |—
Colloid
&-12 mm Hg

catheterization

= 65 and = 90 mm Hg

Transfusion of red cells
until hematocrit=30% S

Hospital Admission




TABLE 3. KAPLAN—MEIER ESTIMATES OF MORTALITY AND CAUSES OF IN-HOSPITAL DEATH.*

EarLy
GoaL-DIRECTED
StanparD THERAPY THERAPY ReLative Risk
(N=133) (N=130} (95% CI)

mo, (%)

n-hospial moralicyf @ @
;Tp'rrrrrrrr; ' ” q (.58 (0.38-0.87)
TTaml) z )

Fatients with severe sepsis . 0467 NEY

Patents with septic shock 40 (56.8) 29 (42.3) 060 (0.36-0.98)

Fatents with sepsis svndrome 44 (45.4) 35 (35.1) 066 (0.42-1.04)
28-Day mortalievt 61 (49.2) 40 (33.3) 0.58 (0.39-0.87)
60-Day mortalitvt 70 (56.9) 50 (44.3) 067 (0.46-0.96)
Causes of in-hospital deathf

Sudden cardiovascular collapse 25/119 (21.0) 12117 {10.3)

Multiorgan failure 26/119 (21.8) 197117 (16.2)




EARLY GOAL-DIRECTED THERAPY IN THE TREATMENT OF SEVERE SEPSIS
AND SEPTIC SHOCK . CONTROL

EMANUEL Rivers, M.D., M.P.H., BRYANT NGUYEN, M.D., Suzanne HAvsTAD, M.A., JULIE RESSLER, B.S.,
ALEXANDRIA Muzzin, B.S., BERNHARD KNOBLICH, M.D., EbwARD PETERSON, PH.D., AND MICHAEL TOMLANOVICH, M.D., . EG DT
FOR THE EARLY GOAL-DIRECTED THERAPY COLLABORATIVE GROUP*

N Engl J Med 2001;345:1368-77

In-hospital mortality

Severesepsis Septicshock Sepsissyndrome
p value 0.06 0.04 0.07
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Medical Systems
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804 mesures chez 48 patients

Biais: surestimation du DC de 7%
r=0.94

10 15

CO PA (I/min)

Bock JC , Cardiac output measurement using femoral artery thermodi lution in
patients

J Critical care 1989, vol 4, No 2, June, p106-111
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Therma-dya EVLW {mi)

20

1600
1300

200

1600 2400
Gravimeatric EVLW |:ml:|




EVLWIs, (mifkg)

EIlIIL Iiﬁlll'r:: |m‘”‘.|;]

209 patients

Biais =-0.2 = 1.4 mi/kg
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EVLW permo-aye iNdex (mL/kg)

192 mesures chez 48 patients en post-opératoire
Biais = -0.5 = 1.9ml/kg

Michard F Crit Care Med.
2005 Jun;33(6):1243-7
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T bias = 0,01 Lftnin {1.5%)
S0 = 0.6 Limin

=]

COpa (Lfmin)

o

°
(COPpe +C0pa)2 (min)

Godje O, Thorac. Cardiovasc. Surgeon, 1998 (46), p242-249
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36 patients en choc septique

O Changes @ C1
B baapr:m A DY mée

*law™ GEDY Ylmiermedios © GGEDY "High" GEDY
Yodidae lididhicg Dvaikei liivd -

Al At Ré itive si tati \%=
Corrélation NTDG/ AC = 0.67 fg{;)nse positive si augmentation du

VTDG < 500ml/m?: 100%, <550: 89%, >950: 0%

Michard F, Alaya S, Zarka V, Bahloul M, Richard C, Teb oul JL. Global end-diastolic
volume as an indicator of cardiac preload in patients with septic shock.
Chest. 2003 Nov;124(5):1900-8
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< 10: mortalité = 33%
> 15: mortalité = 65%

++ 1 | :G<A+E5G




5 8 5

Index de perméabilité vasculaire pulmonaire: IPVP = EPEV / VSP

64% 1=

#G

I

IPVP: Se = 95%:; Sp = 100%

T ) 2 @ /6 4 2
14 #<A((E




mesure par thermodilution 101 patients with PAC

artérielle pulmonaire MM .
91 patients avec un syndrome '

91 patients* {0 patients

instertitiel et/ou alvéolaire bilatéral '
: KP: >18 “
- groupe EPEV: remplissage /\ i8 EVN

jusqu’a EPEV > 7ml/kg, PAPO < 44 patients 47 patients 5 patients 5 patients

25mmHg et PaO2 maintenue Equ \
- EVLW WP

- groupe PAPO: remplissage pour 25 patients {9 patients 22 patien&s 25 patients
PAPO = 18mmHg :

diminution de la durée de la ventilation mécanique (9 vs 22}, p =0.047),
de la durée d’hospitalisation en soins intensifs (7 vs 16j, p = 0.05) et de la
mortalité ( 35 vs 47%, ns)

Mitchell JP et al , Improved outcome based on fluid management in criticall ALl
patients requiring pulmonary artery catheterisation

Am Rev Respir Dis 1992; 145:990-998




Expansion
volémique,

6 mi

*Fp=(1.05 vs. 0 min
'y

20 patients en post-opératoire de chirurgie
cardiaque

Ventilation: Vt = 14ml/kg, Ppic = 16.2cmH20,
Pep = 4cmH20

| E:(<A#O'E

ACI )




# 99.

n = 40 (3 mesures), critere de réponse positive: VE | 25%
- VVE > 12.5%: Se = 75%, Sp = 71%
- VPP > 13.5%: Se = 72%; Sp = 72%

Sensiivity

(BT
0541
(1.500
{1493
ARG

before fluid load after fuid load {6
| - Specificity

144

| E: <AE(E(




Stroke VVolume Variation

SVrnear

SV max + SV min
svwv -—mm————




Stroke volume variation as apredictor of fluid responsivenesin patients undergoing brain surgery
BerkenstadtH. Margalit N, Hadani M, Friedman Z, SegalE, Vila Y, Perel A .
AnesthAnalg 2001;92:9849
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Doppler trans-oesophagien

Débit aortique

DA=P D¥4xV
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Xavier Monnet " . .
Vocio Rioad Esophageal Doppler monitoring predicts

David Osman fluid responsiveness in critically ill ventilated

Christian Richard patlents
Michael R. Pinsky
Jean-Louis Teboul










SV 47 ml

SV 47 ml

Septic shock with LV
dysfunction

VTI 15 cm

SV without diameter : 47 ml
Aortic diameter 2 cm

SV with aortic diameter 47 m|

Dobutamine
Infusion

VTl 15 cm
SV without diameter 47 ml
Aortic diameter 2, 2 cm

SV with aortic diameter 57 ml
Increase of 25%




Noradrenaline infusion

0@4 9 x 7

* *
3 * *

Masson, Slama AHA 2005




Monnet Crit care med 2007




Without diameter With diameter
measurement measurement

Monnet Crit care med 2007




Monnet Crit care med 2007
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Hemoglobin Oxygen Saturation: Comparision of
% $t0, to CO-Oximeter in Closed Blood Loop

40 50 B0
% S0, (CO-Oximeter)

Myers DE et al. Noninvasive Method for Measuring Local
Hemoglobin Oxygen Saturation in Tissue Using Wide Gap
Second Derivative Near-Infrared Spectroscopy. Journal of
Biomedical Optics May/June 2005.10(3);034017 1-18.




Crookes et al. Can near-infrared Spectroscopyfydet Severity of Shock in
Trauma Patients?
J Trauma2005 June; 58(4):806-816




Cardio-impédancentgtry

O







Discontinuous monitoring







32 aminoacid -polypeptide
identified from porcine brain
Brain NatriureticPeptide 1988
BUT highest levels in ventricle
now called B -type NP




Maisel AS, N Engl J Med 2002; 347:161-167




Increased BNP level is a strong predictor for cardic
dysfunction in ICU patients

Study:
e 121 consecutive admissions — Nepean ICU,Sydney

e cardiac evaluation by echocardiography

* Blood BNP levels by Biosyte immunoassay-range:0-13@@/mi




BNP in the ICU: Nepean Study

Cardiac dysfunction defined as - left ventricularsystolic dysfunction
left ventricular diastolic dysfunction
right ventricular systolic dysfunction

Diagnosis of cardiac dysfunction made on - history/sgptoms
ECG/CXR
echocardiography

Two Groups - Group cardiac dysfunction
Group Il non cardiac
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1-Specificity




Sensitivity, Specificity, positive and negative ghictive values for
selected cutoff BNP Levels.

Age
Group

Cutof
(Pg/ml)

Sensitivity
(%)

Specificity
(%0)

PPV
(%)

N[V
(%)

Accuracy
(0)

All

4

100

62

51

100

62

(2

98

84

34

96

89

94

94

63

96

86

87

94

52

60

52

/8

30

220

89

96

94

92

95

294

67

96

92

80

95

PPV=positive predictive value

NPV=negapredictive value




Increased BNP level is a strong predictor for
cardiac dysfunction in ICU patients

BNP > 147 pg/ml = sensitivity 95% specificity 8& NPV 98%







Tung: Crit Care Med, 32(8). 2004.1643-1647
Mémes résultats Mekontso-Dessap A (Teboul) SRLF 2005




























