
Abstract : In recent years, fetal stress and analgesia
draw more and more attention. Evidence that fetuses
show a significant endocrinological and hemodynamical
response to invasive stimuli, and that these responses
can be blocked by analgesia, suggests that fetuses expe-
rience a stress response, even if this does not signify
they experience “pain”. Moreover, it is becoming
increasingly clear that experiences of pain of a fetus will
be “remembered” by the developing nervous system,
perhaps for the entire life of the individual, which can
probably lead to abnormal behavioural patterns or
altered nociception. But up to now, the entire mecha-
nism of fetal stress response and the optimal analgesic
drug, dose and route of administration is not so clear. 

INTRODUCTION

Pain is a subjective experience occurring par-
allel to a physiologic response to impeding or actu-
al tissue damage. Experience of pain requires two
components: nociception and a subjective, emo-
tional reaction. Nociception requires an intact sen-
sory system, while an emotional reaction requires
consciousness. Since the fetus cannot tell us
whether he feels pain and since pain cannot be
assessed using objective measures, only indirect
methods are useful to determine whether or not the
fetus feels pain. 

The concept of fetal pain and fetal analgesia
becomes more and more important since in utero
interventions, treating prenatally diagnosed dis-
eases, are rapidly becoming a clinical reality.
Thanks to advances in high-resolution ultrasound
and other diagnostic techniques, an increasing
number of conditions are diagnosed early in gesta-
tion, as well as insight into their pathophysiology
has been gained. Some of these conditions are life
threatening in utero and may benefit from prenatal
surgical intervention. Initially, in utero interven-
tions were performed using open surgery on the
unborn child. However, miniaturization of endo-
scopes has revived the interest in fetoscopy and
nowadays, fetoscopic surgery has consolidated its

place in modern fetal medicine (8). Two types of
fetoscopic surgery are usually distinguished.  Fetal
surgery includes all types of surgery in which direct
interventions on the fetus are performed, but only
few of them are amendable by endoscopy. The term
obstetric endoscopy was proposed for procedures
on the placenta, the umbilical cord and fetal mem-
branes. This kind of procedures is not questioned
anymore today, and done in high numbers. The
most common procedure at our institution today is
laser coagulation of chorionic plate vessels for
severe mid-gestational twin-to-twin transfusion
syndrome (TTTS) (10). In other cases of compli-
cated monochorionic twin pregnancies, endoscopy
is also used to carry out selective feticide by means
of cord occlusion (7). 

Since Robinson and Gregory published their
landmark paper in 1981, demonstrating the neces-
sity and safety of analgesia in preterm neonates
(25), pain in neonates and adequate analgesia drew
more and more attention. Thanks to the outstanding
work by ANAND et al. and FISK et al. (1, 3, 4, 13, 15,
16), it becomes increasingly clear that fetuses
experience stress during an invasive procedure and
that, as a consequence, the long-term neurodeve-
lopmental status may be affected. Today, publica-
tions emerge describing that fetal analgesia can be
performed efficiently, eliminating the fetal stress
response. It remains unclear whether this results in
improved neurodevelopment and improved long-
term outcome. 
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This review focuses on the evidence that fetal pain
is a realistic problem, and on the current status of
fetal pain management during in utero procedures.

DOES THE FETUS EXPERIENCES PAIN? 

The question whether or not a fetus experi-
ences pain is an immense challenge. The issue
demands consideration of the physical and psycho-
logical basis of being and the relation between the
two.  There is no objective measurement of ‘pain’ ;
it is a subjective experience. The fetus is unable to
tell us if he feels pain, so other evidence must be
used to decide whether the fetus feels pain.
Because of the obvious difficulties in studying fetal
behavior, activation of the hypothalamo-pituitary-
adrenal axis (a ‘stress response’) has been proposed
as a surrogate indicator of fetal pain. This has limi-
tations : stress responses do not necessarily signify
pain (for example, during exercise the cortisol level
increases), and stress responses do not involve the
cortex. However, the converse is the null hypothe-
sis, i.e. in the absence of a stress response the fetus
is unlikely to experience pain. Also, one could
argue that the stress response is more relevant in
terms of immediate and long-term sequelae,
whether or not this is associated with pain in the
fetus (22). 

The idea that a fetus will experience stress
when an invasive stimulus is imposed on it and
therefore analgesia will be necessary, originated
from the work by Anand on pre-term neonates (4).
The rationale was that if a premature infant was
capable of feeling pain, then there is no reason why
a fetus of the same gestation should not also feel
pain. FISK and his co-workers continued the work
and provided direct evidence that the fetus has hor-
monal and hemodynamic responses to invasive
stimuli. They also showed that these responses can
be blocked by analgesia (13,15,28). 

Hemodynamic response

It is well known from animal studies that the
fetus in late gestation has a remarkable capacity to
redistribute its blood flow in response to acute
stressors (hypoxemia, hemorrhage) to protect its
more vital organs, such as brain and myocardium,
and this at the expense of other organs such as the
gut, kidneys and the extremities (6,30). Similarly,
some chronic stressors, such as sustained hypox-
emia or prolonged reductions in uterine blood flow
were also associated with increased brain blood
flow (5,23). In the human fetus, Doppler ultrasono-

graphical studies have shown an association
between chronic hypoxemia of intrauterine growth
restriction and redistribution of blood flow (12). 

FISK and colleagues demonstrated that acute
painful stimuli (transgression of the fetal abdomi-
nal wall during in utero transfusion) were associat-
ed with a significant hemodynamic response in the
fetus. This hemodynamic stress response is consis-
tent with redistribution of blood supply to the brain
(28). 

Hormonal responses

Due to the research work of, largely, ANAND

and co-workers, we are aware that pre-term
neonates have hormonal stress responses following
invasive interventions. These hormonal responses
can be prevented by analgesia (1, 3, 4). As a result,
similar studies were performed in the unborn child.
Activation of the fetal hypothalamic-pituitary-
adrenal (HPA) stress response can be assessed by
measuring stress hormones such as noradrenalin,
cortisol, b-endorphin and corticotrophin. 

FISK studied samples obtained prior and fol-
lowing in utero fetal blood transfusion and com-
pared levels of these hormones before transfusion
(immediately after access to the fetal circulation is
established), with levels at the end of the transfu-
sion (just before the needle is removed). Fetal plas-
ma was obtained during fetal blood sampling for
intrauterine transfusion either by needling the fetal
intrahepatic vein (IHV) or by needling the placen-
tal cord insertion (PCI). Since the PCI is not inner-
vated, no stress response was observed, whereas in
fetuses, transfused in the IHV, a significant
increase in stress hormones was recorded (15). The
fetal HPA system seems functional from at least the
beginning of the second trimester. Extremely low-
birth-weight pre-term infants show a normal pitu-
itary response to corticotrophin-releasing factor,
and a normal adrenal response to ACTH stimula-
tion. Furthermore, suppression at the hypothalamic
or pituitary level by prenatal treatment with corti-
costeroids leads to decreased levels of fetal plasma
cortisol concentration (15). 

Anatomical considerations

To experience pain, an intact system of pain
transmission must be available. Peripheral recep-
tors develop from the seventh gestational week, ini-
tially in the fetal face. From 20 weeks gestation,
peripheral receptors are present on the whole body
surface (31). From 13 weeks gestation, the afferent
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system located in the substantia gelatinosa of the
dorsal horn of the spinal cord starts developing
(24). Development of afferent fibres connecting
peripheral receptors with the dorsal horn starts at 8
weeks gestation (20). Spinothalamic connections
start to develop from 14 weeks and are complete at
20 weeks gestation, whilst thalamocortical connec-
tions are present from 17 weeks gestation and com-
pletely developed at 26-30 weeks gestation (19).
From 16 weeks gestation pain transmission from a
peripheral receptor to the cortex is possible and
certainly completely developed from 26 weeks ges-
tation. It is important to note that serotonin releas-
ing inhibitory descending pain fibres only develop
following birth (17). It is therefore safe to assume
that the fetus feels more pain then the small infant. 

Neurophysiological data

A primitive electroencephalogram (EEG) is
present from 19 weeks gestation and from 22
weeks gestation on, it is possible to register a con-
tinuous EEG. More advanced EEG recordings,
such as a sleep/wake pattern, somatosensory
evoked potentials and visually evoked potentials
are possible from 24 weeks gestation (3,29).

According to the definitions of pain and feel-
ing, a fetus definitely cannot feel pain. But we can-
not deny that the fetal nervous system mounts pro-
tective responses to tissue injury. Based on the data
mentioned previously, we can safely assume that
the fetus reacts to painful stimuli from 24 weeks
gestation and that it is possible that this occurs
from 16 weeks gestation on. 

WHY FETAL ANALGESIA ?

According to the definitions of pain and feel-
ing, a fetus definitely cannot feel pain. But we can-
not deny that fetal nervous system mounts protec-
tive responses to tissue injury. The evidences for
early exposure to noxious stimuli resulting in
adverse effects on future neural development are
increasing. It means that noxious stimulation not
necessarily needs to penetrate consciousness in
order to substantially alter the course of sensory
development.

RUDA reported that localized inflammation
during the neonatal period permanently alters neu-
ronal circuits that process pain in the spinal cord
(26).

Pre-term neonates who had experienced 4
weeks of NICU (neonate intensive care unit) thera-
py manifested decreased behavioral responses and

increased cardiovascular responses to the pain of a
heel prick as compared to neonates born at 32
weeks. Differences in these response patterns were
strongly correlated with the number of invasive
procedures experienced since birth, rather than
other clinical factors (such as age, Apgar score,
birth weight, severity of illness, or weight at 32
weeks post-conception) (18). These data suggest
that repetitive pain and stress may alter the neuro-
logical substrate associated with pain, leading to
altered neurobehavioral responses to subsequent
pain in pre-term neonates.

According to ANAND’s study, repetitive pain in
neonatal rat pups may lead to an altered develop-
ment of the pain system associated with decreased
pain thresholds during development (2). Increased
plasticity of the neonatal brain may allow these and
other changes in brain development to increase
their vulnerability to stress disorders and anxiety-
mediated adult behaviour. Similar behavioural
changes have been observed during the later child-
hood of ex-preterm neonates that were exposed to
prolonged periods of neonatal intensive care.

Recent studies suggest that, although early
painful memories are not accessible to conscious
recall, they may be encoded in the “procedural
memory” and lead to abnormal behavioural pat-
terns or altered sensory processing in later life (21).
TADDIO et al. demonstrated that children undergo-
ing a ritual circumcision immediately after birth
(without pain relief) react much more vigorously to
painful stimuli later in life, such as vaccination at
two months of age (27).

It is becoming increasingly clear that experi-
ences of pain will be “remembered” by the devel-
oping nervous system, perhaps for the entire life of
the individual. These findings should focus the
attention of clinicians on the long-term impact of
early painful experiences, and highlight the urgent
need for developing therapeutic strategies to man-
age neonatal and fetal pain; otherwise, future gen-
erations will pay the price for medical procedures
performed today.

MANAGEMENT OF FETAL PAIN DURING IN UTERO PROCE-
DURES

Because fetal pain is a realistic problem and it
is better to error on the safe side, we must provide
or attempt to provide adequate pain relief during
every situation in which the unborn child may
experience potentially painful stimuli. 

FISK’s study showed that direct administration
of 10µg/kg fentanyl intravenously to the fetus
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blunts the fetal stress response to intrauterine
needling. The magnitude of the b-endorphin and
cortisol response was halved, and the cerebral
Doppler response was ablated (13). So fetal anal-
gesia is possible and may prevent long-term
effects.

During open fetal surgery under maternal gen-
eral anesthesia, inhalational agents are considered
to provide adequate fetal anesthesia and produce
uterine relaxation essential for successful surgery.
So additional analgesia for the fetus is unnecessary.
Direct fetal administration of fentanyl and pan-
curonium is reserved for cases where the fetus
moves during the procedure (14).

Some endoscopic procedures performed
directly on the fetus, such as tracheal occlusion 
to treat congenital diaphragmatic hernia or intra-
uterine repair of meningomyelocoele, are usually
performed under maternal local or regional anaes-
thesia. Since these procedures do not require
maternal general anaesthesia, additional fetal
anaesthesia is desired and is usually done by direct
administration of opioids and muscle relaxants to
the fetus. Injections of these drugs in the umbilical
cord or intramuscularly in the fetus are two possi-
ble routes of administration. 

The term obstetric endoscopy was proposed
for procedures on the placenta, the umbilical cord
and fetal membranes. Obstetric endoscopic proce-
dures do not require direct contact with the fetus.
The risks of maternal (and consequently fetal) 
general anaesthesia are unlikely to be justified by
the degree of stress response inflicted on the fetus.
However, immobilisation of the fetus is required to
prevent accidental fetal movements complicating
these procedures. In these instances fetal immo-
bilisation is possible using maternally administered
sedative drugs such as diazepam. However recent-
ly, we determined that remifentanil in doses as low
as 0.1 µg/kg/min produces effective maternal seda-
tion and fetal immobilisation during these proce-
dures (11). 

Some authors even suggest providing analge-
sia to the unborn child in very specific situations,
such as late pregnancy termination, painful fetal
conditions and during vaginal delivery, especially
during instrumental vaginal delivery (9,17). At this
moment, potential side effects of analgesia out-
weigh the theoretical advantages, so we cannot
advise on its routine use in these specific situations.
Only during late pregnancy termination, we would
advise to provide fetal analgesia prior to the initia-
tion of termination.

CONCLUSION

From 24 weeks gestation, and probably
already from 16 weeks on, the fetus reacts to poten-
tially painful stimuli. These painful stimuli most
likely induce long-term neurodevelopmental
changes. To prevent long term effects and from an
ethical point of view, we have the obligation to
explore effective analgesic strategies to manage
fetal pain effectively and safely. At present, simple
administration of analgesic drugs, devoid of mater-
nal and fetal side effects, is not yet feasible. In fact,
only the first publications are emerging, indicating
that effective fetal analgesia blunts the acute fetal
stress response. Whether these strategies are capa-
ble of preventing the long-term effects, is far from
clear. Further research should therefore focus on
the effectiveness of various strategies to prevent the
acute and long-term effects of fetal pain. 
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