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Abstract

Background: It is still unknown whether newborn infant parasympathetic evaluation (NIPE), based on heart rate
variability (HRV) as a reflection of parasympathetic nerve tone, can predict the hemodynamic response to a
nociception stimulus in children less than 2 years old.

Methods: Fifty-five children undergoing elective surgery were analyzed in this prospective observational study.
Noninvasive mean blood pressure (MBP), heart rate (HR) and NIPE values were recorded just before and 1 min after
general anesthesia with endotracheal intubation as well as skin incision. The predictive performance of NIPE was
evaluated by receiver-operating characteristic (ROC) curve analysis. A significant hemodynamic response was defined
by a > 20% increase in HR and/or MBP.

Results: Endotracheal intubation and skin incision caused HR increases of 22.2% (95% confidence interval [Cl] 17.5-26.9%)
and 3.8% (2.1-5.5%), MBP increases of 18.2% (12.0-24.4%) and 10.6% (7.7-13.4%), and conversely, NIPE decreases of 9.9%
(5.3-14.4%) and 5.6% (2.1-9.1%), respectively (all P < 0.01 vs. pre-event value). Positive hemodynamic responses were
observed in 32 patients (62.79%) during tracheal intubation and 13 patients (23.6%) during skin incision. The area under
the ROC curve values for the ability of NIPE to predict positive hemodynamic responses at endotracheal intubation and
skin incision were 0.65 (0.50-0.78) and 0.58 (0.44-0.71), respectively.

Conclusions: NIPE reflected nociceptive events as well as anesthestic induction in children less than 2 years undergoing
general anaesthetia. Nevertheless, NIPE may not serve as a sensitive and specific predictor to changes in hemodynamics.

Trial registration: This study was registered on May 3, 2018 in the Chinese Clinical Trail Registry; the registration number
is (ChiCTR1800015973).
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Background

Endotracheal intubation and skin incision are two of
the strongest noxious stimuli received by surgical pa-
tients under general anesthesia [1]. From one per-
spective, sufficient analgesic levels are critical to avoid
unexpected movements, sympathetic reactions with
consequent cardiovascular complications, and the de-
velopment of pain memory. From another perspective,
restriction to a minimum dosage of analgesic is desirable
to avoid opioid-induced hyperalgesia, respiratory depres-
sion, and nausea as well as to achieve a shorter periopera-
tive treatment period [2, 3]. Due to a lack of reliable
tools for predicting and assessing the balance between
analgesia and nociception during general anesthesia,
clinicians mainly use classical symptoms of insufficient
analgesia including increases in heart rate (HR), blood
pressure, lacrimation, and sweating to tailor the admin-
istration of analgesic drugs, an approach that can re-
duce the side-effects of opioid overdosage but not
underdosage [1, 4].

Subcortical-derived autonomic nervous system changes
induced by nociceptive stimuli was shown to be reflective
of the balance between nociception and analgesia [5-13].
Two parameters, the newborn infant parasympathetic
evaluation (NIPE) and analgesia nociception index (ANI,
MDoloris Medical Systems, Lille, France), were derived
from a real-time reliable analysis of HR variability (HRV)
in a time window of 64's on a scale from 0 (maximum of
nociception) to 100 (complete analgesia). NIPE is the neo-
natal version of the ANI used in adults [14, 15]. It has
been shown that the autonomic nervous system responses
to a noxious stimuli would change with the advancing age.
As the nervous system matures, sympathetic HR modula-
tion increases, while parasympathetic modulation de-
creases [16]. The ANI used in adult could not be adapted
directly to children less than 2 years old due to the higher
respiratory rate and heart rate in children [17]. The NIPE,
on the other hand, reflects the parasympathetic tone. It
was found that NIPE would decrease significantly in new-
born infants after a painful surgical procedure [8]. The
NIPE was also significantly reduced in babies borned by
instrument-assisted delivery when compared to those de-
livered naturally [9].

In adult patients, the automomic index ANI had
been used to predict hemodynamic changes associated
with painful stimulation [10-13]. Study of the predic-
tion ability of the NIPE in children has not yet been
reported.

In this observational pilot study, two manuvors,
namely endotracheal intubation and skin incision, were
chosen as the noxious stimuli. As a primary endpoint,
we evaluate whether the pre-event value of NIPE would
be a good predictor of the hemodynamic responses of
such stimulation.
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Methods

Patients

This observational prospective study was approved by the
ethics committee of Shanghai Children’s Medical Center
affiliated to Shanghai Jiao Tong University (SCMCIRB-
K2018049) prior to its start and was registerated in the
Chinese Clinical Trial website ( http://www.chictr.org.cn/
showproj.aspx?proj=27154, ChiCTR1800015973). Patients
were enrolled over a 4-month period between June 2018
and September 2018. Full-term pediatric patients aged 1
month to 2 years with an American Society of Anesthesi-
ologists physical status score I~II were included. Patients
were scheduled for elective general or urinary surgery.

We excluded children who had a history of premature
delivery or neurological, cardiac or respiratory condi-
tions. Children who required prolonged resuscitation at
birth, underwent general anaesthesia within the preced-
ing week of study, experienced prolonged exposure to
pain, and those who were currently receiving drugs with
known effects on sympathetic and parasympathetic ac-
tivity were also excluded. Written informed consents
were obtained from the parents of study subjects.

Anesthetic technique and monitoring

All pediatric patients were fasted according to the relevant
guidelines [18]. Crystalloid fluid (Ringer’s acetate) contain-
ing 5% glucose was given in the ward by the attending sur-
geon or in the operating theater by the anesthesiologist in
charge as appropriate. Oral midazolam 0.5 mg/kg as seda-
tive premedication was administered to all children 30 min
before patients were transferred to the operating room. All
patients were accompanied by their parents or a senior
nurse staff in our preparation room as they watched car-
toon video or listened to stories for relaxation. Upon arrival
in the operating theater, standard monitoring was applied
using an anesthesia workstation (Datex-Ohmeda Aisys CS?,
GE Healthcare, USA) with a three-lead electrocardiogram
(ECQ), pulse oximetry and non-invasive blood pressure
measured at the arm. After an intraveous line was secured,
all patients received Ringer’s acetate as maintenance fluid
following the 4-2-1 rule.

Fentanyl 2-3 pg/kg was injected over a 15-s period.
After 1 min, anesthesia was induced with propofol 2-3
mg/kg administered intravenously (i.v.) over 30s. When
the eyelash reflex was absent, the child was ventilated
via a facemask with 100% oxygen. Rocuronium 0.6 mg/
kg was administered iv. for muscle relaxation, after ad-
equate ventilation could be achieved via a facemask. A
senior anesthesiologist (> 3 years experience) decided the
timing of endotracheal intubation and performed intub-
ation using video laryngoscope. The patients were then
ventilated using pressure-controlled mode at a frequency
of 20 breaths per minute (inhalation-to-exhalation ratio
of 1:2). Peak inspiratory pressure would be adjusted to
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achieve tidal volume between 8 and 10 ml/kg and end-
tidal carbon dioxide was maintained between 35 and 45
mmHg. Anesthesia was maintained with sevoflurane be-
tween 1.0-1.3 MAC according to the patient’s age and
the fentanyl boluse administered, as clinically required.

Study protocol

The MDoloris system (MDoloris Medical Systems, Loos,
France) was integrated to the monitors of the anesthesia
workstation for HRV analysis. After calibration, the in-
stantaneous NIPE index was displayed on the monitor
screen. The instantaneous NIPE was obtained based on
four individual windows of 16s. The R-R interval ana-
lysis for each 16-s block is based on a sliding window of
64 s. Continuous measurement of the indexes can be as-
sumed by moving the 64-s window after each calcula-
tion. The sampling rate of the final parameters depends
on the window moving period. In practice, a 1-s moving
period is used [19].

The timing of endotracheal intubation was decided by
the anesthesiologist who was blinded to the study proto-
col and the MDoloris monitoring system. The research
team was responsible for recording the NIPE, HR and
MBP measurements immediately before and 1 min after
tracheal intubation and skin incision [20]. The changes
in the MBP and HR during the observation were calcu-
lated by the following formula:

(HR o MBP),y1,_ys—(HR of MBP)
(HR or MBP)

change percent =
pre—stimulus

A hemodynamic response was considered significant and
clinically relevant if an increase in either parameter (HR
and/or MBP) of more than 20% was observed after the
noxious event. We also calculated the dynamic NIPE to
examine its ability to predict a hemodynamic response [21].

NIPEpost—stimulus _NIPEpre—Stimulus

(NIPEpost—stimulus + NIPEpre—stimulus) / 2
x 100%

NIPEdynamic =

Statistical analysis

Patient data was presented as the mean (95% confidence
interval [CI]) or median (interquartile range [IQR]) as ap-
propriate. All data were tested for normal distribution using
the Kolmogorov-Smirnov test. Variables before and after
stimulation were compared using paired t tests. Receiver
operating characteristic (ROC) curves and the associated
area under curve (AUC) values were computed to assess
the ability of the NIPE (pre-stimulation values) to predict
hemodynamic reactivity. GraphPad Prism 7 (GraphPad
Software, Inc., San Diego, CA, USA) and MedCalc version
18.2 for Windows (MedCalc Software, Ostend, Belgium)

pre-stimulus % 100%.
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were used for statistical analysis. P values < 0.05 were con-
sidered statistically significant.

Results

Seventy-one pediatric patients were initially recruited
into this study. Of these, 16 patients were excluded due
to a history of premature delivery, recent general anaes-
thesia, or arrythemia or a lack of parents’ permission for
participation. Finally, 55 patients met the inclusion cri-
teria and parents or informed consents were obtained.
The characteristics of these patients are presented in
Table 1. Of these pediatric patients, 47 children were
male, and 8 were female. Their mean age was 1.3 years
(95% CI 1.1-1.5 years), and their mean weight was 10.6
kg (10.0-11.1 kg). During the period of tracheal intub-
ation, the NIPE recordings for four patients were com-
plicated by noise due to poor electrode—skin contact.
Thus, the final analysis included NIPE data from 51 pa-
tients undergoing endoutracheal intubation and 55 pa-
tients undergoing skin incision (Fig. 1).

Induction of anaesthesia significantly changed the HR,
MBP, and NIPE (all P<0.01 vs. baseline). After induc-
tion of anaesthesia, in the absence of intubation, the HR
and MBP decreased by 13% (95%CI 9-16%) and 15%
(11-19%), respectively, while the NIPE increased by 19%
(7-30%), as shown in Table 2.

A positive hemodynamic response was observed dur-
ing tracheal intubation in 32 patients (62.7%) and during
skin incision in 13 patients (23.6%). Endotracheal intub-
ation resulted in significant changes in the patients’
MBP, HR, and NIPE values (all P < 0.01 vs. before intub-
ation). The average MBP and HR values increased by
18.2% (12.0-24.4%) and 22.2% (95%CI 17.5-26.9%), re-
spectively, while the NIPE value decreased by 9.9% (5.3—
14.4%). Skin incision also resulted in significant increases
in the patients’ MBP [by 3.8% (2.1-5.5%)] an HR [by

Table 1 Detailed characteristics of pediatric patients
Patients (n=55)

Gender (M/F) 47/8
Age (years) 13 (1.1-1.5)
Weight (kg) 106 (10.0-11.1)
Height (cm) 76.1 (72.7-79.5)
ASA (I/11) 50/5
Surgery (n)
General surgery 20/55
Urinary surgery 20/55
Orthopedic surgery 15/55
Propofol dose (mg/kg) 3.1 (2.8-3.5)
Fentanyl dose (ug/kg) 23(21-26)

ASA American Society of Anesthesiologists physical status. Data are mean
(95% Cl) or absolute numbers
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Patients enrolled in study (n=71)

Excluded:

Premature history (n=3)
Recent anesthesia (n=5)
Cardiac arrhythmia (n=5)
Refusal of parents (n=3)

Patients completed study (n=55)

Children undergoing

Children undergoing

endotracheal tube (n=55)

skin incision (n=55)

\ 4

\ 4

Data used for analysis (n=51)
exclusion due to noised signals (n=4)

Data used for analysis (n=55)
exclusion (n=0)

Fig. 1 Flow digram of patient/data inclusion in this observational study

10.6% (7.7-13.4%)] values and a decrease in the NIPE
[by 5.6% (2.1-9.1%)] (all P<0.01 vs. before incision).
The MBP, HR, and NIPE values at each timepoint are
presented in Table 2.

The AUC values for the ability of NIPE to predict a
positive hemodynamic response at endotracheal intub-
ation and at skin incision were 0.65 (95%CI 0.50-0.78)
and 0.58 (0.44-0.71), respectively. The best cut-off values
(the optimal threshold) for the NIPE index at the respect-
ive events were 42 (sensitivity 71.9% and specificity 52.6%)
and 60 (sensitivity 69.2% and specificity 52.4%). These re-
sults indicate the probability of correctly predicting a posi-
tive hemodynamic response based on the NIPE was
similar to that achieved with a random coin toss (Fig. 2).

The AUC values for the ability of NIPEgynamic to pre-
dict a positive hemodynamic response at endotracheal

Table 2 Change trends for mean blood pressure (MBP), heart
rate (HR), and newborn infant parasympathetic evaluation (NIPE)
at five time points

T T2 T3 T4 T5"
MBP (mmHg) 73+9 6411 75417 56+9 62+ 11
HR (bpm) 120423 111+17 134+17 111+£14 115+15
NIPE 40+12 45+8  39+7 60+14 56+13

#P<0.01T2vs. T1; *P < 0.01 T3 vs. T2; **P < 0.01 T5 vs. T4. T1, before anesthesia
induction; T2, immediately before intubation; T3, 1st min after intubation; T4,
immediately before skin incision; T5, 1st min after skin incision

Data are shown as mean + standard deviation

intubation and at skin incision were 0.68 (95%CI 0.53—
0.80) and 0.54 (0.40—0.68), respectively. Thus, our results
showed that the NIPEgn.mic also was not sufficiently
sensitive and specific to predict a hemodynamic re-
sponse to these events.

Discussion

In the present study, we observed (1) the NIPE as well as
NIPEgynamic in children less than 2 years of age undergoing
general anesthesia and found that these indexes failed to
predict a hemodynamic response at tracheal intubation
and skin incision. (2) The NIPE reflected nociceptive
events as well as anesthestic induction in pediatric pa-
tients undergoing general anetshesia.

Several studies indicated ANI was able to predict move-
ment and hemodynamic reactivity in adult patients [10—
13]. Some studies observed hemodynamic response could
not be anticipated based on the ANI [1, 21, 22]. Our study
also did not find that the NIPE could predict a HR- or
MBP-based response to nociceptive stimuli. The reason
for this discrepancy of results are ultimately unclear. Pa-
tients in previous studies [10-13] did not receive neuro-
muscular blocking drugs before stimulation, whereas we
used a regime with rocuronium. The previously described
variation in autonomous stress response to tracheal intub-
ation with and without neuromuscular blockade may par-
tially explain the observed differences [23].
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Fig. 2 Predictive ability of NIPE for a traditional hemodynamic change at tracheal intubation and skin incision. The area under receiver operating
characteristic curve (AUC) values for this predictive ability of NIPE were 0.65 (95%Cl 0.50-0.78) at endotracheal intubation and 0.58 (0.44-0.71) at
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In consideration of perioperative safety, all children en-
rolled underwent ETT intubation after administration of a
muscle relaxant. Children who were allowed to resume
spontaneous breathing during surgery were not enrolled
in order to avoid a statistical bias introduced by this
anesthetic technique. The respiratory sinus arrythymia
(RSA) was also affected by respiratory parameters (e.g., re-
spiratory rate, tidal volume and inspiration-expiration ra-
tio) [24, 25]. In the current study, the respiratory rate (RR)
during mechanical ventilation was kept at a fixed number
(20 breaths per minute), which was relatively lower than
normal respiratory rate in awake children (~30 breaths
per minute). Furthermore, in infants, the effects of differ-
ent breathing rates with LE ratios different from spontan-
eous breathing on HRV indices are unknown [26].

The pre-induction and pre-intubation NIPE values were
low in our cohort (40 + 12 and 45 + 8, respectively). Ab-
sence of ventilation before intubation could explain the
low NIPE values observed before intubation. NIPE is a
measure for analyzing HRV that evaluates the parasympa-
thetic activity by assessing RSA. Secondly, we speculate
the a lower pre-intubation NIPE value may be associated
with the injection pain and withdrawal response. Usually
anesthesia for infants and children is induced with propo-
fol and rocuronium. At last, HRV reflects the balance be-
tween parasympathetic and sympathetic nerve outflow
from the central nervous system to the cardiac sinus node.
Anxiety, which most likely plays a pathogenetic role, is as-
sociated with autonomic dysfunction [27]. Preoperative
emotion (such as anxiety and fear) was shown to mediate

RSA alteration in adults [28, 29]. Crying and struggling in
older infants and toddlers may also lead to increased sym-
pathetic nervous system activity. Acute stress, with subse-
quent release of catecholamines into the systemic
circulation, causes abnormal HRV responses to acute pain
[30]. In the pre-anesthesia period, although a series of strat-
egies has been adopted, anxiety in children can be reduced
but not eliminated, which also explains the low NIPE values
that we observed prior to anesthesia induction.

Despite low pre-event values of NIPE in current study
making a significant decline after noxious stimulus less
likely, the NIPE showed a significanted change and
reflected nociceptive events as well as anesthestic in-
duction. Thus, NIPE may potentially aid the monitoring
of nociception.

Finally, the present study has several limitations that
should be noted. (1) NIPE evaluation requires ventila-
tion, and NIPE analysis during apnea phases is ques-
tionable. (2) Under current sample size, weak response
of hemodynamics to skin incision due to enough anal-
gesia might have reduced the statistical power to detect
prediction ability. A larger sample size is needed in fur-
ther research.

Conclusion

In conclusion, the NIPE reflected nociceptive events as
well as anesthestic induction in infants and young tod-
dlers undergoing general anaesthetia. Nevertheless, NIPE
may not serve as a sensitive and specific predictor to
changes in hemodynamics.
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