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Abstract

Fetal pain perception has important implications for fetal surgery, as well as for abortion.
Current neuroscientific evidence indicates the possibility of fetal pain perception during the first
trimester (<14 weeks gestation). Evidence for this conclusion is based on the following findings:
(1) the neural pathways for pain perception via the cortical subplate are present as early as
|2 weeks gestation, and via the thalamus as early as 7-8 weeks gestation; (2) the cortex is not
necessary for pain to be experienced; (3) consciousness is mediated by subcortical structures,
such as the thalamus and brainstem, which begin to develop during the first trimester; (4) the
neurochemicals in utero do not cause fetal unconsciousness; and (5) the use of fetal analgesia
suppresses the hormonal, physiologic, and behavioral responses to pain, avoiding the potential
for both short- and long-term sequelae. As the medical evidence has shifted in acknowledging
fetal pain perception prior to viability, there has been a gradual change in the fetal pain debate,
from disputing the existence of fetal pain to debating the significance of fetal pain. The presence
of fetal pain creates tension in the practice of medicine with respect to beneficence and
nonmaleficence.
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Introduction At the center of the controversy regarding
fetal pain is a decades-long debate concerning
when the human fetus begins to perceive pain
and what areas of the brain are necessary for
pain perception. Estimates for the onset of fetal
) . pain perception over the past 20 years range
sponses, as well as medical, ethical, and legal from the first trimester (AAPLOG 2018;
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The controversy regarding fetal pain is com-
plicated. Relevant factors include neuroana-
tomical development, consciousness, and
physiologic, behavioral, and hormonal re-
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The brainstem, thalamus, cortical subplate,
and cortex have been implicated in fetal pain
capacity. The predominant position has been
that the potential for fetal pain perception
emerges mid-gestation. This position is mir-
rored at the legislative level, by laws in 13
states which recognize fetal pain capacity at
20-22 weeks gestation (Guttmacher 2021) and
by the American Academy of Pediatrics (AAP
2016), which supports proactive pain man-
agement, particularly in extremely preterm
infants, born as early as 21-22 weeks (Ahmad
et al. 2017). In the field of fetal medicine,
however, fetal surgeons and anesthesiologists,
routinely administer fetal analgesia at in-
creasingly earlier gestations in the second
trimester (>14 weeks gestation) to ameliorate
pain and improve outcome. Consideration of
fetal pain capacity and negative long-term
neuroadapative phenomena have prompted
anesthesiologists to recommend fetal analge-
sia from the second trimester onwards (Gupta,
Wimalasundera, and Moore 2021). In 2021,
the American Society of Anesthesiologists’
and the North American Fetal Therapy Net-
work’s (NAFTNet) Consensus Statement
provided evidence-based protocols for the
administration of analgesia and anesthesia to
the fetus and recommended the administration
of fetal analgesia for all invasive maternal-fetal
procedures (Chatterjee et al.). Some prominent
researchers, likewise, propose fetal pain ca-
pacity beginning as early as 12 weeks gesta-
tion via the cortical subplate (Derbyshire and
Bockmann 2020; Pierucci 2020), while other
medical professionals raise the possibility of
pain perception earlier in the first trimester
(AAPLOG 2018; ACP 2021), based on neu-
roanatomical development of the thalamus and
brainstem once the minimal necessary anat-
omy for pain processing is present at 7—
8 weeks gestation (Derbyshire 2006, 2008).

Other organizations, however, dispute fetal
pain capability prior to the presence of a
developed cortex, based on the hypothesis of
cortical necessity. In the U.K., the Royal
College of Obstetricians and Gynaecolo-
gists’ (RCOG) most recent 2010 report on
fetal awareness states that fetal pain is not

structurally possible until 24 weeks gestation,
and is unlikely to be functionally possible
until after birth. In the U.S., the American
College of Obstetricians and Gynecologists
(ACOG 2020) and the Society for Maternal
Fetal Medicine (SMFM 2021) state that fetal
pain is not structurally possible until at least
24-25 weeks gestation, that the fetus cannot
be conscious of pain “until the third trimester
at the earliest,” (>28 weeks gestation), and
cannot perceive pain as such until “late in the
third trimester” (ACOG 2020). These orga-
nizations cite evidence of cortical necessity
for pain perception based on a 2005 sys-
tematic review study (Lee et al. 2005) and the
2010 RCOG report. The SMFM additionally
relies on correlation with case studies of
adult post-lobotomy patients dating from the
1950s, some of whom experienced indifference
to pain (Terrier, Lévéque, and Amelot 2019).
The SMFM notes, however, that correlation with
neonatal pain research “cannot be extrapolated
to the fetus” because “these reported findings are
specific to the neonate” (2021).

Conversely, the American Academy of
Pediatrics uses validated neonatal pain as-
sessment tools for extremely preterm infants
born less than 28 weeks gestation (and as early
as 23 weeks gestation), stating that pain scales
“are essential for the rating and management
of neonatal pain, and their use has been
strongly recommended by the AAP and by
international researchers” (AAP 2016, 2).
These pain scales, which utilize behavioral
and physiological indicators of pain, in-
cluding facial expressions and limb move-
ments, are utilized for assessing and treating
acute pain in low gestational age infants
prior to the cortical developmental milestones
indicated by RCOG, ACOG, and SMFM, calling
into question the need for cortical maturity for
pain perception. Numerous researchers have
also challenged the hypothesis of cortical
necessity, noting that pain perception occurs
prior to 24 weeks gestation without reaching
the cortex (Derbyshire and Bockmann 2020;
Pierucci 2020; Sekulic et al. 2016; Van de
Velde and De Buck 2012). This growing
debate highlights the lack of medical, scientific,
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and international consensus regarding the rec-
ognition and treatment of pain at earlier gesta-
tional ages, prior to cortical development.

The fetal pain debate has medical and
ethical implications regarding painful pro-
cedures involving the fetus. Since 1981, the
field of fetal surgery has grown exponentially,
with successful treatment of life-threatening
and devastating conditions of the fetus, such
as myelomeningocele, congenital diaphrag-
matic hernia, hypoplastic left heart syndrome,
and twin-twin transfusion syndrome (Adzick
2020). As the field of fetal medicine con-
tinues to expand, the rate at which fetuses are
exposed to noxious stimuli continues to rise.
Fetal interventions increasingly include fetal
analgesia (pain relief) and anesthesia (loss of
physical sensation with or without loss of
consciousness) at earlier gestational ages in
an effort to alleviate acute pain and to prevent
the long-term neuroadaptive consequences of
fetal exposure to early or repetitive noxious
stimuli (Chatterjee et al. 2021; Gupta,
Wimalasundera, and Moore 2021). Addition-
ally, research since 2018 indicates that trans-
placental transfer of maternal anesthesia is
likely insufficient for fetal pain management;
therefore, direct fetal analgesia is recom-
mended, administered intramuscularly or via
the umbilical vein (Bellieni 2020; Chatterjee
et al. 2021).

The fetal pain debate is also complicated
by political and legal issues regarding abor-
tion and feticide. Recognition of fetal pain
capability at 12 weeks gestation, for example,
has the potential to impact second- and third-
trimester abortions (Guttmacher 2019), as
well as to affect feticide procedures, which
may not be reflected in abortion statistics.
Feticide procedures are typically used in
selective reductions or as adjuncts in second-
and third-trimester abortions. Consideration
of fetal pain also raises ethical and legal
concerns regarding fetal suffering, informed
consent, patient autonomy, the patient—
physician relationship, and the role of the
government.

Pain is distinct from nociception. Noci-
ception is defined as the “neural process of

encoding noxious stimuli” (IASP 2017),
while pain is defined as an unpleasant ex-
perience “associated with, or resembling that
associated with, actual or potential tissue
damage” (Raja et al. 2020, 1977), and suf-
fering as the state of being in pain. The
controversy over the definition of pain and
distinctions relevant to the ethical impact of
these definitions will be discussed further
below. The consequences of nociception may
include pain perception as well as autonomic
and behavioral responses (IASP 2017). As
noted by prominent anesthesiologists, pain
perception typically occurs concomitantly
with autonomic and behavioral responses
(Van de Velde and De Buck 2012); therefore,
these responses in the context of a nox-
ious stimulus provide surrogate markers for
pain perception as is the accepted practice in
neonatal medicine.

Nociception may be likened to the trans-
mission of electrical impulses through a power
cord to an appliance. When the electrical
impulse reaches the appliance, the appliance
can function. Similarly, neural transmis-
sion of noxious stimuli must travel to the
brainstem, the subplate, or the cortex, before
pain perception can occur. Debate exists as
to which level these impulses must reach in
order to trigger perception of pain. While
nociception and pain perception typically
occur concurrently, dissociation is possible.
For example, when general anesthesia is
used during surgery, neural transmission of
noxious stimuli may occur, but perception
of pain may be prevented by the effects of
anesthesia.

Awareness or consciousness of pain has
been categorized as internal and external.
External awareness (awareness of one’s
environment) involves awareness of ex-
ternal stimuli and has been linked to
brainstem function, while internal aware-
ness (awareness of one’s thoughts and
memories) has been associated with cor-
tical function (Stanojevic et al. 2021).
External awareness of pain represents an
unreflected experience of “being in pain”
(Derbyshire and Bockmann 2020, 5), such
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as a neonate who experiences, but will not
remember, pain from a heel lance. In contrast,
internal awareness, represents a self-reflective
experience of knowing that one is in pain,
such as a 4-year-old who remembers and
fears the pain of an immunization. Neuro-
developmentally, the self-reflective experi-
ence of pain does not emerge until cortical
synapses develop during the first 2 years of
postnatal life (Kadi¢ and Kurjak 2018). It is
the standard of care, per the American
Academy of Pediatrics, however, to address
unreflected pain in infants and toddlers
(2016). This raises the important issue of
addressing unreflected pain in the devel-
oping fetus.

The ability to perceive pain requires intact
and functioning neural pathways for the
transmission of painful stimuli from the pe-
riphery to the brain. The development of these
pathways begins during the first trimester and
continues into the postnatal period and be-
yond. There has been disagreement as to
which structures in the brain are necessary
for pain perception in the fetus and at what
stage these pathways become functional. In
the past 15 years, new research and clinical
practice, particularly in the field of fetal
medicine and anesthesiology, have demon-
strated an evolving understanding of fetal
pain perception, which challenge existing
policies and raise ethical issues regard-
ing proper pain management during fetal
procedures.

Background

This paper explores the topic of fetal pain and
reviews literature on ‘fetal pain,” ‘fetal anal-
gesia,” and ‘fetal anesthesia.” Sources for this
literature review were obtained via PubMed
searches from January 2005 through August
2021, English language only, where full pa-
pers were accessible, as well as from an in-
ternal examination and analysis of selected
references cited by these sources. Disserta-
tions, opinion editorials, and abstract-only
pieces were excluded. The following topics
are important background for the discussion

of fetal pain: the history of neonatal pain
management, procedural memory, and the
definition of pain.

A Brief History of Neonatal
Pain Management

The history of neonatal pain management is
foundational to the topic of fetal pain. Many of
the same issues in the neonatal pain debate have
resurfaced in relation to fetal pain perception.
Until the late 1980s, neonatal pain was largely
unrecognized and untreated. Preterm and
term infants were considered insensitive to
pain due to limited cortical development.
Surgeries and other invasive procedures were
routinely performed on neonates without an-
algesia (Anand 2019). Medical skepticism of
neonatal pain resulted from decades of re-
search which showed variable observable re-
sponses to noxious stimuli in neonates
compared to older infants and children
(Rodkey and Riddell 2013). Neonatal re-
sponses to repeated pin pricks, electric
shocks, and pinching, for example, showed
subtle responses in preterm, critically ill, or
neurologically compromised infants, which
were often dismissed. In healthy, term in-
fants, reactions to these noxious stimuli in-
cluded withdrawal and crying. Due to the
immaturity of the cerebral cortex, however,
these responses in both term and preterm
infants were regarded as inconsistent, non-
specific, and reflexive, occurring at subcor-
tical levels, and therefore, not indicative of
pain perception.

The assumption that newborns were in-
sensitive to pain due to an undeveloped cortex
was widely adopted by the scientific and
medical communities until the late 1980s,
despite dissenting views. Anesthesia, if ad-
ministered to infants, was utilized for the
benefit of the surgeon in order to suppress
movement during surgical procedures, by
means of paralytic medications. Analgesia was
considered unnecessary during surgery due to
lack of higher cortical function and the infant’s
inability to remember the pain. Additionally,
the risks and challenges of administering
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anesthesia to neonates, especially to critically
ill infants, at a time when no standard medical
practice had been established, contributed to
hesitancy in anesthesia usage during invasive
procedures. Alleviation of pain, if addressed,
was limited to nonpharmacologic interven-
tions such as swaddling or feeding. The sci-
entific consensus was a presumption against
neonatal pain.

In 1987, Anand and colleagues conducted a
small randomized controlled trial of preterm
infants undergoing cardiac surgery which
revolutionized the understanding and man-
agement of neonatal pain (Anand, Sippell, and
Green 1987). In this study, 16 preterm infants
were intubated, paralyzed, and given nitrous
oxide prior to cardiac surgery (patent ductus
arteriosus ligation). Eight of the infants re-
ceived intraoperative pain management with
the opioid analgesic, fentanyl, while eight
infants did not (non-fentanyl group). Com-
pared to those who received fentanyl, the
non-fentanyl group mounted immediate and
substantial stress responses intra- and post-
operatively, including elevated adrenaline
and noradrenaline levels, and sustained sig-
nificant intra- and post-operative morbidity,
including intraventricular hemorrhage. This
study, coupled with humanitarian concerns
and parental activism, challenged the ac-
cepted scientific, medical, and international
consensus which had held that it was im-
possible for the neonate to experience pain
due to an undeveloped cortex. Slowly, the
consensus changed, and a rapid growth in
neonatal pain research and management re-
sulted, which improved intraoperative and
post-operative outcomes (Anand 2019).

Recognition of neonatal pain became a
springboard for the use of physiological,
hormonal, and behavioral indicators of pain in
preterm, term, cognitively impaired, and se-
dated neonates. Further research demonstrated
that preterm and critically ill infants were not
insensitive to pain, as previously thought, but
may have subtle or blunted behavioral reac-
tions to painful stimuli due to limited energy
reserves (Anand, Sippell, and Green 1987,
Maxwell, Fraga, and Malavolta 2019). One

prominent example of change in clinical
practice was male infant circumcision. In the
1970s to 1990s, when infant circumcisions
were performed without analgesia, several
studies demonstrated indicators of pain via
behavioral, physiologic, and hormonal re-
sponses (crying, changes in heart rate, blood
pressure, oxygen saturation, and cortisol levels)
(AAP 1999). Consequently, the standard of
care changed to provide pain management
for invasive and noxious procedures for
neonates (AAP 2016, 2012, 1999), includ-
ing extremely preterm infants born as early
as 21-22 weeks gestation (Ahmad et al.
2017; Rysavy et al. 2015). In 2016, the
American Academy of Pediatrics noted
that the use of the Neonatal Pain and Se-
dation Scale (NPASS) is a validated pain
assessment tool for preterm infants be-
ginning at 23 weeks gestation (AAP 2016,
3). The NPASS utilizes facial expressions
and physiologic and behavioral responses
as accepted indicators of pain in extremely
low gestational age infants, prior to cor-
tical development. Neonatal pain research
also resulted in the discovery of the long-
term effects of pain experienced early in
life.

Procedural Memory
and Sensitization

Though infants lack the recall to remember
painful procedures experienced early in life,
research has demonstrated the existence of
procedural memory of pain, which causes
long-lasting negative neurophysiological ef-
fects that may endure for years following
painful experiences (Van de Velde and De
Buck 2012; Walker 2019). Exposure to
early or repetitive noxious stimuli can lead to
prolonged neuroadaptive effects on the de-
veloping nervous system due to greater
neuronal and synaptic plasticity in early de-
velopment. For example, preterm infants
exposed to repeated, medically indicated heel
lances for 4 weeks demonstrated significantly
increased physiologic changes (heart rate and
oxygen saturation), compared to age-matched
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preterm infants receiving a heel lance for the
first time (Johnston and Stevens 1996).
Likewise, male infants who were circumcised
without analgesia demonstrated stronger re-
actions to immunizations months later, rais-
ing concerns that exposure to a single painful
procedure early in development can lead to
long-lasting effects (AAP 2012). Exposure to
noxious stimuli not only adversely affects
subsequent neurophysiological development,
but can also result in sensitization. For ex-
ample, preterm infants exposed to repeated
painful procedures, such as heel lances, can
become sensitized to respond to non-painful
stimuli in the same manner (AAP 2016).

In 2016, the American Academy of Pedi-
atrics (AAP) issued a policy statement re-
garding the prevention and management of
neonatal pain, which addresses procedural
memory as follows:

The prevention and alleviation of pain in neo-
nates, particularly preterm infants, is important
not only because it is ethical but also because
exposure to repeated painful stimuli early in life
is known to have short- and long-term adverse
sequelae. These sequelae include physiologic
instability, altered brain development, and ab-
normal neurodevelopment, somatosensory, and
stress response systems which can persist into
childhood. (2)

These findings are important considerations
in the field of fetal medicine and fetal anes-
thesia, as exposure of the fetus to early or
repetitive noxious interventions may also re-
sult in long-term neurodevelopmental conse-
quences (Gupta, Wimalasundera, and Moore
2021; Van de Velde and De Buck 2012).

Defining Pain

In 1979, the International Association for the
Study of Pain (IASP) defined pain as “an
unpleasant sensory and emotional experience
associated with actual or potential tissue
damage, or described in terms of such dam-
age.” The IASP further noted that “Pain is
always subjective” (IASP, 1979, 250). In

2020, an expanded definition added that the
“inability to communicate does not negate the
possibility that a human or nonhuman animal
experiences pain” (Raja et al. 2020, 1977).

The IASP definition of pain holds signifi-
cant authority in the international medical and
scientific communities. It is frequently cited as
evidence against the possibility of fetal pain
when cortical development and self-reflection
are viewed as necessary for pain perception.
(Cohen and Sayeed 2011; Derbyshire 2008;
Lee et al. 2005). The two-part IASP definition
requires both a sensory and an emotional
experience of pain. While the sensory com-
ponent is not in question, the requirement for
pain to have a self-reflective emotional com-
ponent has been disputed, as it excludes the
possibility of pain not only in the fetus, but
also in the infant, the toddler, and the cogni-
tively impaired (ACP 2021; Bellieni 2019;
Raja et al. 2020). The IASP definition has been
criticized particularly in its inapplicability to
those who are unable to express emotional and
self-reflective elements of pain, such as the
fetus:

...such a demanding definition of pain restricts
pain almost exclusively to fairly mature human
beings. To ease that restriction it might be
worthwhile to consider a less sophisticated
definition, which focuses less on subjective
reflection (knowing that I am in pain) and more
on the immediate and unreflective feel of pain
(being in pain) (Derbyshire and Bockmann
2020, 5).

In clinical practice, neonatal pain assess-
ment tools address the immediate, unreflective
nature of pain in preterm neonates born as
early as 23 weeks gestation (AAP 2016).
These assessments include the Neonatal Facial
Coding System (NFCS), the Premature Infant
Pain Profile-Revised (PIPP-R), the Neonatal
Pain and Sedation Scale (NPASS), and the
Behavioral Infant Pain Profile (Maxwell,
Fraga, and Malavolta 2019). These protocols
provide multidimensional pain assessment
tools, relying on behavioral and physiologic
indicators of pain. In summary, the [ASP
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definition of pain is useful for healthy older
children and adults; however, specialized pain
assessment tools are needed in earlier stages of
human development, when overt expression or
articulation of the pain experience may not be
possible. These concerns are likewise present
in a parallel way when considering fetal pain.

The Evidence for Fetal Pain

The subjective experience of pain during early
human development cannot be directly known
by others, and signs of pain perception must be
used to determine onset of fetal pain capacity.
Fetal pain perception may be inferred from in-
direct, objective evidence, such as milestones of
neuroanatomical development, from physio-
logic, hormonal, and behavioral responses, and
from relevant clinical practice in fetal medicine and
fetal anesthesiology. As in the realm of neonatal
pain research, there are gaps in medical knowledge
that currently hinder comprehensive understanding
of fetal pain perception. Notwithstanding, what
follows is objective evidence in support of the
subjective experience of fetal pain.

Neuroanatomical Evidence

Fetal pain perception requires that the path-
ways for pain signal transmission are present
and functioning, at least at an immature level.
The sensory systems for both tactile and noci-
ceptive stimuli develop early in embryologic
development, preceding the development of the
olfactory, vestibular, auditory, and visual sys-
tems (Borsani et al. 2019). These nociceptive
pathways arise along a continuum of maturation
rather than as a single discrete event or endpoint
(Benatar and Benatar 2001; Sekulic et al. 2016)
beginning in utero and continuing postnatally.
Nociception involves the transmission of
impulses through the sensory nervous system
from peripheral free nerve endings to the
spinal cord to the brainstem and thalamus via
the spinothalamic tract and then to cortical
structures, including the cortical subplate and
cortex (see Figure 1 and Table 1). Noxious
stimuli are first sensed by peripheral noci-
ceptors in the perioral area at 7.5 weeks

gestation, the hands (10 weeks), and most
areas of the body by 14 weeks gestation
(Humphrey 1964). Nerve fibers from these
peripheral receptors reach the spinal cord
beginning at 7-8 weeks gestation (Okado and
Kojima 1984). Projections from the spinal
cord reach the brainstem and thalamus be-
ginning at 7 weeks gestation (Derbyshire 2006,
2008). Nerve fibers from the thalamus then
project to the cortical subplate, a structure in the
fetus, discovered in 1974, which is a waiting
compartment for neurons which later migrate to
the fetal cortex (Judas, Sedmak, and Pletikos
2010). The first thalamocortical nerve fibers
from the thalamus project to the cortical subplate
beginning at 12—15 weeks gestation (Bystron et al.
2008; Kostovic and Judas 2002; RCOG 2010),
earlier than the 20-22 weeks that has been re-
ported in previous studies (Hevner 2000; Kostovi¢
and Rakic 1990; Lee et al. 2005). Thalamocortical
fibers are then noted to “massively invade the
subplate zone” between 15-26 weeks gestation
(Kostovi¢ and Judas 2002, 146). Finally, thala-
mocortical fibers project from the thalamus to the
cortex beginning at 23—-24 weeks gestation
(Kostovi¢ 2020; Lee et al. 2005).

In the second trimester and third trimesters,
the subplate neurons migrate to their final
location in the cerebral cortex, and the sub-
plate largely disintegrates by 32-34 weeks
gestation. In animal studies, areas of the
subplate have shown topographic similarity to
innervation of the future cortex. That is to say,
sensory nerves are arranged in predictable
anatomic locations within the subplate that
mirror their future locations in the cortex
(Bellieni 2020; Wess et al. 2017). The so-
matosensory region of the subplate has been
noted to develop earlier than other regions of
the subplate and is four times thicker than the
developing cortex at mid-gestation (Judas,
Sedmak, and Kostovi¢ 2013; Lowery et al.
2007). The subplate is noted to subserve
“important sensory functions” (Lowery et al.
2007, 277). Researchers highlight that “the
structures and mechanisms used for pain pro-
cessing during fetal or neonatal life are unique and
completely different from those used by adults,”
which notably includes the subplate during early
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Cortex

Cortical Subplate

Thalamus

Brain Stem
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Figure I. (Fetal nociceptive pathways. (A) Nociception involves neural pathways extending from peripheral
nociceptors to the spinal cord to the brainsteam and thalamus then to cortical structures. Projections from
the thalamus (thalamocortical fibers) first invade the cortical subplate beginning at 12 weeks gestation (red
dot). Thalamocortical projections to the cortex begin at approximately 24 weeks gestation. (B) T2-weighted
magnetic resonance imaging (MRI) of a fetus at 21 weeks gestation.

Table 1. Development of Fetal Nociceptive Pathways

Fetal
Nociceptive Gestational
Pathways Description Age, wk Source
Peripheral Present in perioral area (7.5 weeks), hands 7.5-15 Humphrey 1964
nociceptors (10 weeks), abdomen (15 weeks).
Responsiveness present in most areas of
body by 14-15 weeks.
Spinal cord Peripheral afferents reach spinal cord 7-8 Okado and Kojima
1984
Brainstem/thalamus Spinothalamic tract fibers reach thalamus 7-8 Derbyshire 2006,
2008
Cortical subplate ~ Thalamocortical fibers reach subplate 12-15 Bystron et al. 2008
Kostovi¢ and Judas
2002
RCOG 2010
Cortex Thalamocortical fibers reach cortex 23-24 Kostovi¢ 2020

Lee et al. 2005
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Figure 2. Normal multi-layered magnetic resonance imaging (MRI) appearance of fetal brain early in
gestation. (A) A diagram representing the fetal brain at 19 weeks of gestation shows surface and multi-
layered appearance of the parenchyma with an inner germinal matrix (G), intermediate layer (I), and a
developing cortex. (C). The small arrows point to the direction of the migrating neurons from germinal matrix to
the developing cortex. (B) Axial balanced fast field echo MR image of a normal brain at 19 weeks of gestation
shows a smooth surface and multi-layered parenchyma with an inner hypointense germinal matrix (white arrow),
an intermediate layer, and an outer hypointense developing cortex (black arrow). Two additional sublayers can be
identified: subventricular zone (white arrowhead) and subplate (black arrowhead). Subventricular zone is thick

in the frontal region and shows slightly hypointense signal as it contains germinal matrix with increased cell pro-
duction. The subplate zone appears slightly hyperintense as it has high water content, because of extracellular
matrix. Reproduced by permission from SAGE Publications (Saleem 2013).

human development (Lowery et al. 2007, 276).
MRI of the cortical subplate at 19 weeks gestation
is shown in Figure 2, indicated by the black ar-
rowhead (Saleem 2013, 895).

Although nociception, or the transmission
of pain signals, can lead to the sensation of
pain, this is not always the case. For example,
if the spinal cord is severed, (Benatar and
Benatar 2001; Lee et al. 2005) nociception
still can occur below the level of the injury, but
no sensation of pain results because signal
transmission to the brain is prevented. Like-
wise, in unconscious, anesthetized patients,
nociception may occur, but pain may not be
perceived due to the effects of anesthesia. The
question arises as to when consciousness de-
velops in utero, resulting in external, and later,
internal awareness. In the fetus, awareness and
perception are thought to progress gradually
along a continuum, rather than as a binary
switch activated by cortical development at
24 weeks gestation, as will be discussed below
(Benatar and Benatar 2001).

Four hypotheses have been proposed re-
garding structures or functions necessary for
pain perception: 1) cortical necessity after
24 weeks gestation (RCOG 2010; SMFM et al.
2021; Stanojevic et al. 2021); 2) cortical
subplate beginning at 12 weeks gestation;
(Derbyshire and Bockmann 2020); 3) brainstem
and thalamus (Brusseau 2008; Merker 2007,
Sekulic et al. 2016), which are present after 7—
8 weeks gestation (Derbyshire 2006, 2008); and
4) the onset of fetal consciousness, estimated at
varying gestational ages (Lee et al. 2005).

Hypothesis 1: Cortical necessity (>24 weeks)

The first hypothesis, adopted by ACOG,
RCOG, and SMFM, states that the cortex is the
essential endpoint necessary for pain percep-
tion. Functional cortical connections, which
are not present until after 24 weeks gestation,
are viewed as the minimum necessary neu-
roanatomy for conscious pain perception. This
hypothesis regards pain perception as akin to
lighting a fuse on a firecracker, with the fuse



82

The Linacre Quarterly 89(1)

representing the pathway from nociceptor to
cortex, and the firecracker representing the
cortex. The painful stimulus lights the fuse,
and travels in a linear manner along the fuse
until it reaches the firecracker resulting in a
conscious pain experience. According to the
“firecracker’ hypothesis, pain perception is not
structurally possible until the stimulus reaches
the cortex at 24 weeks gestation, and is likely
not functionally possible until 29-30 weeks
when EEG and somatosensory evoked po-
tentials (SEP) demonstrate cortical response to
noxious stimuli (Lee et al. 2005). Functional
studies of fetal pain perception have relied
largely on measurements of cortical activity in
the second half of gestation. Sensory evoked
potentials which measure electrical activity in
the cortex in response to sensory stimulation,
can be recorded in the fetus at 29 weeks
gestation, while EEG measurements have
recorded cortical activity in the fetus at
20 weeks (Lee et al. 2005; Lowery et al. 2007).
However, SMFM notes that both EEG and
MRI have failed to provide “valid, objective
measures” of fetal pain perception (2021).
Therefore, the interpretation and meaning of
fetal EEGs, remains uncertain. Furthermore,
the brain patterns of fetal (and neonatal) EEGs,
during sleep and awake cycles, for example,
are challenging to interpret in regard to fetal
awareness. The gold standard for neonatal EEG
interpretation of sleep-wake patterns, for ex-
ample, relies on EEG in combination with ob-
servable behavioral characteristics, highlighting
the need for correlation of imaging studies with
clinical behavior (Dereymaeker et al. 2017).
This highlights the need to correlate func-
tional imaging or neurophysiologic studies with
fetal behavioral cues, pain responses, and context.
Additionally, reliance on measurements of mature
nociceptive or cortical function has been ques-
tioned. As noted by researchers in 2019, “It is
now recognised that the developing motor and
sensory systems are able to function long before
they have completed their neural maturation”
(Borsani et al. 2019, 225). This has raised
growing concern that the necessity of the cortex
for pain perception may have been overstated,
and that fetal pain perception is possible even with

an immature cortex (Bellieni 2020; Bernardes
et al. 2021a; Derbyshire and Bockmann 2020;
Merker 2007).

Proponents of the cortical necessity hy-
pothesis view all fetal responses to nox-
ious stimuli prior to 24 weeks gestation as
unconscious, reflexive, subcortical reactions,
not indicative of a pain experience (Lee et al.
2005; RCOG 2010; SMFM et al. 2021). This
is in contrast to comparable responses to
noxious stimuli in extremely preterm infants
and neonates, in which these same physiologic
and behavioral reactions are viewed as signs of
pain (AAP 2016). Additionally, there is no
identified difference in pain responses in the
fetus or neonate after 24 weeks gestation that
demonstrates impact from cortical connections
(Gibbins et al. 2008). Instead, the same indi-
cators of pain that are present after 24 weeks,
are already present, developing, and maturing
prior to 24 weeks gestation. Fetal pain re-
sponses prior to 24 weeks gestation, similar to
those found in newborns, have been demon-
strated in research as well as in clinical practice
in neonatology and in fetal medicine. For ex-
ample, in extremely preterm infants (>23 weeks
gestation), ““facial actions are the most prominent
pain indicators” (Gibbins et al. 2008, 452).
These accepted indicators of pain in the preterm
neonate have also been demonstrated in the fetus
at 23 weeks gestation. In 2021, research by
Bernardes et al. demonstrated, for the first time,
acute pain facial responses following anesthetic
puncture of the fetal thigh during fetal surgery at
23 weeks gestation, noting the following:

It has been suggested that the experience of pain
is not possible until the cortex becomes func-
tional and the connection among periphery,
spinal cord and thalamus are completely de-
veloped, which does not occur before 24 weeks
pregnancy. However, we demonstrated here, for
the first time, the existence of fetal pain response
before this time-point...supporting fetal pain as
a neuroadaptive phenomenon that emerges even
with an immature cortex. (2021a)

Pain perception can occur without reaching
the cortical level in extremely preterm
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infants at similar gestational ages. As noted
by renowned neuroscientists Kostovi¢ and
Jovanov-Milosevi¢ in 2006, “The connec-
tion between the thalamus and the cortex was
considered as an anatomical substrate for the
prospective pain sensation in the preterm in-
fant, although there is recent evidence that
pain sensation in preterms does not reach the
cortical level” (419).

The necessity of an intact cortical system
has also been questioned by studies which
describe the occurrence of pain perception in
children and adults with severe damage to or
absence of the somatosensory cortex (Aleman
and Merker 2014; Merker 2007). Research of
infants and children born without a cortex
(anencephaly and hydranencephaly), in which
the highest functioning level of brain tissue is
the brainstem (anencephaly) or diencephalon
(hydranencephaly), have demonstrated intact
awareness of pain, accompanied by crying,
avoidance, and withdrawal, as well as the
ability to be soothed (Aleman and Merker
2014; Sekulic et al. 2016). Other evidence
includes research in which the somatosensory
cortex has been stimulated or ablated (de-
stroyed). It would be expected that electrical
stimulation of the somatosensory cortex would
cause pain and that ablation of this region of
the cortex would eliminate pain perception;
however, this did not occur (Lowery et al.
2007). Instead, ablation of the thalamus
blocked the pain response (Brusseau 2008;
Lowery et al. 2007; Marchant 2014). Similar
findings are reported in studies of patients with
Dé¢jerine—Roussy syndrome. In this thalamic
pain syndrome, isolated lesions in the thala-
mus due to stroke or metastases result in de-
bilitating pain triggered by minor stimuli, such
as light touch (Klit, Finnerup, and Jensen
2009). Ablation of these thalamic lesions al-
leviates pain (Patel et al. 2017).

In 2012, a study by Mazzola et al. analyzed
pain response to electrical stimulation of the
insula and operculum in adult patients with
drug-resistant epilepsy. A minority of patients
(10.4-12.8%) reported painful sensations in
response to stimulation. A 2016 study by
Feinstein et al., however, noted that extensive

damage to the operculum and absence of the
insular cortex did not prevent the experience of
“excessive” pain, thus providing “direct evi-
dence that the insula, anterior cingulate, and
amygdala are not necessary for feeling the
suffering inherent to pain (1499)." The authors
conclude that cortical structures may be nec-
essary for “regulation of pain rather than
providing the decisive substrate for pain’s
conscious experience” (1499). Due to signif-
icant gaps in medical knowledge, it is unclear
how adult pain perception translates to the
unique “structures and mechanisms used for
pain processing during fetal or neonatal life”
(Lowery et al. 2007, 276) These studies,
however, challenge the hypothesis of cortical
necessity and support the hypotheses of pain
perception via the cortical subplate or sub-
cortical structures prior to 24 weeks gestation.

Hypothesis 2: Cortical subplate (>12 weeks)

The second hypothesis holds that the cor-
tical subplate is the minimum structure nec-
essary for the fetus to feel pain as early as
12 weeks gestation. In 2020, 10 years after the
RCOG report was released, a review on fetal
pain by Derbyshire and Bockmann stated that,
based on existing research, the potential for
fetal pain exists once thalamic projections
reach the subplate beginning at 12 weeks
gestation. This study is of particular signifi-
cance as Derbyshire, a principal author of
the 2010 RCOG report, previously held that
fetal pain was not structurally possible until
24 weeks gestation, and was unlikely to be
functionally possible until birth. Subplate in-
nervation beginning at 12 weeks raises the
possibility of fetal pain perception in the first
trimester resulting in what RCOG states could
represent a “rawer, more primitive, form of
pain or suffering” (2010, 6) before full mat-
uration of the cortex which does not occur
until postnatal life (Kadi¢ and Kurjak 2018).

Technology is still evolving to ethically
measure functional connectivity in the human
subplate and thalamus in response to noxious
stimuli (Lowery et al. 2007). In animal
models, however, researchers have found that
the subplate is functional and active in
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responding to sensory stimuli before cortical
function and maturation are possible, and that
sensory responses are not “dependent on
the onset of thalamocortical transmission to
layer 4” of the cortex, as previously believed
(Wess et al. 2017, 12602). According to re-
nowned neuroscientists, “Subplate neurons
and afferent synaptic connections are the most
significant functional network during the
preterm age when cortical synaptic arrange-
ments are very immature or absent...The
functional activity of SP [subplate] may also
be crucial for early response to painful stim-
ulation” (Kostovi¢ and Jovanov-Milosevic
2008, 6—7). This underscores the role of the
subplate in fetal pain perception, not just as a
waiting compartment, but as a functionally
active and responsive precursor of the fetal
cortex, beginning as early as 12 weeks
gestation.

Hypothesis 3: Brainstem and thalamus (>7-
8 weeks)

The third hypothesis postulates that sub-
cortical structures including the brainstem and
thalamus, located below the level of the cortex
and subplate, are sufficient for pain perception
(Merker 2007; Sekulic et al. 2016) via the
spinothalamic tract which relays nociceptive
information from the spinal cord to the thal-
amus beginning between 7-15 weeks gesta-
tion. Early thalamic development is evident by
5—6 weeks gestation (Mojsilovi¢ and Zecevi¢
1991). The first nociceptor axons from the
periphery connect with the spinal cord be-
ginning at 7-8 weeks gestation (RCOG 2010),
while the spinothalamic nerve fibers begin
reaching the thalamus at 7 weeks gestation
(Derbyshire 2006, 2008). This raises the
possibility of fetal pain perception in the first
trimester, after 7-8 weeks gestation, once the
minimum neuroanatomy is present. This is
uncertain, however, due to the structural and
functional immaturity of the thalamus at this
stage in development (RCOG 2010). Tech-
nology is still evolving to assess the function
of the thalamus. As noted by prominent re-
searchers, “Fetal development of the thalamus
occurs much earlier than the sensory cortex but

functional evidence for thalamic sensory
processing will require novel neuroimaging
techniques or the recording of thalamic field
potentials from fetuses” (Lowery et al. 2007,
276). The minimum necessary neuroanatomy
for fetal pain perception, however, has de-
veloped in the first trimester via the cortical
subplate, via the thalamus, or both.

Evidence also suggests the fetus has a
heightened sensitivity to pain due to the lack
of descending inhibitory pathways which
appear in the postnatal period (Andrews and
Fitzgerald 1994; Fisk et al. 2001; Sekulic et al.
2016; Van de Velde and De Buck 2012). This
hypersensitivity leads to what has been de-
scribed as “hyperexcitability and a generalised
movement of all limbs” in response to tactile
stimulation (Derbyshire 2008, 119) and a fetus
that is “extremely sensitive to painful stimuli”
(Sekulic et al. 2016, 1031). More coordinated
responses become possible during the third
trimester, and hypersensitivity diminishes as
the descending pathways mature in postnatal
development (Hatfield 2014).

Hypothesis 4: Consciousness

The fourth hypothesis holds that the per-
ception of pain depends not just on the
structure and function of the nociceptive
pathways, but also on the state of con-
sciousness of the fetus. Few would dispute this
assertion. Considerable uncertainty remains,
however, regarding what level of conscious-
ness may be required for pain perception and
at what timepoint this consciousness begins to
develop in the fetus. The level of conscious-
ness is important to consider, given that pain
typically cannot be sensed during states of
unconsciousness, such as situations of general
anesthesia. Two factors have been proposed to
affect the onset of fetal consciousness: the
intrauterine environment and the level of fetal
development.

Neurochemicals in the intrauterine envi-
ronment have been proposed to induce a con-
stant unconscious state in the fetus throughout
gestation (Mellor et al. 2005). This frequently
cited hypothesis, however, (Lee et al. 2005;
RCOG 2010) has been discredited by recent
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research. In the warm, buoyant intrauterine en-
vironment, the fetus is exposed to endocrine
neuroinhibitors (ENIn) such as adenosine,
allopregnanolone, pregnanolone, and prosta-
glandin D2 which provide a sedative effect
and create the optimal environment for neu-
rodevelopment. Research in 2018, however,
concluded that the concentration of these
neurochemicals in the fetus is not sufficient to
block pain perception which would require
concentrations 10-20 times greater than nat-
urally found in utero (Bellieni, Vannuccini,
and Petraglia). Additionally, maternal levels of
these neurochemicals, which can be higher
than fetal levels, likewise, do not confer an-
esthetic or analgesic effects. The sedative ef-
fects of naturally occurring levels of ENIn,
therefore, do not functionally provide anal-
gesia or anesthesia to the fetus or prevent
arousability from noxious or other stimuli
(Bellieni, Vannuccini, and Petraglia 2018;
Platt 2011; Sekulic et al. 2016).

Controversy also surrounds the level of
fetal development required for the fetus to be
aware or conscious of pain. Cortical devel-
opment in the third trimester has been pro-
posed as a determinant of fetal consciousness
(ACOG 2021; Lee et al. 2005; RCOG 2010);
however, consciousness is also mediated by
subcortical structures such as the thalamus and
brainstem (Brusseau 2008; Merker 2007).
Evidence for consciousness at the level of the
brainstem and thalamus has been demon-
strated in infants and children with hydra-
nencephaly and anencephaly who lack a
developed cortex, as will be discussed below.
Evidence for consciousness also includes fetal
action planning and learning.

Researchers note that fetal awareness may
be deduced once the fetus is capable of action
planning and learning (Stanojevic et al. 2021),
noting that “pain perception/behavior requires
the subjective ability to evaluate the envi-
ronment and form coordinated responses”
(Apkarian 2018, 1253). Such evidence of
action planning begins by 13 weeks gestation
with purposeful, targeted hand movements,
and “a surprisingly advanced level of motor
planning” is established by 22 weeks gestation

(Kadi¢ and Kurjak 2018, 185). Studies by
Castiello et al. (2010) and Zoia et al. (2007)
have likewise demonstrated purposeful move-
ments requiring action planning and learning
in the fetus prior to 24 weeks gestation,
highlighting fetal awareness prior to cortical
connectivity. Research in 2010 analyzed ac-
tion planning versus reflexive behavior in the
fetus (Castiello et al.). Fetal movements in
twin gestations were studied, utilizing 4-D
ultrasound from 14 weeks gestation. The
study noted action planning via purposeful
movements of the fetuses toward the co-twin,
as well as self-directed movements. The study
also noted differentiation in the velocity of
targeted fetal movements. Slower velocity of
fetal movements was noted toward the co-twin
as well as with self-directed movements toward
the sensitive eye regions, when compared to
non-targeted movements toward the uterine
wall, for example. The presence of such action
planning, learning, and social behavior raises
consideration of fetal consciousness and aware-
ness by 14 weeks gestation.

Other research of human infants and chil-
dren born without a cortex have demonstrated
intact awareness of pain (Aleman and Merker
2014; Sekulic et al. 2016). Research with
decerebrate and decorticate experimental an-
imals (cortex surgically removed) has likewise
demonstrated the ability to perceive and re-
spond to pain, with crying, fear, and avoidance
(Sekulic et al. 2016). These studies suggest an
emerging level of consciousness once the
brainstem, including the thalamus (dienceph-
alon), is present during fetal development
(Brusseau 2008), not as an all-or-none event
occurring at a distinct gestational age (Derbyshire
1999). A useful analogy to consider is the post-
operative patient emerging from general anes-
thesia who transitions through a spectrum of
unconsciousness to increasing levels of con-
sciousness until becoming fully awake, alert,
aware, and responsive. Throughout the
transition from the anesthetized state to full
consciousness, increasing degrees of aware-
ness to stimuli have been noted (Bonhomme
et al. 2019; Sanders et al. 2017). This line of
analysis raises the possibility that fetal pain
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perception and awareness, mediated at the level
of the thalamus and brainstem, may be possible
after 7-8 weeks gestation, or at the level of
the thalamus and subplate, from 12 weeks
gestation.

Pain perception is a complex, multi-layered
experience, and gaps in medical knowledge
remain significant. Overreliance on a single
parameter, such as neuroanatomical develop-
ment or functional imaging, is inadvisable in
light of evolving research and technology,
without correlation and context. Neurophysi-
ologic data, from EEG and fMRI, for example,
are also limited in utero due to technical and
ethical considerations (Stanojevic et al. 2021).
Instead, correlation with physiologic, hor-
monal, or behavioral evidence is necessary.
In the 1980s, for example, based on then-
current neuroscientific evidence, medical
students were taught to inform patients that
bone marrow biopsies performed with local
anesthesia would result in a painless experi-
ence, due to the absence of nerve fibers deep
within the bone (Platt 2011). In clinical
practice, however, this hypothesis contrasted
sharply with the clinical pain experienced by
patients during these biopsies. Only later, with
developing technology and further studies,
were nerve fibers deep in the bone tissue
identified (McCredie 2007). The history of
medicine underscores the limitations of medical
knowledge, the evolving expertise of the neu-
rosciences, and the need to consider a mul-
timodal, precautionary approach to pain
assessment.

Physiologic and
Hormonal Responses

The extremely preterm infant of 2227 weeks
gestation and the fetus of similar gestation
share a predominantly fetal physiology (Pierucci
2020). Therefore, similar pain assessment tools
have been used to study both groups. Responses
to pain are generally grouped as physiologic,
hormonal, and behavioral. As noted above, these
markers are already recognized and accepted as
signs of pain in extremely preterm infants and
neonates (AAP 2016). As responses may be

affected by a variety of factors, context and
graduated pain scales are important consider-
ations (Bellieni 2012).

Physiologic responses to pain in the fetus,
measurable via ultrasound, include changes in
heart rate and cerebral blood flow. Though
pain typically results in increased heart rate,
this may differ in the fetus, as bradycardia may
result from fetal stress. Other factors may
affect fetal heart rate including gestational age,
cord compression, oxygen levels (hypox-
emia), underlying disease processes, and fetal
ability to sustain heart rate elevation. De-
creased heart rate is a known complication of
fetal surgery, for example, and medication
(atropine) is routinely administered to support
fetal heart rate (Brusseau and Mizrahi-Arnaud
2013). Due to the ambiguity associated with
heart rate, cerebral blood flow measurements
of the middle cerebral artery have also been
used to measure fetal response to noxious
stimuli. Increased blood flow to the brain,
measured by middle cerebral artery pulsatility,
occurs in response to painful stimuli based on
fetal studies conducted as early as 16-18
weeks gestation (De Buck, Deprest, and Van
de Velde 2008; Kadi¢ and Predojevi¢ 2012).
This pain response, also seen in children and
adults, represents a brain-sparing reaction to
protect essential organs during threatened or
ongoing tissue injury (Brusseau and Mizrahi-
Arnaud 2013; Teixeira et al. 1999).

Noxious stimuli also stimulate a stress
hormonal response in the fetus via the
hypothalamic-pituitary-adrenal (HPA) axis,
which is functional early in the second tri-
mester, based on studies of fetal response
during needling through the abdomen during
intrahepatic blood transfusions (Fisk et al.
2001; Smith et al. 2000; Van de Velde and
De Buck 2012). Measurements of cortisol,
adrenaline, and -endorphins (endogenous
opioids released by the pituitary gland) are
elevated in response to noxious stimuli and
have a deleterious effect on the hemodynamic
stability of the fetus. Stress responses vary
according to gestational age, with B-endorphins
occurring earlier in gestation than cortisol
(Anand, Sippell, and Green 1987; Gitau et al.
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2001; Fisk et al. 2001). In studies by
Giannakoulopoulos et al. (1994, 1999), nee-
dling through the fetal abdomen to access the
intrahepatic vein resulted in rises in cortisol
levels by 183%, noradrenaline levels by 196%,
and B-endorphin by 590% compared to con-
trols. As in neonatal pain research, the use of
analgesics prior to painful procedures in the
fetus has been shown to suppress these stress
responses and the resultant disruption in fetal
homeostasis (Fisk et al. 2001; Lowery et al.
2007; Rokyta 2008).

Behavioral Evidence

Fetal behavior is an indication of underlying
neurologic function. Fetal response to noxious
stimuli increases with gestational age and
development. Such responses include with-
drawal reflexes, whole body movements away
from the noxious stimulus, and facial ex-
pressions. Ethically questionable research
conducted in the 1930s to 1960s by University
of Pittsburgh anatomists, Hooker and Hum-
phrey, sought to determine fetal motor re-
sponses to tactile stimulation (Hooker 1936,
1942, 1952; Humphrey 1964). Their research
utilized more than 150 intact, living fetuses
obtained from surgical abortions via hyster-
otomy (or less commonly through spontane-
ous preterm delivery) which were immediately
suspended in saline solution. Fetal responses
to repeated stimulation of the skin and mus-
culature with monofilaments or bead-tipped
glass rods were recorded, until demise oc-
curred 8-20 min after placental separation
(Hooker 1942). Fetal withdrawal reflexes to
tactile stimulation of the perioral area were
noted, beginning at 7.5 weeks gestation,
showing “generalized movement of the head
and upper trunk away from the stimulus”
(Wilson 2014, 144). Responsiveness to tactile
stimulation rapidly extends to other areas of
the face, hands, feet, trunk and limbs by
14 weeks, generating whole body movement
away from potentially noxious stimuli
(Hooker 1952; Myers et al. 2004). Limitations
of these studies included the increasing effects
of anoxia on the responsiveness of the fetuses

following placental separation. At these early
gestations, fetal anesthesiologists have noted
that the fetus responds to sensory stimuli “in a
comparable way to the neonate” (Myers et al.
2004, 241).

Withdrawal from noxious stimuli repre-
sents an appropriate protective response to
prevent tissue injury (Van de Velde and De
Buck 2012). As such, a potentially noxious
stimulus may trigger a spinal cord-mediated
reflex, while also activating the developing
nociceptive pathways to the thalamus and
subplate beginning in the first trimester
(Derbyshire and Bockmann 2020; RCOG
2010). For example, touching a hot stove
triggers both a reflexive response and noci-
ceptive transmission to the thalamus (Benatar
and Benatar 2001). Thus, withdrawal reactions
to noxious stimuli cannot be disregarded prior
to 24 weeks gestation (RCOG 2010, Lee et al.
2005), but indicate appropriate protective,
nocifensive responses and raise the possibil-
ity of concomitant pain perception via the
spinothalamic tract as early as 7-12 weeks
gestation.

Other potential behavioral markers of fetal
pain include the movement of facial muscu-
lature and facial expressions, which have been
shown to occur in response to noxious stimuli
by mid-gestation. Facial musculature develops
by 16 weeks gestation, and facial movements
are observable on 4-D ultrasound at 20 weeks
(AboEllail and Hata 2017). Fetal facial ex-
pressions become more distinguishable and
varied after 24 weeks, with increased neuro-
muscular development and the deposition of
adipose tissue. While the Neonatal Facial
Coding System (NFCS) assesses 10 different
facial expressions in neonates, fetuses may
only demonstrate a fraction of these due to
developmental immaturity. For example, in
extremely preterm infants of 24-28 weeks
gestation, four facial pain responses were
observed most frequently: brow lowering (or
brow bulge), eyes squeezed shut (eye
squeeze), deepening of the nasolabial furrow,
and vertical mouth stretch (Gibbins et al.
2008). These indices reflect the earlier devel-
opment of the upper facial muscles compared
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to the lower facial muscles. Fetal pain as-
sessments have also been conducted using the
NFCS during painful intramuscular injections
prior to fetal surgery (Bernardes et al. 2021a,
2021b, 2018). Facial expressions (horizontal
mouth stretch, open lips, vertical mouth
stretch, and brow lowering) were elevated in
those fetuses receiving injections compared to
controls. As noted above, Bernardes et al.
demonstrated pain-related facial expressions,
comparable to those observed in neonates,
during anesthetic puncture of the fetal thigh at
23 weeks gestation (2021a).

Figure 3 shows fetal facial expressions
in response to anesthetic injection into the
fetal thigh during third trimester fetal
surgery (Bernardes et al. 2021b, 5). The
2021 Society of Maternal Fetal Medicine
report, however, does not view such facial
expressions in the late second and third
trimesters as evidence of fetal pain, stating,
“because the facial nucleus and circuitry

required for facial expressions arise from
the brainstem and not the cortex, these indirect
measures do not reflect any experience of pain
or suffering.” Such assertions, which conflict
with accepted neonatal pain assessment tools at
the same and earlier gestational ages, raise
concerns about overreliance on neuroanatom-
ical hypotheses, as was done in the era of
untreated neonatal pain, rather than correlation
with clinical behavior, context, and other
markers of pain perception.

Other behavioral responses include
gross motor movements of the fetus in re-
sponse to noxious stimuli. These responses
are also apparent, based on studies done
after 16—18 weeks gestation (RCOG 2010).
In a 1994 study, needles passed through the
fetal trunk (without analgesia) for medically
indicated blood transfusions in second- and
third-trimester fetuses (20-34 weeks gestation)
resulted in “vigorous body and breathing
movements” and significant stress hormone

Figure 3. (A) Initial items from neonatal facial coding system and 2 supplementary items. |. 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. I 1. Neck
deflection. 12. Yawning. (B) Final items from the Fetal-5 Scale. |. 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. Reproduced by permission from |ASP (Bernardes et al. 2021b).
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responses (Giannakoulopoulos et al. 1994,
77). The researchers concluded that, “the fetus
mounts a similar hormonal response to that
which would be mounted by older children
and adults to stimuli which they would find
painful” (80). Further studies have noted that
administration of analgesia resulted in sup-
pression of a fetal stress response (Fisk et al.
2001) as well as a fetus that is “still and
appears quiescent and calm” (Derbyshire and
Bockmann, 2020, 6) Based on such studies,
fetal therapies such as percutaneous fetal
cardiac interventions (FCI), which treat
structural heart defects, now utilize fetal an-
algesia. In FCI, intramuscular opioids (for fetal
analgesia) and paralytics (for fetal immobili-
zation) are standardly administered to the fetus
before needling of the fetal heart in order to
prevent movement and pain, and to suppress
hemodynamic instability and hormonal stress
responses (Schidlow, Tworetzky, and Wilkins-
Haug 2014).

Limited data exist regarding fetal responses
to noxious stimuli prior to 15 weeks gestation
as governmental regulations in the United
States have precluded nontherapeutic research
on living fetuses since the 1960s (Wilson
2014). Therapeutic fetal interventions, with
potentially noxious stimuli, have historically
taken place after 15-16 weeks gestation
(Bellieni et al. 2013). Earlier diagnostic pro-
cedures, such as amniocentesis and chorionic
villus sampling, may incidentally injure the
fetus, but this complication is rare. In a small
1995 study, accidental fetal injury during
amniocentesis demonstrated brisk fetal with-
drawal responses at 15-18 weeks gestation
(Petrikovsky and Kaplan 1995). Prior to
15 weeks, the fetus typically has limited ex-
posure to noxious stimuli apart from abortion
and feticide. Though feticide and dilation and
evacuation (D&E) abortions may utilize ul-
trasound, there is a lack of published studies
on observed fetal responses, likely due to
ethical considerations. Physician testimony
offered during state legislative hearings,
however, has reported fetal withdrawal and
flailing during feticide prior to 18 weeks
gestation (Ohio Senate Bill 2019).

The Significance of Fetal Pain

In the past decade, there has been a gradual
shift in the literature concerning fetal pain,
from disputing the existence of fetal pain to
debating the significance of fetal pain (Bellieni
et al. 2018; Cohen and Sayeed 2011; Dadlez
and Andrews 2018; Kluge 2015; Watson
2012). As the medical evidence has shifted
in acknowledging fetal pain perception prior to
viability (generally defined as 22-24 weeks
gestation), this knowledge has important im-
plications for therapeutic fetal procedures,
abortion, and feticide.

Fetal Surgery

Fetal analgesia is routinely given before open
or fetoscopic surgeries after mid-gestation to
prevent pain and to avoid the deleterious short
and long-term effects of exposure to painful
stimuli. Ethical and medical concerns have
resulted in a slow shift in the use of analgesia
to earlier gestational ages. Anesthesia rec-
ommendations published in 2021 recommend
the use of analgesia from the second trimester
onwards (14+ weeks gestation) (Gupta,
Wimalasundera, and Moore 2021) or when-
ever invasive procedures are performed on the
fetus (Chatterjee et al. 2021), while researchers
suggest consideration of pain management
from 12 weeks gestation (Derbyshire and
Bockmann, 2020).

Usage of fetal analgesia during all invasive
procedures, however, is not universal. Some
fetal needling procedures, for example, may
not utilize fetal analgesia due to the brevity of
the procedure and due to maternal and fetal
risks of additional needling in administering
direct fetal analgesia. Recent 2021 recom-
mendations by the American Society for
Anesthesiologists and the North American
Fetal Therapy Network (NAFTNet), however,
recommend adequate direct fetal anesthesia in
all invasive procedures to “inhibit the humoral
stress response, decrease fetal movement, and
blunt any perception of pain” as well as to
avoid “short- and long-term adverse effects
on the developing central nervous system”
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(Chatterjee et al. 2021, 1167). A 10-year re-
view (2001-2011) of studies involving fetal
surgery evaluated the employment of fetal
analgesia during invasive procedures ranging
from 16-37 weeks gestation. The review
found that a majority of these procedures did
not administer direct fetal analgesia, but rather
relied on maternal anesthesia. None of the
studies described the fetal response to noxious
stimulation (Bellieni et al. 2013). Recent re-
search indicates that maternal anesthesia is
insufficient for fetal pain management due to
inadequate transplacental passage, and that
administration of direct fetal analgesia is
necessary (Bellieni 2020; Chatterjee et al.
2021). These studies, as well as consider-
ation of acute fetal stress responses and long-
term effects on neurodevelopment, continue
to impact the standard of care for fetal an-
algesia. Fetal pain assessment, effective pain
management, and balancing maternal and
fetal safety pose unique challenges in fetal
analgesia and anesthesia, as research and
understanding of fetal pain continue to
expand.

Abortion and Feticide

Fetal pain raises ethical issues not only for
fetal surgery, but also for abortion and feticide.
Feticide procedures, generally performed in
the second and third trimesters, involve the
injection of a lethal agent (such as potassium
chloride, digoxin, lidocaine, etc.) into the fetal
head, trunk, umbilical cord, or less commonly,
the amniotic fluid, in order to induce cardiac
asystole (Maurice et al. 2019). Alternatively,
umbilical cord occlusion (UCO), radio-
frequency ablation (RFA), and transection of
the umbilical cord (procedures which may be
used in fetal reduction in multifetal gestations
or as an adjunct to second- or third-trimester
surgical abortions) cause hypoxia-induced
cardiac arrest (King et al. 2017). Concerns
have been raised that such procedures may
cause pain to the fetus from needling of the
fetal head or trunk, from the painful effects of
agents such as potassium chloride, and from
cardiac ischemia (Blickstein and Oppenheimer

2016). Because the injection of potassium
chloride is known to cause pain, its use in the
death penalty (lethal injection) and in animal
euthanasia in veterinary medicine must be
preceded by administration of anesthesia and
confirmed unresponsiveness (Dresser 2014;
American Veterinary Medical Association
2020). Dilation and evacuation (D&E) abor-
tions, generally performed in the second tri-
mester (after 13 weeks gestation), have
likewise raised concerns regarding fetal pain.
In D&E abortions, the fetus is removed from
the uterus in pieces via grasping forceps
(Cunningham et al. 2018), resulting in repet-
itive noxious stimuli until demise occurs.
ACOG’s latest 2013 practice guidelines for
second-trimester abortions, however, do not
include recommendations for fetal analgesia
prior to abortion, noting “fetal perception of
pain may not occur until the third trimester”
(ACOG 2013, 1395).

Ethical and Legal Considerations

If the fetus is capable of experiencing pain and
suffering, which research convincingly indi-
cates is possible beginning in the first tri-
mester, then arguably a moral obligation exists
to prevent, mitigate, and treat fetal pain,
whenever it can foreseeably be anticipated,
according to the principles of justice, benefi-
cence, and nonmaleficence. This concern
arises in a notable way for cases of abortion or
feticide. When these principles are applied
unevenly in consideration of the pregnant
woman rather than the fetus, the autonomy of
the woman and the degree of maternal-fetal
attachment may be framed as preeminent
considerations that reduce the need to attend to
or address the reality of fetal pain (Arora and
Salazar 2014; Furedi 2001).

Organizations favoring abortion generally
oppose fetal pain legislation, while organiza-
tions opposing abortion are generally in sup-
port of such legislation. State legislative
hearings, in Ohio, for example, have included
among opponents of fetal pain legislation
various abortion rights groups, such as Plan-
ned Parenthood, National Abortion Rights
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Action League (NARAL), and the American
Civil Liberties Union (ACLU), while propo-
nents are generally affiliated with groups such
as the American College of Pediatricians,
Right to Life groups, and religiously affiliated
organizations (Ohio Senate Bill 2019). Fetal
pain laws in 13 states seek to mandate that
abortion counseling includes information
about fetal pain capability or to prohibit
abortion once the fetus is pain-capable
(Guttmacher 2021). Several state laws cur-
rently stipulate fetal pain capability at 20—
22 weeks gestation, while ACOG and Planned
Parenthood websites claim that fetal pain is not
possible until after 24-30 weeks gestation
(ACOG 2021; Planned Parenthood 2018). As
of 2021, Senate Bill 61, the Pain-Capable
Unborn Child Protection Act, is the latest
federal bill to seek to ban abortion at 22 weeks
gestation, citing protection from pain as a
compelling government interest in limiting
abortion (U.S. Congress 2021).

Abortion rights advocates assert that fetal
pain laws are beyond the purview of the
government and are unconstitutional, as Roe
v. Wade (1973) and Planned Parenthood
v. Casey (1992) established viability, not pain
capacity, to be a compelling government in-
terest, when considering possibilities for
limiting abortion. Fetal pain legislation is
construed as an effort to erode the autonomy of
the pregnant woman and to intrude upon the
patient—physician relationship. Abortion rights
proponents also cite Roe in stating that the fetus
is not a ‘person’ protected by the Fourteenth
Amendment. Therefore, the ability to feel pain
should not confer further consideration to the
previable fetus (Dadlez and Andrews 2018;
Watson 2012).

Some opponents of fetal pain laws ac-
knowledge the conflict in recognizing the
moral status of a pain-capable fetus and in
upholding a woman’s autonomy (Dadlez and
Andrews 2018). They maintain that decisions
regarding the fetus and pain management
should be addressed and resolved within the
patient—physician relationship (Andaya and
Campo-Engelstein 2021). Because unneces-
sary pain raises ethical concerns, it is

noteworthy that abortion rights advocates will
occasionally support procedures for rendering
a pain-capable fetus insensate by the use of
anesthesia prior to abortion (Dadlez and
Andrews 2018; Watson 2012). This would
allow abortions to follow the same ethical
guidelines used internationally to prevent
cruelty to animals:

“...abortion guidelines should be correspond-
ingly restructured. They should follow the same
pattern as the international guidelines for killing
animals...and they should bring the death about
as quickly and painlessly as possible” (Kluge
2015, 13)

Other abortion rights proponents, however,
state that administering fetal anesthesia and
analgesia introduces unnecessary procedures
and risks to the pregnant woman which out-
weigh the temporary pain that may be expe-
rienced by the fetus during abortion or feticide
procedures (Cohen and Sayeed 2011).

Abortion rights advocates view late term
abortion for fetal anomalies as compassionate
care to prevent psychological pain and suf-
fering for the woman and her family. Ac-
cording to a survey of abortion providers,
alleviating a woman’s psychological pain due
to fatal fetal abnormalities outweighs fetal pain
considerations during abortion:

“...the possibility of a brief period of physical
pain [for the fetus] is less pressing for pregnant
people and their families than the anticipated
anguish of watching their terminally ill baby
suffer and die” (Andaya and Campo-Englestein
2021, 5).

Proponents of fetal pain legislation argue
that permitting pain that is remediable is un-
ethical and that there is a moral obligation to
prevent cruelty and suffering (Pierucci 2020;
ACP 2021). In the case of fatal fetal anomalies,
which are frequently cited as reasons for
second- and third-trimester abortions, resources
such as perinatal palliative and hospice care can
be offered to provide compassionate options
for the fetus, the woman, and her family
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(McCarthy et al. 2012). Between 40-85% of
women will typically choose perinatal hospice
or palliative care for a fatal fetal anomaly, if
given the option (Flaig et al. 2019). A survey of
abortion providers regarding life-limiting fetal
diagnoses, however, did not mention this option
as part of patient counseling (Andaya and
Campo-Engelstein 2021).

Abortion opponents also express concern that
inconsistent terminology and information affects
informed consent, de-humanizes the fetus, and
could be construed as manipulative (Dixon 2008;
Kaczor 2011). For example, abortion rights ad-
vocates and abortion providers preferentially
avoid terminology such as ‘baby’ and ‘fetus’
(Andaya and Campo-Engelstein 2021) or images
of the fetus because of “not wanting to give the
fetus human status” (Williams 2005, 2085). This
dichotomy in terminology and the shielding
of the pregnant woman from medical in-
formation may unduly influence the pa-
tient’s decision-making process, particularly in
a time of crisis when reliance on medical
counsel is high.

Reports over the past 20 years show that fetal
pain is a concern of women considering abortion
(Andaya and Campo-Engelstein 2021; Furedi
2001; RCOG 2010). Research, however, notes
a reluctance among providers to discuss fetal pain
due to concerns of causing emotional distress for
the pregnant woman (Andaya and Campo-
Engelstein 2021). This has raised the issue of
medical paternalism potentially precluding ap-
propriate patient counseling, education, and
informed consent. In Gonzales v. Carhart
(2007), abortion providers noted that pertinent
medical information about the abortion pro-
cedures was not typically disclosed to patients.
In the majority opinion, Justice Kennedy noted
that the omission of information necessitates
government involvement:

It is, however, precisely this lack of information
concerning the way in which the fetus will be killed
that is of legitimate concern to the State...The State
has an interest in ensuring so grave a choice is well
informed. It is self-evident that a mother who comes
to regret her choice to abort must struggle with grief
more anguished and sorrow more profound when

she learns, only after the event, what she once did
not know... (IV.A)

The integrity of the medical profession de-
pends on informed consent (ACOG 2021),
including a full and accurate disclosure re-
garding the fetus, fetal pain capacity, and the
methodologies involved in abortion or feticide
procedures. Medical ethics also imposes the
requirement to avoid cruelty and unnecessary
pain and suffering. Advocates of fetal pain
legislation propose that fetal pain laws attempt
to address both of these concerns, by informing
women of fetal pain capability and in excluding
abortion once fetal pain is possible based on a
compelling government interest. In contrast,
clinicians in fetal medicine are already volun-
tarily addressing these issues in developing
standards of care for the use of analgesia and
anesthesia during invasive fetal procedures
(Chatterjee et al. 2021; Gupta, Wimalasundera,
and Moore 2021; Wood et al. 2021).

A dichotomy exists in the practice of medicine.
Disparate treatment of two indistinguishable hu-
man fetuses occurs, in which one fetus is accorded
patient status and humanity, to whom beneficence
and nonmaleficence are owed, while for the other
fetus, this status is withheld. This cognitive dis-
sonance disturbs and causes significant tension
within the practice of medicine in view of ob-
jective medical evidence as well as in light of the
fundamental mission of medical professionals as
healers. There is an ethical obligation to prevent
unnecessary pain and suffering, as well as an
obligation for beneficence and nonmaleficence,
which must be judiciously applied to both the
pregnant woman and the fetus, while safety and
health concerns are carefully balanced.

Conclusion

Until the late 1990s, fetal pain was largely un-
recognized and untreated. Over the past 20 years,
research in the fields of fetal pain and fetal
medicine has changed this understanding. Denial
of fetal pain capacity beginning in the first tri-
mester, potentially as early as 812 weeks ges-
tation, is no longer tenable. To paraphrase the
2016 American Academy of Pediatrics policy
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statement in terms of fetal, rather than neonatal,
pain, “The prevention of pain in the fetus should
be the goal of all health care professionals, not
only because it is ethical, but also because repeated
painful exposures have the potential for deleteri-
ous consequences” (1). Precise determination of
fetal pain onset in the first trimester is challenging
for several reasons, including the subjective ele-
ments related to pain and its perception, and due
to gaps in medical knowledge. The develop-
ment of fetal pain perception along a contin-
uum of maturation rather than at a distinct
gestational age, also impacts the discussion.
Additionally, fetal research of responses to
noxious stimuli in the first trimester is limited
by technical and ethical considerations. In
disputed or reasonably doubtful ethical situ-
ations of this kind, it is proper to yield to a
precautionary principle, presuming pain when
uncertainty exists. As summed up by the
American Society of Anesthesiologists’ and
the North American Fetal Therapy Network’s
Consensus Statement in 2021, “Because it
remains uncertain exactly when a fetus has the
capacity to feel pain, it is best to administer
adequate fetal anesthesia in all invasive
maternal-fetal procedures” (Chatterjee et al.
2021, 1165).
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