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Abstract

Background Analgesia Nociception Index (ANI) is a device based on analysis of the R-R interval and respiratory
sinus arrhythmia to assess the balance between sympathetic and parasympathetic activity. The autonomic system is
directly affected by load changes. Therefore, monitoring sympathetic tone and its change could theoretically allow
tracking of load changes during volume expansion. The aim of the present study was to determine whether changes
in ANl are able to track the increase in stroke volume caused by volume expansion (SV).

Methods This prospective observational study included mechanically ventilated patients undergoing neurosurgery
and benefiting from SV monitoring. Exclusion criteria were cardiac dysfunction, arrhythmias, beta-blockade therapy,
and dysautonomia. SV was optimized by fluid administration of 250 ml of crystalloid fluid. A positive fluid increase was
defined as a SV increase of 10% or more from baseline. Changes in SV and medium ANI (ANIm) were recorded before
and 4 to 5 min after volume expansion.

Results Sixty-nine patients had 104 fluid challenges (36 positive and 68 negative). Volume expansion resulted in a
greater ANl increase in responders than in nonresponders. The change in ANIm > 5 predicted fluid responsiveness
with a sensitivity of 68.4% (95% Cl: 67.4% to 69.5%) and a specificity of 51.2% (95% Cl: 50.1% to 52.3%). The area under
the receiver operating characteristic curve was 0.546 (95% Cl: 0.544 to 0.549) and appeared to be affected by remifen-
tanil dose and baseline ANI.

Conclusion Changes in ANIm induced by fluid challenge is not able to predict fluid responsiveness in mechanically
ventilated patients undergoing neurosurgery.

Trial registration Clinical trial registration: NCT04223414.
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Background

Perioperative hemodynamic management aims to opti-
mize stroke volume (SV) to achieve the best possible
tissue oxygenation. Although hemodynamic optimiza-
tion reduces postoperative morbidity and mortality,
fluid overload can lead to pulmonary or peripheral
edema and its associated side effects [1, 2]. There-
fore challenge for physicians, is to accurately identify
which patients will respond to fluid administration by
increasing SV. Prediction of fluid responsiveness using
dynamic indices based on heart-lung interactions dur-
ing mechanical ventilation is nowadays severely limited
by the widespread use of low-tidal ventilation strategies
in the operating room [3]. Therefore, fluid titration by
volume expansion and monitoring of its effects on SV is
the most appropriate. This strategy is currently recom-
mended by the French Society of Anesthesiologists [4]
and the National Institute for Clinical Excellence [5].
Regardless of the approach, hemodynamic optimization
needs to monitor SV which requires the use of invasive
or semi-invasive [6] devices that limit their spread in
daily practice. This emphasizes the need for the devel-
opment of less invasive tools.

Heart rate variability analysis, based on electrocardio-
gram analysis and, in particular, on RR interval variations
during the respiratory cycle, is now recognized as a sim-
ple, reliable, and non-invasive tool to assess the balance
between sympathetic and parasympathetic activity [7-9].
MetroDoloris® has developed the Analgesia Nociception
Index (ANI) based on RR analysis. The value of ANI can
range from 0 to 100. A value of ANI close to 100 corre-
sponds to a predominant parasympathetic tone (low-
stress level, analgesia) and a value close to 0 corresponds
to a predominant sympathetic tone (high-stress level,
nociception). It is mainly used to monitor analgesia [10—
14], but it has also been used for hemodynamics in some
studies, for example, as a predictor of arterial hypoten-
sion after spinal anesthesia [15-18]. Indeed, sympathetic
tone is directly affected by volemia, with the sympathetic
nervous system being more stimulated and the parasym-
pathetic nervous system withdrawing in hypovolemia
[19]. Thus, the autonomic system is directly affected by
load changes. Monitoring sympathetic tone and its vari-
aitons could theoretically allow us to track the change
in load during volume expansion. We hypothesized that
the increase in SV induced by volume expansion would
lead to a significant change in the orthosympathetic-par-
asympathetic balance in favor of parasympathetic tone
and thus to an increased ANI value. This increase would
be more pronounced in responders to fluid administra-
tion (significant increase in SV) than in non-responders.
Therefore, volume expansion induced changes in ANI
could detect volume expansion induced changes in SV.

Page 2 of 10

The aim of the present study was to determine whether
changes in ANI could detect fluid responsiveness follow-
ing a volume expansion of 250 ml of crystalloids in the
operating room.

Methods
Ethics approval
The study was performed in accordance with the Decla-
ration of Helsinki. Ethical approval for this study (Ethics
Committee N° ID-RCB: 2019-A01949-48) was obtained
from the Comité de Protection des Personnes Ile de
France X, France, on November 14, 2019 (Pr P. Casassus).
In accordance with French law, all patients were pro-
vided with written information about the study and their
informed consent to participate was obtained.This study
has been registered on Clinicaltrials.gov: NCT04223414.
This manuscript complies with the applicable guide-
lines of STROBE.

Patients

This was a prospective, observational study conducted in
a tertiary University Hospital from January 2020 to June
2020. Inclusion criteria were: patients older than 18 years
old who were scheduled for neurosurgery, equipped
with a radial arterial catheter and cardiac output moni-
tor. Exclusion criteria included emergency surgery, car-
diac dysfunction, arrhythmia, beta-blockade therapy use,
pacemaker, intracranial hypertension, pregnancy, dysau-
tonomia and refusal to participate.

Anesthesia protocol

All patients received of total intravenous anesthesia
achieved by target-controlled infusion of propofol and
remifentanil. Administration of a non-depolarizing neu-
romuscular blocker (atracurium) was at the discretion of
the attending physician. Patients received volume-control
mechanical ventilation (tidal volume of 6-8 mlkg™" of
ideal body weight; positive end-expiratory pressure was
set at 6 to 8 cmH, 0.

Hemodynamic monitoring

Before induction of anesthesia, the patient was moni-
tored by non-invasive blood pressure measurement,
pulse oximetry and ECG. Immediately after induction
of anesthesia, a radial artery catheter was inserted and
connected to the bedside monitor for invasive arte-
rial pressure monitoring and to a dedicated transducer
(ProAQT"™, Magquet, Rastatt, Germany) for monitoring
SV, cardiac output, pulse pressure variations (PPV), and
stroke volume variations (SVV).
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ANI monitor

ANI monitor vl (Metrodoloris™, Lille, France) was
directly connected to an ECG monitor and allowed analy-
sis of heart rate. ANI is expressed as two indices between
0 and 100: the mean ANI (ANIm) is the value of ANI
averaged over the last 4 min and the instantaneous ANI
(ANIi) is averaged over a shorter period of 80 s, with each
elementary measurement taken over 64 s. A ANI value
close to 100 corresponds to predominantly parasympa-
thetic tone, whereas a value close to 0 corresponds to
predominantly sympathetic tone. The physician in charge
of anesthesia was not aware of the value of ANI and did
not use it to perform the anesthesia.

Study design

Fluid challenge was performed at the discretion of the
physician according to standard recommendations [4, 5]
and consisted of infusion of 250 ml of crystalloid (0.9%
saline) over 10 min. Data were collected immediately
before and 4-5 min after fluid infusion. Bolus admin-
istration or changed in vasopressor dosage, as well as
changes in ventilatory parameters or anesthesia drugs
dosage, were not allowed during fluid infusion. Multiple
fluid challenges could be performed in the same patient
depending on whether SV had been previously increased
by more than 10% or at the discretion of the physician
according to recommendations.

Statistical analysis

Response to volume expansion was defined as an increase
in SV of 10% or more. We hypothesized a proportion of
30% of responders to volume expansion [20]. To detect
an area under the receiver operating characteristic curve
(AUROC) >0.76 with a power of 90% and an alpha value
of 0.05, a minimum number of 56 subjects was required
[21]. Because several parameters could lead to subse-
quent exclusion (changes in propofol or remifentanil dos-
age, bolus of vasopressor, changes in ventilatory setting
during the study protocol), we planned to include at least
10 more patients (minimum of 66 patients).

Quantitative variables were described by mean (stand-
ard deviation) or median [interval inter-quartile] accord-
ing to their distribution. Qualitative data were described
by their number (percentage). Data collected before and
after volume expansion were compared with a paired
Student t test or a paired Mann—Whitney test, depend-
ing on their distribution. The relationship between ANIm
and SV variation was assessed by using a linear correla-
tion. Diagnostic performance of change in ANI to diag-
nose fluid responsiveness was estimated using Receiver
operating characteristic curves, the AUROC, and their
confidence interval (CI). Because of the repeated fluid
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challenges, CI were estimated by using an individual
Boostrap method with 1000 replication. The best cut-
off value was by maximizing the Younden index (sen-
sitivity + specificity — 1). We tested the diagnostic
performance of changes in ANI during volume expansion
according to remifentanil dose regimen and baseline ANI
value using the Faraggi’s method [22]. A p-value less than
0.05 was considered significant. All analyzes were per-
formed using R Development Core Team (http://www.R-
project.org), version R 4.0., accessed June 2020).

Results

Patients

Of the 75 patients included, 2 were excluded because of
beta-blocking medication use (Fig. 1). 118 volume expan-
sions were performed, of which 14 were excluded mainly
because of the use of bolus vasopressors during volume
expansion. A total of 104 volume expansions (36 positives
and 68 negatives) fluid challenges were performed in 69
patients. Table 1 provides an overview of the patients’
characteristics.

Effects of volume expansion

Table 2 summarizes the hemodynamic, ventilatory, and
ANI variables according to positive or negative fluid chal-
lenges. Heart rate, Pulse Pressure Variation, and Stroke
Volume Variation decreased significantly after the fluid
challenge in both groups. Stroke volume and ANIm
increased during positive and negative fluid challenge.
Volume expansion resulted in a 15.8(5.3)% increase in
cardiac output in positive fluid challenges and a 1.0(6.8)%
increase with negative fluid challenges.

Diagnosis performance of fluid responsiveness
The diagnostic performance of PPV, SVV and changes
in ANI for predicting fluid responsiveness are shown in
Table 3. Positive predictive value was 0.468 (0.464—0.473)
and negative predictive value was 0.751 (0.746—0.757).
AUCROC for changes in ANIm to detect a stroke volume
increase of 10% or more after volume expansion was 0.546
(95% CI, 0.544 to 0.549) (Fig. 2). The best threshold was
5%, corresponding to a sensitivity of 68.4% (95% CI, 67.4
to 69.5) and a specificity of 51.2%. (95% CI, 50.1 to 52.3).
Diagnostic performances of changes in ANI to predict
fluid responsiveness appeared to differ according to base-
line levels of ANI and the remifentanil dosing regimen
but did not appear to be affected by the propofol dosing
regimen (Fig. 3). The ability of changes in ANI to detect
fluid responsiveness tended to improve as remifentanil
concentration decreased. Similarly, high baseline levels
of ANI appeared to alter the diagnostic performance of
changes in ANL


http://www.R-project.org
http://www.R-project.org

de Courson et al. BMC Anesthesiology (2023) 23:218 Page 4 of 10
75 patients with
inclusion criteria
2 patients excluded
(beta-blocking treatment)
A
118 VE performed on 73
patients
14 VE excluded:
-11 bolus of vasopressor
" -1 hemodynamic event
-1 loss of data
-1 change remifentanil dose
A.
104 VE included in
analysis (69 patients)
A A
36 positive fluid 68 negative fluid
challenge (34,6%) challenge (65,4%)

Fig. 1 Flow chart (VE: Volume expansion)

Discussion

This study suggests that (i) volume expansion induces
a significant increase in ANIm values that is more pro-
nounced in positive fluid challenge than in negative fluid
challenges and that (ii) ANIm variations after a volume
expansion of 250 ml of crystalloids are not able to diag-
nose fluid responsiveness in neurosurgical patients ven-
tilated with low tidal volume in the operating room.
Diagnostic performance of ANIm variations appears to
be affected by remifentanil dose.

Even though the beneficial effect of perioperative
hemodynamic optimization has been demonstrated, it is
rarely performed in daily practice nowadays because of
the need for devices to monitor stroke volume. The whole
challenge is to develop easy-to-use and non-invasive
monitoring. Dynamic parameters seemed promising but
as confirmed in our study, fail to properly diagnose fluid
responsiveness. Recently, the use of End-Tidal CO, vari-
ations following volume expansion in mechanically ven-
tilated patients was also investigated, but they were also
unable to diagnose fluid responsiveness [23].

Volume expansion induced changes in ANI

The occurrence of relative or absolute hypovolemia
results in a decrease in stroke volume due to a decrease
in systemic venous return. In response, orthosympathetic
stimulation and reversal of parasympathetic braking
occur. In physiological situations, reversal of this balance

leads to cardiovascular reactivity (increased heart rate,
arterial and venous vasoconstriction) and activation of
the renin-angiotensin system [24]. Thus, performing a
volume expansion in a hypovolemic situation results in a
reversal of the sympathovagal balance.

As expected, ANIm increased with both positive and
negative fluid challenges, but increased more so in posi-
tive fluid challenges.

According to previous studies, heart rate variability
(HRV) analysis shows promise. For example, in 2010,
Ryan et al. studied HRV as a marker of hypovolemia
in 101 healthy volunteers who were experimentally
immersed in a hypovolemic situation using the lower
body negative pressure technique [25]. The authors
found a strong correlation between changes in HRV
markers and changes in cardiac output, although they
did not find a correlation between changes in HRV and
the depth of hypovolemia. These findings were repli-
cated by the work of Lin’s team, which examined the
effects of changes in blood volume induced by stand-
ardized maneuvers in 26 healthy volunteers [26]. Per-
forming of a "head-up tilt test" simulating hypovolemia
resulted in a decrease in HRV, whereas a passive leg-
raising maneuver induced an increase in HRV. In 2015,
Elstad et al replicated this experience in 10 healthy
volunteers placed in hypovolemic situations after spon-
taneous and assisted ventilation [27]. During spontane-
ous ventilation, variations in HRV allowed detection
of a hypovolemic situation (AUC=0.81), and under
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Table 1 Characteristics of patients included in analysis (n=69)

Characteristics

Age, yr 57 (14)
Sex, Female, n (%) 35(51)
ASA physical status (%)

1 1(2)

2 21 (30)

3 47 (68)
BMI, kg.m™2 26 (5)
Body weight, kg 72 (16)
Ideal body weight, kg 62 (7)
Comorbidities

Chronic hypertension 11(16)

Diabetes 1(1)

Tabacco 21 (30)

Alcohol consumption 5(7)

Stable cardiovascular disease 34

Stable pulmonary disease 13(19)
Treatment, n (%)

Antihypertensive 11(16)

Including CEI/ARBs 10 (15)
Position, n (%)

Supine position 46 (67)

Partial lateral decubitus 23(33)
Surgery, n (%)

Brain tumor 58 (84)

Aneurysm 6(9

Others 5(7)
Length of surgery, h 3(N)
Tidal volume of ideal body weight (ml.kg~") 7.2(0.7)
Ventilatory frequency (cycles.min~") 14012-1]
PEEP (cmH,0) 6[5,6]
Number of patients receiving

1 fluid challenge, n 41

2 fluid challenges, n 19

3 fluid challenges, n 6

4 fluid challenges, n 3

Values are mean (standard deviation), median [25-75% interquartile range] or
number (%) as appropriate

ACEi Angiotension Conversion Enzyme inhibitor, ARBs Angiotensin Receptor
Blockers

TO: baseline

T1:4-5 min after the end of volume expansion

assisted ventilation, experimental hypovolemic situa-
tions also induced changes in HRV (AUC=0.76). In a
different vein, Hanss [15, 16] and colleagues reported in
the 2000s that HRV predicts severe hypotension after
administration of regional anesthesia (spinal anesthe-
sia for elective cesarean delivery) or general anesthe-
sia [17]. They conclude that the HRV analysis would be
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Table 2 Haemodynamic and ANI variables before and after
fluid challenge in positive (n=36) and negative fluid challenge
(n=68)

Before After volume p-value
volume expansion
expansion
Heart rate (beat.min™")
Negative fluid challenges 72 [64-81] 71 [60-79] <0.001
Positive fluid challenges 67 [62-73] 62 [58-70] <0.001
Mean arterial pressure (mmHg)
Negative fluid challenges 69 [57-77] 67 [57-78] 0.807
Positive fluid challenges 67 [60-71] 68 [61-73] 0210
Stroke volume (ml)
Negative fluid challenges 38 [34-53] 40 [36-55] <0.001
Positive fluid challenges 37 [33-43] 43 [38-48] <0001
Cardiac output (.min~")
Negative fluid challenges 2.8 [23-37] 29 [23-38] 0222
Positive fluid challenges 2.5 [20-3.1] 29 [23-33] <0.001
PPV (%)
Negative fluid challenges 12 [8-15] 9 [7-13] <0.001
Positive fluid challenges 11 [9-17] 8 [6-11] <0.001
SVV (%)
Negative fluid challenges 14 [11-20] 12 [9- <0.001
Positive fluid challenges 14 [11-17] 9 [8-1 <0.001
Remifentanil dose (ng.ml~")
Negative fluid challenges 40 [3.0-46] 40 [3.0-46] -
Positive fluid challenges 3.5 [27-40] 35 [27-40] -
Propofol dose (ug.ml~")
Negative fluid challenges 40 [38-50] 40 [3.8-50] -
Positive fluid challenges 3.7 [3.1-4.0] 3.7 [3.1-40
ANI mean (n)
Negative fluid challenges 70 [54-82] 77 [58-86] 0.019
Positive fluid challenges 69 [62-84] 79 [66-91] 0.005

Positive fluid challenge defined as a stroke volume increase > 10%. Values are
median (25" to 75™ percentile)

ANI Analgesia Nociceptive Index, PPV Pulse pressure variations, SVV Stroke
volume variations

useful in identifying patients at risk of severe arterial
hypotension during spinal anesthesia. While these HRV
analyzes require software for data acquisition and pro-
cessing, ANI has been established in the field of anes-
thesia as an easy-to-use software initially developed
to prevent hemodynamic changes after a nociceptive
phenomenon. In 2016, Boselli et al. studied hemody-
namic reactivity using the dynamic variations of ANI: a
decrease of ANI of more or equal to 19% in 1 min has a
high probability (AUROC=0.90) to predict an increase
of heart rate and/or systolic blood pressure of more
than 20% within the next 5 min [28].

Our work is one of the first to address changes in ANI
after a change in hemodynamics and differs from the
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Fig. 2 Receiver operating characteristics (ROC) curves evaluating the ability of baseline PPV and SVV, and of changes in Analgesia Nociceptive
Index (ANI) to detect an increase in stroke volume > 10% following a volume expansion of 250 mL saline 0.9%

previously cited studies in that it includes mechanically
ventilated subjects and subjects under general anesthe-
sia, which is more in line with reality than not. Indeed, the
included population was similar in terms of fluid respon-
siveness to the work of Mac Donald et al, who in their
substudy of OPTIMISE Trial, reported only 29% of volume
expansion that increased stroke volume [29] and Biais et al.,
found 32% of positive fluid challenge in their study [20].

Diagnosis performance of ANI

The poor diagnostic capabilities of ANI can be
explained by two elements: small variations in car-
diac output and general anesthesia. First, we observed
a small increase in cardiac output, even in responder
patients (16%). We can hypothesize that these fluctua-
tions are not sufficient to produce a significant variation
in ANI Second, general anesthesia likely had a signifi-
cant effect on our results. We have shown that remifen-
tanil dose affects AUROC, which makes sense because
the use of opioids during anesthesia serves in part to

(See figure on next page.)

control the sympathetic response to a surgical stimu-
lus. In our study, ANIm was 74 (59 — 86) before the
initiation of the fluid challenge, likely indicating opi-
oid overdose. The area under the ROC curve decreases
with high baseline ANIm values and high remifentanil
concentrations (Fig. 3). ANIm values did not affect the
anesthetic protocol and were assessed independently
during data analysis. Propofol may also affect this
response, as has been shown in many studies demon-
strating that propofol significantly decreases sympa-
thetic nervous system (SNS) activity and its ability to
respond to hypovolemia [30, 31]. In the present study,
propofol did not appear to affect the diagnostic ability
of ANI variations to identify fluid responsiveness.

Stroke volume versus arterial pressure
As discussed above, most studies have focused on
changes in blood pressure and/or heart rate induced by a
nociceptive stimulus. However, few studies have focused
on the analysis of cardiac output [25].

Fig. 3 Conditional values of the area under the receiver operating characteristic curve (AUC) generated to test the ability changes in Analgesia
Nociceptive Index (ANI) to detect an increase in stroke volume > 10% following a volume expansion of 250 mL saline 0.9% according to. a Mean
Analgesia Nociceptive Index (ANIm) before volume expansion. b Remifentanil dose regimen (ng.mI™"). ¢ Propofol dose regimen (mcg.ml~").
Continuous lines show the mean area under the receiver operating characteristics curve and dotted lines show the 95% confidence interval. The
area under the curve, which reflects diagnostic ability, appears to be influenced by the dose of remifentanil and the ANI value. High remifentanil
dose and high ANIm value seem to be associated with lower diagnostic abilities
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Blood pressure is a finely regulated variable and the
adjustment of cardiovascular functions involves, includ-
ing cardiac output, systemic vascular resistance, and
blood volume. These regulatory mechanisms can act
in the short term particularly with the help of the auto-
nomic nervous system. A change in blood pressure leads
to a response of the cardiovascular center with the help
of the orthosympathetic and parasympathetic systems,
which modulate cardiac output (especially via HR and
myocardial contractility) but also systemic vascular
resistance [32, 33].

Therefore, monitoring cardiac output seems even more
important as it can be done by pulse wave analysis.

Limitations

The present work has some limitations. First, this mono-
centric study, which included patients undergoing neu-
rosurgery in the operating room did not include patients
with arrhythmia or with a pacemaker, right or left heart
failure or beta-blocker treatment limiting extrapolation
of the results. Second, although ANI is well established
in the field of anesthesia as an assessment of sympatho-
vagal balance over the R-R interval, no other methods of
HRYV were analysis available to us. Thus, the calculation
algorithms based on the amplitude measurement of the
respiratory modulations of the RR series and the way in
which the ANI value varies between 0 and 100 are not
known precluding a thorough scientific analysis. One of
the strengths of this study is the use of this new moni-
toring model in the field of anesthesia. In addition, some
studies [34, 35] have found a tendency to increase the
ratio between parasympathetic and sympathetic tone in
right lateral decubitus. The partial lateral decubitus used
in our study may have contributed to the lack of change
in ANIm values following fluid challenge.

Third, cardiac output was monitored by using pulse
contour analysis with a specific transducer (ProAQT®,
Pulsion Medical System). Pulse contour analysis provides
an estimate of SV by initial autocalibration without exter-
nal calibration which may not be effective in the presence
of vasoplegia or other changes in vascular resistance.
However, Monnet et al. concluded that Pulsioflex is reli-
able for tracking fluid-induced changes in cardiac index
[36] and recently, our team found a least significant
changes of SV smaller than 10% threshold, making it pos-
sible to identify the effects of fluid administration [37].

Finally, the infusion regimen of remifentanil was left
to the discretion of the attending physician and was not
fixed. Large doses of remifentanil, by decreasing sympa-
thetic response, may have altered the effects of volume
expansion on ANI as shown in Fig. 3B.
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Conclusions

Our study suggests that ANI monitoring is not able to
detect the hemodynamic response to volume expan-
sion of 250 ml of crystalloid in mechanically ventilated
patients undergoing general anesthesia, which appears
to be influenced by the remifentanil dosing regimen and
baseline values ANL
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AUROC Area Under the Receiver Operating Characteristic Curve
a Confidence interval

ANIm Medium ANI

PPV Pulse Pressure Variations

SV Stroke Volume

SW Stroke Volume Variations

Acknowledgements
Authors thank Laure Estéve and Sébastien Marchi for technical support and
Thomas Laferiere for revising the English

Authors’ contributions

DE COURSON: this author helped study design and data analysis, patient
recruitment, writing paper; CHADEFAUX: this author helped patient recruit-
ment and data analysis, writing paper; ABEL: this author helped patient
recruitment and data analysis, writing paper; GEORGES: this author helped
patient recruitment; revision of the manuscript; VERCHERE: this author helped
patient recruitment; revision of the manuscript; BIAIS: this author helped study
design and data analysis, patient recruitment, writing paper.

Funding
None.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The authors declare that the work described has been carried out in accord-
ance with the Declaration of Helsinki.

Ethical approval for this study (Ethical Committee N° ID-RCB: 2019-A01949-
48) was granted by the Comité de Protection des Personnes lle de France X,
France, on 14™ November, 2019 (Pr P. Casassus). According to the French laws,
all patients were provided with written information about the study and their
informed consent to participate was obtained.This study was registered on
Clinicaltrials.gov: NCT04223414.

Consent for publication
Not applicable.

Competing interests

Pr. Biais received honoraria from Edwards Lifesciences, Irvine, California, and
Pulsion Medical System, Munich, Germany, for lectures. Other authors declare
no competing interests.

Author details

Centre Hospitalier Universitaire de Bordeaux, Bordeaux, France. 2Service
d’Anesthésie-Réanimation, Groupe Hospitalier Pellegrin, Place Amélie Raba
Léon, 33000 Bordeaux, France.

Received: 6 March 2023 Accepted: 15 June 2023
Published online: 21 June 2023



de Courson et al. BMC Anesthesiology

(2023) 23:218

References

1.

20.

21

22.

23.

24.

Thacker JKM, Mountford WK, Ernst FR, Krukas MR, Mythen MMG. Periop-
erative fluid utilization variability and association with outcomes: consid-
erations for enhanced recovery efforts in sample US surgical populations.
Ann Surg. 2016;263:502-10.

Pearse RM, Harrison DA, MacDonald N, et al. Effect of a perioperative,
cardiac output-guided hemodynamic therapy algorithm on outcomes
following major gastrointestinal surgery: a randomized clinical trial and
systematic review. JAMA. 2014;311:2181-90.

Futier E, Constantin J-M, Paugam-Burtz C, et al. A trial of intraopera-

tive low-tidal-volume ventilation in abdominal surgery. N Engl J Med.
2013;369:428-37.

Vallet B, Blanloeil Y, Cholley B, et al. Guidelines for perioperative haemody-
namic optimization. Ann Fr Anesth Reanim. 2013;32:¢151-158.

Medical Technology Guidance. CardioQ-ODM oesophageal Doppler
monitor. NHS National Institute for Health and Clinical Excellence (NICE);
2011,

Gruenewald M, Herz J, Schoenherr T, Thee C, Steinfath M, Bein B. Meas-
urement of the nociceptive balance by Analgesia Nociception Index and
Surgical Pleth Index during sevoflurane-remifentanil anesthesia. Minerva
Anestesiol. 2015;81:480-9.

Malliani A, Pagani M, Lombardi F, Cerutti S. Cardiovascular neural regula-
tion explored in the frequency domain. Circulation. 1991,84:482-92.
Goldberger JJ. Sympathovagal balance: how should we measure it? Am J
Physiol. 1999;276:H1273-1280.

Casolo GG, Stroder P, Signorini C, et al. Heart rate variability during the
acute phase of myocardial infarction. Circulation. 1992;85:2073-9.

Logier R, Jeanne M, Tavernier B, De Jonckheere J. Pain/analgesia evalua-
tion using heart rate variability analysis. Int Conf IEEE Eng Med Biol Soc.
2006;2006:4303-6.

. Jeanne M, Clément C, De Jonckheere J, Logier R, Tavernier B. Variations of

the analgesia nociception index during general anaesthesia for laparo-
scopic abdominal surgery. J Clin Monit Comput. 2012;26:289-94.

Sesay M, Robin G, Tauzin-Fin P, et al. Responses of heart rate variability to
acute pain after minor spinal surgery: optimal thresholds and correlation
with the numeric rating scale. J Neurosurg Anesthesiol. 2015;27:148-54.
Reimer P, Mé&ca J, Szturz P, et al. Role of heart-rate variability in preopera-
tive assessment of physiological reserves in patients undergoing major
abdominal surgery. Ther Clin Risk Manag. 2017;13:1223-31.

Daccache G, Caspersen E, Pegoix M, et al. A targeted remifentanil
administration protocol based on the analgesia nociception index during
vascular surgery. Anaesth Crit Care Pain Med. 2017,36:229-32.

Hanss R, Bein B, Ledowski T, et al. Heart rate variability predicts severe
hypotension after spinal anesthesia for elective cesarean delivery. Anes-
thesiology. 2005;102:1086-93.

Hanss R, Bein B, Weseloh H, et al. Heart rate variability predicts severe
hypotension after spinal anesthesia. Anesthesiology. 2006;104:537-45.
Hanss R, Renner J, llies C, et al. Does heart rate variability predict hypoten-
sion and bradycardia after induction of general anaesthesia in high risk
cardiovascular patients? Anaesthesia. 2008;63:129-35.

Bishop DG, Cairns C, Grobbelaar M, Rodseth RN. Heart rate variability as a
predictor of hypotension following spinal for elective caesarean section: a
prospective observational study. Anaesthesia. 2017;72:603-8.

Logier R, Jeanne M, De Jonckheere J, Dassonneville A, Delecroix M, Tav-
ernier B. PhysioDoloris: a monitoring device for analgesia / nociception
balance evaluation using heart rate variability analysis. Annu Int Conf IEEE
Eng Med Biol Soc. 2010;2010:1194-7. https://doi.org/10.1109/IEMBS.2010.
5625971.

Biais M, de Courson H, Lanchon R, et al. Mini-fluid challenge of 100 ml of
crystalloid predicts fluid responsiveness in the operating room. Anesthe-
siology. 2017;127:450-6.

Ray P, Le ManachY, Riou B, Houle TT. Statistical evaluation of a biomarker.
Anesthesiology. 2010;112:1023-40.

Faraggi D. Adjusting receiver operating characteristic curves and related
indices for covariates. J R Stat Soc Ser Stat. 2003;52:179-92.

de Courson H, Chauvet J, Le Gall L, et al. Utility of changes in end-tidal
carbon dioxide after volume expansion to assess fluid responsiveness

in the operating room: a prospective observational study. Br J Anaesth.
2020;125:672-9.

Duranteau J, Richard C. Bénéfices attendus du remplissage vasculaire.
Réanimation. 2004;13:268-72.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

Page 10 of 10

Ryan KL, Rickards CA, Ludwig DA, Convertino VA. Tracking central
hypovolemia with ECG in humans: cautions for the use of heart period
variability in patient monitoring. Shock. 2010;33:583-9.

Lin PC, Chang CC, Hsu HY, Hsiao TC. Frequency domain analysis for
assessing fluid responsiveness by using instantaneous pulse rate vari-
ability. Int J Adv Comput Sci Appl. 2016;7:229-33.

Elstad M, Wallge L. Heart rate variability and stroke volume variability

to detect central hypovolemia during spontaneous breathing and
supported ventilation in young, healthy volunteers. Physiol Meas.
2015;36:671-81.

Boselli E, Logier R, Bouvet L, Allaouchiche B. Prediction of hemodynamic
reactivity using dynamic variations of Analgesia/Nociception Index
(AANI). J Clin Monit Comput. 2016;30:977-84.

MacDonald N, Ahmad T, Mohr O, et al. Dynamic preload markers to
predict fluid responsiveness during and after major gastrointestinal
surgery: an observational substudy of the OPTIMISE trial. Br J Anaesth.
2015;114:598-604.

Neukirchen M, Kienbaum P. Sympathetic nervous system: evalua-

tion and importance for clinical general anesthesia. Anesthesiology.
2008;109:1113-31.

Ebert TJ, Muzi M, Berens R, Goff D, Kampine JP. Sympathetic responses to
induction of anesthesia in humans with propofol or etomidate. Anesthe-
siology. 1992;76:725-33.

Baily RG, Prophet SA, Shenberger JS, Zelis R, Sinoway LI. Direct neurohu-
moral evidence for isolated sympathetic nervous system activation to
skeletal muscle in response to cardiopulmonary baroreceptor unloading.
Circ Res. 1990;66:1720-8.

Vatner SF, Braunwald E. Cardiovascular control mechanisms in the con-
scious state. N Engl J Med. 1975;293:970-6.

Chen GY, Kuo CD. The effect of the lateral decubitus position on vagal
tone. Anaesthesia. 1997,52:653-7.

Sasaki K, Haga M, Bao S, Sato H, Saiki Y, Maruyama R. The cardiac sym-
pathetic nerve activity in the elderly is attenuated in the right lateral
decubitus position. Gerontol Geriatr Med. 2017;3:2333721417708071.
Monnet X, Vaquer S, Anguel N, et al. Comparison of pulse contour
analysis by Pulsioflex and Vigileo to measure and track changes of cardiac
output in critically ill patients. Br J Anaesth. 2015;114:235-43.

de Courson H, Ferrer L, Cane G, et al. Evaluation of least significant
changes of pulse contour analysis-derived parameters. Ann Intensive
Care. 2019,9:116.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1109/IEMBS.2010.5625971
https://doi.org/10.1109/IEMBS.2010.5625971

	Ability of the Analgesia Nociception Index variations to identify a response to a volume expansion of 250 mL of crystalloids in the operating room (REVANI): a prospective observational study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Background
	Methods
	Ethics approval
	Patients
	Anesthesia protocol
	Hemodynamic monitoring
	ANI monitor
	Study design
	Statistical analysis

	Results
	Patients
	Effects of volume expansion
	Diagnosis performance of fluid responsiveness

	Discussion
	Volume expansion induced changes in ANI
	Diagnosis performance of ANI
	Stroke volume versus arterial pressure
	Limitations

	Conclusions
	Acknowledgements
	References


