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Abstract
Objective: The objective of this study was to improve the patient comfort and safety during procedures done under anaesthesia and sedation. The analgesia nociception index (ANI) noninvasively provides information on the nociception-antinociception balance, and it can be
used to assess analgesia objectively. We aimed to compare the effects of analgesia management with conventional methods and with ANI
monitoring on total opioid consumption, sedation and analgesia levels in patients who underwent colonoscopy using sedo-analgesia.
Methods: Adult patients (n=102), scheduled for procedural sedation, were prospectively analysed. After the induction with propofol and
ketamine, infusions of propofol (2 mg kg−1 h−1) and remifentanil (0.05 mcg kg−1 min−1) were started. In Group A, remifentanil infusions were
titrated to maintain the ANI value between 50 and 70, whereas in Group C, analgesic requirements were met according to the attending
anaesthetist’s intention. The heart rate, blood pressure, respiratory rate, SpO2, BIS, Numeric Rating Scale (NRS) and Ramsay Sedation
Scale were monitored. Complications, analgesics consumption, duration of the procedure, demographic information, NRS and the Modified
Aldrete Score were evaluated.
Results: A total remifentanil amount used in Group A was 66.51±47.87 mcg and 90.15±58.17 mcg in Group C (p=0.011); there was no
difference in total amounts of ketamine and propofol given. There was a negative correlation between ANI and NRS scores of Group A
patients at Minute 0 at the level of 0.402, which was significant statistically (p=0.003).
Conclusion: Opioid consumption was diminished when ANI monitoring was used, and thus the patient safety was improved. Further studies
with longer procedure times and with a greater number of patients are required to demonstrate whether there is a difference in side effects
and recovery times.
Keywords: Analgesia nociception index, colonoscopy, sedation, sedo-analgesia

Introduction
The interventions done under anaesthesia and sedation outside the operating room are getting increasingly common. Patient safety must be ensured during procedures done under sedo-analgesia to enhance the patient tolerability and quality of the procedure (1, 2).
Research on rational drug use, of which the principles have been set, has been ongoing for many years to prevent
increases in costs, morbidity and mortality due to erroneous and unnecessary use of drugs (3). When anaesthetics
are used in appropriate doses according to the procedure, it is predicted that the drug side effects and the complications will decrease. The anaesthesia level should also be set to optimum; deep or superficial levels of anaesthesia and
analgesia may lead to serious complications. To deliver medicine at appropriate doses, monitoring haemodynamic
responses objectively is required. In recent years, in line with the objective of the needs of analgesia monitoring,
various devices and methods have been developed. One of them is the analgesia nociception index (ANI), which
measures the parasympathetic tone by analysing the heart rate variability (HRV) continuously and non-invasively
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in a range of 0-100 to provide information on the nociception-antinociception balance (4).
The HRV analysis reveals information on the autonomic nervous system’s cardiac control. High-frequency changes above
0.15 Hz in HRV are specific to parasympathetic system dominance. In the presence of an unpleasant or painful stimulus,
parasympathetic tonus is decreased. Logier et al. (5) based on
these data, defined an algorithm employing the HRV analysis
to measure the nociception-antinociception balance and developed ANI as a monitoring system. ANI measures the vagal
tonus, and its computation is based on the respiratory cycle’s effect on the respiratory rate (RR) interval derived from the electrocardiogram. ANI is expressed by a number between 0 and
100. Current studies demonstrate the ideal interval between 50
and 70 for adequate analgesia against painful stimuli (6-8).
In this study, the aim was to compare the effects of analgesia
management by conventional methods and by ANI monitoring on total opioid consumption, sedation and analgesia
levels, respiratory and haemodynamic parameters, complications and recovery from anaesthesia in adult patients, who
undergo colonoscopy with sedo-analgesia.

Methods
Inclusion and exclusion criteria
The study was confirmed and approved by the Acibadem
University Clinical Research Ethics Committee (2015-16/15),
and written informed consent was obtained from all participants. A total of 102 patients between ages 18 and 70 in ASA
I-II, and who were to undergo elective colonoscopy under
sedo-analgesia were included. Patients with cardiac rhythm
disorder, autonomic nervous system disease, neuropsychiatric disease, medication which might affect cardiac autonomic
regulation usage, known allergies against drugs that were to
be applied, a body mass index >30, and patients who did not
accept to participate in the study were excluded.
Parameters
No premedication was administered to patients before the
procedure. The heart rate (HR), mean blood pressure (MBP),
respiratory rate (RR) and peripheral oxygen saturation
(SpO2) were recorded before the procedure (baseline values,
Time 0), at the start of the procedure (Minute 0=Time 1)
after induction, and every 3 minutes during the procedure.
Simultaneously BIS monitoring was performed using a BIS
Vista monitor (Medtronic, USA). The sedation level and pain
level were assessed using the Ramsey Sedation Scale (RSS)
and Numeric Rating Scale (NRS) scores, respectively.
Drug infusions were discontinued by the removal of the colonoscope. The duration of the procedure and a total amount
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of ketamine, propofol and remifentanil given to the patients
was recorded. HR, MBP, RR, SpO2, NRS and the Modified
Aldrete Score (MAS) were monitored in all patients every 3
minutes after the termination of the procedure to assess the
level of recovery from anaesthesia. The time to reach a MAS
>8 was recorded as recovery time. Complications (allergies,
nausea, vomiting, hallucinations etc.), which occurred at any
time point during the procedure and the recovery period,
were recorded. The patients were discharged when their recovery period was over and when they felt ready to go.
In this prospective cohort study, patients were divided into
two groups randomly. Randomisation was done using the
sealed envelope method.
Groups
In Group A, ANI (ANI MetroDoloris, France) monitoring was
performed by placing ANI electrodes on the sternum and the
region of the V5 chest lead. Both instantaneous and 4-minute
average values were monitored, but only the former one was
recorded, as our study’s procedures are relatively shorter than
in the other studies. Monitored values were recorded, and the
patient was then placed in the left lateral decubitus position.
In Group C, ANI monitoring was not applied. Ketamine,
propofol and remifentanil were administered intravenously to
all patients to provide sedation and analgesia. Ketamine (Ketalar, Pfizer, Turkey) 1 mg kg and propofol (Propofol, Fresenius
Kabi, Austria) 0.5 mg kg−1 were used for induction. Propofol 2
mg kg−1 h−1 and remifentanil (Ultiva, GlaxoSmithKline, Italy)
0.05 mcg kg−1 min−1 were used for maintenance. Remifentanil
titration was provided in Group A by changing the infusion
rate to maintain the ANI scores in the range of 50-70 and
in Group C by assessing the analgesia level by the attending
anaesthetist with conventional methods; signs of insufficient
analgesia are a facial grimace, movement, spontaneous complaint of pain, ±20% change in the HR and MBP from basal
values, and the depth and rate of breathing. BIS scores were
aimed to be in the range between 60 and 80 in both groups,
although ketamine affects BIS scores as all patients received
ketamine, we assumed it would not affect the analysis.
Patients with RSS equal to 6 at any time point were accepted to have no pain, and patients with a RSS 4-5 during the
recovery period were investigated for their pain scores during
the procedure. All patients received 3 L min−1 via face mask
during the procedure. Patients’ spontaneous respiratory efforts were monitored. Rectification was provided by tactile
stimuli or by airway repositioning when an upper airway obstruction was observed or when a SpO2 decline compared to
the baseline values occurred. A balloon-valve mask system
was kept at hand to provide manual ventilation in case of apnoea or when a SpO2 level below 90% would be observed. It
was decided beforehand that a HR decrease <50 beats min−1

Soral et al. Effectiveness of ANI Monitoring During Colonoscopy

Turk J Anaesthesiol Reanim 2019

Table 1. Demographic data of the patients
		

Group C

Group A

		

Mean±SD

Mean±SD

Age [years]		

45.96±11.05

43.41±10.99

a

Weight [kg]		

71.18±10.49

70.88±11.65

a

		
Gender
ASA

n

%

Female

34 [66.7]

34 [66.7]

Male

17 [33.3]

17 [33.3]

I

21 [41.2]

24 [47.1]

II

30 [58.8]

27 [52.9]

p
0.246
0.894
0.999

b

0.550

b

independent groups t-test; bPearson chi-square test

a

Table 2. Comparisons of duration of the procedure, recovery time, total amount of medications used, and complication rates
Group C

Group A

Mean±SD [Median]

Mean±SD [Median]

15.31±6.61 [15]
4.82±1.9 [6]

Total amount of ketamine used [mg]
Total amount of propofol used [mg]

Duration of the procedure [min]
Recovery time [min]

Total amount of remifentanil used [mcg]
Complication
c

p

16.57±6.92 [14]

c

0.421

4.47±1.93 [3]

c

0.289

71.08±10.41 [70]

70.98±11.49 [70]

c

0.932

71.79±20.87 [70,5]

74.19±20.41 [71,5]

c

0.572

90.15±58.17 [75]

66.51±47.87 [60]

n

%

No

48 [94.1]

46 [90.2]

Yes

3 [5.9]

5 [9.8]

c

0.011*
0.715

d

Mann-Whitney U test, dFisher’s exact test, *: p<0.05

would be accepted as bradycardia to be treated with atropine
0.5 mg intravenously, a decrease of the MBP greater than
20% of the baseline value would be accepted as hypotension
to be treated with 5 mg ephedrine intravenously and that all
patients who received atropine or ephedrine would be excluded from the study.
Statistical analysis
Power analysis
In a previous study (9), the response within each subject
Group was normally distributed with a standard deviation of
79.38. If the true difference in the experimental and control
means is 46.07, we will need to study 48 experimental subjects
and 48 control subjects to be able to reject the null hypothesis
that the population means of the experimental and control
groups are equal to probability (power) 0.8. The Type I error
probability associated with this test of the null hypothesis is
0.05.
For the statistical analysis R version, the 2.15.3 programme was used (10). In addition to the descriptive statistics (mean, standard deviation, median, frequency and
percentage), the Shapiro-Wilk test and graphical examina-

tions were used to investigate the alignment of the quantitative data with the normal distribution. To compare
the two groups with a normal distribution of variables,
independent groups t-test was used. The Mann-Whitney
U test was used to compare the two groups with variables
that were not normally distributed. For paired-sample assessments within the groups, a dependent t-test was used.
The Pearson correlation analysis was used to determine
the correlation levels of quantitative data. Pearson’s chisquared and Fisher’s exact tests examined the correlation
of the qualitative data. A p-value ≤0.05 was accepted as
statistically significant.

Results
From October 2015 to June 2016, a total of 102 patients were
included in the study. The characteristics of the patients and
the results of the colonoscopies of the study cohort are summarised in Tables 1 and 2, respectively. There were no significant differences between the groups in terms of total amounts
of ketamine and propofol given (p>0.05) (Table 2), but the
remifentanil amount applied in Group A was statistically
significantly lower than that applied in Group C (p=0.011)
(Figure 1).
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There were no statistically significant differences between the
groups in terms of HR and RR before or during the procedure (p>0.05) (Figures 2, 3). The MBP level of Group A
at Minute 9 was statistically significantly lower than the one
of Group C (p=0.049). However, there were no statistically
significant differences at other time points (p>0.05) (Figure 4).

Figure 1. Total amount of remifentanil used

Values are the mean±standard error of the mean of each Group
#P value 0.011 versus control Group.

There was no statistically significant difference between the
groups in terms of SpO2 levels before the procedure (p>0.05).
The SpO2 levels of Group A were found to be statistically
significantly higher than the other Group at minutes 0 and 3
(p=0.039, p=0.028, respectively). There were no statistically
significant differences between the groups at other time points
(p>0.05) (Figure 5). None of the patients needed manual ventilation.

*

Figure 2. Heart rate values before and during the procedure

Figure 4. Mean blood pressure values before and during
the procedure (*: p<0.05)

*

Figure 3. Respiratory rate values before and during the
procedure

¶

Figure 5. SpO2 values before and during the procedure
(*,¶: p<0.05)
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#
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ϯ
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Figure 6. BIS values before and during the procedure (*,
#, ¶, ϯ, &: p<0.01)

*

#

¶
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BIS scores of Group A were statistically significantly higher than those of Group C before the procedure (p<0.001).
During the procedure, there were no statistically significant differences between the groups in terms of BIS scores
(p>0.05). However, the BIS scores after Minute 3 were
demonstrated to be statistically significantly lower in Group
A as compared to those of Group C (Figure 6).
There were no statistically significant differences between the
groups in terms of the RSS scores at Minute 0 (p>0.05). It
was demonstrated that the RSS scores of Group A were statistically significantly higher at minutes 3 and 6 than those
of Group C (p<0.001, p=0.005, respectively). There were no
statistically significant differences between the groups in terms
of their RSS scores (p>0.05). It was determined that the RSS
scores of Group A were statistically significantly higher than
those of Group C before the procedure (p<0.001) (Figure 7).

#¶

#

¶

Figure 7. RSS values during the procedure (*, #: p<0,01, ¶:
p<0.05)

Figure 9. ANI values in Group A (#: p=0,021, ¶: p=0.049)

Figure 8. NRS values during the procedure

Figure 10. The correlation between NRS and ANI values
at Minute 0
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There was no statistically significant difference between
the groups in NRS scores during the procedure (p>0.05)
(Figure 8).
In Group A patients, ANI scores statistically significantly declined at Minute 3 and Minute 6, as compared to the baseline
values (p<0.05); however, at minutes 0, 9, 12 and 15, it was
not significant (p>0.05) (Figure 9).
It was demonstrated that there was a negative correlation
between the ANI and NRS scores of Group A patients at
Minute 0 at the level of 0.402, which was statistically significant (p=0.003). There were no statistically significant correlations between the ANI and NRS scores at other time points
(p>0.05) (Figure 10).
There were no statistically significant differences in HR, MBP,
RR and SpO2 levels and the MAS and NRS scores (Figure 8)
between the groups during recovery (p>0.05).

Discussion
The HRV-based ANI has been proposed to reflect different
levels of acute pain. In our study, the ANI monitoring usage
in adults undergoing colonoscopy with sedo-analgesia resulted in diminished opioid consumption and lower NRS scores,
which were desired effects as patient safety was enhanced.
An anaesthesia technique in procedural sedation should
guarantee patient safety and comfort and provide fast recovery and discharge. As there is no one drug to provide sedation, amnesia and analgesia, combinations of drugs are used.
Mainly respiratory and haemodynamic instability threaten
patient safety during sedo-analgesia (11).
There are publications investigating ANI’s efficacy in the intra-operative and post-operative period in patients administered general anaesthesia. We have not encountered any studies on opioid titration guided by ANI in patients who were
applied sedo-analgesia.
Jeanne et al. (12, 13) demonstrated that ANI is more sensitive in detecting pain compared to the elevations of HR and
blood pressure in patients who received propofol and opioid
(remifentanil, sufentanil) combinations. Similar results were
obtained with inhalation anaesthetic and opioid combinations as well (14, 15).
There was only one study in the literature where administering sedo-analgesia with ANI monitoring found that ANI
levels <50 detected haemodynamic reactivity in advance (6).
In our study, no haemodynamic reactivity was observed as
the design of the study entailed to maintain an ANI score
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between 50 and 70, while providing remifentanil titration for
analgesia.
At the recovery period from anaesthesia, sedation can be observed due to the residual drug effects. Ledowski et al. (16)
reported a low sensitivity and specificity of ANI due to a statistically significant but low negative correlation between ANI
and NRS during sevoflurane and fentanyl anaesthesia. Boselli
et al. (17) demonstrated a negative linear correlation between
NRS and ANI in patients during the early post-operative period after general anaesthesia and that ANI detected pain intensity with high sensitivity and specificity.
Le Guen et al. (18) detected a high level of negative linear
correlation between ANI and the visual pain scale in parturients with epidural analgesia for vaginal delivery. However,
Jess et al. (19) demonstrated that there was no negative linear
correlation between ANI and NRS in experimentally induced
pain.
In our study, there was a negative correlation between ANI
and NRS only at Minute 0. We suggest that, as the drugs
did not reach effective concentrations at Minute 0, the NRS
scores were detected as high, and the ANI scores were detected as low. At the same time, there were no significant differences between the groups in terms of the NRS scores.
Mental stress causes a reduction in the cardiac vagal control
and the high-frequency component of HRV (20, 21). In our
study, ANI scores demonstrated a statistically significant reduction. We suggest that fear and anxiety due to colonoscopy
might have contributed to this reduction.
In the literature, there is a limited number of studies on analgesic drug management by ANI. Szental et al. (22) administered morphine and fentanyl as entailed by a standard protocol and according to ANI scores during general anaesthesia,
and they reported that ANI monitoring had no advantages
over standard care in terms of intra-operative opioid consumption, post-operative pain intensity and on the reduction in the need for analgesic drugs. It can be predicted that
remifentanil, which has a faster pharmacokinetic profile than
morphine and fentanyl can be easier to administer during
monitoring by ANI. Daccache et al. (23) targeted spectral entropy in the range of 40-60 for the depth of the anaesthesia
level in patients undergoing elective vascular surgery under
total intravenous general anaesthesia provided by target-controlled propofol and remifentanil infusions; titrated remifentanil to maintain ANI scores between 50-70 and reported it
as a safe method.
In our study, the consumption of remifentanil, BIS and RSS
in Group A was detected to be lower, and it was suggested
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that ANI monitoring could successfully lead to a reduced opioid consumption. Total remifentanil administered was lower in Group A, and we associated the occurrence of deeper
sedation levels in this Group with obtaining of a stable nociception-antinociception balance. When propofol and ketamine consumption were same in both groups, no additional
propofol dose had to be administered as BIS remained within
desired limits.
Ketamine use during subanaesthetic doses may cause dissociation accompanied by psychotic symptoms (24). This
situation may lead to erroneous sedation and analgesia level assumptions in patients who cannot express themselves,
and it increases the need for objective assessment methods.
In our study, when the ANI levels were within the targeted
range, patients exhibited behaviour similar to the one at painful states. After the recovery when these patients were interviewed again, it was revealed that none of them felt pain, and
it was suggested that these behaviours were associated with
ketamine. Also, ketamine is known to cause sympathetic discharge (25). Sympathomimetic drugs lead to artefacts in ANI
computations, but this is not the case for ketamine. Bollag et
al. (26) demonstrated that the administration of ketamine at
a single dose of 0.5 mg kg-1 to patients undergoing abdominal
hysterectomy under general anaesthesia caused no statistical
or clinically significant differences.
In our study, no statistically significant differences were detected on haemodynamic and respiratory parameters between
groups in terms of NRS and MAS scores at the recovery
period. The recovery durations of groups were equivalent.
These results mean that the opioid titration in line with ANI
monitoring during the procedure reflected equally effective
with the conventional method on the recovery period.
As the costs of health care increase, process efficiency gets
more important. Efficiency in medical services, patient safety and cost evaluations drew attention. In June 2010, EBA
and ESA accepted the Helsinki Declaration on patient safety
in anaesthesiology (27). Objective monitoring methods are
suggested to be used to avoid possible untoward effects of
anaesthesia medication and to apply sufficient doses tailored
for individual patients. ANI monitoring can be one of these
methods.
The most important limitation of our study was that it was
conducted in one patient Group before and during the procedure. Recording the data of the patients in the control Group
and recording the ANI scores at the recovery period could
have provided a better investigation of the efficacy of ANI
monitoring. The other limitations in our study were the short
duration of colonoscopy procedure leading to a short period
of sedo-analgesia administration and the limitation of patient
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number to 102. It would be adequate to assess the efficacy of
ANI monitoring during various interventions under sedo-analgesia and by the inclusion of more patients. The increase
in the number and complexity of interventions conducted
out-of-operating room and the eventual increase in demand
to anaesthesia administrations lead to anaesthetists to spend
more time out of the operating room day by day.

Conclusion
In our study, an opioid titration was performed in adult patients undergoing colonoscopy under sedo-analgesia by conventional monitoring in one Group and by ANI monitoring
in the other. Opioid consumption was observed to decrease
in the Group where ANI monitoring was performed, and we
suggest that this contributed to enhancing the patient safety.
The reason of finding no differences between the groups
in terms of side effects, complications and the duration of
recovery may be associated with a short duration of the procedure or with the patient number’s being lower. In future
studies, the efficacy of ANI monitoring should be assessed
during procedures with a longer duration and a larger sample size to be able to detect any differences in these parameters.
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