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Background. Estimation of analgesia in anaesthetized children is often imprecise, and conse-
quently, anaesthesiologists commonly evaluate children’s response to surgical stimulation by
movement or haemodynamic changes. In adults reflex pupillary dilatation has been demonstrated
to be a very sensitive measure of noxious stimulation, correlated with opioid concentrations. The
autonomic nervous control changes with age, raising the hypothesis that mechanisms involved in
pupillary autonomic functions regarding both sympathetic and parasympathetic components may
also differ between adults and children. In this pilot study, we tested the hypothesis that the
pupillary reflex dilatation might allow assessment of noxious stimulation and analgesic effect of
alfentanil in children under sevoflurane anaesthesia, as an alternative to haemodynamic and
bispectral measures.

Methods. After sevoflurane induction, 24 children were maintained in steady-state conditions at
1.5 MAC of sevoflurane in O,—N,O (50-50). An intense noxious stimulation was provided by
standardized skin incision on the lower limb. A bolus of alfentanil (10 ug kg~') was administered
either | min (n=16) or 2 min (n=8) after skin incision. Haemodynamic values, bispectral index (BIS)
and pupillary diameter (PD) were recorded just before stimulation and at 30-60 s intervals during
4 subsequent minutes.

Results. In all children PD increased significantly after noxious stimulation [+200 (40)%, at 60 s].
In contrast, mean heart rate and blood pressure increased only | | (7)% and 10 (8)% respectively,
60 s after stimulation. BIS did not change significantly. In all children, alfentanil injection induced a
rapid decrease of PD and restored pre-incision values in 2 min.

Conclusion. PD is a more sensitive measure of noxious stimulation than the commonly used
variables of heart rate, arterial blood pressure and BIS in children anaesthetized with sevoflurane.
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A traditional description of anaesthesia is a state of hypno-
sis, analgesia and lack of movement to surgical stimulation.
Some monitors of depth of anaesthesia measure hypnosis,
such as the bispectral index (BIS), which is now available for
children." BIS is correlated with the expired concentration
of volatile anaesthetics or with the plasma concentration of
hypnotic drug, according to the EEG effect of these agents.
However, pain and effects of opioids are poorly assessed

by these EEG-based monitors. Consequently, estimation
of analgesia in anaesthetized children is imprecise and
anaesthesiologists have to evaluate children’s response to
surgical stimulation by movement or haemodynamic
changes.

Noxious stimulation dilates the pupils in both anaesthet-
ized and non-anaesthetized adults.”™ In adults, Larson and
colleagues® have demonstrated that alfentanil blocks reflex
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pupillary dilatation in response to noxious stimulation.
Thus, in adults the pupillary dilatation reflex may be used
as an indirect indicator of analgesia. Portable infrared pupil-
lometers are now available to allow continuous accurate
quantification of the pupillary diameter (PD) in the
anaesthetized subject. In anaesthetized children there is
no study assessing the PD changes during noxious stimula-
tion and the possible effect of opioids. Young children are
known to have less-active pupillary reflexes than adults.®
Moreover, there are important age-dependent changes in the
cardiovascular autonomic control raising the hypothesis that
the mechanisms involved in pupillary autonomic functions
regarding both sympathetic and parasympathetic compo-
nents may also differ between adults and children.
Therefore, in this pilot study, we tested the hypothesis that
pupillary changes in anaesthetized children may provide an
assessment of noxious stimulation during surgery. To evalu-
ate this hypothesis, we studied the dynamics of the pupillary
response to noxious stimulation in children anaesthetized
with sevoflurane and the effect of alfentanil on the pupillary
response. We compared the changes in pupil size with the
changes in haemodynamic variables and BIS values to assess
the sensitivity of these parameters to noxious stimulation.

Methods

After approval by the local ethics committee and informed
consent from the parents, a total of 24 children undergoing
short orthopaedic procedures on the lower limb, were pro-
spectively included in this pilot study. No patient received
any anti-cholinergic drug. After premedication, anaesthesia
was induced with sevoflurane 6% in a mixture of oxygen and
nitrous oxide (50:50); this inspired concentration was main-
tained up to tracheal intubation. Tracheal intubation was
performed using a cuffed tracheal tube after placement of
the i.v. line, and soon after visualization of pupils in
central position. After placement of the tracheal tube, the
lungs were mechanically ventilated with a tidal volume of
10 ml kg_1 at a rate of 20 min~! (Aestiva, Datex-Ohmeda),
then inspired concentration was reduced to obtain 1.5 MAC
of sevoflurane in the presence of 50% of nitrous oxide of
alveolar gas and this expired concentration was maintained
for 15 min to obtain steady-state conditions.” The skin
incision was performed at the end of this period. Sixteen
patients [group 1, mean age 9.7 (2.3-15.3) yr, mean weight
32.8 (19.7) kg] were enrolled and received an i.v. bolus of
alfentanil (10 wg kg~') 1 min after skin incision. An
additional group of eight children [group 2, mean age
7.5 (3.2-15.5) yr, mean weight 30.7 (26.4) kg] was enrolled
after completion of the study. Patients in this group received
the i.v. bolus of alfentanil (10 wg kg~ '), 2 min after skin
incision. This additional group was deemed necessary to
discriminate the effect of alfentanil from the effect of
time and to eliminate a spontaneous decrease of PD.
Pupil size was monitored and recorded using an infrared
pupillometry system (Synapsys SA France, Marseille),

consisting of a camera, infrared light source, video monitor
and video processing software, capturing pupil diameter as a
real-time analogue signal (rate of 25 Hz).® The camera
was fixed in front of one eye which was kept opened and
humidified, during the study, with a mask. The other eye was
closed, and both eyes were prevented from light and main-
tained in darkness. This system illuminates the pupil with a
low level infrared source tracking the pupil as it moves
within the recording field and quantifying PD from an
image of the subject’s eye on a video monitor. For each
patient the experimenter calibrated the system. Calibration
was performed by placing two black dots of known size
immediately adjacent to the target pupil and calculating a
linear correction function.

PD, systolic and diastolic blood pressure (SBP and DBP),
heart rate (HR) and BIS were recorded before induction of
anaesthesia, just before skin incision, then every 30 s up to
the end of the fourth minute after skin incision.

Data analysis

Post-stimulation values of PD, HR, SBP, DBP and BIS were
compared with the pre-stimulus values using paired #-tests.
One way ANOVA was performed for comparison of the data
from the two groups measured 1 min after skin incision,
between children <10 yr of age and children >10 yr of age
(Statview v 5.0, Abacus Concept, Inc.). P-values less than
0.05 were considered as significant. Data are expressed as
mean (SD).

Results

Twenty-four children aged from 2 to 15 yr, were included in
the study. Figure 1 illustrates the pupillary response and the
HR response to the surgical stimulation under sevoflurane.
At 1.5 MAC of sevoflurane in N,O-O, (50:50), just before
skin incision (control period), pupils were constricted in all
patients: 2.3 (0.3) mm in group 1 and 2.1 (0.2) mm in
group 2. In the two groups, the PD increased rapidly
after the start of surgical stimulation reaching more than
160% at 30 s and about 200% at the end of the first minute
(P<0.001). In group 2, changes from the first to the second
minute after stimulation, were limited to an additional +10%
of the 1 min-PD. After alfentanil injection, maximal
decrease of PD was observed in the first 30 s reaching
65% of the maximal size in the two groups. In the two
groups, the pre-stimulation values of PD were restored
2 min after alfentanil injection. In contrast with the pupillary
response, 1 min after surgical stimulation, the maximum
increases in HR triggered by noxious stimuli were only
11 (10)% and 12 (7)%, respectively, in groups 1 and 2,
the SBP responses were also very limited—9 (5)% and
12 (8)%. Although these haemodynamic changes were
small they were statistically significant in both the
groups (P<0.001). In the two groups, the pre-incision
values of HR and SBP, were restored 2 min after alfentanil
injection.
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Fig 1 Changes in PD and HR measured after skin incision and alfentanil injection at 1 min (group 1, black circles) and 2 min (group 2, grey
circles), expressed in percentage of pre-stimulation values [(mean (sp)]. The pupillary size corresponding to each studied point in the two groups, is

illustrated on the top portion of the figure.

Changes of BIS associated with noxious stimuli or alfen-
tanil injection, were not significant.

Figure 2 illustrates the individual changes (n=24)
between control and 1 min after skin incision, in PD,
HR, SBP and BIS.

In the 24 subjects, when measured just before skin
incision and 1 min after, HR values were higher in children
<10 yr of age [n=12, 5.2 (2.3) yr] compared with children
>10 yr of age [n=12, 13.7 (1.7) yr], P<0.01, while PD values
were similar in the two age-populations (Fig. 3).

Discussion

The pupillary responses to painful stimuli are far greater
than the associated haemodynamic changes in children
anaesthetized with sevoflurane and 50% nitrous oxide. In
addition, alfentanil administration results in a rapid decrease
of the pain-induced pupillary dilatation.

In awake subject the stimulus-induced dilatation (the
ciliospinal reflex) is primarily sympathetically mediated.
However, because this reflex is not present in organ donors,

the neural pathway requires a supraspinal component
for completion.” On the contrary, Larson and colleagues'®
have shown that pupillary dilatation in response to noxious
electrical stimulation persisted after local alphal adrenergic
blockade during desflurane anaesthesia, suggesting that
sympathetic contribution to pupil size is negligible during
the anaesthetized state.

Pupillary reflex dilatation is not diminished when iso-
flurane concentration is increased from 0.7 to 1.0 MAC*
or when desflurane is increased from 0.6 to 1.1 MAC."
In our study noxious stimulation was performed at
1.5 MAC sevoflurane in N,O and O, (50-50). We have
chosen these conditions in order to be in a range of depth
of anaesthesia allowing haemodynamic response because
the chosen concentration is below the MACL4r and also
ethically correct because the chosen concentration is above
the MAC for surgical incision.'? In our study, no patient
moved at skin incision, and only two children showed an
increase in either HR or SBP =20% 1 min after skin
incision, whereas all patients demonstrated at least a
125% increase in the PD. Our results, therefore, suggest
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Fig 2 In all children (n=24), individual values of PD, HR, SBP and BIS, measured at baseline (#) and 60 s after skin incision (x), and plotted

against age.

that PD is a very sensitive index of nociception, more sens-
itive and faster than haemodynamic changes.

The sensitivity of the pupillary response to noxious
stimuli has already been demonstrated in adults. In agree-
ment with our results, Larson and colleagues4 measured the
changes in pupil size after electrical stimulus applied on the
abdominal skin in adults anaesthetized with isoflurane or
propofol and demonstrated that an intense noxious stimuli
dilated the pupil approximately 200% in less than 1 min, the
maximum rate depending on the hypnotic dose.

The effects of opioids and hypnotic agents on pupillary
reflex dilatation differ significantly. Indeed opioids induce

dose-dependent miosis.'® The exact site within the central
nervous system responsible for opioid-induced miosis is
unknown, but seems to be dependent on the parasympathetic
nervous system in animals. 14 Under desflurane, sevoflurane,
isoflurane or propofol, opioids do not significantly decrease
pupil size, as the pupil is already maximally constricted.” '
Opioids have been demonstrated to produce a substantial
dose-dependant depression of pupillary dilatation after a
noxious stimulus under anaesthesia.’ '® In our study accord-
ing to our routine clinical practice for short orthopaedic
procedures, we used a single shot of a low dose of alfentanil.
Despite the low dose of alfentanil the effect on pupillary
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Fig 3 PD and HR in prepubertal children (n=12) compared with pubertal children (n=12) measured in the first minute after skin incision [mean

(sp)]. ¥*#P<0.01, ***P<0.001, prepubertal vs pubertal children.

reflex dilation was rapid and constant in all children restor-
ing pre-stimulation values within 2 min after injection. The
alfentanil injection 2 min after skin incision (group 2),
demonstrated that the pupillary response did not regress
spontaneously in the second minute after skin incision,
and confirm that the decrease in PD is a result of the admin-
istration of alfentanil. In addition, constriction of pupils after
alfentanil paralleled the HR and SBP decreases and is in
keeping with the findings in adults’ suggesting that pupillary
reflex dilatation may be used to assess the analgesic effect
and the duration of action of opioids in anaesthetized chil-
dren. We cannot be completely sure that the effect of opioid
on the pupil diameter is linked to analgesia and not to a
pharmacological effect of the opioid itself. However, the
parallel decrease of HR and SBP after alfentanil suggests
that the inhibition of pupillary reflex dilatation is attri-
butable to a reduction in the response to nociceptive
stimulation.

Because of the maturation process, most physiological
parameters differ between adults and children. Regarding
the pupil diameter, optometric studies have shown that the
normal values measured at ambient illumination, increase
gradually and moderately with age up to adolescence, chan-
ging from 6 mm at 1 yr to 7.5 mm at 15 yr'’ and then
declines slowly with age to reach routine values around
6 mm in the elderly.'® Optic nerve myelination and matura-
tion of the cell of the lateral geniculate body are not com-
plete until approximately 2 yr of age® and young children are
known to have less-active pupillary reflexes. The pupil
reactivity improves, as the child becomes older, tightly
linked to the maturation of distinct neural pathways.

Regarding the light reflex a lower sympathetic contribution
has been suggested in children under 10 yr of age.'*?° The
pupillary dilatation reflex in response to a noxious stimulus
has not been investigated in children; however, Emery and
colleagues®' tested the pupillary dilatation reflex as a
method of estimating the sensory level in children receiving
combined isoflurane/caudal epidural anaesthesia. They
showed that maximum pupillary dilatation in response to
noxious stimulus with tetanic stimulation, was greater in
children over 2 yr of age compared with children less
than 2 yr of age. Regarding our data, the pupil diameter
under sevoflurane before nociceptive stimulation and the
dilatation response amplitude were very similar to those
observed in healthy adult volunteers.* ** Moreover, when
our data were re-examined to investigate the possibility of
an age-related effect, it was found that basal values and
response amplitude were strictly similar in children
<10 yr of age and in children >10 yr of age.

In summary, we studied the effect of an intense
noxious stimulus on pupil size in children anaesthetized
with 1.5 MAC of sevoflurane and 50% nitrous oxide. We
compared changes in PD to changes in HR, BP and BIS
after surgical skin incision. In all cases, pupillary re-
sponses were far greater as compared with changes in BIS
and haemodynamic parameters. Our data provide further
evidence that in children, measurements of pupillary activity
might enhance our ability to detect noxious stimulation
and opioid effect during general anaesthesia. Moreover,
the PD is a very sensitive index of nociception and
seems to be independent of age at least in children over
2 yr of age.
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