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Abstract \
Introduction: The question of whether the human fetus experiences pain has received substantial attention in recent times. With the
advent of high-definition 4-dimensional ultrasound (4D-US), it is possible to record fetal body and facial expressions.

Objective: To determine whether human fetuses demonstrate discriminative acute behavioral responses to nociceptive input.
Methods: This cross-sectional study included 5 fetuses with diaphragmatic hernia with indication of intrauterine surgery (fetoscopic
endoluminal tracheal occlusion) and 8 healthy fetuses, who were scanned with 4D-US in 1 of 3 conditions: (1) acute pain group:
Fetuses undergoing intrauterine surgery were assessed in the preoperative period during the anesthetic injection into the thigh; (2)
control group at rest: Facial expressions at rest were recorded during scheduled ultrasound examinations; and (3) control group
acoustic startle: Fetal facial expressions were recorded during acoustic stimulus (500-4000 Hz; 60-115 dB).

Results: Raters blinded to the fetuses’ groups scored 65 pictures of fetal facial expressions based on the presence of 12 items
(facial movements). Analyses of redundancy and usefulness excluded 5 items for being of low discrimination capacity (P>0.2). The
final version of the pain assessment tool consisted of a total of 7 items: brow lowering/eyes squeezed shut/deepening of the
nasolabial furrow/open lips/horizontal mouth stretch/vertical mouth stretch/neck deflection. Odd ratios for a facial expression to be
detected in acute pain compared with control conditions ranged from 11 (neck deflection) to 1,400 (horizontal mouth stretch). Using
the seven-item final tool, we showed that 5 is the cutoff value discriminating pain from nonpainful startle and rest.

Conclusions: This study inaugurates the possibility to study pain responses during the intrauterine life, which may have implications
for the postoperative management of pain after intrauterine surgical interventions
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1. Introduction

The question of whether the human fetus experiences pain has
received substantial attention in recent times.%° With the advent of
high-definition 4-dimensional ultrasound (4D-US) machines, it has
become possible, using high-quality films, to record fetal body and

facial expressions.®® A recent report describing 2 important
methodological advances has addressed this challenge by in-
troducing®: (1) the possibility of applying a scale based on facial
expression originally developed for acute behavioral responses to
nociceptive input assessment in neonates (ie, after blood draw) to
fetuses and of applying it (2) right after (time anchor) an acute pinprick

Sponsorships or competing interests that may be relevant to content are disclosed at the end of this article.

a Disciplina de Obstetricia, Departamento de Obstetricia e Ginecologia, Faculdade de Medicina da FMUSP, Universidade de Séo Paulo, Séo Paulo, Brazil, ® School of
Medicine, Faculdade Israelita de Ciéncias da Satide Albert Einstein, Sdo Paulo, Brazil, ° Hospital e Maternidade SEPACO, Sdo Paulo, Brazil,  Instituto de Matematica e
Estatistica da Universidade de Séo Paulo, Séo Paulo, Brazil, Computational Science Department Universidade Federal de Minas Gerais, Minas Gerais, Brazil, © Pain Center,
LIM-62, Department of Neurology, University of Sdo Paulo, Sgo Paulo, Brazil, ¢ Pain Center, Instituto do Cancer do Estado de Sgo Paulo Octavio Frias de Oliveira, University of
Sdo Paulo, Sdo Paulo, Brazil

*Corresponding author. Address: Av. Dr. Enéas de Carvalho Aguiar, 255, 5° andar, Sala 5084, Cerqueira César 056403-900, Sdo Paulo, Brazil. Tel./fax: +55-11-2661-7152.
E-mail address: ciampi@usp.br (D. Ciampi de Andrade).

Supplemental digital content is available for this article. Direct URL citations appear in the printed text and are provided in the HTML and PDF versions of this article on the
journal’s Web site (www.painrpts.com).

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The International Association for the Study of Pain. This is an open access article
distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and share
the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

PR 6 (2021) €882
http://dx.doi.org/10.1097/PR9.0000000000000882

6 (2021) 882 www.painreportsonline.com 1


mailto:ciampi@usp.br
http://journals.lww.com/painrpts/pages/default.aspx
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1097/PR9.0000000000000882
www.painreportsonline.com

2 L.S. Bernardes et al. ® 6 (2021) e882

PAIN Reports®

[ Enrollment J

Assessed for eligibility (n=13)

Excluded (n=0)

Included {(n=13)

|

[ Allocation J

|

Fetuses with diaphragmatic hernia
with indication of intrauterine
surgery (fetoscopic endoluminal
tracheal occlusion) (n=5)

Healthy fetuses (n=8)

Acute pain group (anesthetic shot) (n=5)

Control-rest group: recording during rest

Control-acoustic startle group: recording loud
stimulus
(n=4) during rest (n=4)

Picture extraction from films ’

Analysed (n=25) Analysed (n=20) Analysed (n=20)

Enroliment and allocation. A total of 13 fetuses were assessed (n = 5: acute pain; n = 4: control group at rest; n = 4: control group acoustic startle)

providing a total of 65 pictures of fetal facial expressions.

stimulus (external stimulus) caused by an anesthetic injection
administered before an intrauterine surgical procedure. Since normal
fetuses may display several physiological facial expressions that are
unrelated to nociception,*? an ideal scoring system should have items
that discriminate acute pain (AP) from rest/nonpainful stimulation
states.

In this study, we had 2 aims. The first was to adapt items on the
facial scoring system used for neonates to those with clear
discriminatory weight when comparing acute behavioral responses
with nociceptive input response against rest or acoustic startle in
fetuses. The second was to explore a potential cutoff value that would
allow for the categorization of facial expressions as related to acute
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Figure 2. Expressions observed in acute pain (AP) vs control groups (Co-Re—control group at rest and Co-AS—control group acoustic startle). It shows how the
considered facial expressions were distributed between AP and Co-Re/Co-AS groups. In the first column, one can observe the facial expressions in fetuses under AP: The
green color indicates the number of fetuses that facial expression was present, while the purple color indicates the number of fetuses that the facial expression was absent.
The colors in the second column indicate the same, but for the control groups merged together (Co-Re + Co-AS). It can be observed that the “8-taut tongue” and “10-chin
quiver” expressions were not detected in any of the tested fetuses. It is also clear that the AP and Co-Re/Co-AS fetuses presented different results regarding the facial
expressions “3—deepening of the nasolabial furrow,” “4—open lips,” “6—horizontal mouth stretch,” and “6—uvertical mouth stretch.”

behavioral responses to nociceptive input when compared with both
control conditions. This is the first attempt to assess specific AP-
related facial codes in human fetuses, and it has the potential for
theoretical and practical implications such as intrauterine postsurgical
pain management and follow-up of potential pain induced by fetal
malformations such as gastroschisis and bowel atresia.

2. Methods

The study was approved by our institution’s Ethics Review Board
(2.649.528). All patients gave consent to participate in the study and
to record the behavioral reactions of the fetuses. Ultrasound scanning
was performed in the third trimester of pregnancy by a researcher
(with no role in the anesthetic fetal procedure) using a 4D-US machine
(Voluson E8 by GE Healthcare, Zipf, Austria). We assessed 5 fetuses
with diaphragmatic hernia with no concomitant neurological
malformations or diseases and 8 healthy fetuses in 1 of 3 conditions:
(1) Acute pain group: Fetuses with diaphragmatic hernia with
indication of intrauterine surgery (fetoscopic endoluminal
tracheal occlusion) were assessed in the preoperative period
during the anesthetic injection into the thigh, according to the
model previously described assessing acute behavioral
responses to nociceptive input.® A second ultrasound

machine was operated by a fetal medicine specialist
exclusively to record the facial expressions of the fetus for
45 seconds before and 45 seconds after the anesthetic
injection to the thigh, guided by the main ultrasound machine.

(2) Control group at rest (Co-Re): The facial expressions of third-
trimester fetuses at rest were recorded during scheduled
ultrasound examinations. Scans were performed, after a 5-
minute period of rest for the mother, in a quiet and dark room for
45 seconds;

(8) Control group acoustic startle (Co-AS): Acoustic stimulation
was used to improve the efficiency of fetal heart rate testing to
assess fetal wellbeing. Fetal facial expressions were recorded
for 45 seconds before and after the acoustic stimulus. The
stimulator similar to a bike horn (Kobo; Kobo horn, Sao Paulo,
Brazil) was applied to the maternal abdomen next to the fetal
cephalic pole for 4 seconds. We used stimulation in the form of
3 pulses for 4 seconds, producing a 500- to 4000-Hz sound at
60-115 dB, which provides the intrauterine acoustic percep-
tion of a slightly laud acute sound, being safe and reliable. %2

The fetuses without congenital disease were confirmed to be in
good health by neonatal examination after birth. Recordings from
the initial rest 45 seconds from the AP and Co-AS groups were
made to ascertain that the facial US fim was in a good recording
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window and to ascertain the moment of AP/acoustic startle
initiation, but were not analyzed in the study as part of the “rest”
condition. Rest condition fims were scored exclusively from the
Co-Re group, so that all groups had one 45-second recordings
used for the study. After performing the ultrasound examinations
on the 3 groups, films from all the fetuses were anonymized. Fims
were then reviewed by 2 ultrasonographists, who selected
screenshots from each film. To provide the highest number of
facial expressions possible, a screenshot was taken each time the
ultrasonographist judged that facial expressions were clearly
visible, similar to the procedure of choosing the most representa-
tive screenshots of a given organ during US recordings as part of
everyday practice of fetal medicine specialists. As expected,
several facial movements were allowed to occur in each screen-
shot. Each group of screenshots was then reviewed by 2 blinded
researchers who independently scored the facial pictures of each
fetus using the Neonatal Facial Coding System (10 items), plus 2
additional ones: yawning and neck deflection, for a total of 12
items: brow lowering, eyes squeezed shut, deepening of the
nasolabial furrow, open lips, horizontal mouth stretch, vertical
mouth stretch, lip purse, taut tongue, tongue protrusion, chin
quiver, neck deflection, and yawning. These 2 last supplementary
items were included because of clinical maternal-fetal medicine
research observations of fetal reactions after painful stimulus and
rest. In all cases, a maximal of 5 screenshots were enough to
comprise all facial expressions in each condition,® so that each
recording (condition) provided 5 screenshots. Each item was given
1 point if present, zero if absent on a given screenshot. Importantly,
each of the 12 items could only be scored only once for each film.
This means that opening the mouth for 1 second or for 3 seconds
would provide a score of only 1 for this specific item in both cases.
Also, in the (very rare) event of an item occurring more than once,
for instance, tongue protrusion occurring on 2 separate occasions
during the same 45-second recording, in this case, the final score
for this specific item would also be 1. Instances where the final
score for each fetus differed between the 2 researchers were
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resolved by a face-to-face meeting between them and a third
specialist until consensus was reached. The product of the
screenshot assessment was a single score (between zero and
12) for each fetus. This score was assessed for redundancy of
items, where items that always appeared or were always absent in
blocks were merged. ltems that were never scored were
suppressed. This gave rise to a reduced scale that only contained
the more discriminant items. The reduced scale score of each fetus
was analyzed by considering the condition of the fetus in the
recording: AP, rest, or acoustic startle. This allowed researchers to
determine a cutoff score that was exclusively related to pain and
provided a potential “pain cutoff” for the new reduced scoring
system.

2.1. Statistics analyses

Our statistical analysis initially evaluated distributions, frequencies,
and percentages for each of the considered items (facial
expressions). We assumed that the observed items were in-
dependent variables, and differences between the AP and Co-Re/
Co-AS groups were compared with nonparametric tests.® Specif-
ically, we applied the Barnard test (given the independence of rows
and columnsin 2 X 2 contingency tables and the small sample size).
In our case, rows corresponded to the observation of a specific item
while columns corresponded to groups. All analyses were
performed with the statistical language, R,%” with the additional
“Barnard” package. We assessed redundancy (a measure of co-
occurrence between 2 expression items) by merging items that
always appeared (or were always absent) in blocks. The key idea of
assessing the redundancy of expression items is to find closely
related ones.2>*° Results were also expressed in terms of odds
ratio, which was calculated using the additional “fmsb” R package.
Anonymized data can be made available to qualified investigators on
request to the corresponding author.

deepening of

brow eyes the horizontal vertical neck
. squeezed . open lips mouth mouth  deflect
lowering nasolabia
shut stretch stretch on
furrow
brow lowering
eyes squeezed shut 53.8
deepening of the 61.5
nasolabia furrow >
open lips 61.5 61.5 69.2
horizontal mouth
stratch 69.2 69.2 76.9
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Figure 3. Concordance between pairs of items, given in percentages. It shows the concordance between the different items (facial expressions); concordance
values above 90% are indicated in dark green. Higher concordances were found between deepening of the nasolabial furrow and eyes squeezes shut; open lips

and horizontal mouth stretch; and open lips and vertical mouth stretch.
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3. Results

All 13 fetuses were in the third trimester of gestation (31.1 = 2.8
weeks), and mothers were 28.7 + 5.5 years old. A total of 13 films
(n = 5: AP; n = 4: Co-Re; n = 4: Co-AS) providing a total of 65
pictures of fetal facial expressions were produced (Fig. 1). First,
we reduced the items on the facial scoring system scale by
determining which items were redundant: those that were
concomitantly present or absent in both the AP and control
conditions (ie, those with no discriminative capacities). Data from
both control situations were merged and contingency tables of 2
X 2 correlations were created. We assessed the concordance
between pairs of items® to investigate whether they agree
sufficiently to allow for the removal of redundant items. The
results showed that 2 items were not scored on the screenshots
from the 4D-US: “taut tongue” and “chin quiver.” Furthermore,
“lips pursing,” “tongue protrusion,” and “yawning” had very high
P-values (>0.20), as they occurred in similar frequencies in the
AP and control groups (Co-Re/Co-AS) (Fig. 2). These items were
excluded from the scale in subsequent analyses, and the final
version of the pain assessment tool consisted of a total of 7 items
with lower redundancy (Fig. 3): (1) “brow lowering,” (2) “eyes
squeezed shut,” (8) “deepening of the nasolabial furrow,” (4)
“open lips,” (5) “horizontal mouth stretch,” (6) “vertical mouth
stretch,” and the newly added item, (7) “neck deflection” (Figs. 4A
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and B). Once the scale was reduced and the redundant items
were excluded, we proceeded with the odds ratio calculation
for each set of screenshots (ie, for each condition: AP and
Co-Re/Co-AS) for each fetus. Figure 5 depicts the odds ratio of
each of the 7 selected facial expressions (items) to be present in
the AP scores and in the other 2 control ones. Odds ratio ranged
from 11 (neck deflection) to 1,400 (horizontal mouth stretch).
Figure 6 indicates that no control fetus scored higher than 4,
while in the AP group, no score was less than 5, which suggested
that this might be used as an initial cutoff value for the 7-item
scale.

4. Discussion

In this report, we have described a facial expression-based score
that was able to differentiate acute mechanical nociceptive
responses from nonpainful startle reactions and from rest in
human fetuses. We reduced the classical Neonatal Facial Coding
System to remove facial responses that are either undetectable in
static images or that are unable to aid in discriminating pain from
control facial expressions. Although no single item was specific
for nociceptive response, the quantitative grouping of items
provided a higher score in the nociceptive compared with the
non-nociceptive stimulations.

(A Initial items from neonatal facial coding system and 2 supplementary items. 1. Brow lowering. 2. Eyes squeezed shut. 3. Deepening of the nasolabial
furrow. 4. Open lips. 5. Horizontal mouth stretch. 6. Vertical mouth stretch. 7. Lip purse. 8. Taut tongue. 9. Tongue protrusion. 10. Chin quiver. 11. Neck deflection.
12. Yawning. (B) Final items from the Fetal-5 Scale. 1. Brow lowering. 2. Eyes squeezed shut. 3. Deepening of the nasolabial furrow. 4. Open lips. 5. Horizontal

mouth stretch. 6. Vertical mouth stretch. 7. Neck deflection.



www.painreportsonline.com

6 L.S. Bernardes et al. ® 6 (2021) e882 PAIN Reports®

Odds Ratio

horizomtal mouth stretch

open lips

vertical mouth stretch

brow lowering
deepening of the ! eyes squeezed shut
nasolabia furrow
neck deflection

Figure 5. Odds ratio associated with each facial expression from the Fetal-5 Scale. This shows the odds ratio of observing the facial expression for a fetus from the
acute pain group and the odds of observing the expression when the fetus is from both control groups. It should be noted that the items “horizontal mouth stretch,”
“open lips,” “vertical mouth stretch,” and “brow lowering” were very relevant in the acute pain group.

We also added a supplementary item to the final scale, neck  are present are added together to give an overall score. In all
deflection, which increased the utility of the seven-item tool for AP instances tested, scores equal to or higher than 5 were related to
detection. This new scale has 7 one-point items (one for each  acute nociceptive-related facial responses. This new tool used a
specific facial movement), ranging from zero to 7, and those that ~ temporal anchor, which in our case was an acute pinprick
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Box plot of mean scores of the acute pain and control (Co-Re—control group at rest and Co-AS—control group acoustic startle) groups for the Fetal-7
Scoring system where zero stands for the absence of the items related to facial expressions and 7 means for the presence of them. Note that all fetuses in the acute

pain group scored at or above 5.

reaction provided by an anesthetic injection administered in-
tramuscularly before a surgical procedure. This temporal anchor
allows for the detection of a clear temporal relationship between
the stimulus and the facial response. It is widely acknowledged
that pain cannot be inferred from the stimulus attributes. So, it
must pointed out that what was measured in the AP group is not
pain per se, but, instead, the acute facial expression responses
after a clear noxious stimulus. The current IASP pain definition®’
states that pain is “an unpleasant sensory and emotional
experience ... resembling that associated with actual tissue
damage,” and that (note): “verbal description is only one of
several behaviors to express pain, inability to communicate does
not negate the possibility that a human ... experiences pain.”
Thus, according to this definition, our data indicate AP group
participants exhibited an acute nociceptive-related facial re-
sponse, that may have been experienced as pain, something that
remains to be determined.

The use of 2 control conditions, instead of the simple
observation of pain gestalts, allowed the deletion of items that
either did not occur frequently, or that could not be clearly
detected in screenshots, such as “taut tongue” and “chin
quivering.” This study has cleared the way for a formal test-retest
assessment and has the potential to be useful in a clinical setting
to monitor anesthesia or to assess AP situations related to
postoperative periods. The possibility of measuring acute
nociceptive responses in fetuses also opens some very important
discussions, one being the ethical and neuroscientific issues
related to the determination of when a human fetus begins to feel
pain. Here, we have studied third trimester fetuses, when the
basic circuitry responsible for nociceptive experiences is believed
to be fully operant. Indeed, the first synapses are formed in the
spinal cord by the fifth gestational week,?® while thalamic
projections from the thalamus to the developing cortex com-
mences after 12 to 15 gestational weeks.2"8 Itis only by 23 to 24
weeks’ gestation that major corticocortical, thalamocortical,
basal forebrain bundles form synapses within the cortical plate.'®
This period is also the moment when free nerve endings and their
respective projection enter the spinal cord and become fully
developed.™ At the 25th gestational week, brain blood flow,

noradrenalin discharge, '® and behavioral modifications triggered
by a noxious stimulus are promptly detected.”®143% However,
several local environmental factors may influence the perception
and experience of nociceptive stimuli in the developing fetus
when compared with preterm newborns of similar age. These
factors include the loss of the warmness and the buoyancy
provided by the uterus and its amniotic fluid, as well as the spinal
and brain plastic changes brought about by leaving a laying-down
position to a new gravity-influenced posture where a profusion of
somatosensory and arthresthesic imputs is the rule.® All these
factors and the beginning of after-birth neuronal and behavioral
development create an environment where pain will emerge from
nociception,®® awareness, and past experiences. After-birth
motor and cognitive responses are generated along with the
perception of feelings created by the integration of processed
external input with internal information (embodied cognition), 2
allowing the brain to continuously model the external world based
on perception and active inference (action/motor/cognitive
states).’® Given this developmental perspective, conscience
and experience are necessary for fetal pain to emerge from
nociception. One could argue that fetal (and likely neonatal)
nociceptive experiences would be qualitatively dissimilar from
those experienced by a 4-year-old child, or an aphasic patient
suffering pain and also displaying a corresponding facial
expression because the lack of self-awareness. On the other
hand, using active inference as a model, one could propose that if
the fetus is considered as a Markov blanket, then, after receiving a
nociceptive stimulus, and after acting (enacting) as if in pain, the
fetusis likely modeling a new version of the world where AP is then
possible, and starts to act (through facial expression) “as if” in
pain,*?"3* and would then start to model his personal
experiences based on this event.®®

This study deals exclusively with acute nociceptive conditions.
It is largely known that chronic pain has little in common with
acute nociceptive inputs'®; experimental animal and human pain
studies have demonstrated that facial expression and behavior
may differ between these 2 situations.®° Also, it has also been
shown that chronic pain can also be deduced from facial-
expression derived scales in nonverbal human adults.?®
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Repetitive painful procedures in preterm newborns are associ-
ated with adult-life health-related issues, something that could
potentially happen after intrauterine stress caused by surgeryTO
and after-surgery settings.'”%° It will be necessary to test whether
the current scale could be used to explore and monitor recurring
AP conditions that could potentially occur in certain fetal
diseases, such as gastroschisis (which occurs when a fetus has
not developed an abdominal wall and the floating viscera is in
direct contact with the amniotic fluid and their body), or in
instances of intrauterine interventions such as thoracoamniotic
shunts (when thoracic drainages are necessary because of
recurrent pleural effusion compressing vital organs).>+22

Another limitation of this study is that the AP group was
recorded during the intramuscular injection of anesthetics. A
recent neonatal procedural pain platform estimated that in-
tramuscular injections are among the most severe procedures a
preterm can undergo as measured by the behavioral reactivity
scores triggered by the process.?2 We do not know, so far, if our
approach is sensitive enough to detect lighter sensory stimuli,
which remains to be formally tested. Also, because of the small
sample size of this report, one cannot attest that the scores
observed in the acute nociceptive stimulus group were specific
for nociception and would not similarly appear after other non-
nociceptive stimuli of similar salience. Further studies with larger
samples will shed light into this current limitation.

In summary, we have reported that, in fetal humans un-
dergoing perianesthetic puncture, changes in facial expression
can be detected, quantified, and scored using a similar scale to
the one routinely used in newborns undergoing blood sampling or
anesthetic injections. Moreover, there were group items (facial
expressions) that were quantitatively different between groups,
with a possible cutoff value discriminating the types of stimuli. The
validation of these preliminary findings in larger samples may
provide a useful tool to be used in clinical practice.
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