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a b s t r a c t 

Pain is a complex phenomenon that involves more than a simple physical response to external stimuli. 

In maternal-fetal surgical procedures, fetal analgesia is used primarily to blunt fetal autonomic responses 

and minimize fetal movement. The purpose of this Consult is to review the literature on what is known 

about the potential for fetal awareness of pain and to discuss the indications for and the risk-benefit 

calculus involved in the use of fetal anesthesia and analgesia. The recommendations by the Society for 

Maternal-Fetal Medicine are as follows: (1) we suggest that fetal paralytic agents be considered in the 

setting of intrauterine transfusion, if needed, for the purpose of decreasing fetal movement (GRADE 2C); 

(2) although the fetus is unable to experience pain at the gestational age when procedures are typically 

performed, we suggest that opioid analgesia should be administered to the fetus during invasive fetal 

surgical procedures to attenuate acute autonomic responses that may be deleterious, avoid long-term 

consequences of nociception and physiological stress on the fetus, and decrease fetal movement to en- 

able the safe execution of procedures (GRADE 2C); and (3) due to maternal risk and a lack of evidence 

supporting benefit to the fetus, we recommend against the administration of fetal analgesia at the time 

of pregnancy termination (GRADE 1C). 

© 2021 Published by Elsevier Inc. 
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. Introduction 

Pain is a complex phenomenon that involves more than a sim- 

le physical response to external stimuli. The components of the 

xperience of pain are processed at multiple different levels of the 
✩ This document has undergone an internal peer review through a multilevel 

ommittee process within SMFM. This review involves critique and feedback from 

he SMFM Publications and Document Review Committees and final approval by 

he SMFM Executive Committee. SMFM accepts sole responsibility for the document 

ontent. SMFM publications do not undergo editorial and peer review by the Amer- 

can Journal of Obstetrics & Gynecology. The SMFM Publications Committee reviews 

ublications every 18 to 24 months and issues updates as needed. Further details 

egarding SMFM publications can be found at www.smfm.org/publications. 
✩✩ SMFM recognizes that obstetrical patients have diverse gender identities and is 

triving to use gender-inclusive language in all of its publications. SMFM will be 

sing terms such as “pregnant person/persons” or “pregnant individual/individuals”

nstead of “pregnant woman/ women” and will use the singular pronoun “they.”

hen describing study populations used in research, SMFM will use the gender 

erminology reported by the study investigators. 
★ All questions or comments regarding the document should be referred to the 

MFM Publications Committee at pubs@smfm.org. 
★★ Reprints will not be available. 
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ervous system. Experiencing pain in response to external stimuli 

equires peripheral sensory receptors (nociceptors), a somatosen- 

ory cortex able to interpret these stimuli as painful, and intact 

athways to relay these messages from the nociceptors to the cor- 

ex. Analgesics and anesthetics include medications used to man- 

ge pain; analgesia is pain relief without a loss of consciousness, 

hereas anesthesia is loss of sensation. 

When tissue is injured, nociceptive pathways trigger protective 

ehaviors including reflex movements mediated by motor circuits 

n the spinal cord and the brainstem. At the same time, the brain- 

tem and the hypothalamic circuits are activated, which affects the 

ardiovascular, respiratory, and endocrine systems. These are sub- 

ortical reflex responses. For tissue injury to lead to a perception of 

ain, high-level cortical processing is needed for the unique sen- 

ory and emotional qualities that characterize pain and suffering 

1] . The neural response to noxious, tissue-damaging stimuli can 

e simple, involving only a single neuron, or complex, resulting in 

emodynamic changes. However, nociception, or these responses, 

re not the same as pain, nor are they sufficient for the experience 

f pain. Rather, pain is a unique sensory and emotional experience 

hat requires activity in a number of cortical structures and func- 

ional connections between these structures. 

https://doi.org/10.1016/j.contraception.2021.10.003
http://www.ScienceDirect.com
http://www.elsevier.com/locate/contraception
http://crossmark.crossref.org/dialog/?doi=10.1016/j.contraception.2021.10.003&domain=pdf
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The experience of pain, therefore, is dependent on an extensive 

evelopmental process. The components of the pain pathway de- 

elop at different times during gestation; the thalamocortical con- 

ections that carry stimuli (the sensory component of pain) to the 

ortex are present at about 25 weeks of gestation. However, al- 

hough these connections are necessary, they are not sufficient for 

he perception of pain. Their mere presence does not indicate that 

 fetus at this gestational age is able to perceive tissue injury or 

ther stimuli as painful. 

Although neuroscientists have long sought a pain center in the 

rain, no such specific center has been identified. Many regions of 

he brain respond to painful stimuli, but these regions all respond 

o other types of salient stimuli, and noxious stimuli evoke a pat- 

ern of activity in many areas of the brain [2] . The current view is

hat pain arises from a distributed network of brain activity, none 

f which is unique to pain. However, when this network is coor- 

inated or synchronized, it results in the sensory, emotional, mo- 

ivational, and cognitive experience of pain [3] . This has been de- 

cribed as a pain “connectome” -rather than an anatomic center- 

hat arises from dynamic changes in a distributed network of brain 

ctivity [4] . 

Given this complexity in the sensation of pain, it has long been 

ebated if -and when- a fetus can begin to experience pain. This 

ocument reviews the literature on what is known about the po- 

ential for fetal awareness of pain and discusses the indications for 

he use of fetal anesthesia and analgesia. 

. What is the definition of pain? 

The International Association for the Study of Pain (IASP) de- 

nes pain as “[a]n unpleasant sensory and emotional experience 

ssociated with, or resembling that associated with, actual or po- 

ential tissue damage.” This multidisciplinary association of experts 

oes on to elaborate that pain and nociception are different phe- 

omena and that pain cannot be inferred solely from activity in 

ensory neurons [5] . Rather, awareness of pain is dependent upon 

he intact functioning of multiple neurologic and cognitive sys- 

ems, and suffering in response to a noxious sensation requires a 

onnectivity between these systems. 
11 
The peripheral sensory receptors responsive to noxious me- 

hanical or thermal stimuli are known as nociceptors. When a nox- 

ous stimulus occurs, a signal travels from the peripheral sensory 

eceptor (nociceptor) to the spinal cord dorsal horn. Sensory in- 

ormation that reaches the dorsal horn impinges on neural circuits 

hat send the information to the brain and/or drive activation of 

he motor neurons in the spinal cord that are responsible for reflex 

uscle contractions to effect withdrawal away from the noxious 

timulus (flexor withdrawal reflex) that is intended to protect the 

ody from potentially damaging stimuli. Whether or not the sen- 

ory information sent to the brain results in pain depends on the 

evelopment of the necessary cortical structures and a sufficient 

onnection between these structures. The reflex withdrawal from 

he stimulus and the complex motor and autonomic responses to 

oxious stimuli are not equivalent to pain and do not require the 

erception of pain. This process is referred to as nociception [ 6 , 7 ]. 

The sensory signals that arise from the spinal cord and are ulti- 

ately perceived as pain travel in parallel pathways. The sensory- 

iscriminative information (intensity and location) travels to the 

ensory cortex, and the emotional information associated with the 

oxious stimulus, for example, suffering, travels through the brain- 

tem nuclei to the limbic structures such as the insula. Importantly, 

he experience of pain not only requires the development of these 

tructures but also the connections between them. This require- 

ent was most clearly demonstrated by experience with lobotomy, 

riginally used by Egas Moniz to treat pain: disconnecting the pre- 

rontal cortex from the rest of the brain allowed patients to de- 

cribe the location and intensity of the noxious stimuli but elimi- 

ated all associated suffering [8] . It is also possible to experience 

ain in the absence of sensory input, as with phantom limb pain 

9] . However, perceiving noxious stimuli as painful requires intact 

ensory and interconnected cortical systems. Although nociception 

nvolves nociceptors and reflexive movements, the pathways from 

he periphery to the brain must be intact for an individual to expe- 

ience a noxious stimulus as painful; cortical processing of sensory 

ignals must also be intact and connected to provide the percep- 

ion of pain [10–13] . 
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. When do the anatomic structures and physiological 

rocesses involved in pain develop? 

Histologic studies describe the development of the neural struc- 

ures that are necessary to experience pain. In the first trimester, 

he cortex is disorganized and not yet connected to the peripheral 

ervous system. Toward the end of the first trimester, grooves that 

ater become gyri and sulci begin to form, although mature gyri 

nd sulci of the brain do not emerge until after 34 weeks of ges-

ation. The transient subplate zone appears around 10 to 13 weeks 

f gestation. This structure, comprised of new neurons and extra- 

ellular material, is thought to be the primary synaptic relay area 

f the developing brain. Neuronal projections from the thalamus 

o the subplate zone appear between 12 and 18 weeks of gestation 

nd extend to the cortex between 24 and 32 weeks of gestation. 

he subplate recedes after about 32 to 34 weeks of gestation, at 

hich point numerous complex thalamocortical connections exist 

 11 , 13–15 ]. 

The sensory receptors and spinal cord synapses required for 

ociception develop earlier than the pathways required for the 

ensory-discriminative aspects of pain. Peripheral cutaneous sen- 

ory receptors develop between 7 and 15 weeks of gestation, and 

etuses display a spinal reflex arc, that is, a reflex motor response 

s early as 8 weeks of gestation. The neurons involved in noci- 

eption appear in the dorsal root ganglion by 19 weeks of gesta- 

ion, while thalamic afferent neurons reach the subplate zone be- 

ween 20 and 22 weeks of gestation. The thalamic afferent neu- 

ons reach the cortical plate between 23 and 24 weeks of gestation 

11] . The immaturity of the thalamocortical connections is unlikely 

o support the cortical processing of external stimuli at this stage 

f development. Sensory stimuli, including nociceptive stimuli, can 

each the cortical level at approximately 24 to 25 weeks of gesta- 

ion [ 14 , 16 ]. Although these pathways are necessary, they are un- 

ikely to generate a pain experience due to the lack of functional 

onnections between cortical structures at this stage of develop- 

ent [13] . 

. How is pain assessed? 

There are currently no objective measures of pain, and as fe- 

uses and neonates cannot report or communicate pain, indirect 

easures such as physiological responses are often interpreted to 

epresent distress. Investigators have attempted to use methods 

uch as an electroencephalogram (EEG) and magnetic resonance 

maging to investigate pain perception, although none of the meth- 

ds have been demonstrated to be valid, objective measures. The 

ASP specifies that pain and nociception are different phenomena 

nd that the perception of pain cannot be inferred solely from ac- 

ivity in the sensory neurons or from reflex motor and autonomic 

esponses to stimuli, as these responses can be evoked in the ab- 

ence of any perception of pain [5] . In other words, fetal movement 

n response to touch does not indicate pain. Because the autonomic 

esponses associated with noxious stimulation are also reflexive, 

hese may serve as indirect measures of nociception but not as a 

easure of pain. 

Some indirect measures used to assess potential pain in 

eonates have been extrapolated to the fetus, but none have been 

alidated. In addition, the fetal environment and fetal experiences 

re far different than those of a neonate, even at the same de- 

elopmental age, so extrapolation is not appropriate. Studies of 

tereotyped facial expressions of preterm neonates experiencing 

oxious and nonnoxious stimuli beginning at the equivalent of 

8 to 32 weeks of gestation have reported that more premature 

eonates have fewer facial and body movements compared with 

erm neonates [ 12 , 17–19 ]. Fetal facial expressions can be observed 

n utero using 4-dimensional ultrasound in the late second and 
12 
hird trimesters, with the complexity of facial expressions increas- 

ng with gestational age [ 20 , 21 ]. However, because the facial nu- 

leus and the circuitry required for facial expression arise from the 

rainstem and not the cortex, these indirect measures do not re- 

ect any experience of pain or suffering [22] . 

Studies have also reported hemodynamic and hormonal 

hanges in fetuses undergoing intrauterine procedures and have 

ompared the responses to venipuncture of innervated vs nonin- 

ervated tissue. Fetuses undergoing hepatic venipuncture through 

he innervated abdominal wall at 23 to 34 weeks of gestation 

xhibit increased cerebral blood flow and increased plasma cat- 

cholamine and cortisol concentrations compared with fetuses at 

he same gestational age undergoing venipuncture of the um- 

ilical cord, which is not innervated [23–25] . However, although 

hese physiological responses to sensory stimulation can be used to 

uantify nociception, they do not reflect an experience of pain. It 

as also been noted that physiological responses to noxious stim- 

li can be exhibited by anencephalic neonates and adults in vege- 

ative states, neither of whom has the capacity for cortical activity 

nd thus cannot be aware of pain [ 26 , 27 ]. 

Neonatal EEG has been used to investigate the development of 

ortical function and infer the ability to experience pain, although 

ain itself does not have a particular EEG pattern. EEG studies 

f normal preterm infants show substantial evolution in the syn- 

hrony of brain activity between the equivalent of 24 and 30 weeks 

f gestation ex utero, suggesting a process of considerable corti- 

al maturation during this time [28] . These patterns vary greatly 

rom adult EEG patterns and change with each subsequent week 

f gestational age. EEG changes in response to tactile and auditory 

timuli are not present until the equivalent of 28 to 30 weeks of 

estation ex utero [29] , and differences in EEG responses to nox- 

ous (eg, heel stick) and nonnoxious stimuli (touch) are present at 

5 weeks of gestation ex utero [30] . However, although such stud- 

es provide some information on the development of brain activity 

n the newborn, these reported findings are specific to the neonate 

nd cannot be extrapolated to the fetus. 

. What are the goals of analgesia and anesthesia in the 

etting of maternal-fetal surgery? 

Considerable advances in intrauterine diagnosis and therapeutic 

reatments for fetal disorders have been made in recent years, and 

 wide range of interventions are now available. They range from 

ercutaneous, ultrasound-guided, needle-based procedures and fe- 

oscopic interventions to open fetal surgery and ex-utero intra- 

artum treatment (EXIT) procedures. The anesthetic techniques for 

hese maternal-fetal interventions have also evolved over the years 

o support optimal procedural outcomes. 

Diagnostic procedures in early pregnancy include chorionic vil- 

us sampling and amniocentesis. Although local maternal anesthe- 

ia may occasionally be used, these procedures do not involve any 

etal structures with sensory innervation. Similarly, fetal cordocen- 

esis and intrauterine fetal blood transfusions do not involve in- 

ervated fetal structures. However, fetal immobilization may be re- 

uired to decrease the likelihood of fetal movement that could po- 

entially dislodge the needle or tear the umbilical vein. With in- 

rauterine transfusion, a muscle relaxant may be administered to 

he fetus via the intramuscular route or directly into the umbilical 

ein [31] . We suggest that fetal paralytic agents be considered in 

he setting of intrauterine transfusion, if needed, for the purpose 

f decreasing fetal movement (GRADE 2C). 

Multiple agents and approaches have been studied for use dur- 

ng more invasive maternal-fetal procedures [ 23 , 25 , 32–40 ]. A 

omprehensive review of anesthesia for maternal-fetal surgery is 

eyond the scope of this document. Overall, optimizing the safety 

nd efficacy of maternal-fetal surgery requires a team with experi- 
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nce in the complexities of the physiological impact of the surgery 

nd the impact of anesthetic agents on the pregnant patient and 

he fetus. Reassuringly, a 2019 systematic review meta-analysis re- 

orted no maternal deaths because of fetal surgery in 10,596 pro- 

edures. In addition, no major complications attributable to anal- 

esia or anesthesia were reported [41] . 

Open fetal surgery requires complete uterine relaxation and fe- 

al immobilization. During maternal-fetal surgery, elevations in cat- 

cholamine and cortisol secretion cause increased placental vascu- 

ar resistance and decreased blood flow to the fetus, which can re- 

ult in fetal bradycardia and could prompt delivery at a viable ges- 

ational age [42] . In addition, the fetal physiological stress response 

ncreases uterine irritability and may precipitate preterm labor [ 43 , 

4 ]. Although most of the cortical connections necessary for pain 

erception do not develop until 23 to 30 weeks of gestation, nox- 

ous stimuli can elicit neuroendocrine and hemodynamic responses 

y 18 to 20 weeks of gestation, and fetal analgesia is used to pre-

ent these neuroendocrine and hemodynamic alterations [36] . 

Fetal surgeries that involve laparotomy and hysterotomy require 

aternal anesthesia and postoperative analgesia. They are typi- 

ally performed under general anesthesia with an epidural placed 

or postsurgical maternal analgesia. Although inhaled anesthetics 

ransfer to the fetus, they do not reliably diminish the fetal au- 

onomic response to noxious stimuli. High doses of general anes- 

hetic agents administered to the mother for uterine relaxation can 

ead to fetal cardiovascular depression and can have a substantial 

dverse impact on fetal hemodynamics [45] . Direct administration 

f both opioids and paralytics to the fetus is used for some fetal 

urgeries to reduce the dosage of general anesthetic agents admin- 

stered. 

In 2021, the American Society of Anesthesiologists Committees 

n Obstetric and Pediatric Anesthesiology and the North Ameri- 

an Fetal Therapy Network provided consensus guidance on the 

se of anesthesia for maternal-fetal interventions [31] . They note 

hat there may be substantial short- and long-term adverse effects 

n the fetus and its developing central nervous system if the fe- 

al physiological stress response is not blunted. Although the fe- 

us is unlikely to feel pain at the earlier gestational ages when fe- 

al surgery is performed, the physiological stress response can be 

lunted by opioids, which may prevent fetal compromise during 

hese complex procedures. Although the fetus is unable to expe- 

ience pain at the gestational age when procedures are typically 

erformed, we suggest that opioid analgesia should be adminis- 

ered to the fetus during invasive fetal surgical procedures to at- 

enuate acute autonomic responses that may be deleterious, avoid 

ong-term consequences of nociception and physiological stress on 

he fetus, and decrease fetal movement to enable the safe exe- 

ution of procedures (GRADE 2C). Given the concerns that some 

eflex physiological responses to noxious stimuli may have long- 

erm consequences, additional research is needed to identify more 

ffective and safe ways of attenuating nociception in the fetus [23] . 

. In pregnant people undergoing diagnostic or therapeutic 

rocedures, does the use of fetal analgesia or anesthesia 

mprove fetal and maternal outcomes? 

As described earlier, the use of fetal analgesia and anesthesia 

uring maternal-fetal surgery primarily improves outcomes by in- 

ibiting the fetal physiological stress response, providing uterine 

elaxation, and minimizing fetal movement. The use of appropri- 

te agents decreases the chances of fetal bradycardia and emergent 

reterm delivery as well as uterine contractions leading to preterm 

abor and resultant preterm delivery. The management of anesthe- 

ia and analgesia should prioritize maintaining uteroplacental cir- 

ulation, achieving complete uterine relaxation, optimizing surgi- 
14 
al conditions by minimizing fetal movement, monitoring maternal 

nd fetal hemodynamics, and minimizing maternal and fetal risk. 

. Should fetal analgesia be provided before pregnancy 

ermination? 

The vast majority ( > 99%) of abortions in the United States oc- 

ur before 24 to 25 weeks of gestation, which is the minimum ges- 

ational age at which in utero pain awareness by the fetus is de- 

elopmentally plausible [ 16 , 46 , 47 ]. Pregnancy termination in the 

econd trimester is most commonly performed surgically via dila- 

ion and evacuation (D&E), whereas labor induction is also an op- 

ion and may be preferred as the pregnancy advances or when a 

killed surgical provider is not immediately available. 

Most D&Es are performed with sedation or general anesthesia 

48] . Direct administration of analgesia to the fetus percutaneously 

nder ultrasound guidance is invasive and technically challeng- 

ng. Maternal administration of additional analgesic medications 

or potential fetal benefit may be more feasible. However, admin- 

stering dosages that exceed what is needed for maternal benefit 

ould cause harm. This approach offers no value given our current 

nderstanding of the potential fetal awareness of pain in utero. 

ue to maternal risk and lack of evidence supporting benefit to 

he fetus, we recommend against the administration of fetal anal- 

esia at the time of pregnancy termination (GRADE 1C). 

. Conclusion 

In summary, pain is a complex phenomenon that involves more 

han simple physical responses to external stimuli. The experience 

f suffering in the context of noxious stimuli requires peripheral 

ensory receptors, a somatosensory cortex that is able to interpret 

hese stimuli as painful, and intact pathways to relay these mes- 

ages. Although these complex structures develop over gestation, 

he connections that carry the stimuli to the somatosensory cortex 

re not yet present prior to the late second or early third trimester, 

nd the responses to fetal stimuli represent reflex movements to 

ociception. In maternal-fetal surgical procedures, the goals of fe- 

al analgesia are to blunt fetal autonomic responses and minimize 

etal movement. Due to maternal risk and the lack of evidence of 

etal benefit, the administration of fetal analgesia at the time of 

bortion is not indicated. 
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