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Abstract
Background: The Analgesia Nociception Index (ANI) has been suggested as a non-invasive guide for analgesia. Our
objective was to compare the efficacy of ANI vs. standard pharmacokinetic pattern for guiding intraoperative
fentanyl administration.
Methods: This was a prospective, randomized, controlled study of adult female patients undergoing elective
mastectomy under general anesthesia. The patients were randomized to the ANI-guided group receiving a loading
dose of 75 μg of fentanyl followed by 25 μg when the ANI score was under 50. The Control group received the
same loading dose followed by 25 μg every 30 min with additional doses when there were signs of inadequate
analgesia (viz., tachycardia or hypertension).
Results: Sixty patients—30 in each group—were recruited. Although the actual mean ANI score was higher in the
ANI-guided than in the Control group (mean difference 2.2; 95% CI: 0.3 to 4.0, P = 0.022), there was no difference in
the primary outcome—i.e., intraoperative fentanyl consumption (mean difference − 4.2 μg; 95% CI: − 24.7 to 16.4,
P = 0.686 and − 0.14 μg·kg− 1·h− 1; 95% CI: − 0.31 to 0.03, P = 0.105). No difference between groups was shown for
either intraoperative blood pressure and heart rate, or for postoperative outcomes (i.e., pain scores, morphine
consumption, or sedation scores) in the postanesthesia care unit.
Conclusions: Intraoperative fentanyl administration guided by ANI was equivalent to that guided by a modified
pharmacologic pattern. In a surgical model of mastectomy, the ANI-guided intraoperative administration of fentanyl
had no impact on clinical outcomes.
Trial registration: The study was registered with ClinicalTrials.gov (NCT03716453) on 21/10/2018.
Keywords: Analgesia nociception index, ANI, Monitor, General anesthesia, Intraoperative fentanyl, Pain score,
Pharmacokinetic pattern
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Introduction
Drugs used in balanced anesthesia comprise 3 main
groups: hypnotics, opioids, and muscle relaxants. To
maintain proper depth of anesthesia, all these drugs
must be maintained at their therapeutic levels; thus, reliable monitors are needed. The hypnotic state can be
monitored using the bispectral index (BIS) for intravenous
drugs [1], or the minimum alveolar concentration (MAC)
for volatile anesthetics [2]. Muscle relaxation can be monitored with train-of-four ratio using a peripheral nerve
stimulator [3]. By contrast, opioid drugs lack a reliable
monitor. The administration of opioids depends on the
pharmacokinetic pattern of the drug [4] as well as clinical
signs (e.g. tears, pupil dilation, sweat, tachycardia, or
hypertension). The low specificity of these signs may lead
to under- or over-dosage of opioid which may result in intraoperative movement, postoperative pain, nausea and
vomiting (PONV), and/or respiratory depression [5].
The Analgesia Nociception Index (ANI; MetroDoloris
Medical Systems, Lille, France)—developed from electrocardiogram (ECG) tracing—has been suggested as a noninvasive guide for analgesia. ANI is derived from heart
rate variability (HRV) analysis—which provides a measure of the effect of respiratory sinus arrhythmia (RSA)
on heart rate through the parasympathetic reflex loop. A
painful stimulus induces a decrease in parasympathetic
tone leading to a decrease in ANI scores. ANI scores
vary between 100, which indicates a state of maximum
parasympathetic tone and a low nociceptive level, and 0,
which represents the minimum parasympathetic tone
and a high nociceptive level. A value ≥50 indicates adequate analgesia [6, 7]. Several studies have shown that
ANI could be used to predict immediate postoperative
pain [8], guide intraoperative opioid administration [5, 9,
10], and predict the need for analgesia during the early
postoperative period [11]. Even though the ideal method
for optimizing opioid administration is to follow the
pharmacokinetic pattern in order to maintain a serum
concentration above the therapeutic level, this method is
not practicable. Our research question sought to determine whether the ANI score might be used as a proxy
for the pharmacokinetic pattern so as to optimize intraoperative opioid administration. We designed a study
comparing intraoperative fentanyl requirement guided
by ANI vs. standard pharmacokinetic pattern. The aim
of the current study was to compare the efficacy of ANI
with standard pharmacokinetic pattern to guide intraoperative fentanyl administration.
Methods
The current study was approved by the Khon Kaen University Ethics Committee for Human Research
(HE611339) and was registered with ClinicalTrials.gov
(NCT03716453) on 21/10/2018. All patients gave written
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informed consent before being recruited. The study was
conducted in accordance with the Declaration of
Helsinki and the ICH GCP at Srinagarind Hospital,
Khon Kaen University between October 2018 and November 2019. The results were reported according to the
CONSORT (Consolidated Standards of Reporting Trials)
guidelines.
This was a prospective, double-blind (patient and assessor masked), randomized, controlled study. The sample size of 30 per group was based on intraoperative
fentanyl consumption (150.83 ± 26.6 μg) after mastectomy in a previous study [12]. The α-value was 0.05, the
power 0.80, the expected mean difference of intraoperative fentanyl consumption 25 μg, and the expected dropout 25%. Randomization was achieved using block of 4
at a 1:1 ratio using a computer-generated program with
lists kept in sealed opaque envelopes. The inclusion criteria were female patients between 18 and 75 years of
age undergoing elective mastectomy under general
anesthesia. Patients had an ASA physical status between
I-II, and a BMI between 18.5 and 35 kg·m− 2. The exclusion criteria were patients (a) with implanted pacemaker,
cardiac arrhythmia, autonomic nervous system disorder,
or chronic pain, (b) taking opioids, beta- or calcium
channel blockers, anti-arrhythmic drugs, preoperative
nonsteroidal anti-inflammatory drugs (NSAID), or regional block; (c) having previously undergone a mastectomy; or, (d) being pregnant.
All patients were randomized into two groups: ANIguided or Control. The monitors comprised electrocardiogram, pulse oximeter, non-invasive blood pressure,
capnography, temperature, MAC, and ANI. The ANI
presents 2 ANI values on the display, i.e., the instantaneous fluctuating index and the medium trend index with
a 4-min average reflecting patient tendency. The
medium trend index is recommended for patient monitoring. The ANI in the Control group was covered with
an opaque cloth so that the attending anesthesiologist
did not see the information. At the end of anesthesia,
the data from the ANI (medium trend indices) were
downloaded for analysis. The patients and outcome assessors were blinded.
The primary outcome was the amount of fentanyl intraoperatively administered. The secondary outcomes
were intraoperative ANI scores, blood pressure and
heart rate, pain scores in the postanesthesia care unit
(PACU) at 0, 15, 30, 45, 60 min, sedation score, and total
morphine consumption in PACU.
All patients received fentanyl 75 μg as premedication.
Propofol 2 mg·kg− 1 was given as the induction agent.
Endotracheal intubation was facilitated using cisatracurium 0.15 mg·kg− 1. End tidal desflurane was adjusted between 3 and 4% (according to age-adapted MAC) in a
N2O to O2 ratio of 0.5:0.5 L·min− 1 to achieve 1 MAC on
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the monitor so as to maintain depth of anesthesia. Cisatracurium was used for myorelaxation.
During maintenance, the ANI-guided group received
fentanyl to maintain an ANI between 50 and 70. When
the average ANI score fell below 50 for 30 s, 25 μg of
fentanyl was injected. If the ANI score persisted below
50 after 5 min, another dose of 25 μg of fentanyl was repeated until ANI score was ≥50. The Control group received a standardized protocol modified from the
reported pharmacokinetic pattern [4] of 25 μg of fentanyl every 30 min as a maintenance dose with additional
doses given when there were signs of inadequate analgesia (viz, tachycardia or hypertension), at the discretion
of the attending anesthesiologist. Dexamethasone 8 mg
and ondansetron 8 mg were given to prevent postoperative nausea/vomiting (PONV). At the end of surgery,
neostigmine 2.5 mg plus atropine 1.2 mg were administered as reversal agents. After full recovery, the patients
were extubated and transferred to PACU. At the PACU,
the patients were evaluated for postoperative pain using
a numeric rating scale (NRS) at 0, 15, 30, 45, and 60
min. If the NRS was > 4, then 2 mg of morphine were
intravenously administered. This was repeated every 5
min—up to 3 doses. Total doses of morphine in the
PACU were recorded. Side effects, i.e., sedation score
(0 = wide awake; 1 = easy to rouse; 2 = easy to rouse but
unable to remain awake; 3 = difficult to rouse), PONV,
and respiratory depression (respiratory rate ≤ 8/min)

Fig. 1 CONSORT diagram of the study. ANI, Analgesia Nociception Index
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were also recorded. All data were analyzed with an
intention-to-treat approach.
Statistical analyses

Continuous data were tested for Gaussian distribution
using the Shapiro-Wilk test. Data with a normal distribution were presented as means ± standard deviation
(SD) while non-Gaussian data were presented as medians and interquartile range. Categorical data were presented as numbers (%). Differences between both groups
were analyzed using the unpaired Student’s t-test,
Mann-Whitney U test, χ2 test, linear mixed model, twoway ANOVA, or Friedman test as appropriate. P < 0.05
was considered statistically significant. Statistical analyses were performed using SPSS 16.0 for Windows
(SPSS, Chicago, IL, USA).

Results
Sixty patients with 30 in each group were recruited and
analyzed (Fig. 1). There were no dropouts. The characteristics and duration of anesthesia of both groups were
similar (Table 1).
Intraoperative fentanyl consumption both in total dose
(μg) and average dose (μg·kg− 1·h− 1) were similar between groups. The mean ANI scores of the ANI-guided
group were higher than the Control group (Table 2).
The actual intraoperative ANI scores—measured every
5 min for both groups—are shown in Fig. 2. The type of
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Table 1 Characteristics and clinical data of patients
Variable

ANI-guided group (n = 30)

Control group (n = 30)

P-value

Female

30 (100)

30 (100)

n/a

Age (y)

52.8 ± 12.2

54.8 ± 9.8

0.486

Weight (kg)

58.4 ± 10.1

60.0 ± 10.2

0.551

Height (cm)

155.1 ± 6.1

157.7 ± 5.7

0.099

BMI (kg·m−2)

24.2 ± 3.9

24.0 ± 3.6

0.877

ASA status I/II

9 (30)/21 (70)

11 (36.7)/19 (63.3)

0.300

Modified radical mastectomy

16 (53.3)

17 (56.7)

Simple mastectomy

14 (46.7)

13 (43.3)

170.8 ± 43.8

152.0 ± 52.7

Operation

1.000

Duration of anesthesia (min)

0.138

Data are expressed as mean ± SD or number (%)
ANI Analgesia Nociception Index, BMI Body mass index, ASA American Society of Anesthesiologists

surgery had no effect on the primary outcome (P =
0.613, adjusted analysis).
No difference between groups was evidenced for any
of the intraoperative hemodynamic parameters, i.e.,
heart rate, systolic and diastolic blood pressure (Fig. 3
and Fig. 4). The respective NRS at the PACU among
groups was similar (Fig. 5). The respective morphine
consumption at the PACU of the ANI-guided and Control groups was not different (5.7 ± 4.9 mg vs 5.5 ± 4.4
mg, P = 0.207). The sedation scores at the PACU of both
the ANI-guided and Control group were similarly low
(0.4 ± 0.5 vs 0.4 ± 0.5, P = 0.605). Neither PONV nor
postoperative respiratory depression was detected.

Discussion
The current study reveals that ANI did not decrease intraoperative fentanyl administration in patients undergoing mastectomy. This might be due to the type of
surgery chosen. Mastectomy is an intermediate procedure with moderate intraoperative and postoperative
acute pain.
The protocol for intraoperative fentanyl administration
for the Control group in this study was based on the
pharmacokinetic pattern reported by Duthie et al. who
showed that a single bolus dose of 100 μg of fentanyl
followed by continuous infusion of 100 μg·h− 1 resulted

in a stable plasma fentanyl concentration of 1–3
ng·mL− 1 with effective analgesia [4]. Since mastectomy
is an intermediate risk surgery with moderate and constant nociceptive stimulation intensity, we modified the
dosage to a lower bolus dose of 75 μg followed by intermittent doses—for practical application—of 25 μg every
30 min with additional doses on demand to avoid overdosage. We did not include some signs of inadequate analgesia in our protocol (e.g., tears, pupil dilation, and
sweat), which may have affected the accuracy of assessment; however, the stable blood pressure and heart rate
throughout the intraoperative period of the Control
group suggests that the dosage was appropriate. The intraoperative dose of fentanyl guided by ANI was equivalent to the dose administered according to the modified
pharmacokinetic pattern. Moreover, the intraoperative
ANI scores, immediate postoperative pain scores, and
morphine consumption were similar between groups. In
Fig. 2, the ANI scores of the ANI-guided group were
kept above 50 and maintained at between 50 and 70,
while the ANI scores of the Control group were almost
parallel and slightly lower. These results confirm that
the ANI score can be used as a precise guide for giving a
supplement dose of fentanyl and may also serve as a reliable monitor for analgesia intraoperatively. The low pain
score and morphine consumption without respiratory

Table 2 Intraoperative fentanyl consumption and ANI score
Variable

Control group (n = 30)

Mean difference (95% CI)

P-value

158.3 ± 38.5

162.5 ± 40.9

−4.2 (−24.7 to 16.4)

0.686†

1.01 ± 0.33

1.16 ± 0.34

−0.14 (− 0.31 to 0.03)

0.105†

65.2 ± 17.7

63.0 ± 18.2

2.2 (0.3 to 4.0)

0.022†

ANI-guided group (n = 30)

Total intraoperative fentanyl consumption
Total dose (μg)
−1

−1

Average dose (μg·kg ·h )
Mean ANI score
†

Data are expressed as mean ± SD; Unpaired Student’s t-test
ANI Analgesia Nociception Index
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Fig. 2 Intraoperative ANI score of both groups. Error bar represents
95% CI. ANI, Analgesia Nociception Index; Time 0, the beginning
of surgery

depression at the PACU indicates that there was appropriate analgesia in both groups.
Several studies have assessed the ability of ANI to
measure nociception or pain. Le Guen et al. reported
that the ANI had an inverse linear relationship with visual analogue scores during labor [13]. Ledowski et al.
however, found that the ANI did not reflect different
levels of postoperative pain in adults undergoing
sevoflurane-based anesthesia. These authors explained
that the presence of anesthetic drugs and associated sedation of the patient were likely to influence ANI score
and proposed that ANI might be more valuable in anesthetized patient [14]. Boselli et al. reported that ANI
measured immediately before extubation among adults
undergoing general anesthesia using an inhalational
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agent and remifentanil was significantly associated with
pain intensity on arrival in the PACU and the ANI was
able to discriminate between patients with a NRS ≤ 3
and NRS > 3 with a high sensitivity (88%) and specificity
(83%) [8]. In children under general anesthesia—using
desflurane and remifentanil—Sabourdin et al. showed
that ANI might provide a more sensitive assessment of
nociception than hemodynamic parameters [15]. ANI
was demonstrated to be more sensitive than heart rate
and systolic blood pressure to reflect nociceptive stimuli
in both total intravenous anesthesia and inhalation
anesthesia [16, 17]. Recently, Upton et al. conducted a
study to compare intraoperative fentanyl guided either
by the anesthesiologist’s standard practice or by maintaining an ANI ≥ 50 and reported that the patients receiving ANI-guided intraoperative fentanyl had less pain
in PACU, likely as a result of objective fentanyl administration [5].
Unlike the subjective protocol of the control group in
the study by Upton et al., the Control group in the
current study received intraoperative fentanyl guided by
an objective standardized protocol according to the
pharmacokinetic pattern of fentanyl [4]. We chose a
lower dose regimen of 50 μg·h− 1 (i.e., 25 μg every 30
min) with supplemented doses as needed to avoid overdosing, which may result in postoperative sedation and
respiratory depression. The pattern of intraoperative
heart rate and blood pressure in the Control group were
stable throughout the operation (Figs. 3 and 4), indicating that the regimen was appropriate. Similarly, ANIguided intraoperative fentanyl administration resulted in
no differences between groups for any haemodynamic
parameter. The heart rate of the ANI-guided group was

Fig. 3 Intraoperative heart rate of both groups. Error bar represents 95% CI. # linear mixed model. ANI, Analgesia Nociception Index; Time 0, the
beginning of surgery
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Fig. 4 Intraoperative systolic and diastolic blood pressure of both groups. Error bar represents 95% CI. # linear mixed model. ANI, Analgesia
Nociception Index; Time 0, the beginning of surgery

slightly lower than the Control group with no statistical
significance, which may correlate well with the higher
mean ANI score in the ANI-guided group. These results
indicate that ANI can be used as a proxy of the pharmacokinetic pattern to guide intraoperative fentanyl administration resulting in similar results. The identical low
postoperative NRS, sedation, and morphine consumption demonstrate that both regimens provide optimum
intraoperative analgesia. Neither PONV or respiratory
depression was detected in the current study. The explanation being that the amount of morphine used

postoperatively was low and all patients received dexamethasone 8 mg and ondansetron 8 mg to prevent
PONV.
Even though we did not use the BIS index, we used a
MAC value to monitor and control depth of anesthesia.
We adjusted end tidal concentration of desflurane in
50%N2O at 3 to 4% to achieve 1 MAC for a given age
(MACage) on the monitor [18]. With the additive effect
of fentanyl (~ 0.5 MAC) and cisatracurium (~ 0.5 MAC)
[19, 20], the total depth of anesthesia was approximately
2 MAC (~MAC-BAR99), which is optimal.

Fig. 5 Pain score at PACU during 60 min. Error bar represents 95% CI. # linear mixed model. ANI, Analgesia Nociception Index; Time 0,
immediately admitted in PACU
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The negativity of our results was probably favored by
an insufficient statistical power, given that the actual effect size was also smaller than expected. However, we
must note that the upper limit of the 95% CI of mean
difference was 16.4 μg for the raw values of fentanyl,
which is almost half the 25 μg value of the study on
which the sample size was based. Since the effect size is
very small, there is little chance that increasing the sample size would change the results.

Limitations
The current study has several limitations. The power
calculation of the current study was based on a previous
study that had different conditions of anesthesia which
might be inappropriate or hazardous. A calculation
based on a preliminary study in breast surgery with the
similar conditions is thus recommended. We recruited
only female patients with an ASA status I-II, the results
may not be applied to other groups of patients. The
study population included only mastectomy which is an
intermediate risk surgery with moderate and constant
nociceptive stimulation intensity. Our results may not be
generalizable to major surgery with high and fluctuating
nociceptive stimulation. Further studies in other groups
of patients and different types of surgery are required.
We included both simple mastectomy and modified radical mastectomy with lymph node dissection; both of
which have different nociception, so choosing one type
of surgery might avoid the biases due to type of surgery
in a small population.
Conclusions
Compared with fentanyl administration based on modified pharmacokinetic pattern in patients undergoing
mastectomy, ANI did not significantly change intraoperative consumption of fentanyl nor did it change postoperative outcomes. The observation may challenge the
use of ANI, unless positive results are evidenced in other
surgeries using a more aggressive model.
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