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Chapter 4
Pain Management for Obstetrical Patients

Stephanie 1. Byerly and Trenton D. Bryson

Introduction

The process of labor is the onset of regular contractions leading to progressive dila-
tion and effacement of the cervix and descent of the fetus from the uterus to the birth
canal. Labor is also referred to as parturition and is defined by three stages: first,
second, and third.

The International Society for the Study of Pain describes pain as “an unpleasant
sensory and emotional experience associated with actual or potential tissue damage,
or described in terms of such damage” [1]. During the perinatal and labor and deliv-
ery process, each woman will experience pain in a unique way. Pain is not only a
sensory experience but also has emotional consequences. A sense of personal con-
trol over decision-making processes in labor has consistently been shown to corre-
late with overall maternal satisfaction with childbirth [2, 3]. As an example, a study
of 100 women undergoing vaginal delivery reported that satisfaction with pain relief
was associated with a feeling of being in control and having input in the decision-
making process [3].

Bajaj et al. studied women who underwent experimental cervical dilation and
compared them to women who were in labor, who were undergoing spontaneous
abortion, or who had dysmenorrhea as to the sensory and affective qualities to their
pain [4]. There was a vast array of descriptors for each category, but the women
experiencing dysmenorrhea reported descriptors that indicated suffering versus the
women in labor who did not describe similar severity. To some women, the effects
are almost a rite of passage and expected, but to others it can be psychologically
damaging including but not limited to depression, post-traumatic stress disorder,
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and negative thoughts about their sexual relationships if the pain is not treated
appropriately.

Pain control options for labor and delivery can be classified into nonpharmaco-
logic and pharmacologic modalities. Nonpharmacological options are offered to
increase the patient’s comfort and to allow the parturient to confront the pain with-
out suffering. Pharmacological options are offered to prevent or greatly decrease the
pain of the labor and delivery process.

Over 40 years ago, Melzack and Wall described the gate control theory for pain
which has revolutionized the understanding of the mechanisms responsible for pain
and analgesia [5]. The gate control theory has been updated to a concept of a neuro-
matrix which a dynamic system which has the capability to undergo rapid change
[6]. The gate theory and neuromatrix have led to greater understanding of the mech-
anisms and treatment for chronic pain, but studies are lacking outlining the neuro-
physiologic mechanisms for the pain of labor and delivery.

This chapter will describe the stages of labor and delivery and explore nonphar-
macological as well as pharmacological options for pain control.

Knowledge about the stages of labor and delivery and its effects on the mother is
important when deciding on the appropriate pain control modality that would be the
most beneficial for patients.

Stages of Labor Pain

During the labor and delivery process, the pain experienced by parturients is
dynamic and changes as multiple different neurologic sites become effected.
Figure 4.1 shows the location of thoracic innervation associated with labor.

First Stage of Labor Labor pain during the first stage is a visceral or cramp-like
and is primarily due to distention of uterine and cervical distention mechanorecep-
tors and by ischemia of uterine and cervical [7]. The first stage concludes when
cervical dilation is complete at 10 cm. The period of time during which the cervix
dilates from 7 to 10 cm is referred to as transition and may cause increased pain
secondary to vaginal distension and somatic pain. Primary nerves involved in the
first stage include T10, T11, T12, and L1 (Fig. 4.1). Labor pain can cause referred
pain to the abdominal wall, lumbosacral region, iliac crests, as well as gluteal and
thigh areas.

Second Stage of Labor The pain associated with this stage is a combination of
somatic pain from the vagina, perineum, and pelvic floor and stretching of the
pelvic ligaments and visceral pain from uterine contractions and cervical stretch-
ing. Pain is transmitted to the spinal cord through nerves, S2, S3, and S4. The
second stage begins when the cervix is completely dilated and is complete when
the fetus is delivered. The parturient will additionally experience rectal pressure
as the fetus descends into the pelvic outlet [7].
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Fig. 4.1 Location of thoracic innervation associated with labor

Third Stage of Labor The third stage of labor begins when the infant is delivered
and continues through delivery of the placental tissue [7].

Maternal Effects of Labor Pain

The stress and pain associated with labor and delivery can cause many physiologic
changes within the mother and potentially affect the fetus. Studies in primates reveal
that pain and stress can lead to decreased fetal oxygenation, acidosis, and a slow
fetal heart rate [8].

Hyperventilation/increased oxygen consumption The intermittent pain of uter-
ine contraction causes hyperventilation with resultant hypocarbia and respiratory
alkalosis. Profound hypocarbia may inhibit the patient’s respiratory drive between
contractions which may lead to maternal and fetal hypoxemia, lightheadedness, and
rarely loss of consciousness [9]. Respiratory alkalosis may impair maternal to fetal
oxygen transfer. Additionally, alkalosis causes shifting of the oxygen hemoglobin
dissociation curve to the left which results in increased affinity of oxygen for
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maternal hemoglobin and may also cause uteroplacental vasoconstriction leading to
decreased uterine blood flow [9]. The respiratory effects of labor are generally well
tolerated by healthy parturients [10].

Increased peripheral vascular resistance and cardiac output Labor causes
increases in circulating catecholamines which result in an increase in maternal
peripheral vascular resistance and cardiac output. With severe labor pain, plasma
epinephrine levels can reach equivalent levels of an epinephrine bolus of 15.
Increased norepinephrine and epinephrine levels have been associated with
decreased uterine blood flow [11]. Increased levels of catecholamines can lead to
uterine artery vasoconstriction with resultant decreased placental blood flow to the
fetus. The cardiovascular effects of labor are generally well tolerated by healthy
parturients.

Gastric inhibition/delay gastric emptying The combination of the pain associ-
ated with labor along with the anxiety and emotional distress results in an increase
in gastrin release and inhibits the segmental and suprasegmental reflexes of gastro-
intestinal and urinary motility [12]. There is also an increase in gastric acidity.
These may lead to an increased risk for aspiration if emergent airway manipulation
occurs as in induction of general anesthesia for emergent cesarean section.

Methods for Managing Labor Pain

The pain, stress, and emotional factors associated with the process of labor and
delivery bring unique challenges with each patient. The ultimate goal for these
patients is as pleasant of an experience as possible for what some women is the most
memorable joyous occasion of their lives. Each patient will present with a different
set of expectations for this experience which include a variety of methods for pain
control and methods for relieving the suffering. Suffering may be defined by several
psychological elements including a perceived threat to the body and/or psyche,
helplessness and loss of control, distress, insufficient strategies for coping with the
distressing situation, or fear of death of the mother or baby [10].

Many parturients are choosing birth plans to reduce conflicts and misunderstand-
ings between women and the healthcare providers surrounding the birth. Plans dis-
cussed prior to the birth should also include normal, complicated, and emergency
scenarios and the possible options for pain control in each scenario. The plan may
change as the process progresses, but this agreement serves as documentation of
agreement between the patient and provider emphasizing issues most important
to them.

The majority of women use some form of nonpharmacologic control and may in
addition use pharmacologic forms of pain control. If a patient opts for nonpharma-
cologic forms of pain control, these methods do not take away the pain but rather
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help women cope with the intense pain of labor and maintain a sense of personal
control over the birth process, thus reducing suffering [2]. During the prenatal pro-
cess, women need to be presented with the risks and benefits of both methods of
pain control in order to make informed decisions when it comes to their care in the
labor and delivery process. There should be discussions with their partner, support
team, and healthcare provider to understand the issues important to the mother, so
she feels safely supported and confident in labor [13].

Some scientific thought leaders still consider labor pain to be minor. Melzack
developed a questionnaire to study the intensity and emotional impact of pain and
reported that nulliparous women with no prepared childbirth training rated labor
pain to be as painful as a digit amputation without anesthesia [14]. Nulliparous
women report labor pain as more severe than multiparous women although the dif-
ference is not significant. Women who experience unrelieved pain during childbirth
may be more likely to develop postpartum depression [13] and a study of 1288
patients who either had cesarean section or vaginal delivery, developed postpartum
depression not based on delivery method but on the severity of postpartum pain
[15]. Post-traumatic stress disorder has also noted to occur in women who are post-
partum with a reported range from 1.7% to 6.9% [16].

Nonpharmacological Methods of Pain Control

Lamaze proposed psychoprophylaxis as a method to prepare for birth, and his phi-
losophy has shaped natural childbirth methods. Individuals have stated that labor
pain is minor and there is no need for medication alternatives [17]. Table 4.1 illus-
trates several nonpharmacological methods of pain control with natural childbirth
and comfort measures.

Table 4.1 Nonpharmacological Natural childbirth pain control methods
methods

Simple relaxation

Breathing techniques with relaxation
Position changes-walking, rocking, birth ball

Mind/body interventions
Biofeedback
Psychoprophylactic methods

Massage/touch therapy

Hydrotherapy-water baths/shower

Aromatherapy

Music/meditation/hypnosis/yoga/accupressure/
acupuncture/transcutaneous electrical nerve
stimulation/sophrology/herbal medicine

Use of hot/cold
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Pharmacological Methods of Pain Control

Analgesic medications decrease the sensation of pain without complete loss of sen-
sation or loss of consciousness. In contrast, anesthetic medications block partial or
complete sensation of pain with or without loss of consciousness. Pharmacologic
approaches to pain control for labor include systemic, local, and regional methods.

Systemic Analgesics

Systemic analgesics provide relief to the entire body rather than a localized area as
regional analgesia provides. Some parturients prefer to have less invasive methods
of pain control and opt for systemic analgesics which are known to be less effective
than regional anesthesia and can produce side effects that are discussed below.

There are several reasons parturients either choose not to or are unable to receive
neuraxial analgesia. There still remain hospitals worldwide that do not have the
resources including specialized staff and equipment to provide safe neuraxial anal-
gesia to patients. Additionally, some women may have contraindications to neur-
axial analgesia such as coagulopathy, complicated anatomy, and previous
complicated back surgery. In 2011 the United Kingdom reported less than one third
of parturients received a neuraxial analgesic technique during labor and vaginal
delivery [18].

Systemic parenteral opioids are very commonly used due to the fact that they are
easy to administer, have lower costs, and are readily available. They also negate the
need for specialized equipment and specialized care providers. Systemic opioids are
frequently administered during early labor but should be discontinued as the patient
advances toward delivery due to potential effects of respiratory depression and level
of consciousness in the infant and potential sedative effects on the mother that could
prevent her from actively and effectively participating in the delivery process.

Parenteral opioids have many side effects including but not limited to respiratory
depression, sedation, dizziness, nausea/vomiting, delayed gastric emptying, consti-
pation, pruritus, urinary retention, and dysphoria.

Opioids can be administered via intravenous (IV) bolus, intramuscular (IM),
subcutaneous (SQ), and patient-controlled analgesia (PCA) routes.

Following SQ or IM administration of opioids, the onset, quality, and duration
are variable and dependent on absorption at the injection site and local and regional
blood flow. Subcutaneous and IM administration can also be painful depending on
the drug administered in contrast to intravenous administration which is generally
not painful, is easy to administer, and has predictable effects. Patient-controlled
administration of opioids is also an effective method of pain control during labor
and delivery and provides rapid onset of analgesia and better control in contrast to
side effects than parenteral opioid injection and also provides the patient with a
sense of control [19].
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A review by Smith [20] et al. demonstrated that parenteral opioid administration
by either IM, IV, or PCA routes provided some pain relief and moderate satisfaction
with analgesia, although up to two thirds of patients who received opioids reported
moderate or severe pain and/or poor or moderate pain relief 1-2 hours after admin-
istration, and maternal side effects included maternal nausea, vomiting, and drowsi-
ness. The sedation and somnolence may contribute to the relief without great strides
in pain scores.

Opioids are highly lipophilic with a low molecular weight which leads to rapid
crossing of the placenta. The consequences of these properties add risk of respira-
tory depression and neurobehavioral changes in the neonate. The effects are dose
dependent and associated with the timing of last administration prior to birth.
Opioids have been shown to decrease fetal heart rate variability, although this
change usually does not reflect a worsening of fetal oxygenation or acid-base bal-
ance [21]. In utero, the fetus can be affected as well. Metabolism and elimination of
these drugs is prolonged as well as a less developed blood-brain barrier which may
lead to greater effects centrally.

Halpern et al. [22] reported in a multicenter randomized study comparing patient-
controlled epidural anesthesia with local anesthetic and opioid vs systemic paren-
teral opioids and found there was an increased requirement for active neonatal
resuscitation in the parenteral opioid group (52% vs 31%).

Labor analgesia reduces circulating catecholamines and therefore reduces the
beta-adrenergic effects on the myometrium. It has been noted that once analgesia,
including epidural, paravertebral, or systemic meperidine, is administered, labor
patterns may go from dysfunctional to normal [23]. The rapid onset of decreased
catecholamine levels with intrathecal opioids has led to a transient period of uterine
hyperstimulation with decreased beta-adrenergic tocolysis which may lead to fetal
stress and heart rate abnormalities [24, 25].

Opioid Analgesics

There are a number of opioid analgesics used to relieve pain during labor.

Meperidine

In 1947, meperidine (pethidine) became the first synthetic opioid used for intrapar-
tum analgesia [26] and still remains the most commonly administered opioid for
labor analgesia worldwide. Meperidine can be administered via an IV or IM route
with intermittent bolus dosing. Dosages range from 25 to 50 mg IV and can be
repeated every 4 hours, with onset within 5 minutes and duration of action of
2-3 hours. Meperidine can be given IM in doses between 50 and 100 mgs with a
time to peak effect of 45 minutes. Meperidine is metabolized in the liver to norme-
peridine which is an active metabolite. Unfortunately, the effects of normeperidine
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cannot be reversed by naloxone [27]. Both compounds rapidly cross the placenta,
and neonatal effects are related to accumulation of normeperidine especially if the
parturient received multiple doses. Normeperidine has a long half-life ranging from
14 to 21 hours and may affect newborn neuroadaptive scores and breastfeeding
behaviors [28].

Meperidine should be administered within 1 hour or more than 4 hours of deliv-
ery as maximum fetal concentration occurs 2-3 hours after the drug is administered
[29, 30].

Maternal side effects include nausea, vomiting, and sedation [31]. Other poten-
tial side effects include serotonergic crises, seizures, and normeperidine neurotoxic-
ity and possible drug interactions with MAOIs [32]. Meperidine has also been
associated with temporary decreased fetal heart rate variability [33, 34].

The analgesic effect of meperidine is variable with some reports stating less than
20% of laboring women receiving satisfactory pain control. Elbohoty et al. [35]
compared meperidine 50 mg I'V with acetaminophen 1000 mgs IV and found the
analgesic effects comparable and the meperidine group having 64% incidence of
side effects compared with none for the acetaminophen group.

Morphine

Morphine has been administered since the late 1800s for analgesia and was used in
the past in combination with scopolamine for “twilight sleep.” Morphine has fallen
out of common use due to excessive maternal sedation and neonatal respiratory
depression [36]. Morphine 2—5 mgs IV is the standard dose administered and can be
given every 4 hours with a peak onset in 3—-5 minutes and duration of action of
3—4 hours. Morphine can also be administered IM with dosing of 0.1-0.2 mg/kg
[36]. The peak effect occurs in 10-30 minutes with duration of action of 3—4 hours.

Morphine is primarily metabolized in the liver with up to 70% being transformed
into the largely inactive metabolite morphine-3-glucuronide and the other 30% to an
active metabolite morphine-6-glucuronide which is 13 times more potent than mor-
phine [36]. Morphine crosses the placenta and has been detected in the fetal circula-
tion within 5 minutes of administration.

Maternal side effects include sedation, respiratory depression, nausea and vomit-
ing, dysphoria, and histamine release with possible rash. Respiratory depression is
the biggest concern for the neonate. Olofsson et al. [37] compared IV morphine (up
to 1.5 mg/kg) with meperidine (up to 1.5 mg/kg) and found both groups to have high
pain scores and high levels of maternal sedation.

Fentanyl
Fentanyl is a highly lipophilic and protein-bound short-acting synthetic opioid

which crosses the placenta and is commonly used for labor analgesia. Fentanyl is a
potent opioid that is 100 times more potent than morphine and 800 times more
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potent than meperidine [36]. Fentanyl has properties that make this drug attractive
for use during labor including peak onset after administration of 2—4 minutes with
a duration of action of 3—60 minutes and no active metabolites [36]. After maternal
administration in sheep, fetal levels can be detected within 1 minute of administra-
tion with peak levels at 5 minutes post-maternal administration [38]. Standard dos-
ing for fentanyl is 50-100 mcg loading dose and PCA dosing of 10-25 mcg every
5-10 minutes [39]. Fentanyl can also be given in intermittent IV boluses. Fentanyl
is metabolized in the liver by CYP34A to inactive metabolites hydroxyfentanyl,
norfentanyl, and despropionyl fentanyl [40].

Side effects of fentanyl include respiratory depression, sedation, nausea, and
vomiting. Fentanyls can cause neonatal depression as reported by Morley-Forster
et al. who found a 44% incidence of 1-minute APGAR <6 in 32 parturients who
received fentanyl during labor [41].

Remifentanil

Remifentanil is an ultra-short-acting synthetic potent opioid that is a mu-receptor
agonist which is 2 times more potent than fentanyl and 100-200 times more potent
than morphine and is used for sedation or general anesthesia during procedures
requiring anesthesia and analgesia. Some key features of remifentanil that make it
an excellent choice for analgesia during labor include its quick onset and offset due
to its short half-life. Unlike other opioids that are hepatically metabolized, remifen-
tanil undergoes metabolism by nonspecific plasma esterases. Remifentanil is admin-
istered by PCA and may have a basal infusion along with the PCA function. The
recommended dosing is PCA bolus of 15-50 mcg IV. An infusion of remifentanil
will have an onset of action in 1 minute and rapidly achieves steady-state levels in
the plasma. Remifentanil’s effects resolve within 3—10 minutes after discontinua-
tion. The context-sensitive half-time for remifentanil is 3—4 minutes and is not
dependent on the length of the infusion [42—44]. There must be careful attention
paid to the time interval between dosing. Lockout intervals of 1-5 minutes has been
suggested [45]. An interval of 3 minutes will avoid additional doses before the peak
analgesic effect has occurred as well as enough time for the side effects has occurred
[46]. The primary metabolite is remifentanil acid which has minimal pharmacologic
activity. Remifentanil has been shown to rapidly cross the placenta with rapid fetal
metabolism and/or redistribution [47]. The initial analgesic affect decreases as labor
progresses. Abrupt discontinuation of a long-term infusion of remifentanil can
cause withdrawal-like symptoms.

Remifentanil is a Category C drug for use in pregnancy. It is unknown if Category
C agents cause fetal harm when administered to parturients. The manufacturer states
“the safety of remifentanil during labor has not been demonstrated” and “the drug
should be given to a pregnant woman only if clearly needed and the benefit justifies
the potential risk to the fetus” [48].

Remifentanil is an effective analgesic and has fewer opioid-related side effects
on the neonate compared with other opioids for labor but is inferior to neuraxial
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analgesia. Comparison studies have been performed with remifentanil and nitrous
oxide with results revealing remifentanil provides more effective analgesia than
nitrous oxide when evaluating pain scores and patient preference for nitrous oxide
vs remifentanil [49].

In order for remifentanil to be effective in labor, the patient would have to predict
the onset of a contraction in order to administer the bolus in time to be effective with
the peak of the contraction. This would be ideal for patients that have begun a regu-
lar contraction pattern and could anticipate when to administer the medication. The
standard contraction time is between 60 and 80 seconds.

Remifentanil is known to be a potent respiratory depressant and has been associ-
ated with four case reports of respiratory and/or cardiac arrest [46]. Patients may
experience hypoventilation, desaturation, and apnea. Van de Velde and Carvalho
performed a literature search which included 36 original studies and concluded that
remifentanil patient-controlled intravenous anesthesia should not be routinely
administered during labor due to the safety concerns [50]. These patients require
one-to-one nursing and require continuous monitoring of respiratory rate and oxy-
genation [50-52].

Additional side effects of remifentanil include bradycardia, hypotension, nausea,
and skeletal muscle rigidity. Skeletal muscle rigidity occurs more frequently when
remifentanil is administered in bolus form.

The rapid elimination of remifentanil also reduces the risk of neonatal respira-
tory depression compared with other long-acting opioids [53]. Hill et al. stated
maternal administration of remifentanil PCA during labor appears to have minimal
effect on fetal heart rate abnormalities, umbilical cord blood gas measurements, and
APGAR scores [45].

Nalbuphine

Nalbuphine is a synthetic mixed opioid agonist-antagonist with agonist binding at
kappa, mu, and delta receptors. It is primarily a kappa-agonist providing analgesia
and a partial agonist of the mu receptor. A partial agonist at the mu receptor corre-
lates to less respiratory depression than a full agonist drug profile. Nalbuphine has
a ceiling effect on respiratory depression due to its mixed receptor activity in doses
up to 0.5 mg/kg [54]. Additionally, nalbuphine can cause maternal sedation but is
associated with less maternal nausea and vomiting, drowsiness, and dizziness [55].
Fetal heart rate variability may be decreased, and pseudosinusoidal fetal heart rate
patterns have been reported [55, 56]. If respiratory depression does occur, the effects
can be reversed with naloxone [56].

Nalbuphine has equal analgesic potency to morphine in equivalent doses.
Nalbuphine can be administered via the I'V, IM, or SQ route with dosing of 10-20 mg
every 4-6 hours. The onset is 2—3 minutes through IV administration and usually
within 15 minutes of IM or SQ administration. Metabolism occurs in the liver and
produces inactive elements.
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Butorphanol

Butorphanol is a synthetic opioid agonist-antagonist with agonist activity at the
kappa opioid receptor and an antagonist at the mu opioid receptor [57]. The
standard dosing is 1-2 mg IV or IM with a peak onset of 2-3 minutes with IV
administration and 10-20 minutes with IM administration and a duration of
action of 4—6 hours with both routes of administration [58]. This drug is metab-
olized in the liver to hydroxybutorphanol, an inactive metabolite [59].
Butorphanol is five times as potent as morphine and 40 times more potent than
meperidine [60].

Butorphanol has a ceiling effect on both respiratory depression and analgesic
effect; therefore, increased doses do not provide additional analgesic effect or
increase respiratory depression but will increase the side effects of the
medications.

Non-opioid Analgesics

Non-opioid analgesics are not as effective as IV opioids but do provide some relief
in labor.

Acetaminophen is an alternative analgesic for labor as it has minimal side effects
on the mother and neonate. It’s analgesic activity is exerted by inhibiting the synthe-
sis of prostaglandins in the central nervous system and has peripheral effects by
blocking pain control generation [61, 62]. Acetaminophen also has a serotonergic
mechanism and cannabinoid agonist mechanism in providing pain relief [63].
Acetaminophen is also a powerful antipyretic.

Zutshi et al. studied I'V acetaminophen 1000 mgs vs normal saline infusion and
noted VAS scores at 15 minutes, 1 hour, 2 hours, 3 hours, and 4 hours after drug
administration. The reduction VAS scores were significantly higher in the acetamin-
ophen group at all time points excluding the initial 15-minute score. There were no
adverse neonatal or maternal effects [64].

Elbohoty et al. performed a randomized prospective study analyzing IV
paracetamol (acetaminophen) vs IV pethidine (meperidine) as an analgesic in the
first stage of labor. The VAS scores were lower at 15 min, 1 hour, and 2 hours after
treatment in both groups and no reduction after 3 hours. The reduction in pain was
significantly greater in the pethidine group only at the 15-minute score [65].
Acetaminophen had fewer adverse maternal effects.

Other non-opioid analgesics include promethazine (phenothiazine) and
hydroxyzine (antihistamine). The medications do provide some relief during labor
when used alone but are most commonly administered in combination with an
opioid. Promethazine may be administered IV or IM, while hydroxyzine is usu-
ally administered IM, and both help prevent nausea and vomiting associated with
opioids [66].
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Table 4.2 Non-opioid analgesics

Class Dosage/route Onset of action Duration of action

Promethazine 25-75 mg IV/IM 10-20 minutes 3—4 hours

Hydroxyzine 25-50 mg IM 30 minutes 4 hours

Ketamine 10-20 mg IV 1 minute IV 5-10 minutes IV
2-8 minutes IM 10-20 minutes IM

Midazolam 1-5mg IV 3-5 minutes 1-2 hours

Diazepam 2-5mglV 5 minutes 1-2 hours

Ketamine was commonly used when it was first released for labor analgesia but
feel out of favor due to its side effects. Ketamine is a phencyclidine derivative medica-
tion that is a noncompetitive antagonist at the NMDA receptor and at high doses is a
mu receptor agonist [54]. It’s a dissociative anesthetic providing pain relief, sedation,
and memory loss and can be administered by IM or IV routes. Ketamine has a rapid
onset of action of less than 1 minute of administration and has a duration of action of
5-10 minutes when given IV and when given IM has an onset of 2—8 minutes with a
duration of 10-20 minutes [54]. Ketamine is known to maintain airway reflexes and
respiratory effort but also increases oral secretions. Ketamine’s sympathomimetic
effects may cause an increase in heart rate, systolic blood pressure, and cardiac output
and should be used cautiously in parturients with preeclampsia or hypertension.
Ketamine is frequently administered after benzodiazepine dosing to prevent its psy-
chological effects which may include agitation, confusion, or hallucinations. Providers
must consider the potential of the mother not remembering the birth due to its amnes-
tic effects. Jagatia et al. utilized a low-dose ketamine infusion for labor in 100 partu-
rients and found low-dose ketamine infusion is safe without significant maternal or
fetal effects, reduces maternal pain and exhaustion, and does not prolong duration of
labor or have increased rate of instrumented delivery or cesarean section [67].

Benzodiazepines including midazolam and diazepam are anxiolytics and have
been used for sedation during labor. Benzodiazepines are potent amnesics and may
decrease the mother’s memory of the birth. Additionally, they blunt airway reflexes
and may place the parturient at risk for aspiration. Diazepam crosses the placenta
and accumulates in the fetus and has an elimination half-life of 28—48 hours. The
active metabolites may be present for up to 120 hours. Diazepam may cause mater-
nal respiratory depression and neonatal respiratory depression/hypotonicity.

Midazolam has an elimination half-life of 1-4 hours [54] and readily crosses the
placenta. Table 4.2 summarizes medications used as co-analgesics.

Nitrous Oxide

Nitrous oxide (NO) has been used in Great Britain, Scandinavia, Australia, New
Zealand, Canada, and other countries for several decades, while nitrous oxide is
becoming more commonly used in the United States [68]. The Food and Drug
Administration has approved delivery room administration equipment. The equip-
ment is required to have a scavenging system to decrease the exposure of healthcare
personnel and other individuals in the labor room.
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Nitrous oxide delivery systems are self-administered by the parturient using a
handheld mask that covers the nose and mouth or a mouthpiece with a mixture of
50% oxygen and 50% nitrous oxide. The patient must be sufficiently awake to take a
forceful enough breath to open the demand valve which closes with exhalation. This
should prevent the patient from inhaling too much as the drowsiness effect will pre-
vent the patient from inhaling. Patients receiving NO should have continuous pulse
oximetry, and consideration should be given to patients with baseline oxygen satura-
tions <95% or in patients with respiratory issues. Special risk should be taken in
patients who are also receiving opioids also to decrease the risk of respiratory depres-
sion. Nitrous oxide is eliminated through the lungs via exhalation and has no effect
on uterine contractions and has not been found to accumulate in the mother/fetus/
neonate or cause newborn depression [69]. It is common for NO administration to be
delivered by obstetric nurses and certified registered nurse-midwives. Special train-
ing and maintenance training need to be in place with protocols for nitrous adminis-
tration. Bobb et al. reported in 2016 that the rate of neuraxial placement for labor has
not changed since nitrous oxide has become more common [70].

The effects of NO on the neonatal brain are not known nor are the effects of
low-dose environmental exposure in hospital personnel [71]. Animal studies reveal
prolonged exposure to NO inhibits methionine synthetase activity and that expo-
sure to anesthetics and sedatives causes neurodegenerative changes in developing
animals [72].

The key to effective use of nitrous oxide depends upon pre-contraction inhalation
in preparation for the contraction as the analgesic takes approximately 50 seconds
to take effect; therefore if the patient waits to inhale with the contraction, the effect
may occur after the contraction which in general last 1 minute. In order to obtain the
maximum effect of nitrous oxide, inhalation should begin 30 seconds before the
contraction begins and continue until the contraction begins to recede.

Side effects of NO include nausea (5-40%) and vomiting (15%) [73].

Currently there is a paucity of quality studies to report the efficacy of NO [71,
74-76]. A systematic review by Likis et al. reported that NO relieves labor pain to a
significant degree in most patients but does not provide complete analgesia with
some patients having no response at all [73]. Richardson et al. evaluated in 6242
parturients the relationship between analgesic effectiveness and patient satisfaction
with analgesia in women who delivered vaginally using NO, neuraxial analgesia
with either epidural or combines spinal — epidural, or neuraxial analgesia after a trial
of NO [77]. They concluded that patients who received NO alone were as likely to
report satisfaction with anesthesia care as those who received neuraxial analgesia,
even though they were less likely to report excellent analgesia.

Other Modalities for Pain Control

Two alternative methods of pain control for labor and delivery include local anes-
thesia blocks including pudendal and paracervical nerve block. These nerve blocks
are administered in obstetrics for pain control in patients who request minimal pain
control during delivery, patients who decline regional anesthesia, patients with a
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contraindication to regional anesthesia, or patients with regional anesthesia that is
not providing adequate pain relief for labor and delivery. These blocks are most
commonly performed by OB/GYNs and were commonly used prior to the initiation
of epidural anesthesia for labor and delivery. Both types of blocks can additionally
be used for gynecologic procedures and can be performed by single-shot injection
or multiple injection methods with local anesthesia.

Pudendal Block

The pudendal nerve includes somatic nerve fibers from the anterior primary divi-
sions of the second, third, and fourth sacral nerves. These nerves represent sensation
innervation of the lower vagina, vulva, and perineum as well as motor innervation
to the perineal muscles and urethral and external anal sphincter [78]. The nerves
blocked by a pudendal do not provide pain relief during uterine contractions or
cervical dilation. Indications for pudendal block include pain from introital disten-
sion during the second stage of labor, operative vaginal delivery (forceps/vacuum),
or perineal repair for complex laceration repairs [79]. This block is ineffective for
pain relief associated with manual exploration of the uterine cavity (manual extrac-
tion of the placenta) or mid-forceps-assisted births and upper vaginal repairs and
may be incomplete for cervical repair and forceps rotation [80].

Pudendal blocks may inhibit the bearing-down reflex; therefore this nerve block
is most commonly placed immediately prior to the birth of the infant to avoid
increasing the second stage of labor [80]. If the duration of the block is inadequate,
the block can be repeated keeping in mind the total safe dose of local anesthetic that
the patient can receive.

Pudendal blocks can also be used for gynecologic procedures that require cervi-
cal dilation and manipulation, pregnancy termination, hysteroscopy, and cervical
ablation or excision [81]. McCulloch et al. reported on successful McDonald cer-
clage placement under pudendal nerve block [82].

The success of the block is largely associated with the experience, skills, and
knowledge of the proper site of placement of the individual performing the block.
Block inadequacy or failure may be due to decreased opportunities for education of
the correct procedure for pudendal block secondary to the increased use of regional
anesthesia for delivery. Case studies reveal a block ineffectiveness rate of 10-50%
on one or both sides [83]. Pudendal nerve block can be given via a transperineal
approach but most commonly is delivered via a transvaginal approach especially in
the United States [84]. Scudamore et al. reported bilateral success rates of 50% with
transvaginal approach vs 25% after transperineal approach.

The pudendal nerve crosses posterior to the sacrospinous ligament in proximity
to where the ligament attaches to the ischial spine [85]. Figure 4.2 shows the trans-
vaginal technique.

The block is most commonly administered bilaterally but can be placed unilater-
ally if only one-sided coverage is needed. Pudendal nerve kits are available which
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Fig. 4.2 Local infiltration
of the pudendal nerve.
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include a disposable plastic needle guide and needle. If kits are not available, a
20-gauge 15 cm spinal needle with a non-disposable Iowa trumpet (to prevent dam-
age to the vaginal and fetus) can be used. Total local anesthetic doses on each side
range from 7 to 10 mL. The local anesthetic most commonly utilized is lidocaine
1% with a maximum recommended dose of 300 mgs. Mepivacaine 1%, bupivacaine
0.25%, and 2-chloroprocaine 2% can also be used. Chloroprocaine can be used for
faster onset but has a short duration of action and may be repeated if the second
stage of labor is prolonged (15-30 minutes) [84]. With uncomplicated block place-
ment, relief occurs within 5 minutes and with maximum time set up between 10 and
20 minutes [86].

A pudendal block with lidocaine has an average duration of action of 30-60 min-
utes [87].

Merkow et al. [88] studied the use of 30 mL of 0.5% bupivacaine, 1% mepiva-
caine, or 3% 2-chloroprocaine for pudendal block and perineal infiltration and had
no significant effects on newborn neurobehavioral indices at 4 and 24 hours with the
exception of a better response to pinprick at 4 hours with the mepivacaine. Studies
have been performed to evaluate the advantages and disadvantages of adding epi-
nephrine to the local anesthetic solution for pudendal blocks. Langhoft et al. [§9]
performed a double-blind randomized study of 865 who received pudendal block
with either 16 mL of 1% mepivacaine, 1% mepivacaine with epinephrine, or 0.25%
bupivacaine. The patients who received mepivacaine with epinephrine had adequate
analgesia more often and additionally had a greater “loss of the urge to bear down”
than the other anesthetics. There was no significant difference in duration of the
second stage of labor and incidence of instrumented vaginal delivery.

Aissaoui et al. [90] looked into using a nerve stimulator during pudendal nerve
block and reported that administering a unilateral pudendal nerve block following
episiotomy repair significantly decreased the need for additional analgesic agents
during the first 48 hours postpartum [91].
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Potential Complications of Pudendal Nerve Block

Pudendal nerve blocks are safe with a quick onset of pain relief but also pose risks
for complications which include laceration of the vaginal mucosa; vaginal, ischio-
rectal, or retroperitoneal hematomas; retro-psoas space or subgluteal abscess; nerve
damage; local anesthetic toxicity; intravascular injection with systemic toxicity;
temporary paresthesia in the ischial region; and sacral neuropathy. Abscesses of the
retro-psoas or gluteal region can cause significant morbidity and mortality.
Hematomas usually resolve on their own unless the patient is on blood thinning
medications or has coagulopathy or other bleeding issues. Although there are known
complications as above, the risk associated with this procedure is low.

Neonatal and fetal complications are rare but may occur. There can be direct fetal
trauma with inadvertent puncture of the infant’s scalp or other body regions [92]. A
case report by Pages et al. described three inadvertent scalp injections which resulted
in lidocaine toxicity with complete recovery. Bozynski et al. published a case report
of lidocaine toxicity; after them other received a pudendal block with symptoms of
postnatal apnea, bradycardia, and a prolong QT interval in a term infant [93].

Contraindications to pudendal block include allergy to local anesthetic, known
coagulopathy, and vaginal infection.

Paracervical Nerve Block

Pain associated with the first stage of labor is due to cervical dilation and lower
uterine segment distention and distention of the upper vagina. Pain impulses are
transmitted from the upper vagina, cervix, and lower uterine segment by viscera
afferent nerve fibers that join the sympathetic chain (define) at L2 to L3 and enter
the spinal cord at T10 to L1 [94] and sacral nerve roots (s1-4). This technique
blocks transmission through the uterovaginal plexus (Frankenhauser’s plexus) [95].

Paracervical block does not block the pain caused by the late first stage or second
stage of labor. Per Chestnut, contemporary experience suggests that paracervical
block results in satisfactory analgesia during the first stage of labor in 50-70% of
parturients. Paracervical block (PCB) is not commonly performed in the United
States due to fetal complications and neuraxial anesthesia but remains popular in
other countries. This block has the advantage of not affecting the time course
of labor.

Paracervical nerve block can be administered for gynecologic procedures that
involve uterine intervention and cervical dilation. Two percent lidocaine, 1.5%
mepivacaine, and 0.2-0.5% ropivacaine are most commonly used for local anesthe-
sia. It is common to add either vasopressin or epinephrine to reduce intra- and post-
operative blood loss [95, 96]. Additionally, other benefits of adding a vasoconstrictor
include inhibition of drug redistribution/elimination from the injection site,
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increased block potency and longer duration of action, and reduced systemic toxic-
ity [95]. The effects were more pronounced when vasoconstrictors lidocaine and
mepivacaine were used. Epinephrine can lead to cardio-stimulatory effects as well
as tachyarrhythmias which may be detrimental to certain groups of patients.

Paracervical blocks for obstetrical analgesia commonly utilize buffered local
anesthesia with sodium bicarbonate and don’t contain epinephrine. Commonly used
local anesthetics are 2% 2- chloroprocaine and 1% lidocaine. Bupivacaine is not
commonly utilized secondary to the cardiac toxicity effects in adult patients [97]. A
double-blind study performed by Weiss et al. [98] compared paracervical block in
60 patients that were randomly assigned to 20 mL of 2% 2-chloroprocaine or 20 mL
of 1% lidocaine. In the 2% 2-chloroprocaine group, 1 fetus out of 29 fetuses expe-
rienced fetal bradycardia compared with 5 of 31 fetuses in the 1% lidocaine group.
The results were not statistically significant with a P value of 0.14.

Paracervical blocks are usually administered during active labor in the first stage
during cervical dilation between 4 and 8 cm and can be repeated at regular intervals.
Once the parturient reaches 8 cm, the procedure is less desirable as the procedure
becomes more technically difficulty, is less effective, and has a higher risk of caus-
ing fetal bradycardia [99].

Paracervical blocks may be performed with a PCB block kit which includes a
needle guide (i.e., Jowa trumpet) to prevent injury in the vagina, a plastic needle
spacer, and a needle for injection. If kits are unavailable, a 22-gauge 15 cm spinal
needle with a metal Iowa trumpet as a needle guide may be used.

Vidaeff et al. [100] recommend injection of local anesthetic at the 4 and 8 o’clock
position as they are less vascular than the recommended 3, 5, 7, and 9 o’clock posi-
tions. Figure 4.3 shows the locations for injections. Vidaeff recommends the

Fig. 4.3 Paracervical
nerve block infiltration
locations

@ Cervical stroma
injection sites
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two point approach to decrease the number of painful injections with similar anal-
gesia to the patient. It is recommended that the needle insertion depth is no more
than 3 mm to avoid risks especially fetal bradycardia [101]. A total of 20 ml of local
anesthetic is administered for the nerve block. After completion of the injections,
the local anesthetic spreads rapidly to the broad ligament. The onset of pain relief is
rapid within 2-5 minutes. The duration of analgesia is based upon the pharmacoki-
netics of the local anesthetic chosen. The block can be repeated, but it is not recom-
mended to repeat more than once an hour.

Cochrane reported on a study of 109 parturients who received opioids vs paracer-
vical block. The paracervical block group was found to have more effective pain
relief with additional studies reporting no increased rate of instrumented deliveries
or cesarean section rate [102].

Fetal bradycardia usually occurs within 2—10 minutes of block placement with
bradycardia usually resolving within 5—10 minutes but can persist up to 30 minutes
[103]. The mechanism of fetal bradycardia is unclear. Palomki et al. in a prospective
study reported 3.2% of 440 parturients who received a paracervical block developed
fetal bradycardia lasting from 2 to 8 minutes [104] with similar rates from labor
epidurals [105].

The mechanism of fetal bradycardia is unknown but there are several theories.
The local anesthetic injected for PCB rapidly crosses the placenta and is in close
proximity to the uterine circulation which may lead to myocardial depression,
fetal central nervous system depression, or umbilical vasoconstriction [106]. The
local anesthetic has been shown to cause uterine artery vasoconstriction and
decreased uteroplacental blood flow [107]. Rogers et al. proposed manipulation of
the fetal head, uterus, and uterine blood vessels may cause a reflex fetal bradycar-
dia [108].

The effects have been attributed to the direct toxic effects of the local anesthetic
on the fetal heart [109, 110]. Chestnut reports most investigators believe the fetal
bradycardia from PCB is due to reduced uteroplacental and/or fetoplacental perfu-
sion. A reduction in uteroplacental blood flow may occur due to increased uterine
activity and/or direct vasoconstrictive effects of local anesthesia, while decreased
umbilical cord flow may lead to increased uterine activity and/or umbilical cord
vasoconstriction.

Levy et al. reported no association between PCB and low umbilical arterial blood
pH at delivery [111].

Maternal complications are not common and include vasovagal syncope (cervi-
cal shock); laceration of the vaginal mucosa; systemic local anesthetic activity;
hematoma; paracervical, retropsoal, or subgluteal abscess; and postpartum
neuropathy.

Regional/neuraxial analgesia methods include spinal, epidural, and combined
spinal-epidural and are the recommended form of treatment for intrapartum analge-
sia in the United States and Canada, largely replacing systemic drug administration
[112, 113].
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Neuraxial Anesthetics

Neuraxial anesthetics are a group of techniques used to create analgesia or anesthe-
sia by targeting the central nervous system directly. These techniques include spi-
nal, epidural, and combined spinal-epidural (CSE) interventions. Because anesthetic
is deposited directly at or very near to the central site of action, total dose of local
anesthetic and adjuncts are minimized while creating anesthesia in a wide area of
the body. Often a primary concern of patients and physicians alike is avoiding treat-
ment that involves sedating medications which can impair maternal participation in
the birth process as well as cross the placenta and have postpartum effects on the
newborn. The transition from visceral pain during the first stage of labor to somatic
pain during the second stage of labor can be difficult to endure as a patient and to
manage as a physician. Neuraxial techniques again are ideal for this type of transi-
tion because they provide analgesia effective against both types of pain. The labor
process can endure for many hours, and epidural catheters can be used reliably for
the entire duration of this process to provide continuous, non-sedating analgesia.
Pumps are available that can be programmed to allow safe and secure patient-
controlled epidural analgesia (PCEA), which give the patient autonomy in the treat-
ment as well as unburdening healthcare providers.

An enduring concern of parturients is the fear that the risk of a cesarean section
is increased when an epidural is used for labor pain control. Patients should be reas-
sured that modern randomized controlled trials show that epidurals do not increase
the risk of cesarean section. In studies after 2005, the rate of instrumented delivery
is no different with epidural analgesia either [114, 115]. Some studies did, and some
studies did not find increased rates of use of oxytocin, and the second stage of labor
is increased by 15-30 minutes with epidural analgesia versus none [116]. Studies
have also shown that timing of placement of the epidural does not impact rate of
cesarean section [117].

A major advantage of epidural placement is the ability to transition quickly from
labor analgesia to surgical anesthesia should the need for urgent or emergent cesar-
ean section arise. Especially in situations where this transition is more likely, such
as during a trial of labor after cesarean, early placement of epidural is highly benefi-
cial in avoiding the risks of general anesthesia for cesarean. Parturients with
high-risk comorbidities such as cardiovascular or pulmonary compromise also may
benefit from early placement and careful titration of epidural analgesia.

Neuraxial techniques are not risk-free though. Short-term local discomfort is
common, but there is no association with neuraxial anesthetics and long-term back
pain [115]. Hypotension from sympathetic blockade is common and frequently
requires treatment with low doses of vasopressors [117]. Accidental dural puncture
can happen, which in some patients leads to the development of a postural head-
ache, called post-dural puncture headache (PDPH), with varied migraine-like symp-
toms and a variable presentation. The more frightening complications of neurologic
injury, epidural abscess, and epidural hematoma are exceedingly rare. The most
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common of these three is neurologic injury, occurring at a rate of 1 in 6700 (0.015%).
Epidural abscess is even rarer at a rate of 1 in 145,000 (0.0007%). Epidural hema-
toma is the rarest at a rate of 1 in 240,000 (0.0004%) [117]. Airway management
supplies should be readily available to manage unintentional intrathecal injection of
local anesthetic intended for epidural dosing. Also, unintentional intravenous injec-
tion of local anesthetic can lead to total cardiovascular collapse. Lipid emulsion
rescue therapy and functioning ACLS resuscitation equipment and medications
should be available on site in any location where epidural anesthetics are adminis-
tered [117].

Few true contraindications to neuraxial anesthesia exist. They include, but are
not limited to, patient refusal, clinically significant coagulopathy, use of thrombo-
lytics, hypovolemia, elevated ICP that could result in herniation with dural punc-
ture, and localized infection to intended site of needle entry [117]. The decision to
acquire a platelet count prior to placement should be an individualized decision
based on patient history and exam but should not be required prior to epidural place-
ment in healthy parturients [118]. The safety of placement with a platelet count
greater than 100,000 per microliter is well established. Recent large retrospective
reviews suggest that in the absence of abnormal bleeding or bruising or other signs
of a hypocoagulable state, it is likely safe to proceed with epidural or spinal place-
ment with platelet counts as low as 70,000 per microliter [119].

Over the past 30 years, hospitals are increasingly offering 24-hour availability of
anesthesia services as well as increasingly utilize combined spinal-epidural tech-
nique and patient-controlled epidural analgesia [120]. US birth certificate surveil-
lance has shown that from 2009 to 2015, at least 61% of all mothers utilized some
form of neuraxial analgesia or anesthesia for their delivery [121]. In stratum 2 and
3 hospitals where in-house anesthesia services may not be continuously available,
ACOG recommends that labor and delivery nursing staff should be trained to man-
age infusions in already established epidural catheters [122].

Epidural

The epidural space is the space immediately surrounding the spinal dura, the tissue
that encases the spinal cord, spinal roots, and cerebrospinal fluid. The epidural space
contains blood vessels and fat and is progressively wider moving from cephalad to
caudad. The posterior aspect of the epidural space is bounded by the ligamentum
flavum. Entering the epidural space can be achieved by passing a needle between
vertebral spinous processes through the interspinous ligament and then through the
ligamentum flavum. As the clinician advances the needle, injection of either air or
saline is tested periodically as the needle is advanced. When the needle tip is located
within ligamentous structures, injection is very difficult. Upon entry of the needle
tip into the epidural space, a sudden loss of resistance against the injection is found,
and the air or saline is easily injected into the epidural space. Once loss is achieved,
a catheter is passed through the needle into the epidural space, and the needle is
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withdrawn over the catheter, and the catheter is then secured in place with an occlu-
sive dressing. An epidural must also be tested for inadvertent vascular or intrathecal
entry. Once the catheter is believed to be in the epidural space, it must first be tested.
This is done by two methods: aspiration and medication testing. If blood or clear
fluid is freely aspirated from the catheter, concern for vascular or intrathecal entry
should be raised, and catheter removal should be considered. If aspiration is nega-
tive, then a test dose of a volume of 3 mL of 1.5-2% lidocaine with 5 pg of epineph-
rine per mL is injected. If the catheter is intrathecal, the 3 mL of lidocaine will
rapidly induce spinal anesthesia creating sensory and motor block of the lower
extremities and abdomen. If the catheter has entered a vessel, the 15 pg of epineph-
rine will rapidly cause an increased heart rate, an increased blood pressure, and typi-
cally a sense of anxiety. If either intravascular or intrathecal placement is confirmed
by the test dose, the catheter should be withdrawn, and replacement can be attempted.
One option with intrathecal placement is to leave the catheter in place and to alter
the planned epidural infusion rate and disallow patient-controlled features of the
infusion [123].

Two modalities of administering local anesthetic are typically used, continuous
infusion and programmed intermittent bolus (PIB) that can be run either with or
without the addition of patient-controlled demand doses. PIB has been shown to
provide equivalent analgesia while consuming a lower total volume of local anes-
thetic. It is theorized that greater spread through the epidural space is achieved with
PIB administration because the bolus injection is delivered at a higher pressure
resulting in a higher ejection velocity of the medication and thus spreading further
in the epidural space [124].

Spinal

Spinal anesthesia, also known as a subarachnoid block, is a viable option that pro-
vides both a deep sensory and motor blockade. It is performed by first passing a
short introducer needle into the posterior midline space usually between the L.2-3,
L3-4, and L4-5 interspace. A pencil-point spinal needle is then passed through the
introducer and advanced periodically removing the introducer to check for the pres-
ence of clear fluid. Once the needle passes through the dura and enters the subarach-
noid space, CSF will begin to drain from the needle when the introducer is removed.
At this point, the syringe containing the local anesthetic should be attached to the
spinal needle after careful removal of all air from the syringe. Aspiration is first
performed which serves to verify that after syringe attachment, the needle tip
remained within the subarachnoid space. Aspiration is usually easy to note within
the syringe as a “swirl” appearance of CSF mixing with local anesthetic. The local
is then injected, and the needle and introducer are removed. Patients often experi-
ence a fleeting paresthesia when the needle first passes through the dura. However,
should that paresthesia persist, the needle should be retracted and injection not
performed.
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Choice of local depends on desired duration of effect and desired positioning of
the patient during the procedure. Hyperbaric 0.75% bupivacaine is the most com-
monly used medication for cesarean sections. Hyperbaric solutions are denser than
CSF and will sink within the CSF when injected. Full coverage of all lumbar, sacral,
and lower thoracic levels is desired for cesarean section. Total dose ranges from 7 to
15 mg depending on the addition of opiates and desired longevity of block. Injection
should be performed slowly to prevent rapid upward spread within the CSF.

Combined Spinal-Epidural

To perform a combined spinal-epidural, the entire process of placing an epidural is
performed up to the point of the loss of resistance to injection. At this point, instead
of threading the epidural catheter through the needle, first a pencil-point spinal nee-
dle is passed through epidural needle and into the subarachnoid space and opiates;
local anesthetic or a combination thereof is injected. The spinal needle is withdrawn
and the epidural catheter is placed and secured. Typically the test dose is delayed
until just prior to the anticipated use of the epidural catheter, if it will not immedi-
ately be connected to an infusion.

Surgical Delivery

For surgical deliveries, it has long been the standard of care to provide surgical
anesthesia via either an epidural or spinal anesthetic while maintaining the patient
awake. While this enables the mother to be awake and involved during the delivery,
it also avoids complications associated with general anesthesia. For this reason, the
American Society of Anesthesiologists (ASA), the Society for Obstetric Anesthesia
and Perinatology (SOAP) [118], and the American College of Obstetricians and
Gynecologists (ACOG) [125] recommend routine use of neuraxial regional tech-
niques for cesarean sections. Workforce survey studies should that regional tech-
niques are used in over 95% of all surgical deliveries in the United States and nearly
all elective deliveries unless a contraindication exists [126, 127].

Anesthetic Technique

There are numerous benefits to using a neuraxial technique routinely for cesarean
deliveries including avoiding maternal airway management risks, improved neona-
tal well-being [128], maternal recall of and participation in the birth, and the ability
for involvement of family members. In addition to these benefits, the use of spinal,
epidural, or combined spinal-epidural procedures also allows for neuraxial admin-
istration of opiates. There have been numerous studies comparing spinal anesthesia
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versus epidural anesthesia. A systematic review [129] of these was performed which
included ten such studies and measured outcomes which included adequacy of
anesthesia, additional analgesic intervention, patient satisfaction, time from block
to starting surgery, hypotension treatment, neonate outcomes, and treatment of side
effects. The only advantage spinal offered over epidural was speed, showing an
almost 8-minute benefit. However, there was also significantly more hypotension
requiring treatment with spinal anesthetics. The ASA practice guidelines for obstet-
ric anesthesia largely agree with these findings, although they cite that epidural vs
spinal techniques have equivocal outcomes in all findings including umbilical pH,
APGAR scores, and total operating room [118].

A combined spinal-epidural technique has become more commonplace over the
last 20 years [127] and offers several benefits to either procedure performed in isola-
tion. Procedurally this can be done by either a needle-through-needle technique or
performing the spinal anesthetic and then separately performing the epidural anes-
thetic. There are fewer studies available comparing CSE to epidural or spinal anes-
thetics for cesarean section, but those that are available show block failure rates with
CSE as low as 0.6% compared to 2—4% failure with spinal or epidural techniques
alone [130]. Paradoxically, it was shown that compared to epidural anesthetics, the
CSE anesthetics required more frequent additional local via the epidural. This “top-
off” rate could be due to a bias toward smaller spinal local anesthetic doses or even
due to the fact that the epidural is available, so it is used instead of alternative means
such as IV analgesics that could cross the placenta and affect the newborn.

Neonatal outcomes appear to be equivocal when comparing CSE to spinal and
epidural techniques as well [131]. The ASA practice guidelines agree with these
findings that CSE was equivocal to epidural or spinal anesthetics alone [118]. The
most robust comparison and assessment available of the three techniques is the 2009
Audit Project of the Royal College of Anesthetists [132] which surveyed over
700,000 neuraxial blocks. There were no obstetric-specific outcomes such as fetal
acid-base status or APGAR scores assessed although it did stratify the assessment
based on obstetric versus perioperative use. In obstetric patients, the incidence of
permanent harm with CSE was 0-3.9 per 100,000 compared to 0—1.5 per 100,000
with spinal anesthetics and 0.6 per 100,000 with epidural anesthetics.

Neuraxial Opiates

Regardless of neuraxial technique, one of the largest benefits of neuraxial access
to pain management of the obstetric patient is the ability to add opiate to the anes-
thetic. In light of the rising overuse and abuse of opiates among the American
population, the ASA, SOAP, and ACOG [118, 125, 133] all have issued practice
advisories which recommend inclusion of long-acting neuraxial opiates for
women having cesarean sections. This is because after neuraxial administration of
opiates, especially hydrophilic ones such as morphine, there is prolonged high-
quality analgesia with minimal increased plasma concentrations or euphoric
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Table 4.3 Neuraxial Neuraxial morphine dosing ranges for cesarean section
morphine dosing ranges Spinal Epidural
for cesarean section
Ultra-low dose <50 pg <1 mg
Low dose >50 and <150 pg | >1 and <3 mg
High dose >150 pg >3 mg

effects. Preservative-free morphine is the most commonly used and studied medi-
cation used for this purpose. Several systematic reviews [134, 135] comparing
doses have been compiled and show a dose-dependent relationship between the
dose of intrathecal morphine and the duration of analgesia it provides. Dosage can
be divided into three main categories: ultra-low dose, low dose, and high dose.
Ultra-low dose is classified as either <50 mcg intrathecal or < 1 mg epidural. Low
dose is defined as doses >50 and < 150 mcg intrathecal or > 1 and < 3 mg via
epidural. High dose is defined as any dose greater than 150 mcg intrathecal or
3 mg epidural.

Table 4.3 summarizes intrathecal and epidural does ranges for morphine used for
caesarian section.

The primary advantage of high-dose morphine is the duration of effect, as defined
by duration until first request for postoperative analgesic, which was shown to last
from 14 to 39 hours (median 27 hours) across various studies included in systematic
reviews. Low-dose morphine on average lasted 4.5 hours less than high dose in
these reviews. With either dosing strategy, the prolonged effect is due to morphine’s
highly hydrophilic nature. Instead of rapidly crossing into neural tissue or undergo-
ing vascular resorption, it largely remains within the cerebrospinal fluid (CSF) for
the duration of its effect [136]. Onset of action is largely dependent on diffusion into
the dorsal horn of the spinal cord, where it can act on G-protein-linked opiate
receptors. Because this process is reliant on diffusion through neural tissue, the
hydrophilic nature of morphine leads to a prolonged time to onset of action up to
2 hours compared to only a few minutes for lipophilic drugs such as fentanyl and
sufentanil [137].

A secondary advantage of intrathecal opiates is an improved quality of the anes-
thesia attained from the local anesthetic. Although the analgesic onset of intrathecal
morphine may take up to 2 hours, systematic review shows that the rate of no sup-
plemental intraoperative analgesic increases from 76% without morphine to 96%
with both high- and low-dose intrathecal morphine [138]. Statistically this trans-
lates to a direct benefit in one out of every five surgical cases (NNT 4.9) which
comparatively makes it a highly effective anesthetic adjunct.

However, choice of dose must also be balanced against frequency and severity of
side effects. The most feared complications of neuraxial opiates are sedation and
respiratory depression. The American Society for Regional Anesthesia (ASRA)
with the ASA laid forth updated recommendations in 2016 for routine monitoring
for patients who receive neuraxial opiates [139]. These recommendations are not
targeted at the obstetrical population, but rather at a broader general surgical popu-
lation. As their first recommendation, ASRA strongly recommends performing a
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focused history and physical exam specifically looking for signs or symptoms of
sleep apnea and high-risk co-existing disease such as diabetes or obesity and an
assessment of current medication regimen for potential additive or synergistic com-
binations. Other high-risk patient factors also include chronic opiate use or abuse,
concomitant use of other sedative or hypnotic medications, other respiratory or car-
diac comorbidity, intraoperative respiratory events, or magnesium infusion for the
treatment of preeclampsia.

Special attention should be paid to signs and symptoms of sleep apnea. As the
American population becomes increasingly more obese, the prevalence of sleep
apnea has risen too. In 2010, the prevalence of obstructive sleep apnea (OSA) was
estimated to be 8.7% in American women between the ages of 30 and 49, of which
2.7% had severe OSA [140]. However, pregnancy independently increases the risk
of OSA. Among all women, the rate of OSA rises to 8.4% during the first trimester
and up to 19.7% in the third trimester [141]. In the general population, the
STOPBANG screening tool has been validated to identify both patients who are at
risk to have any degree of sleep apnea (score of >3) and at risk to have severe sleep
apnea (score of >5) [142]. The STOPBANG questionnaire consists of eight ques-
tions which each contribute 1 point to the total score. The criteria are age >50, either
treated or untreated hypertension, BMI of 35 or greater, neck circumference of 16
or greater in women or 17 or greater in men, male gender, loud snoring, daytime
fatigue, and a third party having observed possible apnea episodes. However, it has
been shown that the sensitivity and specificity of the STOPBANG tool is significantly
reduced within the pregnant population. Within the pregnant population, the risk
factors found to be most highly associated include pre-pregnancy BMI >30, 3rd
trimester BMI >35, history of treated or untreated hypertension, and a history of
falling asleep while talking to someone [141, 143]. If a patient is identified as at risk
for sleep apnea, a sleep study should be performed and treatment initiated.

ASRA continues to further recommend that all patients who receive neuraxial
opiate should be monitored for signs of respiratory depression [139]. With regard to
hydrophilic opiates such as morphine, they state “(1) monitoring should be per-
formed for a minimum of 24 h after administration and (2) monitoring should be
performed at least once per hour for the first 12 h after administration, followed by
monitoring at least once every 2 h for the next 12 h (i.e., from 12 to 24 h). The ASA
members agree and the consultants strongly agree that after 24 h, the frequency of
monitoring should be dictated by the patient’s overall clinical condition and concur-
rent medications.” For lipophilic medications such as fentanyl, these recommenda-
tions are reduced from a total of 24-2 hours of monitoring. With either type of drug,
ASRA does recommend maintaining I'V access for the duration of monitoring and
having ready access to reversal agents and oxygen for immediate treatment should
oversedation or respiratory depression develop.

In 2018 Sharawi et al. compiled an extensive systematic review looking for clini-
cally significant respiratory depression after administration of morphine [144]. This
review covered 75 studies including over 18,000 women who received neuraxial
morphine or diamorphine for either scheduled or urgent cesarean section. Clinically
significant respiratory depression (CSRD) was defined as any episode that required
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oxygen therapy for bradypnea <8 breaths per minute or a pulse oximetry oxygen
saturation <90%, pharmacologic therapy with respiratory stimulants or opioid
antagonists, sedation requiring anything beyond verbal stimulation to rouse the
patient, or airway intervention including basic maneuvers, adjuncts, or any invasive
or noninvasive ventilation. Among the 18,452 study patients, there were only 11
cases of definite morphine-related CSRD and 5 cases of probable morphine-related
CSRD. All events happened within the first 16 hours after administration. Only 3 of
these 16 cases occurred using low-dose morphine as defined earlier in this chapter
as <150 pg intrathecal or <3 mg epidural. Thus, at all dose ranges, the rate of CSRD
was 0.0867% which was further reduced to 0.0163% in the setting of low-dose
morphine. The same study also examined ASA Closed Claims Project data looking
for any claims involving respiratory events in obstetrical patients following neuraxi-
ally administered morphine and found no claims filed.

Given the paucity of respiratory events in the obstetrical population who receive
low-dose intrathecal or epidural morphine, there is some debate as to whether
obstetrical patients without high-risk features warrant prolonged and close monitor-
ing for a vanishingly rare complication [144]. However, without further clarification
or guidance from professional societies, it is difficult to recommend deviating from
the guidelines established by ASRA and the ASA.

A standing concern that should be held among any population receiving neuraxial
hydrophilic opiates is that order writing for further doses of opiate within the first
24 hours should be limited to asingle team with anunderstanding of the pharmacokinetics
and dynamics of both the neuraxial opiate and the additional drug. Systems and work-
flows should be established so that a nurse always knows to whom to direct requests
for additional pain medication. In addition, an evaluation of the patient’s clinical status,
including level of pain, opiate side effects, and expected continued effects of the medi-
cations already given must be completed prior to administration of additional opiate.

Fentanyl may also be via an epidural or intrathecal route. While morphine doses
are approximately tenfold stronger from IV to epidural and again from epidural to
intrathecal routes, fentanyl has a much less steep conversion ratio appearing to only
increase in potency threefold from IV to epidural and from epidural to intrathecal.
This is largely due to fentanyl’s lipophilic nature, which helps it cross membranes
and be much more rapidly absorbed and metabolized. It has been shown to signifi-
cantly reduce the required dose of bupivacaine to achieve an adequate anesthetic for
cesarean section [145] from 12 mg bupivacaine without additive to as little as 8 mg
bupivacaine when mixed with 10 pg of fentanyl. Reducing the total bupivacaine
dose is associated with less motor block, less hypotension, less vasopressor usage,
and less intraoperative nausea and vomiting [146].

Addition of fentanyl to bupivacaine also speeds onset of block [147]. A major
drawback to fentanyl compared to morphine is its much shorter duration of action.
Time to first administration of analgesic after bupivacaine alone is about 2 hours.
With additional of fentanyl, median time to first analgesic increases to 4 hours com-
pared to 27 hours with morphine [138].

When considering the faster onset of block with fentanyl, prolonged analgesic
action of morphine, and ability of both to improve the quality of anesthesia during
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surgery, some physicians advocate for adding both opiates to the local anesthetic.
Relatively few studies exist comparing the combination of local with morphine and
fentanyl to local with a single opiate. The data that does exist is conflicting between
studies, and the true risk/benefit ratio is not as clearly defined as it is for either drug
in isolation compared to the mixture. Weigl et al. compared 60 patients in a double-
blind randomized control trial comparing 100 pg of morphine to a mixture of 100 pg
and 25 pg fentanyl. Fewer patients who received the mixture required additional
intraoperative analgesia, had non-inferior 24-hour opioid consumption, but did have
higher opiate consumption in the first 12 hours and saw more nausea and vomiting
than morphine alone [148] In contrast, Thorton et al. found that the addition of
10 pg of fentanyl to 100 pg of morphine resulted in a trend toward faster onset of
block with morphine alone achieving T6 block at 6.3 minutes compared to 5.05 min-
utes when combined with fentanyl. They found no significant contribution of the
mixture over morphine without fentanyl but did find a statistically significant higher
incidence of pruritus [149]. Finally, Carvalho et al. looked further at postoperative
pain scores and opiate consumption and concluded that within the first 24 hours,
postop pain scores were higher in women who received the combination than mor-
phine alone. They postulated that fentanyl may “induce a subtle acute opioid toler-
ance of uncertain significance” [150]. Comparing the various data available, it
appears mixing fentanyl with morphine results in an improved intraoperative block
at the expense of slightly higher postoperative pain scores for the first 12 hours as
well as higher rates of nuisance side effects, although more studies need to be done
so meta-analysis can be performed on the topic.

In order to extend the benefits of high-quality analgesia from neuraxial mor-
phine, liposomal morphine (extended-release epidural morphine, DepoDur) has
been developed and studied for use in cesarean sections and abdominal surgery
[151-153]. When delivered into the epidural space, the clinical effects can be appre-
ciated upward of 48 hours. After initial FDA approval in 2004, the package insert
has been twice revised. These revisions strengthened the warning on individualized
dosing, clarified use only via the epidural route, and cautioned with timing the epi-
dural administration to more than 30 minutes apart from any dose of epidural bupi-
vacaine. When used for treatment of post-cesarean pain, the FDA approval is for
administration only after the umbilical cord is clamped. Care should be taken to
never confuse preservative-free morphine which is commonly used for intrathecal
administration with this liposomal formulation. Case reporting of accidental intra-
thecal administration does exist and describes successful postoperative manage-
ment using a low-dose titrated naloxone infusion which was discontinued when the
patient first began reporting pain as well as scopolamine and ondansetron for side
effect management [154]. In the ASA Task Force guidelines, the only guidance
given is that monitoring should be extended to 48 hours instead of only 24 hours as
with preservative-free morphine. Monitoring after 24 hours can be reduced from
every 2 hours to every 4 hours [139].

In the patient who cannot receive morphine, an option for postoperative pain
control is to provide a patient-controlled epidural analgesic with fentanyl. Doing so
first requires the presence of an epidural. If the patient is scheduled for an elective
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cesarean section, this would then dictate that the surgical anesthetic be achieved
either via epidural or combined spinal-epidural technique [155, 156]. Various
dosing strategies exist although typically the maximum dose per hour is kept at or
below 120 pg to be equivalent to a single dose of 3 mg of epidural morphine. This
can be balanced between continuous infusion and patient demand doses. The dura-
tion of action of epidural fentanyl is short enough that using an all demand dosing
strategy has the limitation of requiring the patient to not sleep for several consecu-
tive hours. One distinct disadvantage of this technique is it does require the patient
to keep the epidural in place postoperatively. Most women after an uneventful
cesarean delivery are encouraged to mobilize early, which is impeded by the pres-
ence of an extra pump to mobilize with the patient and an epidural site to be main-
tained covered with occlusive dressing and kept clean and dry. Patient satisfaction
may be impaired by the inability to shower following delivery until removal of the
epidural. Should this technique be employed, the ASA again recommends monitor-
ing for the entire duration of the infusion. This monitoring should, at a minimum,
be continuous for the first 20 minutes, then at least hourly for the first 12 hours,
every 2 hours until 24 has passed, and then every 4 hours until the infusion is
stopped [139].

Neuraxial Opiate Side Effect

Aside from the previously discussed risk of sedation and respiratory depression,
intrathecal opiates may induce a handful of other side effects. Most common are
pruritus, nausea and vomiting, and urinary retention. Rare side effects of neuraxial
opiates may include bradycardia, sweating, delayed gastric emptying, constipation,
headache, hiccups, hypothermia, or nystagmus [137].

Nausea

Nausea and vomiting during cesarean section are common, happening in as high as
42% of operations. Causation is multifactorial including spinal-/epidural-induced
hypotension, manipulation of abdominal and pelvic viscera, administration of opi-
ates, administration of uterotonic medications, and increased vagal activity [157].

Postoperative nausea is much less common and happens much more frequently
after intrathecal morphine compared to intrathecal fentanyl. Nearly 1 in every 6 of
those who receive intrathecal morphine experience postoperative nausea and/or
vomiting compared to only 1 in 22 who receive IT fentanyl [138]. Morphine is
thought to directly stimulate the chemotactic zone after rising in the cerebrospinal
fluid. Intrathecal morphine may also sensitize the vestibular system, delay gastric
emptying, and reduce overall gastrointestinal motility [138, 158].
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Because the causative factors are varied, one’s approach to treatment should
focus on diagnosis of cause. Hypotension, either spinal anesthetic induced or from
acute blood loss hypovolemia, should be ruled out first. Vagal overactivity often will
also present with bradycardia and should also be immediately evaluated and treated
with a chronotropic agent and/or vasopressor such as ephedrine. Phenylephrine
should be avoided with bradycardia due to the reflexive tachycardia it reliable
induces. For other causes, a combination therapy or prophylaxis regimen has been
found to be most effective. Drugs often used may be a combination of any of ondan-
setron, dexamethasone, or metoclopramide [159].

Pruritus

Pruritus is the single most common side effect of intrathecal opiates and can be
extremely uncomfortable for the patient to the point in rare cases of being unable to
tolerate even clothing or linens resting on their skin. One of every 2.6 patients who
receive intrathecal morphine for cesarean section will experience pruritus of some
degree. Similarly, 1 in every 2.2 who receive intrathecal fentanyl will also develop
itching [138]. For morphine, this effect is dose dependent and continues to rise in a
linear manner with increasing dosage up to reported rates as high as 100% [160,
161]. Compared to other patients, parturients have higher rates of pruritus than other
populations possible due to estrogens interacting with the opioid receptor [162].
The exact mechanism of action leading to this pruritus is not entirely clear, however.
Postulated theories include opiate interaction with a cephalad central “itch center”
within the spinal trigeminal nucleus, activation of 5-hydroxytryptamine 3 (SHT3)
serotonin receptors, prostaglandin activation, interaction with the medullary dorsal
horn, or neurotransmitter inhibition [160].

Treatment and prophylaxis against pruritus include several varied options.
Nalbuphine, a mixed opiate agonist-antagonist, has been shown to be effective in
reversing pruritus without reversing analgesic effect by antagonizing the mu opioid
receptor and activating the kappa opioid receptor [163]. Nalbuphine has been shown
to be effective at reducing the incidence of opiate-induced pruritus for both fentanyl
and morphine delivered by either intrathecal or epidural routes in doses as low as
2-3 mg intravenously.

Ondansetron, a SHT3 receptor antagonist widely used for treatment and prophy-
laxis against nausea, has also been shown to effectively reduce the incidence of
intrathecal morphine-induced itching. However, it does not appear to have the same
potency in reducing fentanyl-induced itching. Mirtazapine inhibits SHT2 and SHT3
receptors upstream as a a2-antagonist and can reduce intrathecal morphine-induced
pruritus via a similar mechanism [164]. Gabapentin, which is a structural GABA
analogue, has also been shown to have some efficacy at mitigating intrathecal
morphine-induced pruritus similar to the efficacy of ondansetron and mirtazapine.
The mechanism by which it achieves this is not clear [164].
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Histamine release is a common causative factor of itching from intravenous mor-
phine. Intrathecal and epidural administered morphine however do not cause the
same histamine release thus limiting the efficacy of diphenhydramine in treating
morphine induced pruritis when given via a neuraxial route [165, 166].

Urinary Retention

Urinary retention can present in as many as 20—40% of patients within the first 2 hours
after intrathecal morphine and up to 10% of patients 24 hours after [167]. Urine output
should be followed closely after receiving intrathecal morphine. Low or no output
should prompt evaluation for incomplete bladder emptying or complete retention.
Untreated retention can lead to the development of neurogenic bladder, so it is impor-
tant to not allow bladder to become overdistended for prolonged period [137].

Regional Techniques

Wound Infiltration

The wound infiltration technique is performed by the surgeon just below the fascial
layer while closing the wound. This can be done either with injection of local anes-
thetic alone or injection followed by placement of a multi-orifice catheter used to
provide a continuous infusion of local anesthetic to the wound postoperatively.
Catheter can be placed above the fascia but results in significantly inferior pain
control [168]. Choice of local is typically ropivacaine or bupivacaine. Typical dos-
ing of either ropivacaine or bupivacaine infusions is 2-3 mg/mL at a rate of 5 mL/
hour. This technique has been shown repeatedly to result in lower postoperative
opiate consumption [169].

Transversus Abdominis Plane (TAP) Block

The innervation that provides sensation to the skin and soft tissues that comprise
that abdominal wall can be found coursing in the fascial plane superficial to the
transversus abdominis muscle and deep to the internal oblique muscle. Depositing
local anesthetic within this plane in the lateral abdominal wall immediately superior
to the iliac crest results in a field block that anesthetizes many of the sensory nerves
that supply the tissues involved in a Pfannenstiel incision when performed bilater-
ally. This block is often described as done using ultrasound guidance which allows
in-plane guidance and identification of the three circumferential muscular layers
and viscera. Ropivacaine or bupivacaine is often used dosing to 1.5 mg/kg per side,
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for a total dose of 3 mg/kg up to a maximum of 300 mg. Use of a blunt tip needle
allows for the clinician to appreciate a tactile “pop” as the needle passes through
each fascial layer. It is recommended to maintain visualization of the needle tip and
inject in a manner that hydro-dissects laterally the fascial plane just superior to the
transversus abdominis [170]. TAP blocks have been shown to significantly reduce
total postoperative opiate consumption and pain scores for the first 36 hours after
surgery [170, 171]. This analgesic effect, however, has not been shown to outper-
form or even augment the pain relief achieved from intrathecal morphine [172].
TAP block and wound infiltration had no significant difference in outcome, pain
relief, or side effects [173].

Post-cesarean Pain Management

Meta-analysis comparing opiates, non-opiates, and combination of opiate/non-
opiates shows there is no ideal postoperative pain regimen after cesarean section.
All strategies were similar in terms of need for further pain relief and presence of
side effects, although opiates had the greatest amount of side effects [174]. Early
oral intake should be encouraged which among its many benefits allows for use of
oral medication as the mainstay of pain treatment and reserving intravenous
options for breakthrough only. Postoperative pain should not be undertreated,
however, as poor pain control delays ambulation, functional recovery, and mater-
nal bonding [175]. In addition to synergistic effects with opiates, acetaminophen
also has additive effects with NSAIDs. In patients who received intrathecal mor-
phine, postoperative scheduled acetaminophen with a scheduled NSAID and
PRN-only opiates provides an excellent and well-tolerated analgesic recovery for
most women with minimal impact on breastfeeding [176]. ACOG has issued a
committee opinion that directly addresses postpartum pain control, and they rec-
ommend neuraxial opiates at the time of cesarean birth followed by multimodal
use of acetaminophen and NSAIDs with parenteral opiates reserved for severe
breakthrough. In addition, ACOG does not endorse routine administration of gab-
apentin, which should only be considered for uncontrolled pain or patients with a
history of chronic pain [177].

When the parturient intends on breastfeeding her infant, concerns are often
raised regarding drug transfer into breastmilk. Ketorolac should be reserved for
use only in the immediate first few days after delivery before the onset of copi-
ous milk production. After this point, the preferred NSAID of use is ibuprofen
as it is well studied and shown to have minimal transference into breastmilk
[133]. Opiates can be given to breastfeeding women, but should be done so with
caution, specifically drugs containing codeine or tramadol. In 2017 the FDA
issued a warning and modified labeling of all drugs containing codeine and tra-
madol with enhanced warnings against use with breastfeeding mothers. This is
because some patients will rapidly metabolize those drugs to their active opiate
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metabolites and thus will have much higher than typical serum levels and
breastmilk levels of these active metabolites. ACOG recommends then that all
postpartum mothers who are prescribed an opiate should be counseled regarding
the risks and signs of maternal and newborn toxicity. In addition, mothers should
also be counseled regarding limiting the use of opiates to as short a time as pos-
sible [133]. SOAP has issued a statement as well that encourages multimodal
analgesia with minimal opiates which are reserved for breakthrough pain only
and use of oral oxycodone or hydrocodone as the preferential first-line rescue
agents [178].

Conclusion

Every woman has a unique experience during labor and delivery with most describ-
ing the pain as moderate to severe. There are unique analgesic challenges during
labor, delivery, and recovery because concern must always be taken for maternal
and neonatal well-being. A patient’s satisfaction with their pain control has short-
and long-term ramifications, and every effort should be made to educate parturients
regarding effective and safe pain control methods. This allows the parturient control
in the decision-making process.

Fortunately, there are many methods to provide safe and effective analgesia for
labor and delivery. The process of labor and delivery is dynamic which may cause
changes in pain control choices as the process progresses. Some parturients choose
unmedicated childbirth methods, while others choose systemic or neuraxial
techniques.

Neuraxial analgesia is the most effective form of analgesia for labor and delivery
but may be contraindicated or not desired by patients. For those patients, other
methods of pain control including opioids by IM, IV, and PCA routes, adjuvants
such as hydroxyzine and promethazine, sedatives such as midazolam and ketamine,
and inhaled nitrous oxide are commonly used. Pudendal and paracervical nerve
blocks are also effective choices for these patients.

When cesarean section must be performed, there are many options including
neuraxial opiates, wound infiltration, and regional nerve blocks that can provide
high-quality analgesia during the initial stages of surgical recovery.
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