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Abstract

Background: A Randomized Controlled Trial (RCT) has been elaborated where
goal directed fluid and hemodynamic therapy (GDFHT) will be realized with
trans-thoracic echocardiographic aortic blood flow peak velocity variation
(AVpeak) and distance minute (DM) to guide fluid therapy and hemodynamics
in high risk pediatric surgical patients. This RCT will clarify the impact of
GDFHT with AVpeak and DM on postoperative outcome in terms of morbidity,
length of stay in the intensive care unit (LOSICU), length of mechanical ven-
tilation (LMV) and length of hospital stay (LOS) in children. To determine
values of AVpeak, DM and VTI predictive of these postoperative outcomes,
an observational pilot study will be realized. This pilot study is described
here. The primary objective of this study is to determine values of AVpeak,
DM and ITV predictive of postoperative outcome in children in terms of
morbidity. The secondary objectives are to determine values of AVpeak, DM
and ITV predictive of LOSICU, LMV, LOS, intraoperative, postoperative flu-
id administration and vasoactive-inotropic therapy. Methods: 500 - 1000
children aged less than 18 years will be included prospectively. Statistic analy-
sis will be realized with XLSTAT 2019.4.2 software or plus. Results and Con-
clusions: This trial protocol will determine values of AVpeak, DM and ITV
with echocardiography predictive of postoperative outcome in children.
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1. Introduction

A recent retrospective observational study in pediatric surgical patients in neu-
rosurgery, abdominal surgery and orthopedic surgery revealed that postopera-
tive outcome in terms of morbidity was multifactorial [1]. This study also re-
vealed that the rate of patients with postoperative complications in terms of
organ dysfunction in this cohort of more than 594 children was 23%. To im-
plement improvement measures on this incidence, GDFHT protocols with
transthoracic echocardiography have been elaborated [2]-[6]. Intraoperative goal
directed fluid and hemodynamic therapy in adults has demonstrated reduction
in postoperative complications [7]. In pediatric patients, it has not yet been es-
tablished that GDFHT improved postoperative outcome. The issue in pediatrics
is that validated hemodynamic parameters for GDFHT remain limited. Indices
like AVpeak, DM velocity time integral (VTI) have been validated in several stu-
dies in children [8]-[12]. AVpeak has been validated for fluid responsiveness in
pediatric surgical patients [8] [9] [10] [11]. Stroke volume (SV) can be calculated
with the following formula SV = VTI x D* x I1/4 [10]. Cardiac output (CO) can
be calculated with this formula CO = VTI x D* x II/4 x HR [13]. Where D is the
diameter of the aortic annulus in the parasternal longitudinal view and HR is the
heart rate. VTI can reflect CO, however, in children, it is recommended to use
distance minute (DM) since cardiac output is heart rate dependent [12]. DM can
be calculated as follows DM = VTI x HR [12]. What has not been realized is to
determine the impact of AVpeak, DM, VTI in GDFHT on postoperative mor-
bidity, LOSICU, LMV, LOS, fluid administration and vasoactive inotropic ther-
apy. A RCT has been elaborated where transthoracic echocardiography with
AVpeak, DM velocity time integral (VTI) will be integrated in GDFHT to cla-
rify their impact on postoperative outcome in children since this has not yet
been realized [6]. What has not been realized either is to determine values of
AVpeak, DM and VTI predictive of outcome in terms of postoperative morbidi-
ty, LOSICU, LMV, LOS and intraoperative and postoperative fluid administra-
tion and vasoactive inotropic therapy. An observational pilot study is described
here which has the primary objective to determine values of AVpeak, DM and
ITV predictive of postoperative outcome in children in terms of morbidity. The
secondary objectives of this pilot observational trial described here are to deter-
mine values of AVpeak, DM and ITV predictive of postoperative length of stay
in the intensive care unit, length of mechanical ventilation, length of hospital
stay; intraoperative, postoperative fluid administration and vasoactive-inotropic
therapy.

The primary outcome measures will be postoperative organ dysfunction until

discharge from hospital.
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The secondary outcome measures will be the number of postoperative days
spent in the intensive care unit (ICU), the number of postoperative days spent
on invasive or non-invasive mechanical ventilation, the number of postoperative
days spent in the conventional hospitalization ward, the quantity of intraopera-
tive fluid therapy and vasopressor-inotropic score (VIS).

This study is part of the Thesis entitled “Do goal directed therapies improve
postoperative outcome in children? (Perioperative Goal Directed Fluid and He-
modynamic Therapy; Transfusion goal directed therapy using viscoelastic me-
thods and enhanced recovery after surgery and Postoperative outcome)” [14]-[18].
This Thesis is registered at http://www.theses.fr/s232762.

2. Methods and Materials

This study has been registered at the French National Agency on Medication
and Drug Safety (ANSM, Agence Nationale de Sécurité du Médicament et des
Produits de Santé) under the number ID RCB: 2020-A00266-33. After approval
by the Ethics Committee (which will be determined and precised later) and par-
ents’ information, patients will be included prospectively in one cohort. Patients
will be managed as usual or at the discretion of the medical doctor in charge in
terms of anesthesia. AVpeak, DM and VTI will be measured with trans-thoracic
echocardiography twice intraoperatively after induction of anesthesia and at the
end of surgery. These parameters will be assessed in the apical five-chamber
view. AVpeak will be calculated as follows [(Vpeak maximum — Vpeak mini-
mum)/{(Vpeak maximum + Vpeak minimum)/2}] x 100 [11]. DM will be cal-
culated as follows DM = VTI x HR where VTI is aortic velocity time integral
and HR heart rate [12].

Inclusion criteria are patients under 18 years old scheduled for any type of
surgery where fluid therapy with crystalloids or colloids will be administered
intraoperatively. Exclusion criteria are patients more than 18 years old, parents
or patient’s refusal.

Since echocardiography is operator dependent, it will be realized by the same
person experienced in echocardiography to reduce the inter-observer variability.
Parameters such as age, gender, type of surgery, elective or urgent surgery, Ameri-
can Society of Anesthesiologists status (ASA), weight, height, prematurity, blood
pressure, heart rate, pulse oxymetry, hemoglobin levels, platelet count, leucocyte
count, activated thromboplastin, prothrombin time, fibrinogen, blood urea ni-
trogen, serum creatinin levels, C-reative protein levels (CRP), procalcitonin (PCT)
levels, hepatic functional tests will be registered (if analysed).

Preoperatively basal values of blood pressure, heart rate, core temperature,
pulse oxymetry, will be registered prior to anesthesia and surgery and intraope-
ratively hourly. Intraoperative parameters registered will be blood product transfu-
sion (packed red blood cells (PRBC), fresh frozen plasma (FFP), concentrated
platelet units (CUP), fibrinogen, cryoprecipitate, concentrated complex of proth-

rombin (CPP) or other blood product derivatives, crystalloids and colloids or
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other fluids administered, blood loss, urinary output, quantity of inotrops admi-
nistered and mechanical ventilation parameters, regional cerebral oxygen satu-
ration, renal oxygen saturation and mixed venous oxygen saturation (if moni-
tored) and lactate levels (if monitored).

Postoperative parameters registered will be blood pressure, heart rate, core
temperature, pulse oxymetry, mixed venous oxygen saturation (ScVO2), lactate
levels, cerebral (ScO2) and renal oxygen saturation (SrO2), blood product transfu-
sion (PRBC, FFP, CUP), fibrinogen, cryoprecipitate, concentrated complex of
prothrombin other blood product derivatives, crystalloids, colloids or other flu-
ids administered, blood loss, urinary output, quantity of inotrops admnistered,
mechanical ventilation parameters, hemoglobin, platelet, leucocyte levels, CRP,
PCT, hepatic functional tests, blood urea nitrogen, serum creatinin levels (if
monitored and analysed).

Statistic analysis will be realized with XLSTAT 2019.4.2 or plus software.
Normally distributed and non-normally distributed variables will be compared
using Student t-test or Mann-Whitney test and Wilcoxon test or Kruksal-Wallis
test respectively. Normally distributed variables will be expressed in terms of
means with standard deviation. Non-normally distributed variables will be ex-
pressed in terms of medians with interquartile ranges. Categorical variables will
be compared with the exact Fisher’s test or Chi-squared test accordingly. Cate-
gorical variables will be expressed as percentages with 95% confidence intervals.
To assess for independent predictors of adverse postoperative outcome, multivariate
analysis will be realized. A P-value < 0.05 will be considered significant. Missing
data will not be included.

The number of patients included will be between 500 and 1000 patients. This
number was determined after the results of the retrospective study [1] which
evidenced a postoperative complication rate of 23% in 594 children. The issue
was to have a similar population in size. Patients will be categorized according to
age in premature neonates (gestational age less than 37 weeks), term neonates
(less than one-month-old), children aged from one month to one year, children
aged from one to three years, children aged from three to six years, from six to
ten years and from ten to less than 18 years.

The study will be multicentric.

3. Discussion, Results and Conclusions

GDFHT has proven its efficiency in terms of decreased mortality and morbidity
in adults. In children, this has not yet been established. Parameters of GDFHT
applied in adults like pulse pressure variation remain controversial in children.
AVpeak has been validated in children for fluid responsiveness. AVpeak, DM
and VTI values predictive of postoperative outcome in terms of morbidity,
LOSICU, LMV and LOS have not yet been established. This observational study
protocol will clarify values of AVpeak, DM and VTI predictive of postoperative
morbidity, LOSICU, LMV, LOS, intraoperative and postoperative fluid therapy
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and vasopressor-inotropic therapy in children admitted for surgery. A rando-
mized controlled trial will determine the impact of GDFHT with AVpeak, DM

and VTI on postoperative outcome in pediatric patients admitted for major sur-

gery since this has not yet been demonstrated in children.
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