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2 INTRODUCTION

2.1 Abréviations

CPI : Puissance cardiaque indexée

PA : pression artérielle

APP : Variation de la pression pulsée en fonction des cycles respiratoires
PAM : Pression artérielle moyenne

PF : ProAQT/Pulsioflex®

RVS : Résistances vasculaire systémique

SGc : cathéter de Swan Ganz

VES : volume d’éjection systolique

AVVE : Variation du volume d’éjection systolique en fonction des cycles respiratoire

2.2 Contexte

La chirurgie cardiaque est une chirurgie a haut risque, associée a une morbi-mortalité
importante.

En post opératoire de chirurgie cardiaque, la situation hémodynamique est particulierement
complexe. En effet, I'état pro-inflammatoire lié a la circulation extra-corporelle, le temps
d’ischémie reperfusion, la durée importante de la chirurgie et la fragilité des patients sont
autant de facteurs associés a une instabilité hémodynamique importante.

Le débit cardiaque est I'un des déterminants essentiels du transport en oxygéne aux tissus.
Ainsi, un débit cardiaque insuffisant peut conduire a une dysfonction d’organe voire a un
syndrome de défaillance multiviscérale.

Le remplissage vasculaire fait partie de I'arsenal thérapeutique a notre disposition pour corriger
une diminution du débit cardiaque. Cependant, un excés de remplissage peut conduire a un

ocedeme interstitiel et a une hémodilution délétere pour le patient. (1)
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Un monitorage hémodynamique adéquat pour détecter précocement une chute du débit
cardiaque, afin de proposer une stratégie adaptée et surveiller I'efficacité et la tolérance des
thérapeutiques engagées apparait donc primordial.

La méthode actuelle de référence de monitorage du débit cardiaque est la thermodilution bolus
par un cathéter de Swan Ganz (2).

Cependant, cette technique de monitorage n’est pas sans risque. (3) (4). De plus son utilisation
n’a jamais été associée a une diminution de la mortalité. (5) (6) (7).

La Swan Ganz est donc réservée a certaines indications bien précises. Citons par exemple
I'insuffisance ventriculaire gauche ou droite, I’hypertension artérielle pulmonaire sévere,
I'infarctus du myocarde récent, la chirurgie redux, la chirurgie combinée, les valvulopathies
séveres.

De nouvelles techniques de monitorage du débit cardiaque plus simples et moins invasives ont
fait leur apparition depuis quelques années.

Parmi elles, plusieurs méthodes utilisent I'analyse du contour de I'onde de pouls de la courbe

de pression artérielle (PA).

2.3 Techniques d’analyse du contour de I'onde de pouls

Ces techniques estiment le volume d’éjection systolique (VES) a partir de I'analyse du contour
de I'onde de pouls.
Deux principes ont été développés pour estimer le VES (8,9):

e La premiere technique se base sur I’étude statistique de la forme de I'onde de pouls. Le

VES est calculé a partir de I'écart type des valeurs instantanées de la pression artérielle :

o Moniteur FloTrac/Vigileo® (Edwards LifeSciences, Irvine, Etats-Unis),
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e La deuxiéme consiste a modéliser I'arbre artériel en lui attribuant des propriétés
mécaniques :
o Moniteur PICCO® (Pulsion Medical Systems, Munich, Germany), PulseCO® (LiDCO

Ltd, London, UK), ProAQT/Pulsioflex®

Le VES n’est pas le seul déterminant de la courbe de I'onde de pouls. Les caractéristiques
physiques de I'arbre artériel vont également influencer de maniére significative la courbe de
I’'onde de pouls.

Historiquement, la modélisation de I'arbre artériel dérive du modele de "Windkessel”, décrit la
premiére fois en 1899 par Otto Franck. Dans ce modeéle, la transformation d’un débit discontinu
pulsé en un débit continu est attribuée a la compliance artérielle. La distension des gros
vaisseaux en systole permet un stockage de sang qui est restitué pendant la diastole.

La complexification du modéle a permis lintégration d’autres parameéetres comme les
résistances artérielles périphériques et I'impédance aortique pour aboutir au « modéle de

Windkessel a trois éléments ». (10,11)
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2.4 Le ProAQT/ Pulsioflex®

Le ProAQT/ Pulsioflex® (capteur de pression Pulsioflex®, 4.0 et ProAQT PV8810 ; Pulsion Medical
Systems) est un outil de monitorage semi invasif du débit cardiaque.
Il permet le calcul de I'index cardiaque en intégrant les données dans I'algorithme modifié de

Wesseling (10,11) :

IC = « cal » x FC x [[P(t)/RVS + C(p) X dP/dt] Dt / SC

IC : index cardiaque

« cal » : facteur de calibration individuel, basé sur les caractéristiques des patients et un
algorithme connu par le constructeur uniquement, basé sur I’dge, le poids, la taille, la pression
artérielle et fréquence cardiaque.

FC : fréquence cardiaque

P(t)/RVS : surface sous la courbe de pression systolique
P(t) : Pression artérielle en temps réel

RVS : Résistance vasculaire systémique

dP/dt : forme de la partie systolique de la courbe

C(p) : compliance aortique (application du modéle Windkessel), algorithme connu par le
constructeur uniquement

SC : surface corporelle

Le capteur (ou transducteur) ProAQT™ s’installe entre un cathéter artériel radial ou fémoral
standard et une téte de pression.
C’est un systeme non calibré, cependant une calibration externe est aussi possible, avec
I’échographie par exemple.
Le ProAQT/Pulsioflex® permet également les calculs des indices de précharges
dépendances dynamiques :

e Variation du volume d’éjection systolique en fonction des cycles respiratoires (AVVE) :

o AVVE (%) : (VES maximum + VES minimum) / VES moyen
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o Un AVVE supérieur a 9,5% est un indice prédictif de réponse au remplissage, avec
une sensibilité de 79% et une spécificité de 93% (13).

e Variation de la pression pulsée en fonction des cycles respiratoires (APP) :

o La pression pulsée est la différence entre pression artérielle systolique et la
pression artérielle diastolique. Elle est proportionnelle au volume d’éjection
systolique, et inversement proportionnelle a la compliance artérielle. (14)

o Savariation lors des cycles respiratoires peut étre prédictive d’une réponse au
remplissage, par la formule suivante (15):

APP (%) = (PP max — PP min) / ((PP max + PP min)/2) x 100
PP max et PP min sont les valeurs de pression pulsée maximum et minimum
durant un cycle respiratoire.

o Une variation de pression pulsée supérieure a 13% est prédictive d’'une réponse

au remplissage avec une sensibilité de 94% et une spécificité de 96% (16)

Il permet par ailleurs le calcul d’indices de post charge :

e Résistances vasculaire systémique (RVS) :

o Elles sont calculées selon la formule :
RVS (dynes.sec.cm-5) = (PAM-PVC) / DC x80
e  Pression artérielle moyenne (PAM)

Et enfin, il permet une approche de la contractilité myocardique par :
e LedP/dtmax:
o Il correspond a la vitesse maximale de développement de la pression
ventriculaire gauche. Sa valeur normale est de 900 a 1200 mmHg/s.
o C'est un parametre global d’inotropisme, il est par contre imparfait car il
dépend de la précharge (17).
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o Il n’est pas influencé par la post charge car il survient lors de la contraction

isovolumétrique.
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Figure 1 dP/dtmax

B.D. Guth et al. / Journal of Pharmacological and Toxicological Methods (2015)

e Puissance cardiaque indexée (PCl) :

Exprimée en Watt/m?, elle est le produit de I'index cardiaque par la pression artérielle moyenne
multipliée par 0,0022. Sa valeur normale est de 0.5 3 0.7 W/m?.
L’étude de Fincke et al (18) a démontré que la puissance cardiaque indexée est le paramétre

hémodynamique le mieux corrélé a la mortalité chez les patients en choc cardiogénique.
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4 OBIJECTIF DE L'ETUDE

4.1 Objectif principal

e Comparaison de la mesure de I'index cardiaque par le ProAQT/ Pulsioflex® avec la
méthode de thermodilution continue par cathéter de Swan Ganz en post opératoire de

chirurgie cardiaque.

4.2 Objectifs secondaires

e Etude de la fiabilité du Pulsioflex/ProAQT® pour la réponse au remplissage.

e Evolution des indices de contractilité myocardique au cours du temps.
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5 ARTICLE

5.1 Tittle

Cardiac output monitoring with uncalibrated pulse contour

method (ProAQT/Pulsioflex®) after major cardiac surgery.

Department of Anesthesiology and Critical care, Grenoble-Alpes University Hospital, 38000

Grenoble, France.

5.2 Abbreviations

Cl: cardiac index

CO: cardiac output

CPI: cardiac power index

CVP: central venous pressure

dP/dtmax: the maximum value of the first derivative of left ventricular
ICU: Intensive cardiac unit

LV: left ventricular

PaOP: pulmonary artery occlusion pressure
PA: arterial pressure

PF: ProAQT/Pulsioflex®

PRAM: pressure record analytic method
SGc: Swan Ganz catheter

Sv02: mixed venous oxygen saturation

TD: Intermittent bolus thermodilution
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5.3 Abstract

Background:

The ProAQT/ Pulsioflex® (PF) is an arterial pressure-derived continuous cardiac output
monitoring technique. This study aimed to evaluate the new device after major cardiac surgery.
Methods:

We realized an ancillary study of SUCCES study, a prospective randomized study whose purpose
was to compare the hemodynamic effect of a fluid challenge with hypertonic saline or lactated
ringer®. Inclusion criteria were patients requiring a Swan Ganz catheter (SGc) for cardiac surgery
and requiring fluid challenge during the post-operative period.

Cardiac Index (Cl) was monitored simultaneously in patients by PF or by a SGc continuous
thermodilution. CI from ProAQT/ Pulsioflex® monitor system was obtained directly from the
monitor every 12 seconds, Cl from SGc was obtained every 2 minutes from our ICU software
(Clinisoft; CentricityTM Critical Care, GE Healthcare®): the ClI values from ProAQT/ Pulsioflex®
were averaged every 2 minutes and synchronized with SGc values; data were compared during
24 hours. Statistical analysis was performed using linear regression and Bland and Altman
analysis. Inter-method agreement during volume expansion was assessed using Kappa statistic.
Results:

The data of 22 patients were reviewed. We analyzed 12734 pairs of measurements. Values of
Cl were slightly but significantly different between SGc system (2.52 + 0.52, 95% Cl of the mean:
2.51-2.53 L/min/m?) and Pulsioflex® (2.58 + 0.72, 95% Cl of the mean: 2.57-2.59 L/min/m3), p<
0.001. Correlation coefficient between PF and SGcwas R=0.86 (95 % Cl =0.84 t0 0.88, p <0.001);
the bias was -0.06L / min, and limits of agreement were -1.18-1.05L/min, with a percentage
error of 44%. Response to volume expansion was considered as positive for 12 (75%) cases in

SGc and for 2 (12%) cases in PF (Weighted Kappa -0.09; 95% Cl=-0.35 to 0.17)
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Discussion:
The concordance between ProAQT/ Pulsioflex® and SGc is moderate after cardiac surgery.
ProAQT/Pulsioflex® didn’t track correctly cardiac index changes compared to SGc during a fluid

expansion.

5.4 Introduction

Cardiac output (CO) is a main determinant of oxygen transport (1). CO measurement following
cardiac surgery allows assessment of cardiac function and optimization of tissue perfusion. Early
treatment of low CO is a crucial factor for preventing multiple organ failure (2). Hemodynamic
optimization in cardiac surgery reduces mortality and length of hospital stay (3).

Intermittent bolus thermodilution (TD) using a Swan-Ganz catheter (SGc) is still the reference
method to measure CO (4) (5). Continuous measurement of CO by TD is easier to use in clinical
practice. In addition, reliability of this method was validated experimentally, (6) clinically (7) and
following cardiac surgery (8).

This device is invasive and can cause severe damage (9) (10) (11), and the benefit-risk balance
is still debated (12) (13).

Some less invasive methods have been developed using arterial pulse contour waveform to
estimate CO. Among these methods, a new device, the ProAQT/ Pulsioflex® (Pulsioflex monitor,
4.0 and ProAQT PV8810 pressure sensor; Pulsion Medical Systems®) is an uncalibrated system,
measuring CO beat per beat, with arterial pulse contour waveform from radial or femoral
arterial catheter. Few studies have been realized on this device, especially in cardiac surgery
(14). Moreover, in most studies, PF measurement was obtained with femoral artery catheters.

In only one study, radial artery catheters were used (15).
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This study aimed to compare cardiac index (Cl) estimated by ProAQT/ Pulsioflex® with a radial
artery catheter or estimated by the SGc continuous thermodilution after major cardiac surgery.
A secondary objective was to evaluate if the ProAQT/ Pulsioflex® accurately tracked Cl changes

induced by volume expansion.

5.5 Materials and methods

5.5.1 Patients

We realized an ancillary study of SUCCES study (clinical trial number: 02782520), which is a
prospective randomized study conducted from August 2016 to October 2017 in an intensive
cardiac unit (ICU). The study was approved by the Ethics Committee of our hospital (MEC 2014-
210), and informed consent was obtained from each patient the day before surgery.

Patients were included in SUCCES study to compare the hemodynamic effect of a fluid challenge
after major cardiac surgery.

Inclusion criteria were patients requiring a SGc for cardiac surgery and requiring a fluid challenge
in the post-operative period.

Exclusion criteria were pregnancy, under the age of 18, pulmonary arterial hypertension with a
systolic pulmonary pressure >60 mmHg, preoperative arrhythmia, urgent surgery, chronic renal

replacement therapy, severe hypernatremia.

5.5.2 Study design
Figure 1 represents the study design.
The use of a SGc (177F75N, Edwards Lifesciences, Irvine, CA ®) was decided preoperatively

based on patients’ characteristics and surgical procedure, according to our local protocol.

20



The need of volume expansion was defined by the presence of at least 2 of the following criteria:
Cardiac index < 2L/min/m?; mixed venous oxygen saturation (SvO2) < 60 %; pulse pressure
variation > 13 %; central venous pressure (CVP) < 12 mmHg and/ or pulmonary artery occlusion
pressure (PaOP) < 12 mmHg. A fluid challenge response was considered positive if the CI
increased by more than 15 %. Fluid challenge was performed over 20 min, using hypersaline or
crystalloids fluids (with hypertonic saline (3 ml/kg) or lactated ringer® (10 ml/kg)).

Arterials catheters were inserted before surgery. Arterial catheter site implantation depended
on the results of Allen maneuver and the need to leave the radial artery free for a coronary
graft. A SGc (Edwards Lifesciences, Irvine, CA, USA ®) was inserted in internal jugular vein with
an 8.5 F introducer (Fast-Cath™, St Jude Medical, USA®); that permits the measurement of CO,
mixed venous blood saturation and right ventricle ejection fraction (CCOmbo/CEDV/VIP,
777HE8). Catheter position was intraoperatively confirmed by pulmonary artery pressure
tracing and in postoperative time by chest film.

After arrival in ICU, arterial pressure sensor was connected to a PulsioFlex® monitor, 4.0
(ProAQT PV8810 pressure sensor; Pulsion Medical Systems®) in all patients. All were in sinus
rhythm and none had a significant tricuspid regurgitation highlighted by a high V wave on
central venous pressure curve. SGc was connected to a Vigilance Il monitor system.

After arrival in ICU, patients were maintained sedated thanks to a continuous infusion of
propofol and remifentanil. Patients were ventilated with an assisted control mode with a Tidal
volume of 7 ml per kg of predicted body weight and a positive end-expiratory pressure of 7
cmH,0. Extubation was performed after rewarming and hemodynamic stabilization.

The primary goal of this study was to compare cardiac index measured by PF versus SGC.
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5.5.3 Data collection

Cl from the ProAQT/ Pulsioflex® monitor system was obtained every 12 seconds directly from
the monitor, Cl from the SGc was obtained every 2 minutes from our ICU software (Clinisoft;
CentricityTM Critical Care, GE Healthcare Europe, Helsinki, Finland): Cl values from the PF were
averaged every 2 minutes and synchronized with SGc values; data were compared during 18 to
24 hours until SGc withdrawal.

Secondary endpoints were to assess concordance of the cardiac output variation during a fluid
challenge and to assess evolution of left ventricular function using 2 parameters obtained by
PF: the dP/dt max which measures the slope of the pressure change during systolic period
(Normal value =900-1200 mmHg) and the cardiac power index (CPI = Cl x mean arterial pressure

x 0.0022, Normal value = 0.5-0.7 W/m?).

5.5.4 Statistical analyses

Data were expressed median (25 to 75th interquartile range) or mean + standard deviation.

For statistical analyses, only the Cl values from the ProAQT/ Pulsioflex® with a percentage of
error included between the 5th and the 95th percentile were analyzed. Comparison of the two
measurement methods of Cl was performed by linear regression and by calculating Pearson
correlation coefficient.

Bland-Altman difference plots (16), (17), (18) were used to determine the degree of difference
defined as the average difference between the two methods, and the limits of concordance

defined as the difference + the standard deviation of the difference.
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For each Cl value, we calculated the percentage of error defined by 1,96 times the standard
deviation of the bias divided by mean cardiac output of the two methods (19). A percentage of
error below 30% was retained as a criterion for equivalence of the two methods, as suggested
by Critchley and Critchley (19).

The concordance of cardiac output variations was evaluated using Cohen Kappa test, 15 and 30
minutes after the beginning of the fluid challenge: a kappa value of 0.75 or higher was
considered to represent an excellent agreement and a value of less than 0.40 indicated a poor
agreement; a value between 0.40 and 0.75 represented a moderate agreement and values <0
indicated no agreement (20). The Kolmogorov-Smirnov test was used to assess the normality of
the continuous data. Evolution of dP/dt max and CPl were assessed by ANOVA for repeated
measures. The Kolmogorov-Smirnov test was used to assess the normal distribution of
continuous variables.

The statistical analyses were performed using MedCalc® software (MedCalc Software, Ostend,

Belgium).
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5.6 Results

5.6.1 Patient characteristics

Twenty-two patients were included, aged 65 (58-73) years. The characteristics are summarized
in Table 1.

All arterial catheters were implanted in radial arteries. Surgical procedures were coronary
bypass surgery (n = 10), Bentall surgery (n = 2), mitral valve repair surgery (n = 5), aortic valve
repair surgery (n = 2), aortic valve replacement (n=3). Extubation was performed, on average,
301 £ 197min after patient arrival in ICU.

Flow chart represented by the figure 2.

5.6.2 Comparison of the ClI measured continuously by Continuous thermodilution and ProAQT/
Pulsioflex®

Continuous TD was compared to ProAQT/ Pulsioflex®output measurements during 24 h, every
2 minutes, 14151 pairs of Cl measurements were obtained, after rejecting 1417 most extreme
values (10 %), 12734 pairs of measurements were analyzed. 579 £ 241 pairs of measurements
were analyzed for each patient.

SGc Clvalues (2.52 £ 0.52, 95% Cl of the mean: 2.51-2.53 L/min/m?) were slightly but statistically
different from Cl ProAQT/ Pulsioflex® (2.58 + 0.72, 95% Cl of the mean: 2.57-2.59 L/min/m?), p<
0.001. The correlation coefficient between PF and SGc was significant (R = 0.86; 95 % Cl = [0.84
to 0.88], p <0.001) (Figure 3). The bias measured by Bland-Altman was -0.06L / min, and the

limits of agreement were -1.18-1.05 L/min (Figure 4).
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The percentage of error between ProAQT/Pulsioflex® and continuous TD was 44%. The
distribution of differences between continuous TD and ProAQT/Pulsioflex® was not considered

as normal (p < 0.0001).

5.6.3 Volume expansion

A fluid challenge was performed in all patients at the beginning of the study (TO min).

We analyzed data of 16 patients (Figure 5), data from the last six patients were not collected
because ProAQT/Pulsioflex® was connected later.

At 15 minutes, (table 3), fluid challenge response was positive in 9 (56%) cases for SGc and in 7
(44%) cases for PF (Weighted Kappa 0.51; IC: -0.10 to 0.91) with a percentage of agreement of
75 %. At 30 minutes, (table 4) fluid challenge was positive in 12 (75%) cases for SGc and in 2
(13%) cases for ProAQT/Pulsioflex® (Weighted Kappa -0.09; IC: -0.35 to 0.17). The percentage

of agreement was 25 %.

5.6.4 Evolution of the marker of contractility

Figures 6 and 7 represent evolution of dp/dt max and cardiac power index (CPI) during volume
expansion. The dP/dt max was low at arrival in ICU and improved significantly with time
(p=0.007). A significant rise in dP/dt max compared to baseline value was observed 3, 6 and 18
hours after volume expansion.

The CPI was low at arrival in ICU and improves significantly with time (p=0.002). CPI increased
significantly 6 and 18 hours after volume expansion (p = 0.03) but the rise was not significant at

30 minutes (p = 0.06).
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5.7 Discussion

5.7.1 Cl absolute values

The aim of this study was to compare cardiac index obtained by ProAQT/Pulsioflex® and by
continuous thermodilution with Swan Ganz catheter after major cardiac surgery. A moderate
agreement was found between both methods. The percentage of error with ProAQT/
Pulsioflex® system compared to the reference method TD (44%) was over the limit usually
considered as acceptable according to Critchley and Critchley’s standards (<30%). (19). However,
Peyton and Chong (21) suggest that a percentage of error below 45% could be acceptable in
clinical practice. Indeed, in their meta-analysis, they reviewed four different minimally invasive
methods compared with thermodilution. None of them reach the 30% limits. Specifically, for
the pulse contour’s method, they analyzed 714 patients and found no mean bias, but a large
agreement limit at 1.22 | / min and percentage of error of 41.3%. Once again, one must
remember that this approach depends on the intrinsic precision of the gold standard, whose
error can extend up to 15 % for continue thermodilution. (22)

Only few studies evaluated reliability of ProAQT/Pulsioflex®; their results are conflictual.
Smetkin et al.(23) compared reliability of ProAQT/Pulsioflex® with transpulmonary
thermodilution in 20 patients during pomp coronary bypass graftings. They found a good
correlation between the two methods (error of 31%), however the ProAQT/Pulsioflex® doesn’t
have the ability to follow trends in cardiac output (concordance rate of 74%).

On the contrary, Van Drumpt et al. (24), studied the Pulsioflex® in 25 patients, after major
cardiac surgery using the same reference method; they concluded that Cl absolute value
measured by ProAQT/Pulsioflex® was inaccurate compared to transpulmonary thermodilution.

Trending ability of the ProAQT/Pulsioflex® was mediocre when it was connected to radial artery
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and moderate when it was connected to femoral artery (the four quadrant concordance rates
were 74 and 75% respectively).

Monnet et al. (25), compared ProAQT/Pulsioflex®, Flotrack®/ Vigileo® and transpulmonary
thermodilution, in critically ill patients; they found a percentage error of 40% for
ProAQT/Pulsioflex®.

Our results obtained by ProAQT/Pulsioflex® system can be compared with other non-calibrated
minimally invasive methods to assess cardiac output with use of arterial pressure waveform
analysis. The most used methods are probably the Vigileo (Flotrack®/Vigileo [FV]; Edwards
Lifesciences, Irvine, CA) and the Pressure Record Analytic Method (PRAM).

Vasdev et al. (26) compared the 3™ generation of Vigileo® and Swan Ganz TD method. The
authors found a mean bias of -0.28 L/min with a percentage error of 20%. However, a poor
agreement was found with Swan Ganz catheter in patients with septic shock or during liver
transplantation (27) (28). A meta-analysis (29) including five studies with the third generation of
Vigileo® found a percentage of error of 47 % and a bias of -0.77 I/min.

The other available method is the Pressure Record Analytic Method (PRAM). The studies
comparing PRAM versus other methods reported very contrasting results with either very good
or very poor results. PRAM seems to perform well in 2 studies during cardiac surgery (30), (31)
and in a study after cardiac surgery (32). On the contrary, two post cardiac surgery studies (33)
(34) found only mediocre results. Reasons for these differences are unclear.

In our study, most of patients receiving an infusion of norepinephrine and/or dobutamine and
it's known that the methods based on pulse contour analysis are less efficient when there is a
vasomotor tone modification, which may account our results (35-37).

Bland and Altman’s chart show that the bias increase with the high cardiac index values. This

effect can be explained by the large number of cardiac output values, it has already been
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described in the study by Yang et al.(38) which compared cardiac output measured by

transpulmonary thermodilution with aortic flow probe in pig.

5.7.2 Fluid responsiveness

Based on the results of our study; agreement of ProAQT/Pulsioflex® and SGc to track cardiac
index changes during fluid expansion was modest. These results are in disagreement with
Monnet et al. study (25) and Van Drumpt et al. study (24) witch both conclude that the ability
of ProAQT to track fluid induced was reliable.

The ability of Vigileo® to track cardiac output changes is also reported. A study of Suehiro et al
(39) found that Vigileo® performed poorly in monitoring changes in CO induced by changes in
vasomotor tone. In everyday practice, ability of these mini-invasive methods to detect cardiac
output changes is as important as to give accurate absolute values. This is a real limit of our
current methods; a definitive conclusion cannot be given because of variability of the results.
On the other side, the choice of the SGc continuous technique as the reference method to track
changes in cardiac output is questionable: the SGc using an electric filament wire heater is
cycled every 52 seconds; furthermore, the Vigilance Il averages each measure in order to reduce
the variability; therefore, SGc continuous technique can take up to 12 minutes to detect a

change in CO (40).

5.7.3 dP/dt max

Dp/dt max is the maximum value of the first derivative of left ventricular (LV) pressure over time
during isovolumic contraction (41-44) and is a non-invasive marker of (LV) systolic function. We
observe that the marker of contractility dp/dt max is load dependent; in fact, dp/dt max

increases with volume expansion. These results are in agreement with the study of Thiele et al.
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(41). The 2 markers of contractility dp/dt max and CPI increased with time as expected after

cardiac surgery.

5.7.4 The strong points

This is the only study to our knowledge published on the ProAQT/Pulsioflex® that analyzed a
large number of unselected measurements (12734); other studies reported around 200 pairs of
selected measurements. A recent meta-analysis about five mini-invasive methods included 43
studies, with a total of 5780 measurements (29). Moreover, we included unstable patients after
cardiac surgery needing volume expansion. We studied the validity of ProAQT/Pulsioflex® in
radial position, which is the most common site used for arterial cannulation. Another point is

that we had included hemodynamically unstable patients.

5.7.5 Limitations

This study has several limitations: the number of subjects was not calculated a priori.

The choice of SGc as the reference method is questionable; however it is still generally
considered as the standard method (45) and permitted us to have a large number of pair
measurements.

Our choice to have excluded 10% of the most divergent paired values, is also questionable.
When bolus TD is the reference method, it is common to discard values varying by more than
20% of the preceding values. Another limit of our study is the choice of included patients only
after cardiac surgery; the results of this study cannot be applied to septic patients for example.
Moreover, eight patients were lost to follow-up in the study, because of a failure to record the

data of ProAQT/Pulsioflex®’s monitor.
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5.8 Conclusions

In our study, mean ProAQT/Pulsioflex® Cl measurements were only barely different of the
results of the SGc, but the percentage of error was at the upper limit. Moreover, the ability of

the ProAQT/Pulsioflex® to track fluid responsiveness was modest and needs further studies.
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Figure 1: Study design
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Figure 2: Flow Chart

Enrollment

Follow-Up

Analysis

Values are number

Assessed for eligibility n=61

Non-randomized (n=31 )
Patients not needing fluid expansion (n=31)

Y

A 4

Inclusion n=30

Y

Lost to follow up n=8

v

Analysed n=22

(only 16 fluid challenge
were analysed)

33




3: Linear regression between continuous thermodilution method versus

ProAQT/Pulsioflex®
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Figure 5: Cardiac index measured by continuous thermodilution and ProAQT/Pulsioflex®

during volume expansion:
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Figure 6: Evolution of the maximum value of first derivative of left ventricular pressure over
time during isovolumic contraction (dP/dt max)
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Table 1: Patients Characteristics

Gender Male 17
Female 5
Age (years) 65 (58-73)
Weight (kg) 79 (68-83)
Height (cm) 170 (165-175)
BMI (kg/m?) 27 (24-30)
Euroscore 1,8(1-2,7)
Duration of ECC (min) 131 (93-141)
Type of surgery Coronary artery bypass 10
Aortic valve replacement 3
biologic
Mitral valve repair 5
Aortic valve repair 2
Bentall Biologic 2
Performed extubation (min) 240 (210-340)
Volume expansion hypertonic saline 12
lactated ringer® 10
Filling criteria IC < 2l/min/m? 17
Sv02 <60 % 7
Pulse pressure variation >
13 17
PaOP and / or CVP < 12 21

Values are number(n), mean # standard deviation or median (25 to 75t percentile)
Abbreviations: Cl: Cardiac Index, SvO2: mixed venous oxygen saturation; PaOP: pulmonary artery occlusion

pressure, CVP central venous pressure, BMI: Body Mass Index, ECC: Extra Corporeal Circulation
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Table 2: Hemodynamic data

Arrival in

Before fluid

o et T 30min T1h T3h T6h T18h
HR (bpm) 74 (68-81) 75 (67-84) 75 (69-87) 76 (71-88) 81 (70-96) 86 (69-96) 86 (82-101)
MAP (mmHg) 67 (60-74) 61,5 (59-66) 69 (64-75) 67 (62-76) 71 (66-75) 72 (69-79) 75 (72-78)
PaPO (mmHg) 9 (6-10) 7.5 (6-9) 8.5 (6-12) 8 (6-12) 8.5 (5-11) 7 (6-9) 8 (7-13)
CVP (mmHg) 8 (4-10) 6(2-9) 9 (5-11) 8 (5-11) 7 (5-10) 6 (5-10) 8 (6-10)
P/DT
‘: n{mH;"/:;‘ NC 524 (395-731) 719 (586-980) 812 (519-1059) 863 (692-971) 817 (774-1006) 978 (739-1255)
CPI (W/m?) NC 0.3 (0.2-0.4) 0.3 (0.2-0.4) 0.3 (0.2-0.4) 0.3 (0.3-0.4) 0.4 (0.3-0.5) 0.4 (0.3-0.6)
SVRI (Dyn.s.cm-
b 2828+799 | 2462 (2070-3068) | 1893 (1627-2311) | 2154 (1987-2605) | 2088 (1857-2339) | 2317 (2147-2611) | 2010 (1782-2010)
SvO2 (%) 66 (58-69) 63 (58-69) 69 (65-71) 66 (63-71) 64 (60-71) 66 (63-69) 61 (58-66)
Lactates (mg/ml) | 1.1(1-1.5) 1.2 (0.9-1.5) 1.3(1.3-1.7) 1.4(1-1.8) NC 1.6 (1.4-2.6) 15
Troponine (ug /mi) | 4.6 (3.3-6.9) NC NC NC NC 9 (6-12) 4(3-6)
Cl Pulsioflex
it 22(2.1-2.2) 2.2(1.9-2.7) 2.6(1.9-3) 2.4(2-2.7) 2.5(2-2.9) 2.7 (2.2-3) 2.6 (2-3.3)
€l SGe (I/min/m?) | 1.6 (1.4-1.9) 1.7 (1.4-1.9) 23(2-2.6) 2.2(1.8-2.7) 2.4(2-2.8) 2.3(2.1-2.6) 2.5(2.2-2.6)
Dobutamine (n(%)) 18 23 23 18 18 13 4
=L IGETlS 0.340.85 0.43+0.91 0.35:0.81 0.40.94 0.410.94 0.36+0.94 0.05+0.22
(ne/kg/min)
Norepinephrine
e 64 59 59 59 59 45 9
Norepinephrine | o, 0.05 (0-0.09) 0.07 (0-0.1) 0.05 (0-0.1) 0.045 (0-0.01) 0 (0-0.06) 0+0.01

(ne/kg/min)

Values are number (n), mean # standard deviation or median (25 to 75™ percentile)

Abbreviations: HR: Heart Rate, MAP: Mean Arterial Pressure; PaOP: pulmonary artery occlusion pressure, CVP
central venous pressure, dP/DT max: maximum value of first derivative of left ventricular pressure over time during
isovolumic contraction max, CPI: Cardiac Power Index, SVRI: systemic vascular resistance index, , SvO2: mixed
venous oxygen saturation Cl: Cardiac Index
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Table 3: Fluid challenge at 15 minutes

0 9(56,2%
6 3 ( )
1 7(43,7%
L . (43,7%)
7 9
16
(43,7%) (56,2%)

Values are number

Table 4: Fluid challenge at 30 minutes

0
3 1 14 (87,5%)
1 2(12,5%
. ) (12,5%)
4 12
16
(25,0%) (75,0%)

Values are number
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7 CONCLUSIONS GENERALES

La mesure du débit cardiaque est essentielle en post opératoire de chirurgie cardiaque pour
détecter rapidement un bas débit cardiaque et élaborer une stratégie thérapeutique adaptée.
La thermodilution continue (cathéter de Swan Ganz) est la méthode de référence mais elle est
invasive.

L'objectif de notre étude était de comparer la mesure du débit cardiague par le
ProAQT/Pulsioflex® (analyse du contour de I'onde de pouls) a celle obtenue par thermodilution
continue par cathéter de Swan Ganz en post opératoire de chirurgie cardiaque.

L'analyse a été réalisée a partir de 12734 paires de mesures chez 22 patients. Nous avons mis
en évidence que la mesure du débit cardiaque par le ProAQT/Pulsioflex® est associée a un
pourcentage d’erreur de 44%, donc non acceptable en pratique clinique. Le ProAQT/Pulsioflex®
ne détecte pas les modifications de débit cardiaque détectées par le cathéter de Swan Ganz lors
d’une épreuve de remplissage. L’analyse de la contractilité myocardique par le dp/dt max et
par la puissance cardiaque indexée augmente en post opératoire de chirurgie cardiague comme
attendu.

En conclusion, le ProAQT/Pulsioflex® ne peut étre utilisé pour monitorer le débit cardiaque en
post opératoire de chirurgie cardiaque. L’analyse du dp/dt max et de la puissance cardiaque
indexée sont des parametres intéressants qui méritent d’étre explorés par d’autres études

complémentaires.
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MONITORAGE DU DEBIT CARDIAQUE PAR UNE METHODE D’ANALYSE DU CONTOUR DE L'ONDE DE
POULS (PROAQT/PULSIOFLEX®) EN POST OPERATOIRE DE CHIRURGIE CARDIAQUE

CONCLUSION :

La mesure du débit cardiaque est essentielle en post opératoire de chirurgie cardiaque pour
détecter rapidement un bas débit cardiaque et élaborer une stratégie thérapeutique adaptée.
La thermodilution continue (cathéter de Swan Ganz) est la méthode de référence mais elle est
invasive.

L'objectif de notre étude était de comparer la mesure du débit cardiaque par le
ProAQT/Pulsioflex® (analyse du contour de I'onde de pouls) a celle obtenue par thermodilution
continue par cathéter de Swan Ganz en post opératoire de chirurgie cardiaque.

L'analyse a été réalisée a partir de 12734 paires de mesures chez 22 patients. Nous avons mis
en évidence que la mesure du débit cardiaque par le ProAQT/Pulsioflex® est associée a un
pourcentage d’erreur de 41%, donc non acceptable en pratique clinique. Le ProAQT/Pulsioflex®
ne détecte pas les modifications de débit cardiaque détectées par le cathéter de Swan Ganz
lors d’une épreuve de remplissage. L’analyse de la contractilité myocardique par le dp/dt max
et par I'index de puissance cardiaque augmente en post opératoire de chirurgie cardiaque
comme attendu.

En conclusion, le ProAQT/Pulsioflex® ne peut étre utilisé pour monitorer le débit cardiaque en
post opératoire de chirurgie cardiaque. L'analyse du dp/dt max et de I'index de puissance
cardiaque sont des parameétres intéressants qui méritent d’étre explorés par d’autres études
complémentaires.
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