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ABSTRACT

Background: We present our results about pediatric patients undergoing sevofluorane sedation and locoregional
anesthesia (LRA) referred for visceral, urological and orthopedic surgery, using Analgesia Nociception Index
(ANI) as a monitoring tool for intraoperative pain.

Objective: The aim of this study was to evaluate the effectiveness of ANI to provide assessment of locoregional
anesthesia success (opiod-free anesthesia) following skin incision in pediatric patients sedated with sevofluorane.

Materials and Methods: We enrolled 60 patients aged 2-17 years from September 2022 to November 2022. All
patients were eligible for locoregional anesthesia, not suffering from cardiac arrhythmias, neurological disorders
and not treated with opioids or drugs interfering with Autonomic Nervous System. Following preoperative assessment
and consent, premedication with midazolam (0,5 mg/Kg per os) was used. Standard monitoring (SpO,, HR, ECG,
NIBP, body temperature sensor) and ANI was placed prior to induction of anesthesia. Once intravenous access had
been established, anesthesia was induced with sevofluorane or propofol, was maintained with sevofluorane (MAC
1.3 in oxygen) and then ultrasound guided locoregional anesthesia was performed. ANI values were recorded prior
to skin incision (T0) after 30 seconds (T1) and after 2 minutes (T2) from skin incision. A rise in HR>10% from
baseline occurring within the 2 minutes after skin incision was considered to be a LRA failure, which requires
fentanest (1-2 y/Kg). A rise in HR<10% from baseline occurring within the 2 minutes after skin incision was instead
considered LRA success, not requesting opioid.

Results: 43 patients presented LRA success and 17 patients presented LRA failure. In the LRA failure group, skin
incision caused ANI values decrease (p<0,05) within 30 seconds from skin incision.

We described that ANI<68 in the first 2 minutes following skin incision can identify LRA failure with a sensitivity
of 100% and a specificity of §2.4% (AUC:0.984).

Conclusion: ANI values rapidly decrease after skin incision in case of LRA failure and this tool, alone or in
combination with HR changes, could guide anesthesiologists in using intraoperative opioid in children over 2 years
of age sedated with sevofluorane.
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Introduction

Locoregional anesthesia and analgesia have been shown to offer
benefits over general anesthesia (shorter postoperative fasting
times, avoidance of airway manipulation that is important because
pediatric airway is more reactive than in adult) and over opioid-
based analgesia (reducing paralytic ileus and desaturation risk).

Big-data studies establish that there is low incidence of serious
complications of pediatric locoregional anesthesia thanks to
ultrasound-guided techniques [1,2].

Ultrasound-guided locoregional anesthesia improves success rate
over blind techniques and this means short procedure times with
fewer needle passes, longer postoperative analgesia effects, and
improved postoperative pain scores [2].

Locoregional anesthesia in children is generally performed
after induction of sedation but prior to skin incision. Inadequate
locoregional anesthesia is identified by an increase in the heart rate
from the baseline, in response to a surgical stimulus, even if this
parameter has been shown to be imprecise to evaluate effectiveness
of locoregional anesthesia [3-6].

It is known that a noxious stimulus can lead to sympathovagal
alterations [7], for this reason autonomic nervous system
monitoring techniques may help clinician to identify promptly
an inadequate analgesia. In this way, adjustment of the analgesic
strategy can occur during surgery.

The Analgesia Nociception Index (ANI) is an online heart
rate variability (HRV) analysis that can be used to assess pain
presence in people undergoing general anesthesia [8-11]. HRV
refers to the degree of change in time and frequency analysis of
the interval between successive hearbeats, which reflects balance
between sympathetic and parasympathetic nervous system. HRV
monitoring devices measure and calculate HRV parameters such
as standard deviations of RR intervals on electrocardiogram
(time-domain analysis) or high frequency (HF)/low frequency
(LF) ratio (frequency domain analysis) quickly, easily and not
invasively [12,13]. LF components reflect both sympathetic
and parasympathetic activities, whereas HF components only
reflect parasympathetic activity. The LF/HF ratio represents a
quantitative measure of the balance of the autonomic system and
when the ratio is high, indicates an increase in sympathetic activity
or inhibition of parasympathetic activity. ANI monitoring system
shows parasympathetic activity in a numeric range between 0
(maximum pain) and 100 (absence of pain). Previous studies on
ANI regarded ANI >50 as appropriate analgesia and predicted
autonomic nervous system responsiveness caused by nociceptive
stimulus when ANI <30 [14,15].

To date there is not much evidence for the use of ANI in children
[11], therefore the aim of this study is to evaluate if ANI monitoring

can provide early assessment of locoregional adequacy after skin
incision in children sedated with sevofluorane.

Materials and Methods

In these study 60 patients, aged 2-17 years from September
2022 to November 2022 were recruited. All patients were
eligible for locoregional anesthesia, not suffering from cardiac
arrhythmias, neurological disorders and not treated with opioids
or drugs interfering with Autonomic Nervous System. Following
preoperative assessment and consent, premedication with
midazolam (0,5 mg/Kg per os) was used. Standard monitoring
(SpO,, HR, ECG, NIBP, body temperature sensor) and ANI
(Figure 1) was placed prior to induction of anesthesia. Once
intravenous access had been established, anesthesia was induced
with sevofluorane or propofol, was maintained with sevofluorane
(MAC 1.3 in oxygen) and then ultrasound guided locoregional
anesthesia was performed. ANI values were recorded prior to skin
incision (TO0) after 30 seconds (T1) and after 2 minutes (T2) from
skin incision. A rise in HR>10% from baseline occurring within
the 2 minutes after skin incision was considered a LRA failure
[16], which requires fentanest (1-2 y/Kg). A rise in HR<10% from
baseline occurring within the 2 minutes after skin incision was
instead considered LRA success, not requesting opioid.

ANI was continuously displayed on the Physiodoloris-specific
monitor. The algorithm used for ANI has been well described by
several authors [8-10] and ANI is expressed as a numerical value
between 0 (maximum pain) and 100 (absence of pain).

Patients were allocated into two groups: patients whose heart rate
increase was >10% from the baseline were in the failure group,
whereas patients whose heart rate increase was <10% from the
baseline were in the success group. Failure group patients were
treated with fentanest 1-2 y/Kg.

The data were compared by y? test (Chi-square test), Mann-
Whitney test and Kruskal-Wallis test. A p-value<0.05 was
considered significant.

To assess the ability of the parameters to identify failure of
locoregional analgesia, receiver-operating characteristic (ROC)
curves were generated varying the minimal value of ANI recorded
during the firt 2 minutes after skin incision. The power calculation
assumed an area under ROC of 0.75 with a Type 1 error of 0.05
and Type2 error of 0.20.

Statistical analysis were performed using Stata/MP17 software.

Results

43 patients (71.7%) patients presented locoregional anesthesia
(LRA) success and 17 (28.3%) presented locoregional anesthesia
failure. There were no significant differences between these groups
with respect to age, gender and weight (Table 1).

Skin incision resulted in a significant decrease in ANI (p<0.05)
both at 30 seconds (T1) and at 2 minutes (T2) in the locoregional
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anesthesia failure group (Table 2). Results are shown in the box-
plot in Figure 2.
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Figure 1: ANI sensor and monitor.

We also described that ANI<68 in the first 2 minutes following
skin incision can identify LRA failure with a sensitivity of 100%
and a specificity of 82.4% (AUC:0.984). Results of ROC analysis
are shown in Figure 3.

Table 1:
Success Failure Overall p
Male (N. and %) 28 (46,7%) 12 (20%) 40 (66,7%) 0.68
Female (N. and %) 15 (25%) 5(8,3%) 20 (33,2%) ’
Age (years) 6,2+4,3 8,1+3,7 6,7+4,2 0,05
Weight (Kg) 252+16,7 [30,2+12,5 |26,6+15,7 0,05
Total (N. and %) 43 (71,7%) 17 (28,2%) |60 (100%)
Table 2:
Success Failure Overall p

ANI TO 91,8 +8.9 88,9+9,3 91,0+9,0 0,20
ANIT1 90,6 + 8,2 72,5+ 13,5 85,5+12,8 <0,05
ANI T2 91,0+ 10,3 56,3+ 12,7 81,2+19,2 <0,05
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Figure 2: ANI values decrease in failure group compared to success
group.
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Detailed report of sensitivity and specificity

Correctly
Cutpeint Sensitivity Specificity classified LR+ LR-
( »=37) 1lea.ee a.e0% 71.67% 1.@ee8
( »= 48 ) 1o@. ek 5.88% 73.33% 1.8625 8. 8060
(»=43) 1lea.ee 17.65% 76.67% 1.2143 B.eees
[ »= 45 ) 1loe. ek 23.53% 78.33% 1.3877 B.eees
( »=53) 1lea.ee 35.29% 81.67% 1.5455 B.eees
( »=54) 1lea.ee 41.18% 83.33% 1.7ee8 B.eees
( »= 60 ) 1lea.ee 47.86% 85.00% 1.8889 B.eees
( »=62) 1lea.ee 52.94% 86.67% 2.1258 B.eees
( »= 66 ) 1lea.ee 64.71% 98, 80% 2.8333 B.eees
( »= 68 ) 1lea.ee 82.35% 95.@808% 5.6667 B.eees
( >=70 ) 95.35% 88.24% 93.33% 8.1847 8.8527
(»=72) 93.82% 83.24% 91.67% 7.9878 B.879L
(=73 ) d@.7ek 94,12% 91.67% 15.4186 ©8.8988
(»=75) 88.37% 94,12% 98, 80% 15.8233 8.1235
(=78 ) 86.85% 94,12% 88.33% 14.6279 B8.1483
( »= 380 ) 81.48% 1ea.eei 86.67% B.1868
( »=85) 79.87% 1ea.eei 85.00% B.2893
( »=87) 76.74% 1ea.eei 83.33% B.2326
( »=88) 72.089% 1ea.eei 30.00% @8.2791
( »=89) 69.77% 1ea.eei 78.33% B.3823
( »= 98 ) 62.79% 1ea.eei 73.33% B.3721
( >=191) 68.47% 166 .80% 71.67% B8.3953
(»=92) 55.81% 1ea.eei 65.33% B.4419
(=94 ) 53.49% 1ge. ek 66.67% B8.4651
( »=95 ) 43.384% 1ea.eei 63.33% B8.5116
( »= 98 ) 46.51% 1@e. ek 61.67% 8.5349
( »=199 ) 39.53% 1ea.eei 56.67% B.6847
( »= 108 ) 27.91% 1ea.eei 48.33% B.7289
(> 1ea ) a.ee¥ 1ea.eei 28.33% 1.@ee8
ROC Asymptotic normal
Obs area Std. err. [95% conf. interval]
(1] B.9843 B.el2e B.96@582 1.@eaee

Figure 3: ROC analysis and cutoff values from minimal ANI recorded
during the first 2 minutes following skin incision in the identification of
failure of LRA.

Discussion

This study demonstrates that LRA failure is associated with a
significant decrease in ANI values, in children over 2 years of age,
within the first 30 seconds of skin incision.

ANI has been used successfully as a pain monitoring system
during surgery in adults [17, 8-10] but there is still little evidence
to support its use in pediatric patients [11].

Nowadays pediatric anesthetists still use to evaluate changes
in heart rate from the baseline following skin incision to assess
LRA adequacy [3-6] but it is important to consider that heart rate
variations depend not only on the quality of LRA during surgery,
but also on other factors such as age, volume status and depth
of anesthesia. In addition to this, the percentage rise in heart
rate required to establish LRA failure in pediatric patients under
general anesthesia is still under debate [4-6].

In our department, we used an increase in heart rate of 10% from
the baseline following skin incision, as an inadequate analgesia
after LRA.
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Sevofluorane itself can have sympathetic and parasympathetic
effects on the cardiovascular system in children [17,18] so there
could be a pharmacological effect of the alogenate on the ANI
values, even if it is unlikely that it could have a significant effect
because recordings in both group were taken at steady-state, when
end-tidal sevofluorane concentrations had been set to maintain a
MAC (Minimum Alveolar Concentration) of 1.3.

Another limit of this study is due to the heterogeneity of patients,
concerning different ages (2-17 years) and weights, and this
affects the concentrations and volumes of the local anesthetics
used to perform the nervous block, so the procedures were not
standardized.

Conclusion

This study demonstrates that ANI values rapidly decrease after
skin incision in case of LRA failure in children over 2 years of
age, sedated with sevofluorane and not treated with opioids. This
suggests that ANI monitoring system could represent a valid
tool to discriminate LRA failure or success in pediatric patients
undergoing general anesthesia or sedation and to realize an opioid-
free anesthesia in children.
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