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Abstract 

Background Fluid loading‑based goal‑directed therapy is a cornerstone of anaesthesia management in major sur‑
gery. Its widespread application has contributed to a significant improvement in perioperative morbidity and mortal‑
ity. In theory, only hypovolemic patients should receive fluid therapy. However, to achieve such a diagnosis, a surro‑
gate marker of cardiac output adequacy must be used. Current methods of fluid loading‑based goal‑directed therapy 
do not assess cardiac output adequacy. Nowadays, new devices make it possible to continuously monitor central 
venous oxygen saturation  (ScvO2) and therefore, to assess the adequacy of perioperative cardiac output during sur‑
gery. In major surgery,  ScvO2‑based goal‑directed therapy can be used to enhance fluid therapy and improve patient 
outcomes.

Methods We designed a prospective, randomised, single‑blinded, multicentre controlled superiority study with a 1:1 
allocation ratio. Patients to be included will be high‑risk major surgery patients (> 50 years old, ASA score > 2, major 
intra‑abdominal or intra‑thoracic surgery > 90 min). Patients in the control group will undergo standard fluid load‑
ing‑based goal‑directed therapy, as recommended by the guidelines. Patients in the intervention group will have 
 ScvO2‑based goal‑directed therapy and receive fluid loading only if fluid responsiveness and cardiac output inad‑
equacy are present. The primary outcome will be the Comprehensive Complication Index on day five postoperatively.

Discussion This study is the first to address the issue of cardiac output adequacy in goal‑directed therapy. Our 
hypothesis is that cardiac output optimisation during major surgery achieved by continuous monitoring of the  ScvO2 
to guide fluid therapy will result in a reduction of postoperative complications as compared with current goal‑
directed fluid therapy practices.

Trial registration ClinicalTrials.gov. NCT03828565. Registered on February 4, 2019.
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Introduction
Background and rationale
Fluid loading is a cornerstone of anaesthesia manage-
ment in major surgery. Indeed, both fluid overload and 
hypovolaemia are deleterious for surgical patients [1, 2].

Several studies have assessed fluid loading based on 
clinical variables (arterial pressure, urine output, heart 
rate) and against goal-directed variables (cardiac output, 
stroke volume). These studies found a reduction in post-
operative morbidity and length of hospital stay in goal-
directed fluid therapy patients, including in long-term 
follow-up [3–6].

Since 2012, experts in the French Society of Anaes-
thesia and Intensive Care Medicine have recommended 
using goal-directed therapy for fluid loading in high-risk 
surgery patients [7]. These guidelines require the assess-
ment of dynamic fluid responsiveness before adminis-
tering fluid. If the patient is not a fluid responder, fluid 
loading is not administered. This strategy makes it possi-
ble to stop fluid loading as soon as it becomes deleterious.

However, it is not known whether fluid responsiveness 
alone is sufficient to determine the need for fluid load-
ing. Indeed, with regard to the Frank-Starling law, fluid 
responsiveness is a physiological status, which means 
that there is no need to provide fluid in all responders [8]. 
Hypovolaemia is defined as a decrease in venous return, 
which is significant enough to cause an inadequacy of 
cardiac output. In theory, only hypovolemic patients 
should receive fluid loading. To achieve this endpoint, 
a surrogate marker of cardiac output adequacy should 
be used, such as serum lactate concentration or central 
venous oxygen saturation  (ScvO2).

Serum lactate concentration is a late marker of car-
diac output adequacy. In addition, it is not sufficiently 
accurate to detect slight changes in cardiac output. In 
contrast,  ScvO2 is an excellent surrogate for detecting 
cardiac output variations. Today, new devices make it 
possible to monitor  ScvO2 continuously and therefore to 
assess the adequacy of perioperative cardiac output. This 
facility could be used to enhance fluid therapy during 
major surgery and improve patients’ outcomes.

Objectives
Our hypothesis is that using the continuous monitoring 
of  ScvO2 to guide fluid therapy during major surgery will 
result in better cardiac output optimisation with a reduc-
tion in postoperative complications as compared with 
current goal-directed fluid therapy practices.

Trial design
This study will be a prospective, randomised, single-
blinded, multicentre controlled superiority study with a 
1:1 allocation ratio.

Methods
Study setting
Three French hospitals in which major surgery is per-
formed: Hôpital Nord (Assistance Publique Hôpitaux 
Universitaires de Marseille, Aix Marseille Université, 
Marseille France), Institut Paoli Calmette (Marseille, 
France), Hôpital Caremeau (Centre Hospitalier Universi-
taire de Nîmes, Nîmes, France).

Eligibility criteria
Adult patients over 50  years of age with an American 
Society of Anesthesiologists (ASA) score of between 2 
and 4 who are scheduled for elective major surgery. Elec-
tive major surgery is defined as abdominal or thoracic 
surgery with a duration of at least 90 min and requiring 
the use of invasive blood pressure monitoring and a cen-
tral venous line.

Interventions
Control group
Patients in the control group will be treated with stand-
ard care. Fluid loading will be performed in accordance 
with French guidelines [7]. The cardiac output and/or 
the stroke volume will be continuously monitored with 
FloTrac technology (pulse contour analysis, Edwards 
Lifesciences, USA) or CardioQ technology (oesophageal 
Doppler monitoring, Deltex Medical Group, UK).

If a diminution in cardiac output, stroke volume and/
or mean arterial pressure of at least 10% of the initial val-
ues is observed, a rapid (5 min) fluid loading of 250 mL 
of balanced crystalloid solution will be administered. If 
the stroke volume and/or cardiac output increase by at 
least 10%, additional fluid loading will be administered. 
When the stroke volume and/or cardiac output do not 
increase or increase by less than 10%, fluid loading will 
be stopped. If the patient is not fluid responsive with a 
mean arterial pressure below 10% of the value of his or 
her preoperative mean arterial pressure, a diluted norepi-
nephrine (16 µg  mL−1) infusion will be started (Fig. 1).

Intervention group
Patients in the intervention group will be treated via an 
algorithm based on continuous perioperative  ScvO2 
monitoring (PreSep, Edwards Lifesciences, USA).

If  ScvO2 is above 70%, cardiac output will be defined as 
adequate. A diluted norepinephrine infusion will be used 
to maintain a mean arterial pressure within a 10% varia-
tion of the value of the preoperative mean arterial pres-
sure, regardless of fluid responsiveness status.

If  ScvO2 is above 70%, but the need for norepineph-
rine is above 0.5 µg  kg−1  min−1 to reach the blood pres-
sure targets, a fluid loading of 250  mL of crystalloids 
will be administered. Administration will be repeated 
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every 15  min until the norepinephrine dosage is below 
0.5 µg  kg−1  min−1.

If  ScvO2 is below 70%, cardiac output will be defined 
as inadequate. First, three out of the four determinants 
of  ScvO2 will be assessed and corrected as needed (hae-
moglobin, arterial oxygen saturation and oxygen con-
sumption through to the level of sedation). Then, fluid 
responsiveness will be assessed as described above. If 
the patient is fluid responsive, a fluid loading of 250 mL 
will be administered. If  ScvO2 increases above 70%, fluid 
loading will be stopped. If not, the fluid loading will be 
administered as long as  ScvO2 remains below 70%, with 
positive fluid responsiveness. If the patient is in the “grey 
zone” (when the fluid responsiveness assessment is not 
informative), the patient will be reassessed after 5  min 
(Fig. 2).

Outcomes
The primary outcome will be the Comprehensive Com-
plication Index (CCI) on day five after surgery [9]. CCI 
is a validated score for postoperative morbidity, ranging 
from 0 (no complication) to 100 (death). This score is 
based on the Clavien-Dindo classification of postopera-
tive complications, and it weighs the severity of the com-
plications by the resources needed to treat them [10]. 
CCI offers a sensitive endpoint and is particularly suit-
able for randomised controlled trials [11].

Regarding secondary outcomes, our hypothesis is that 
our experimental strategy will reduce the quantity of fluid 

administered during surgery. Therefore, the secondary 
outcomes will be the total amount of fluid administered 
perioperatively and the lung ultrasound score (LUS). LUS 
is a simple, fast and reproducible measure to assess the 
potential harm of excessive fluid administration [12]. To 
assess long-term outcomes, the CCI will be measured at 
days 15 and 30.

Participant timeline
Patients will be recruited during their pre-anaesthesia 
consultation. The protocol will be explained, and writ-
ten consent obtained. On the day of surgery, the patients 
will be randomly allocated to either the control group or 
the experimental group. During surgery, haemodynamic, 
ventilatory and pharmacologic data will be collected. In 
the post-anaesthesia care unit (PACU), an arterial and a 
venous blood gas analysis and an LUS will be performed 
in patients after tracheal extubation.

The patients will be monitored daily during the 5 days 
following surgery. A phone call will be made on day 15 
and on day 30 to collect information about potential 
postoperative complications. The duration of participa-
tion for each patient included in the study will be 30 days. 
Patients cannot be included in another study for 30 days 
after their randomisation.

Sample size
A sample size calculation was made from published data 
[9, 11]. In order to show a 10% difference in CCI between 

Fig. 1 Overview of the control group protocol. Abbreviations: SV, stroke volume; CO, cardiac output; MAP, mean arterial pressure
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groups on day five after surgery, with a 0.9 power and a 
0.05 alpha risk, 100 patients were needed per group. Con-
sidering a potential 10% loss to follow-up, we included 
220 patients (110 patients per group). We chose a 10% 
difference in CCI because this represents a clinically sig-
nificant decrease in postoperative complications (one 
grade on the Clavien-Dindo classification).

Recruitment
Patients will be recruited during the anaesthesia consul-
tation by a senior anaesthesiologist once the protocol has 
been explained and their written consent obtained.

Allocation
Randomisation will be performed with the block ran-
domisation technique to reduce bias and achieve balance 
in patient allocation. Randomisation will be stratified by 
the treatment centre to reduce selection bias. Randomi-
sation will be performed on surgery day by the attend-
ing anaesthesiologist with the nQuery Advisor software 
(v.7.0, Statsols, USA).

Blinding
Due to the study design, the attending anaesthesiolo-
gist can’t be blinded to the study intervention. There-
fore, double blinding will not be feasible. However, the 
patient is blinded to his study group and postoperative 

data collection and statistical analysis will be performed 
by investigators blinded to the group allocation of each 
patient. Since the attending physicians is unblinded to 
the study intervention, no emergency unblinding strategy 
has been developed.

Data collection, management and analysis
All data will be collected in real-time by the clinical 
research team of the participating centres using a case 
report form. The variables to be collected are as follows:

– Demographics (age, gender, ASA score, height, 
weight, BMI).

– Comorbidities: Charlson comorbidities score and 
preoperative score to predict postoperative mortality 
(POSPOM).

– Surgical risk (ACS NSQIP surgical risk evaluation) 
and surgical procedure.

– Perioperative:

◦ Haemodynamic (continuous): mean, systolic and 
diastolic blood pressure, heart rate, cardiac output, 
stroke volume, stroke volume variation and  ScvO2 
for the patients in the experimental group.
◦ Respiratory (every 30 min): tidal volume, respira-
tory rate,  FiO2, positive end-expiratory pressure 
(PEEP).

Fig. 2 Overview of the intervention group protocol. Abbreviations: ScvO2, central venous oxygen saturation; SaO2, arterial oxygen saturation; Hb, 
haemoglobin; BIS, bispectral index; MAP, mean arterial pressure; TTE, transthoracic echography; TEE, transoesophageal echography
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◦ Neurologic (every 30 min): bispectral index (BIS), 
suppression ration (SR).

– At the end of surgery: total volume of fluids admin-
istered (crystalloids and blood products), type and 
total amount of anaesthesia drugs used, use of an epi-
dural analgesic.

– In the PACU: arterial and venous blood gas analysis, 
LUS.

– Postoperative (daily): type and severity of postop-
erative complications until day 5 postoperative. CCI 
score calculation on day 5.

– At day 15 postoperative: collection of postoperative 
complications between day 5 and day 15 and CCI 
score calculation on day 15.

– At day 30 postoperative: collection of postoperative 
complications between day 15 and day 30 and CCI 
score calculation on day 30.

Data entry will be performed using REDCap software. 
Data analysis will be performed by a statistician from the 
clinical research team, using SPSS software (v 17.0, IBM, 
USA).

Table 1 shows the schedule of enrolment, intervention 
and assessment during the study period.

Statistical methods
Statistical analysis will start only after the database has 
been validated (all queries answered, database coher-
ence controlled). The statistical analysis will be blinded 
(no explicit identification of groups). The methodology 
and statistical analysis will be performed in accordance 
with the CONSORT statement [13]. The population 
analysis will be performed according to the intention-
to-treat (ITT) principle. A secondary, per-protocol 
population analysis will be performed if needed. If pre-
sent, missing data will be handled via multiple imputa-
tion by chained equations. Categorical variables will be 
reported as count (%) and continuous variables as mean 
(± standard deviation (SD)) or median (25th–75th 
quartile range). The presence of a normal distribution 
will be verified using the Kolmogorov-Smirnoff test. 
We will use the t-test to assess differences between par-
ametric continuous variables, the Mann–Whitney test 
for non-parametric variables, the χ2 test for categori-
cal variables and the Fisher exact test for 2 × 2 tables. 
No correction for multiple testing will be done. A two-
sided p < 0.05 will be considered statistically significant. 
Stopping of the trial could also be based on interim 
data analysis if clearly one treatment is better than the 
other, but no interim analysis is planned.

Table 1 Schedule of enrolment, interventions and assessments

Abbreviations: PACU  post-anaesthesia care unit, D day, GDT goal-directed therapy, LUS lung ultrasound score, CCI Comprehensive Complication Index

Study period

Enrolment Allocation Post-allocation Close-out

Timepoint Pre-anaesthesia 
consultation

Surgery day t1
During surgery

t2
PACU 

t3
D1 to D5 postop

t4
D15 postop

t4
D30 postop

D30 postop

Enrolment:
 Eligibility screen X

 Informed consent X

 Allocation X

Interventions:
 Control group: standard 
care

X

 Intervention group: 
 ScvO2‑guided GDT

X

Assessments:
 Demographics, comorbidi‑
ties, surgical risk

X

 Haemodynamic, respira‑
tory and neurologic variables
Total fluid administration

X

 Arterial and venous blood 
gas analysis, LUS

X

 Postoperative complica‑
tions, CCI

X X X

 Close‑out form X
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Monitoring
In accordance with the Helsinki Declaration and French 
law, the research team will declare adverse events with-
out delay to the study sponsor (Assistance Publique 
Hôpitaux de Marseille). Participation in the study will 
be clearly stated in the patients’ medical files. The data 
monitoring and the coordinating committees from the 
study sponsor will perform annual data-monitoring 
sessions for quality control and trial conduct auditions 
during the study period.

Ethics and dissemination
Research ethics approval
This study was approved by an institutional review 
board (Comité de Protection des Personnes SUD-EST 
VI) on December 9, 2019. All participants will be able 
to consent to the study and written consent will be 
obtained from all participants. Minors and patients 
unable to understand the study or under guardianship 
will not be included.

Protocol amendments
Two amendments have been made to the original pro-
tocol. The first amendment removed the diagnosis of 
heart arrhythmia from the exclusion criteria, because 
stroke volume variation was not used in the study to 
assess fluid responsiveness. Due to safety concerns, the 
second amendment added the 250  mL fluid loading in 
the experimental group should the norepinephrine dose 
exceed more than 0.5  µg   kg−1   min−1. All participating 
centres were notified without delay by the study sponsor 
of any protocol amendments. If a major deviation from 
the study protocol should happen, it will be documented 
by the investigators with a Breach Report Form.

Consent or assent
All participants will have consented to the study. 
Minors and patients unable to understand the study or 
under guardianship will not be included.

Confidentiality
The database will be anonymous and encrypted to 
ensure data safety and patient confidentiality.
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