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1 Introduction—the International Association for the
Study of Pain definitions: potential inconsistencies

Could pain be well described with words? In 1979, the International Association for
the Study of Pain (IASP) stated that pain was “an unpleasant sensory and emotional
experience associated with actual or potential tissue damage or described in terms of
such damage”.

In addition in 1979, IASP further explain with further notes that: “Pain is always
subjective. Each individual learns the application of the word through experiences
related to injury in early life. Biologists recognize that those stimuli which cause pain
are liable to damage tissue”. This sentence is challenging or even impossible to be
applied to fetuses and newborns, although focusing on the importance of early life
experiences was a laudable insight.

Only in 2018, TASP revised the 1979 definition with an international task force and
described pain as “an unpleasant sensory and emotional experience associated with or
resembling that associated with actual or potential tissue damage”. Interestingly, the key
change is “resembling associated with” following the previous incipit “an unpleasant
sensory and emotional experience associated with”.

In the last definition few more notes from IASP were added, clarifying many aspects
related to verbal patients but not improving the understanding of “pain in early life”.

1. Pain is always a personal experience that is influenced to varying degrees by biological,
psychological, and social factors.

2. Pain and nociception are different phenomena. Pain cannot be inferred solely from
activity in sensory neurons.

3. Through their life experiences, individuals learn the concept of pain.

4. A person’s report of an experience as pain should be respected

5. Although pain usually serves an adaptive role, it may have adverse effects on function
and social and psychological well-being.
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6. Verbal description is only one of several behaviors to express
pain; inability to communicate does not negate the possibility
that a human or a nonhuman animal experiences pain.

In our opinion this definition with the explicative notes
definitions failed to add significant improvements for pain
experiences early in life. Bioethically, the presence or absence of
fetal pain was used as an argument to set against or for the
legalization of abortion (1). To understand pain-related issues
better in neonatal and prenatal medicine, this political and often
appearing as religious debate must be set aside from the
historical path, and new scientific discoveries should be reviewed
(2) in terms of physiological, behavioral and neural “signs of pain”.

2 The “fetal pain paradox” from the
1980s until birth

As fetuses and neonates are immature beings, they may be
deemed incapable of judging their pain perception (3) in the
context of the International Association for the Study of Pain
definition (4). Furthermore, the notion that the cerebral cortex of
fetuses and neonates is immature has dominated the scientific
community in the 1980s-1990s (5-7). Due to this immaturity,
fetuses were considered incapable of perceiving and reacting to
pain until the third trimester of pregnancy in the 2000s (8). Ten
years later, this incapability was denied by Sekulic and Bellieni,
respectively suggesting that “the pain inhibition mechanisms are
not sufficiently developed during intrauterine development
leading to increased intensity of pain in the fetus” and the arise of
pain as “a neuroadaptive phenomenon that emerges at about
20-22 weeks” (9, 10). But it was highlighted that fetuses can
perceive and react to pain via the cortical subplate structures as
early as 12 weeks of gestation (I, 3, 11, 12). The “fetal pain
paradox” described by Thill (13) states that even below <24-week
fetuses and preterm babies born present the same pain items
(immature cortex, active and functional subplate, facial expression
of pain in response to noxious stimuli, fight-or-flight stress in
response to noxious stimuli, and body movement in response to
noxious stimuli), pain management in preterm babies is deemed
as an important clinical task, while fetuses are still not sufficiently
and universally considered capable of perceiving pain (13).

3 More than pain memory, pain
response and perception _
(nociception), sedation, and analgesia

Many researchers dislike the fact that the word “memory” is
related to pain, although it remains unquestionable that early
pain experiences are hard to live at any age, and certainly, these
nociceptive experiences modify the way of reacting to subsequent
painful experiences, as brilliantly shown by Anna Taddio in the
Lancet. In this study, she showed that babies who underwent
circumcision without adequate sedation cried much longer and
were more difficult to console when exposed to injections for
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vaccination in the following months compared to their peers
who were adequately sedated when receiving circumcisions as
neonates (14). Analgesia is difficult in the neonatal age, in
particular for normal babies exposed to noxious stimuli (i.e., heel
pricks) as drugs cannot be given outside a neonatal intensive
care units and, in addition, there is evidence that these drugs in
sick babies are detrimental for brain development.

In early life, oral glucose can be considered a first analgesic
drug, as its taste reduces nociceptive reaction (15). While sucking
and tasting sucrose, neonates react less vigorously and cry much
less during heel-prick procedures compared to that in controls.
These effects are similar in premature infants, who are exposed
to prolonged noxious stimuli (16). The positive effect of sweet
taste was already discovered in the De Rerum Natura, as babies
were exposed to the taste of honey to decrease the discomfort of
nauseating medications (17). There are no doubts nociceptive
reaction is acutely reduced during exposure to painful
procedures, however, in a recent review reported that “oral
sweet-tasting solutions should be used judiciously to mitigate
behavioral responses to mild painful procedures” in neonates as
long-term effects remain unexplored (18); moreover, these do not
seem to be effective in attenuating the negative effects of pain on
brain development (19). Additionally, a few effective drugs, such
as midazolam, were discovered to be toxic for hippocampal
development and neurodevelopmental outcomes (20) as this drug
was associated with “macro- and microstructural alteration in
hippocampal development and poorer outcomes consistent with
hippocampal dysmaturation”, with a lower hippocampal volume
generated by midazolam doses (20). How solid is the evidence
that painful experiences are damaging the brain? Indeed, in
another study, pain was a pivotal predictive factor of brain
dysmaturation in very preterm babies and babies exposed early
to pain because they “demonstrated reduced white matter and
corticospinal tract fractional anisotropy (FA) as well as lower
N-acetyl-aspartate/choline in subcortical gray matter, even when
comprehensively accounting for neonatal illness severity and
exposure to sedatives and analgesics. Importantly, the changes in
white matter FA relate to changes in diffusivity aligned along the
long axis of neurons in contrast to the changes in FA related to
infection and mechanical ventilation, which are perpendicular to
the axonal component of diffusion. These findings further bolster
the independent association of procedural pain with brain
dysmaturation. The observations related to procedural pain are
also congruent with studies of neonatal stress. Greater neonatal
stress predicts decreased frontal and parietal brain width and
altered diffusion and functional connectivity in the temporal
More
procedural pain, especially in early life, is associated with smaller

lobes. recent observations demonstrate that greater

thalamic volumes, specifically in the somatosensory thalamus,
and poor functional outcomes to 3 years of age” (21).

4 Pain, stress, and neurodevelopment

The fetal brain is plastic and vulnerable to painful stimuli (2);
this is deemed true even during the fetal-to-neonatal transition:
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first, prenatal and neonatal stress may disrupt and reinforce the
development of the nociception system (22); second, preterm
babies stimulated painfully in wutero presented more stress
hormones, a higher heart rate, and lower oxygen saturation as
painful events were registered in procedural memory in a
comparative study (23). Until then, the so-called fetal procedural
memory was only hypothesized (24). Furthermore, the cognitive
outcomes of preterm babies were worse during procedures where
the integrity of the skin was compromised, and procedural pain
seemed to determine an allostatic overload (25). In preterm and
extremely preterm children and young adults, NICU pain
experiences negatively influence neurodevelopmental outcomes,
including pain response in later life (26). This is likely due to
altered biological factors (i.e, peripheral and central
somatosensory function and modulation, brain structure, and
connectivity) and psychosocial factors (e.g., sex, coping style,
mood, and parental response) (26). Additionally, we do have an
anatomical and functional substrate to better understand these
developmental phenomena, as a few years ago, it was not
demonstrated that “early pain was associated with decreased
functional connectivity between the thalami and bilateral
somatosensory cortex and between the right insular cortex and
ipsilateral amygdala and hippocampal regions, with a more
evident effect in preterm neonates undergoing more invasive
procedures. Functional connectivity of the right thalamocortical
pathway was related to negative neuromotor outcomes at 24
months (P=0.003). Early pain exposure is correlated with
abnormal functional connectivity of developing networks
involved in the modulation of noxious stimuli in preterm
neonates, contributing to the neurodevelopmental consequence of
preterm birth” (27); in this sense, this study was aligned with
further research because an altered structural connectivity was

associated with neurodevelopmental outcomes (28).

5 Discussion

In light of this evidence, we believe that the International
Association for the Study of Pain definition of pain appears to be
limited and inadequate to explain fetal-neonatal nociception and
pain because noxious stimuli may result in “immediate or long-
term ramification” (3), that is, a more complex network of short
term and long term resulting phenomena from the initial trigger
of the nociceptive experience. Thus, pain should be quantified
more appropriately, perhaps with more sophisticated scales of
assessment, to select the most fitting perinatal and neonatal

References

1. Derbyshire SW, Bockmann JC. Reconsidering fetal pain. ] Med Ethics. (2020) 46
(1):3-6. doi: 10.1136/medethics-2019-105701

2. Lowery CL, Hardman MP, Manning N, Hall RW, Anand K], Clancy B.
Neurodevelopmental changes of fetal pain. Semin Perinatol. (2007) 31(5):275-82.
doi: 10.1053/j.semperi.2007.07.004 Erratum in: Semin Perinatol. 2009 Dec;33(6):410.
Clancy, Barbara [added].

Frontiers in Pain Research

10.3389/fpain.2024.1369945

pediatric therapy (29) synergically with neonatology, perinatology,
obstetrics, fetal surgery, fetal anesthesiology, fetal neurobehavior,
neuroscience, legal medicine, and medical bioethics (13). This is a
tedious task, however, pain is necessary to be analyzed
sociologically, and ethically, besides theology and medicine.
Indeed, fetal pain implies a “patienthood”-to-“personhood” issue -,
changing the concepts of maternal autonomy and pregnancy (30),
and it can be conditioned by clinicians’ conceptions (31),
although the balance of risks and benefits between the woman
and fetus is challenging (32). To better hold the patient status of
fetuses, we should consider that despite they are very fragile
beings who can get ill, many conditions in wutero can influence
aberrant neonatal outcomes. Therefore, as prof. Peter G. Fedor-
Freybergh stated, “we need to extend the standard definition of
life’s continuum to include the prenatal experience, which is part
of life’s continuum, helping to shape us” (33).

Author contributions

MEC: Writing - review & editing, Writing - original draft.
LR: Writing - review & editing, Validation, Supervision. LAR:
Writing - review & editing, Validation, Supervision.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

3. Pierucci R. Fetal pain: the science behind why it is the medical standard of care.
Linacre Q. (2020) 87(3):311-6. doi: 10.1177/0024363920924877

4. Derbyshire SW. Foetal pain? Best Pract Res Clin Obstet Gynaecol. (2010) 24
(5):647-55. doi: 10.1016/j.bpobgyn.2010.02.013

5. Anand KJ, Hickey PR. Pain and its effects in the human neonate and fetus. N Engl
J Med. (1987) 317(21):1321-9. doi: 10.1056/NEJM198711193172105

frontiersin.org


https://doi.org/10.1136/medethics-2019-105701
https://doi.org/10.1053/j.semperi.2007.07.004
https://doi.org/10.1177/0024363920924877
https://doi.org/10.1016/j.bpobgyn.2010.02.013
https://doi.org/10.1056/NEJM198711193172105
https://doi.org/10.3389/fpain.2024.1369945
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

Canepa et al.

6. Yaster M. Analgesia and anesthesia in neonates. ] Pediatr. (1987) 111(3):394-6.
doi: 10.1016/50022-3476(87)80461-4

7. Giannakoulopoulos X, Sepulveda W, Kourtis P, Glover V, Fisk NM. Fetal plasma
cortisol and beta-endorphin response to intrauterine needling. Lancet. (1994) 344
(8915):77-81. doi: 10.1016/s0140-6736(94)91279-3

8. Lee §J, Ralston HJP, Drey EA, Partridge JC, Rosen MA. Fetal pain. ] Am Med
Assoc. (2005) 294:947-54. doi: 10.1001/jama.294.8.947

9. Sekulic S, Gebauer-Bukurov K, Cvijanovic M, Kopitovic A, Ilic D, Petrovic D,
et al. Appearance of fetal pain could be associated with maturation of the
mesodiencephalic structures. | Pain Res. (2016) 9:1031-8. doi: 10.2147/JPR.S117959

10. Bellieni CV. New insights into fetal pain. Semin Fetal Neonatal Med. (2019) 24
(4):101001. doi: 10.1016/j.siny.2019.04.001

11. Kostovi¢ I, Jovanov-Milosevi¢ N. Subplate zone of the human brain: historical
perspective and new concepts. Coll Antropol. (2008) 32(Suppl 1):3-8. PMID: 18405051.

12. Thill B. Fetal pain in the first trimester. Linacre Q. (2022) 89(1):73-100. doi: 10.
1177/00243639211059245

13. Thill B. The fetal pain paradox. Front Pain Res (Lausanne). (2023) 4:1128530.
doi: 10.3389/fpain.2023.1128530

14. Taddio A, Katz J, Ilersich AL, Koren G. Effect of neonatal circumcision on pain
response during subsequent routine vaccination. Lancet. (1997) 349(9052):599-603.
doi: 10.1016/S0140-6736(96)10316-0

15. Ramenghi LA, Evans DJ, Levene MI. Sucrose analgesia": absorptive mechanism
or taste perception? Arch Dis Child Fetal Neonatal Ed. (1999) 80(2):F146-7. doi: 10.
1136/fn.80.2.f146

16. Ramenghi LA, Wood CM, Griffith GC, Levene MI. Reduction of pain response
in premature infants using intraoral sucrose. Arch Dis Child Fetal Neonatal Ed. (1996)
74(2):F126-8. doi: 10.1136/fn.74.2.f126

17. Ramenghi LA, Amerio G, Sabatino G. Honey, a palatable substance for infants:
from de rerum natura to evidence-based medicine. Eur ] Pediatr. (2001) 160
(11):677-8. doi: 10.1007/s004310100827

18. Mcpherson C, Grunau RE. Pharmacologic analgesia and sedation in neonates.
Clin Perinatol. (2022) 49(1):243-65. doi: 10.1016/j.clp.2021.11.014

19. Schneider J, Duerden EG, Guo T, Ng K, Hagmann P, Bickle Graz M, et al.
Procedural pain and oral glucose in preterm neonates: brain development and sex-
specific effects. Pain. (2018) 159(3):515-25. doi: 10.1097/j.pain.0000000000001123

20. Duerden EG, Guo T, Dodbiba L, Chakravarty MM, Chau V, Poskitt KJ, et al.
Midazolam  dose correlates with ~abnormal hippocampal growth and
neurodevelopmental outcome in preterm infants. Ann Neurol. (2016) 79(4):548-59.
doi: 10.1002/ana.24601

Frontiers in Pain Research

04

10.3389/fpain.2024.1369945

21. McPherson C, Miller SP, El-Dib M, Massaro AN, Inder TE. The influence of
pain, agitation, and their management on the immature brain. Pediatr Res. (2020)
88:168-75. doi: 10.1038/s41390-019-0744-6

22. Rokyta R, Yamamotové A, Slamberova R, Franék M, Vaculin S, Hrubd L, et al.
Prenatal and perinatal factors influencing nociception, addiction and behavior during
ontogenetic development. Physiol Res. (2008) 57(Suppl. 3):S79-88. doi: 10.33549/
physiolres.931602

23. Johnston CC, Stevens BJ. Experience in a neonatal intensive care unit affects
pain response. Pediatrics. (1996) 98(5):925-30. doi: 10.1542/peds.98.5.925

24. Zimmermann M. Zur frage der schmerzempfindlichkeit des feten: neuro-,
psycho- und verhaltensphysiologische aspekte [pain in the fetus: neurobiological,
psychophysiological and behavioral aspects]. Schmerz. (1991) 5(3):122-30.
(German). doi: 10.1007/BF02528097

25. Grunau RE, Holsti L, Peters JW. Long-term consequences of pain in human
neonates. Semin Fetal Neonatal Med. (2006) 11(4):268-75. doi: 10.1016/j.siny.2006.
02.007

26. Walker SM. Long-term effects of neonatal pain. Semin Fetal Neonatal Med.
(2019) 24(4):101005. doi: 10.1016/j.siny.2019.04.005

27. Tortora D, Severino M, Di Biase C, Malova M, Parodi A, Minghetti D, et al.
Early pain exposure influences functional brain connectivity in very preterm
neonates. Front Neurosci. (2019) 13:899. doi: 10.3389/fnins.2019.00899

28. Selvanathan T, Ufkes S, Guo T, Chau V, Branson HM, Ibrahim GM, et al. Pain
exposure and brain connectivity in preterm infants. JAMA Netw Open. (2024) 7(3):
€242551. doi: 10.1001/jamanetworkopen.2024.2551

29. Sansone L, Gentile C, Grasso EA, Di Ludovico A, La Bella S, Chiarelli F, et al.
Pain evaluation and treatment in children: a practical approach. Children (Basel).
(2023) 10(7):1212. doi: 10.3390/children10071212

30. Williams C. Framing the fetus in medical work: rituals and practices. Soc Sci
Med. (2005) 60(9):2085-95. doi: 10.1016/j.socscimed.2004.09.003

31. Goldblatt Hyatt E, Wilpers A, Bahtiyar MO, Hu Y, Leon-Martinez D, Chervenak
FA, et al. I don’t have a telephone to the fetus": clinicians’ conceptions of fetal
patienthood in maternal-fetal surgery counseling. Soc Sci Med. (2023) 342:116525.
doi: 10.1016/j.socscimed.2023.116525

32. Rousseau AC, Riggan KA, Schenone MH, Whitford KJ, Pittock ST, Allyse MA.
Ethical considerations of maternal-fetal surgery. J Perinat Med. (2022) 50(5):519-27.
doi: 10.1515/jpm-2021-0476

33. Fedor-Freybergh PG. Continuity and dialogue. In: Evertz K, Janus L, Linder R,
editors. Handbook of Prenatal and Perinatal Psychology. Cham: Springer (2021).
pp. 33-45. doi: 10.1007/978-3-030-41716-1_4

frontiersin.org


https://doi.org/10.1016/s0022-3476(87)80461-4
https://doi.org/10.1016/s0140-6736(94)91279-3
https://doi.org/10.1001/jama.294.8.947
https://doi.org/10.2147/JPR.S117959
https://doi.org/10.1016/j.siny.2019.04.001
https://pubmed.ncbi.nlm.nih.gov/PMID: 18405051
https://doi.org/10.1177/00243639211059245
https://doi.org/10.1177/00243639211059245
https://doi.org/10.3389/fpain.2023.1128530
https://doi.org/10.1016/S0140-6736(96)10316-0
https://doi.org/10.1136/fn.80.2.f146
https://doi.org/10.1136/fn.80.2.f146
https://doi.org/10.1136/fn.74.2.f126
https://doi.org/10.1007/s004310100827
https://doi.org/10.1016/j.clp.2021.11.014
https://doi.org/10.1097/j.pain.0000000000001123
https://doi.org/10.1002/ana.24601
https://doi.org/10.1038/s41390-019-0744-6
https://doi.org/10.33549/physiolres.931602
https://doi.org/10.33549/physiolres.931602
https://doi.org/10.1542/peds.98.5.925
https://doi.org/10.1007/BF02528097
https://doi.org/10.1016/j.siny.2006.02.007
https://doi.org/10.1016/j.siny.2006.02.007
https://doi.org/10.1016/j.siny.2019.04.005
https://doi.org/10.3389/fnins.2019.00899
https://doi.org/10.1001/jamanetworkopen.2024.2551
https://doi.org/10.3390/children10071212
https://doi.org/10.1016/j.socscimed.2004.09.003
https://doi.org/10.1016/j.socscimed.2023.116525
https://doi.org/10.1515/jpm-2021-0476
https://doi.org/10.1007/978-3-030-41716-1_4
https://doi.org/10.3389/fpain.2024.1369945
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

	Terminology matters: is the International Association for the Study of Pain definition of pain fully satisfactory for fetuses, neonates, and infants?
	Introduction—the International Association for the Study of Pain definitions: potential inconsistencies
	The “fetal pain paradox” from the 1980s until birth
	More than pain memory, pain response and perception (nociception), sedation, and analgesia
	Pain, stress, and neurodevelopment
	Discussion
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


