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In recent years, epidural analgesia has become increasingly prevalent in the world
and is becoming the safest and most effective technique to offer the woman who
wants a natural birth but without pain.

The analgesic medications used and the techniques of delivering them may vary
from hospital to hospital, between the organization of individual anesthesia
services, and by the information of future mothers and also their expectations.

However, it is undeniable that pharmacology and technology have made avail-
able to anesthesiologists a tool that fully meets the requirements which an ideal
analgesia for labor should have.

Modern epidural analgesia almost approaches the ideal, since it provides effec-
tive pain relief for the time period when the parturient is in need of analgesia, but is
flexible enough to be adjusted to the varying analgesic requirements throughout the
labor, has a low incidence of side effects for the mother and the baby, and allows the
mother to breast feed her baby as soon as she likes.

Modern neuraxial analgesia uses such low concentrations of local anesthetics
that any effects on the mother, the fetus, the labor, the baby, and breastfeeding are
absolutely negligible.

The new delivery systems of the epidural solutions are greatly contributing to
provide a more continuous and complete analgesia without interfering with the
physiological mechanisms of labor, helping to enable walking, keep maternal
expulsive forces, and therefore allow a natural painless birth.

However, there is generally a lack of attention to the woman’s emotional needs
when laboring with an epidural, most likely due to the erroneous and widespread
assumption that pain equals distress and that by eradicating pain, a stress-free and
positive birth experience is ensured.

The aim of this book is not only to report the best European experts’ experiences
and the best evidence concerning labor epidural analgesia but also to include among
the topics history, sociology, humanization, and ethics, subjects that are not usually
part of the training of anesthesiologists but that may help to complete their cultural
background.

The experience of childbirth is inherently very complex as is that of the pain
related to it.



Vi Preface

Having available ever more perfect techniques and an ever more efficient
organization of work does not automatically mean achieving the perfect satisfaction
of the woman.

The anesthesiologist is increasingly called on to deal not only with the labor pain
of his patient but also with her childbirth expectations, which include the cognitive
and cultural aspects of pain and of its abolition.

I hope this book will help colleagues to broaden their perspectives and to
effectively contribute not only to the happiness and joy of many births but also to
a better childbirth care, since “The position of a woman in any civilization is an
index of the advancement of that civilization and the position of woman is gauged
best by the care given to her at the birth of her child” (Haggard 1913).

Rome, Italy Giorgio Capogna
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Natalie Grant, Helena Strevens, and Jim Thornton

1.1 Introduction

Labor is the process whereby the birth canal is prepared to allow the baby to pass
from the uterine cavity to the outside world. In the normal course of events, it ends
with a spontaneous or instrumental vaginal delivery, or Cesarean section. Conven-
tionally, it is divided into a first stage, during which the cervix passively dilates in
response to uterine contractions, a second stage where the mother pushes the baby
through the vagina, and a third stage where the placenta delivers.

1.2 Onset of Labor

In the absence of interference, the normal duration of pregnancy is 40 weeks from
the first day of the last menstrual period, assuming that ovulation occurred on day
14 of that cycle.

Unlike the sheep and rabbit in which a fetal-initiated fall in progesterone is the
signal for labor onset, no single trigger for labor has been identified in humans.
Antiprogesterone drugs induce labor [1], but there is no evidence that this is the
physiological mechanism. The fetal pituitary—adrenal axis is involved, but clear
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evidence that it alters the overall balance between inhibitory hormones such as
progesterone and excitatory hormones such as estrogens, prostaglandins, and oxy-
tocin has been difficult to demonstrate. Recent research has focused on the anatomy
of the closed collagenous cervix preventing local infection and the lack of connec-
tivity of myometrial cells preventing contractions spreading throughout the uterus.
Local infection and inflammatory reactions in the cervix may be crucial in the onset
of labor, both at term [2] and preterm [3, 4]. Once labor has started, pituitary
oxytocin is the major factor maintaining regular contractions.

1.3 Term, Preterm, and Postterm Labor

About 95 % of natural onset labor occurs between 37 +0 and 42 + 0 weeks, so this
range has traditionally been regarded as term, earlier as preterm, and later as
postterm. However, recent concerns about the excess fetal risks from delivery
before 38 +6 and after 40+ 6 have led to the suggestion that 37+0 to 38+6 is
named early term delivery, 39 + 0 to 40 + 6 full-term delivery, and 41 +0to 41 + 6 as
late-term delivery [5].

1.4 The Mechanics of Labor
1.4.1 Normal

The large human brain means that the fetal head is a relatively tight fit within the
ring of the maternal bony pelvis. Passage is facilitated by softening of the maternal
pelvic ligaments, allowing the constituent bones to separate, and by the fetal
sutures, allowing the skull bones to mould, and in severe cases to overlap. Even
with the help of these factors, the fetal head has to flex and rotate correctly to
achieve delivery.

Three anatomical factors need to be considered:

1. The inlet of the maternal pelvis, sometimes called the pelvic brim, formed by the
sacral promontory, the ileo-pectineal line and the pubic symphysis, is function-
ally oval with the widest diameter in the transverse plane.

2. The outlet of the maternal pelvis, formed by the coccyx, ischial tuberosities and
the inferior border of the symphysis, is functionally oval with the largest
diameter in the anteroposterior plane.

3. The fetal head presents its smallest diameter when fully flexed. The flexed fetal
head is also oval with the largest diameter in the suboccipitobregmatic dimen-
sion, i.e., in the fetal anteroposterior plane.

The consequence of these three factors is that in late pregnancy and early labor
the fetal head enters the pelvis in a transverse position with the occiput either on
the right or the left side of the maternal pelvis. Obstetricians refer to these two
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transverse positions as right occipito-lateral (ROL) and left occipito-lateral (LOL),
respectively.

As labor progresses and the head descends in the pelvis, it rotates until the
occiput is anterior, i.e., to the occipito-anterior (OA) position. This is called internal
rotation. Normal delivery occurs with extension of the head, at which point the
shoulders enter the pelvic inlet in the transverse diameter. As the shoulders descend,
they in turn rotate to the anteroposterior diameter and in the process rotate the
delivered head back to a transverse position. This is called external rotation or
restitution. Finally, the anterior and then the posterior shoulders deliver, following
which the body usually slips out easily.

1.4.2 Abnormal Mechanics

If the head rotates the wrong way to an occipito-posterior (OP) position, it presents
slightly larger dimensions. Labor progress tends to be slower, and the pressure of
the fetal occiput on the maternal sacrum increases the pain of labor. With a modest
sized baby and a roomy pelvis, spontaneous delivery of an occipito-posterior fetus
is possible, the so-called “face to pubis” delivery. However, if the fit is tighter,
obstetricians may need to rotate the head to occipito-anterior, either manually or
with special forceps to allow a vaginal delivery.

Sometimes internal rotation fails to occur leaving the baby’s head low in the
pelvis in a transverse position with the cervix fully dilated. If this fails to resolve
spontaneously, or if urgent delivery is required, the obstetrician will need to rotate
the head to occipito-anterior, either manually or with special forceps to facilitate
vaginal delivery.

If the head fails to flex and the fetal brow presents, the dimensions are incom-
patible with vaginal delivery. In late labor, a brow presentation mandates Cesarean
delivery.

If the head is hyperextended such that the face presents, vaginal delivery is only
possible if rotation occurs to the mento-anterior position. Babies in the mento-
posterior position cannot be delivered vaginally.

If labor starts with the baby lying transverse with the fetal head on the right or
left side of the maternal abdomen, the shoulder will present, and as labor progresses
an arm will deliver. Such a neglected transverse lie will not deliver vaginally and, if
the baby is alive, cesarean delivery is mandatory.

For breech babies, the widest part is the femoral intertuberous diameter. The
breech therefore enters the pelvis with this in the transverse plane (back anterior).
Internal rotation occurs till the intertuberous diameter is in the anterior—posterior
plane with the back to one side. After the pelvis delivers, the body rotates so the
back is anterior. Unless the arms are extended above the fetal head, they usually
deliver easily and as long as the head is well flexed it enters the pelvis in the same
rotational sequence as for cephalic presentation, i.e., initially in the transverse
position followed by rotation to occipito-anterior. For a breech baby, the delivery
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of the head is by flexion instead of extension. If the arms are extended above the
fetal head, special maneuvers are required to bring them into the pelvis.

1.5  The First Stage of Labor

Labor usually starts gradually with painless “Braxton Hicks” contractions increas-
ing in frequency and strength at the end of pregnancy until they merge into labor.
The onset of the first stage of labor is conventionally defined as the presence of
regular painful uterine contraction in the presence of either progressive cervical
effacement or dilatation or ruptured membranes. Cervical effacement is the process
whereby the long tubular cervix shortens prior to dilatation. This is often difficult to
define precisely and is one reason why defining the length of normal labor is also
difficult.

The end of the first stage of labor is defined as full dilatation of the cervix. This
is easy to define objectively so long as a vaginal examination is performed. If a
vaginal examination is not done, the second stage is assumed to occur when the
mother has an involuntary urge to push.

The duration of the first stage averages about 8 h for first labors and five for
subsequent ones, but there is wide variation, and a duration of 18 or 15 h, respec-
tively, would be regarded as normal.

The first stage of labor is often divided into a latent phase before cervical
dilatation of 4 cm and an active phase after that. Recently, in an effort to avoid
unnecessary intervention, the American College of Obstetricians and Gynaecologists
has recommended that the active phase of labor be defined as starting at 6 cm
[6]. Most authorities recommend that no action be taken for slow progress in the
latent phase, in the absence of fetal compromise.

Once the active phase of labor has started, most experts agree that a rate of
progress of about 1 cm cervical dilatation per hour is normal [7-9].

Progress in the first stage of labor in terms of cervical dilatation is often
measured graphically using a partogram. Most partograms also permit the record-
ing of fetal and maternal heart rate, maternal blood pressure, urine output, and other
parameters. Although advocates argue that the use of partograms allows convenient
and early diagnosis of slow progress, their format may influence practice [10] and
there is little strong evidence that their use reduces adverse outcomes [11].

1.5.1 Uterine Activity in Labor

The frequency and strength of spontaneous uterine contractions increase gradually
throughout the first stage of labor. Frequency is relatively easy to measure and
throughout most of the first stage 3—4 contractions in every 10 min is normal. In the
latter part of the first stage, the so-called “transition,” the frequency may increase up
to five contractions every 10 min or even more. If such a frequency of contractions
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is continued for a prolonged period, fetal compromise is almost inevitable, but this
is usually pre-empted by delivery.

The force of uterine contractions can only be measured with the passage of an
intrauterine pressure transducer [12]. With the possible exception of monitoring
contractions when administering oxytocin to a woman with a scarred uterus, this
technique is now limited to use within clinical trials. Force equals pressure
multiplied by duration, and is conventionally expressed as kilo-Pascal seconds
per 15 min (kPa/15 min). In first labors, normal values rise from a mean of
650 kPa/15 min at 3 cm dilatation to a mean of 1,500 kPa/15 min in the late first
stage [13]. In multiparous women, the force of uterine contractions tends to be
lower [14].

1.6 Second Stage of Labor

In the absence of epidural or spinal anesthesia, women usually get an uncontrollable
urge to push soon after the cervix reaches full dilatation, and the duration of the
second stage is typically <1 h in first labors and <30 min in subsequent ones.
However, with regional anesthesia the urge to push may be abolished. If there is no
fetal compromise, allowing a period of 1-2 h for the head to passively descend and
rotate makes spontaneous delivery more likely. In this situation, the second stage
may last for up to 3 h.

1.7  Third Stage of Labor

The third stage of labor begins after the delivery of the baby and ends with the
delivery of the placenta. Immediately after the birth of the baby, the umbilical
arteries within the umbilical cord go into spasm, reducing the flow of fetal blood
toward the placenta. Spasm within the umbilical cord occurs first as a result of a
surge of catecholamines and angiotensin caused by the stress of birth, and second as
a direct effect of stretch receptors in the umbilical cord. The umbilical vein remains
open and the fetus receives a net blood transfusion within the first few minutes after
delivery. Some authors estimate that up to 100 ml of blood may be transfused in a
term fetus, and this can take up to 10 min. If a uterotonic agent such as oxytocin or
syntometrine is administered, the speed of transfusion will be increased slightly;
however, if the cord is clamped soon after birth, the transfusion volume will be
correspondingly reduced.

Simultaneously, uterine contraction results in the separation of the placenta from
the uterine wall. Bleeding from the placental bed is controlled by the “living
ligature” of the contracting uterine muscle fibres kinking and occluding the
branches of the uterine arteries as they run through the myometrium. Without
intervention, the third stage of labor typically lasts up to 30 min (“physiological”
third stage). However, in modern obstetric practice a policy of “active manage-
ment” of the third stage of labor has generally been adopted and this comprises the
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administration of a uterotonic after the delivery of the anterior shoulder of the baby,
early clamping of the umbilical cord, and controlled cord traction to deliver the
placenta and membranes. Active management of the third stage of labor reduces the
incidence of postpartum hemorrhage by approximately 60 % compared with phys-
iological third stage [15].

1.8 Retained Placenta

Failure of the placenta to deliver is associated with an increased risk of postpartum
hemorrhage. In the majority of cases (over 80 %), the placenta fails to separate and
in the remaining cases, the placenta has separated but remains within the uterine
cavity [16]. Weeks’ findings led to the hypothesis that the administration of
oxytocin via the umbilical cord might encourage separation and reduce the need
for manual removal; however, this approach has since been shown to be
ineffective [17].

1.9 Pain in Labor

Normal uterine contractions in labor are painful. In the first stage, pain is caused by
ischemia of uterine musculature and by dilatation of the cervix. Pain signals are
transmitted via spinal nerves T10-L1 and may be referred to the abdominal wall,
lower back, buttocks, or thighs.

In the second stage, pain from distension of the vagina and perineum is added to
uterine pain. This pain is transmitted by the pudendal nerves, via nerve roots S2—4.

1.10 Physiological Changes in Labor
1.10.1 Cardiovascular System

Cardiac output increases by 30-50 % in pregnancy, with half of this increase
occurring by 8 weeks gestation. It increases further in labor and is highest in the
immediate postpartum period. The maternal heart rate increases by approximately
10 beats per minute and may increase further in labor as a result of pain or
dehydration.

1.10.2 Respiratory System

Tidal volume, minute ventilation, and arterial oxygen pressures increase in preg-
nancy, and relative hyperventilation causes a chronic respiratory alkalosis. Failed
intubation is ten times more common in pregnant women than in the general
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surgical population, especially in late pregnancy and labor, probably due to pha-
ryngeal edema.

1.10.3 Gastrointestinal System

Pregnancy results in a lower esophageal sphincter pressure and delayed gastric
emptying. These factors predispose to reflux and aspiration during general
anesthesia.

1.10.4 Neurological System

Among women with epilepsy, 1-2 % will experience a seizure during labor and a
further 1-2 % during the first 24 h after delivery. This lowered seizure threshold
may be a factor in the occurrence of eclamptic convulsions in labor and makes it
imperative to continue with antiepileptic medications during labor.

1.10.5 Urological System

Mild-to-moderate hydronephrosis and hydroureter occur in normal pregnancies,
more commonly on the right side. Urinary retention can occur in labor, especially
with epidural anesthesia, and an indwelling catheter should be considered for these
women to prevent long-term complications of bladder overdistention.

1.11 Fetal Health in Labor

During uterine contractions, maternal blood flow to the placental bed is reduced. In
established labor, placental perfusion ceases altogether at the height of contractions,
and the fetus becomes gradually more hypoxemic as labor progresses. Normal
fetuses with good glycogen reserves withstand this relative hypoxemia well, but
if labor is prolonged or augmented with oxytocin, or if the fetus has poor reserves at
the onset of labor due to growth restriction, fetal acidemia or even intrapartum fetal
death may occur. With modern obstetric practice, the risk of fetal death during labor
is approximately 1 in 2,000, making a baby’s day of birth one of the most dangerous
days in his/her lifetime [18].

1.11.1 Signs of Fetal Compromise
Meconium-stained liquor, visible upon the rupture of the membranes, is the only

sign of fetal compromise that the mother may recognize, and is regarded as an
indication for continuous electronic fetal monitoring. There are well-recognized
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changes in the fetal heart rate pattern in response to fetal acidemia, which can be
detected by intermittent auscultation of the fetal heart, or by continuous fetal
monitoring (cardiotocography [CTG]).

Intermittent auscultation clearly prevents stillbirth. Continuous fetal monitoring
probably reduces perinatal mortality further but also appears to increase the rate of
Cesarean delivery. Its use is therefore generally restricted to pregnancies with
recognized risk factors, for example, where oxytocin is being administered,
where the fetus has passed meconium, or when the uterus is scarred by a previous
cesarean birth.

1.11.2 Slow Progress in Labor

Delay in cervical dilatation may be a sign of cephalo-pelvic disproportion—the
mother’s pelvis is not of an adequate size relative to the fetal head for it to pass
through and allow vaginal delivery—or delay may be due to malposition of the
baby such as transverse lie or a brow presentation. Typically, cervical dilatation
ceases during the late first stage of labor (7-cm dilatation and above), the so-called
“secondary arrest,” and in these cases Cesarean section is required. True cephalo-
pelvic disproportion is relatively rare.

More typically, slow progress in labor is a result of a relative disproportion and
poor uterine contractility. This is more common in first labors and typically presents
with slow progress from the onset of labor—the so-called primary dysfunctional
labor. In the absence of fetal compromise, management is conservative and
includes administering adequate analgesia and intravenous fluids to the mother
and waiting patiently for labor to progress. Artificial augmentation of labor with
oxytocin may be required.

A policy of “active management of labor” became popular in the 1970s. This
consisted of three main components—routine amniotomy, early use of oxytocin,
and continuous one-to-one support for the laboring woman. These three
components have since been evaluated in randomized controlled trials.

1.11.3 Amniotomy

In normal labor, amniotic fluid retained with intact fetal membranes tends to
minimize reduction in placental blood flow and prevents cord compression. Once
the membranes have ruptured, either spontaneously or artificially, the umbilical
cord may prolapse through the cervix—a serious obstetric emergency because cord
compression is almost inevitable.

Even in the absence of cord prolapse, the lack of amniotic fluid may allow
the cord to be compressed by fetal parts. The rupture of membranes also allows
infection to ascend into the uterus more easily. This is why traditionally
obstetricians and midwives have tried to keep the membranes intact during labor.
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Some obstetricians have advocated amniotomy as a method for the assessment
of fetal well-being, by screening for meconium-stained liquor, or to augment labor.
Randomized trials of this practice have shown that it does indeed shorten labor, but
has little effect on fetal outcomes [19, 20].

1.11.4 Acceleration with Oxytocin

The early use of oxytocin does accelerate labor, but does not affect the mode of
birth and does not affect any other major maternal or fetal outcomes [21, 23]. The
use of amniotomy and oxytocin combined may have a modest effect on reduction in
cesarean section [22].

1.11.5 Psychological Support in Labor

There have been several randomized trials testing the effects of continuous support
in labor. Their methodological quality varies, but overall they provide good
evidence that a range of adverse outcomes, including cesarean section, operative
vaginal delivery, and low Apgar scores, are reduced by this intervention [24]. All
well-run obstetric units now provide such support as far as midwifery staffing
permits.

1.12 Summary

Labor is a challenging time for the mother and the baby. The aim of modern
obstetrics is to provide optimal maternal and fetal care during labor and delivery
to ensure the best possible outcomes where maternal or fetal physiology is not able
to compensate for the demands of childbirth.
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Raffaella Parpaglioni

2.1 Anatomo-physiological Cardiovascular System Changes
During Labor and Delivery

The major anatomo-physiological changes of the maternal cardiovascular system
happen throughout gestation and include an increase of blood volume, cardiac
output, maternal heart rate, decrease of arterial blood pressure, and systemic
vascular resistance. These changes are almost fully reversed in the weeks and
months after delivery. During labor and delivery, there is further adaptation of
cardiac output which progressively rises in both stroke volume and heart rate,
peaking with contractions. The cardiac output increases up to 30 % during the
first stage of labor, and it can increase by as much as 50 % in the second stage
because of maternal pushing efforts [1]. The rise in cardiac output with contractions
(approximately 15 % on Doppler studies) [2] is complex, involving uterine con-
tracture with squeezing of blood from the intervillous space into circulation volume
(autotransfusion phenomenon), reduction of the uteroplacental shunt, sympathetic
stimulation of pain, and possible relief of aortocaval compression as the contracting
uterus lifts forward [3]. The volume contribution of the contraction has been
estimated between 200 and 300 ml [4], but it can even achieve 500 ml. Basal
cardiac output between contractions increases from a prelabor mean of 6.99-7.88 1/
min at >8 cm of cervical dilatation as a result of an increase of stroke volume rather
than heart rate: it actually can vary from 12 % to 31 % [5]. There are also further
increases in mean blood pressure during contractions. The stress of labor affects the
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circulating levels of catecholamines. Systolic pressure rises in labor by about
35 mmHg, and diastolic pressure by about 25 mmHg [2]. Effective analgesia is
known to significantly reduce the increased levels of catecholamines, mitigating the
rise in blood pressure [6]. Both epinephrine and norepinephrine decrease uterine
contractility. A reduction in epinephrine levels has been shown to improve uterine
contractility [7]. Epinephrine but not norepinephrine levels are significantly
reduced with epidural analgesia [8]. The effects of regional anesthesia on
uteroplacental flow show some evidence of a small degree of autoregulation to
offset small changes in maternal perfusion pressure [9]. Cardiac output peaks
within 10 min of delivery [6], with the additional effect of the relief of aortocaval
compression [10], and augmented venous return of parental oxytocics to offset any
drop in output from blood loss. One hour after delivery, heart rate and cardiac
output return to prelabor values though mean arterial pressure and stroke volume
remain raised [3]. The cardiac output can remain elevated (7 1/min) for about 24 h
after delivery: it can rise 80 % above prelabor values and approximately 100 %
above nonpregnant measurements. The cardiac output decreases to prelabor values
24-72 h postpartum, rapidly falls over the next 2 weeks and usually returns to
nonpregnant levels within 6-8 weeks after delivery; however, this adaptation can
even take 6 months [11, 12]. Blood pressure falls mostly in the first 2 days [13], and
then increases 3—7 days after delivery; it returns to prepregnancy levels by 6 weeks.
After delivery, left atrial size remains elevated for the first 48 h due to the increased
venous return of the puerperium, with a loss of the uteroplacental shunt [14]. Most
cardiovascular parameters are well resolved by 2 weeks, but a mild degree of
ventricular hypertrophy may persist for several months [3]. The majority of hemo-
dynamic changes return to prepregnancy values by 3 months, but in some women
full resolution may take as long as 6 months. The blood volume decreases by 10 %
3 days postdelivery. Hemoglobin levels increase steadily over the first 2 weeks
postpartum, and then they stabilize. Systemic vascular resistance increases over the
first 2 weeks postpartum to 30 % above delivery values. Heart rate returns to
baseline over 2 weeks after delivery. Women with valvular heart disease, like aortic
or mitral stenosis, or coronary arterial disease can show a severe decompensation in
myocardial function during labor and especially immediately after delivery
[10]. Thus, hemodynamic changes during labor are of considerable relevance in
managing mothers with complicated cardiovascular function.

Hemodynamic changes can be elicited even in parturients’ cerebral perfusion. In
laboring women, the mean arterial pressure rises in all stages of labor with a trend
toward an increase in cerebral perfusion pressure and cerebral blood flow index.
However, at the peak of a contraction and during pushing, cerebral perfusion
pressure significantly falls and cerebrovascular resistance significantly rises,
although cerebral blood flow does not change [15]. In all stages of labor, women
undergoing epidural analgesia show a clinically insignificant decrease of cerebral
perfusion pressure, cerebrovascular resistance, and cerebral blood flow index.
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2.2  Anatomo-physiologic Pulmonary Changes During Labor
and Delivery

The pain that women experience during labor is affected by multiple physiological
factors, and its intensity can vary greatly. Many women hyperventilate during labor
in response to painful contractions: it might have an adverse effect on fetal
oxygenation. Values of more than 3 ml/l of oxygen ventilation have been calcu-
lated, as opposed to 0.65 ml/l in healthy males; extreme additional increases in
ventilation up to 300 % may occur in response to the pain of advanced labor. The
additional hyperventilation decreases the PaCO, values and left-shifted oxyhemo-
globin dissociation curve. The maternal hypocapnea might impair uterine blood
flow if values are below 20 mmHg. This may be ameliorated by effective epidural
analgesia. Even very apprehensive mothers might have a lower PaCO, (until
16 mmHg) and a greater pH (7.64), and this is not ameliorated by epidural analge-
sia. Acid-base state is of particular interest to the anesthesiologist. During the first
stage of labor, the acid—base balance shows signs of hyperventilation and lactic acid
accumulation; serum potassium levels slightly rise during labor. The creatine
phosphokinase level does not change during labor, but between 2 and 4 h after
delivery it is significantly elevated [16]. Profound but short periods of hypoxemia
have been observed during the second stage of labor when oxygen demand is
greatest as a consequence of effort [17]. The alteration of pH rather than PaCO,
might be the controlling factor, influencing placental vascular resistance,
intraplacental shunting, and the maternal and fetal oxygen dissociation curves,
even if the flow volume of the uterus doesn’t show any change. Hyperventilation
in labor determines maternal alkalemia and, with the further left shift of the
oxyhemoglobin dissociation curve, may compromise fetal oxygenation because
of a reflex spasm of the umbilical vein, fetal acidosis, and fetal tachycardia
[18]. In addition, the close relationship between maternal carbon dioxide levels
and fetal carbon dioxide levels affects fetal cerebral oxygenation by regulating
cerebral blood flow and by shifting the oxyhemoglobin dissociation curve
[19]. Some investigators found maternal transcutaneous partial pressure of carbon
dioxide of 28 mmHg during the first stage of labor and 20.8 mmHg in the second
stage of labor: these values have a significant positive correlation with the lower
umbilical venous partial pressure of oxygen, umbilical venous P(CO,), and umbili-
cal venous oxyhemoglobin saturation. Thus, maternal hyperventilation may inter-
fere with optimal fetal cerebral oxygenation [20]. Most of the significant pulmonary
changes will be resolved by 2 weeks postpartum, but full resolution may take
6 months.

2.3  Neurologic Changes During Labor and Delivery

The anesthesiologist should be aware that the central and peripheral nervous
systems undergo significant changes during labor. An increased sensitivity of the
peripheral nerve to local anesthetic has been documentated in parturients because of
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the progesterone or one of its active metabolites and increased endorphin
concentrations [21]. There is a similar reduction of about 30 % in dose requirements
for local anesthetics, for both epidural and spinal administration [22]. These
changes can remain up to 36 h postpartum [23]. The minimal alveolar concentration
(MAC) is reduced by one-third so that parturients show an increased sensitivity to
opioids, sedatives, and general anesthetic agents [24]. Recovery usually occurs by
the third day postpartum [25].

24  Maternal Endocrine Stress Response During Labor
and Delivery

The corticotropin-releasing hormone (CRH, also known as CRF) is a 41-amino-acid
neuropeptide secreted by the paraventricular nucleus of the hypothalamus in response
to stress. Its major role is the regulation of the hypothalamus—pituitary—adrenal axis
by the stimulation of ACTH release from the anterior pituitary gland [26]. In addition,
CRF modulates behavioral, vascular, and immune responses to stress. During preg-
nancy, CRF is synthesized in large amounts by the placenta and released into the
maternal and fetal circulations: the stimulation of fetal pituitary ACTH and fetal
adrenal gland dehydroepiandrosterone sulfate release in vitro has been shown
[27]. The placental CRF is potentially implicated in the timing of human delivery
and in the physiology of parturition. The premature or accelerated activation of the
placental corticotropin-releasing hormone system, as reflected by the precocious
elevation of maternal CRF levels, may be associated with an earlier onset of
spontaneous labor and resultant delivery, and it may be a marker of antepartum
risk for preterm delivery and, therefore, it could be an indirect predictor of earlier
delivery [28]. Urocortin is a 40-amino acid peptide belonging to the CRF family,
expressed by human trophoblast, fetal membranes, and human placenta. CRF and
urocortin share some of their biologic effects and their actions on the same specific
receptors are mediated by cyclic adenosine monophosphate as a second messenger. A
large-molecular-weight corticotropin-releasing factor-binding protein modulates the
activity of both these peptides: they are potent local regulators of myometrial
contractility and of membrane prostaglandin release. Plasma CRF and urocortin
levels are higher in labor than those previously reported during pregnancy, but they
do not change significantly during the different stages of labor when evaluated
longitudinally [29]. Vaginal delivery is a condition associated with the highest values
of maternal CRF factor levels. CRF and urocortin levels are both increased at term
and preterm labor and correlate with the time of labor onset after induction. However,
CREF levels are reduced and urocortin levels remain unchanged in women who are
destined to experience post-term delivery. Since CRF derives from the placenta and
urocortin from the fetus, the concerted expression of these neuropeptides appears to
be relevant in determining the length of human gestation [30]. Increased maternal
plasma CREF factor levels characterize some gestational diseases like chronic hyper-
tension and preeclampsia; the intrauterine growth retardation is associated with an
activation of the hypothalamus—pituitary—adrenal axis, reflected by increased fetal
plasma concentrations of ACTH, cortisol, and CRF. In these various pathologic
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states, maternal plasma corticotropin-releasing factor-binding protein levels undergo
opposite changes, decreasing to very low levels. The endocrine-paracrine corticotro-
pin-releasing factor/corticotropin-releasing factor-binding protein pathways are
involved in the mechanism of human parturition [27].

Many hormones are involved during labor and delivery. The ACTH rises during
all stages of labor, reaches its peak at the moment of delivery, and then rapidly
decreases within 30 min. Cortisol secretion reaches its maximum during the first
stage of labor and at delivery and soon after it falls by 30 min. The TSH level doesn’t
change during labor significantly [31]. Catecholamines and 17-alpha-hydroxypro-
gesterone concentrations rise during all stages of labor and decrease by 30 min after
delivery. Epidural analgesia reduces maternal stress hormones at delivery, but it
seems to have little or no effect on fetal endocrine stress hormones [32].

The maternal growth hormone does not change during labor. Insulin decreases
during the first stage of labor, and thereafter it increases. Glucose levels do not
change during the first stage, but at the moment of delivery they are significantly
higher than initial levels, they remain high until 30 min after delivery, and then they
rapidly fall. Free fatty acids increase as labor progresses reaching a peak at the
delivery time [33]. The maternal plasma prolactin concentrations decline during
labor reaching the lowest values during the first stage of labor [34]. Plasma oxytocin
does not play a primary role in the initiation of labor but contributes to the
formation of prostaglandins through the uterine contractions plasma oxytocin
produces. Plasma oxytocin spikes have been observed to occur during labor in
association with membrane rupture, vaginal examination, descent of the vertex, and
especially with maximal cervical and vaginal distension. This surge represents the
evidence that the Fergusson reflex exists in women. Moreover, an excess of plasma
oxytocin in fetal blood is associated with hypertonic, irregular, tumultuous or
prolonged labor and with mild-to-moderate fetal hypoxia and fetal distress peculiar
to abnormal uterine contractions [35].

Maternal temperature during labor is affected in part by the amount of hyperven-
tilation, perspiration, and physical activity. Calm and less active parturients have high
temperatures. Neonatal rectal temperature immediately after delivery is best
correlated with maternal vaginal delivery [36]. Elevated maternal temperature in
labor is associated with adverse immediate and long-term neonatal outcomes. The
most reliable noninvasive method of temperature monitoring in labor seems to be oral
temperature having an acceptable correlation with intrauterine temperature which
constitutes the fetal environment. While the temperature at the ear canal, the skin
surface of the leg, and the abdomen increases as labor progresses, the temperature at
the mouth is lower than the intrauterine temperature on average by 0.8 °C [37].

2,5 Hematologic Changes During Labor and Delivery

Changes in hemostasis take place around delivery time, especially at the end of
labor. The coagulation and fibrinolytic systems are both further activated at deliv-
ery by placental separation with thromboplastin release, and these changes are a
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protective adaptation for parturition and the risk of acute hemorrhage. At the time
of delivery, there is a decrease in the levels of factors XII and XI, an increase of
fibrinopeptide A, beta-thomboglobulin, and platelet factor 4, suggesting maximum
platelet activation and fibrin formation. At 3 h postpartum, there is maximum
fibrinolysis with an increase of D-dimer and a decrease of antiplasmin levels [38,
39]. Women remain hypercoagulable through the first 24 h after delivery,
demonstrated by thromboelastography [40]. Hemostatic systems return to the
normal nonpregnant state by the end of the third or fourth week postpartum [41].

Serum glutammico oxalacetic transaminase, lactic dehydrogenase, and alkaline
phosphatase levels are also elevated during labor.

2.6 Anatomo-physiological Changes to Be Considered
in Performing General Anesthesia in Laboring Women

General anesthesia should be avoided when it’s possible in laboring women
because they are at risk of gastric content aspiration as the stomach remains full
before delivery. Gastric emptying time is significantly slower during labor, gastric
volume is increased, and the enlarged gravid uterus divides the stomach into fundal
and antral parts so that gastric pressure increases. Laboring women should always
be considered to have a full stomach irrespective of the time of the last meal. In
addition, narcotic analgesics decrease the tone at the lower esophageal sphincter,
delay gastric emptying in labor, and make regurgitation more likely [42]. Recently,
gastric content volume and its changes have been evaluated during labor using the
measurement of the antral cross-sectional area. Even under epidural analgesia,
authors have found a decrease in gastric volume during labor and a preserved
gastric motility [43]. Gastrointestinal changes revert back to nonpregnant states
within 6 weeks postpartum although the mechanical effects of the gravid uterus on
the stomach are resolved in a few days.

Another reason to avoid general anesthesia is the variable activity during labor
of the serum cholinesterase, a mucoprotein the importance of which lies in its
ability to hydrolyze and to inactivate drugs like succinylcholine and procaine. In
fact, a rise of cholinesterase activity occurs during labor (70.3 units/ml) as com-
pared to late pregnancy (60.2 units/ml), but the increased values are significantly
lower than those in the nonpregnant state (83.3 units/ml). A consistent decrease of
serum cholinesterase activity has been noted 1 day (62.8 units/ml), 3 days postpar-
tum (56.4 units/ml), and up to the sixth day, and it returns to normal by the sixth
week [44, 45]. Some investigators reported reduced enzyme levels up to 25 %
during labor with respect to late pregnancy and 4 h postpartum [46]. Different
authors found a slight increase of serum cholinesterase during labor, a decrease up
to 4 days postpartum, and an increase to normal values around the 12th postpartum
day [28]. Other studies reported an increase in enzyme activity during labor as
compared to late pregnancy and then a further increase in the immediate postpartum
period [47]. The significance of reduced serum cholinesterase activity is that
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abnormal neuromuscular response to succinylcholine has been occasionally
observed during labor and particularly in the immediate postpartum period
[48]. Usually, a normal dose of succinylcholine for intubation (1-1.5 mg/kg) is
not associated with prolonged neuromuscular blockade [49].

There is another aspect that should be considered when the anesthesiologist is
called to perform a general anesthesia during labor. Airway changes have been
observed during the course of pregnancy: there is an increase in the number of the
Samsoon modification of the Mallampati class 4 by 34 % at 38 weeks from that at
12 weeks of gestation due to fluid retention [50]. In laboring women, there is a
further change in airways [51] owing to pharyngolaryngeal edema consequent to
fluid overload in conjunction with the antidiuretic properties of oxytocin and to
prolonged strenuous bear-down efforts [52-54]: it may contribute to difficult
intubation. The upper airway (airway volume) has two components: the oral
component, which can be assessed by Mallampati classification, and the pharyngeal
component, which can be evaluated using acoustic reflectometry airway volumes.
An airway volume less than 40.2 ml has been associated with a diminished ability to
view glottis openings in nonpregnant subjects undergoing general anesthesia and
intubation [54]. Some authors have studied the upper airways using the Samsoon
modification of Mallampati, the standard airway evaluation criteria that are cur-
rently in daily practise, and the method of acoustic reflectometry, a noninvasive
test, which matches computed tomography-measured airway volumes [55] and
predicts the complete inability to ventilate a patient via a mask [56]. They
demonstrated an increase in the Mallampati classification of one grade higher and
two grades higher in 33 % and in 5 % of laboring women, respectively, and they
found 50 % of parturients at the end of labor showing a class 3 or class 4 airway.
The relative risk of difficult intubation in pregnant women with a class 3 airway is
7.58 times more, and increased to 11.3 times more, in women with class 4 compared
with parturients with class 1 airway. This means that a change in airway from 2 to
4 in laboring women is associated with enhanced relative risk of encountering
difficult intubation from 3.23 to 11.3. The women with a worsened airway class
during and after labor reverted to the admission grade level within 36-48 h post-
partum. The investigators also observed a significant decrease in oral airway
volume, pharyngeal volume, and mean pharyngeal area after labor and delivery
as compared with prelabor values. No data demonstrate the relationship between
pharyngeal volume and intubation difficulties, but it is reasonable that decreasing
pharyngeal volume could become an impediment to intubation. A decreased pha-
ryngeal volume after labor assumes great importance in parturients who have
Mallampati class 4 at the beginning of labor. Therefore, it is prudent to insert an
epidural catheter in those parturients with a complicated labor, and it is essential to
carefully reevaluate the upper airways in laboring women presenting for urgent or
emergent cesarean delivery just before the commencement of anesthesia rather than
obtaining this information from prelabor data, especially if there are factors
increasing the risk of difficult intubation like short neck, receding mandible,
protruding maxillary incisors, and morbid obesity [57, 58].
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York-Mui Liu, Roshan Fernando, and Wint Yu Mon

3.1 Introduction

The pain experienced in labor by women has been described by some as the worst
pain ever experienced [1]. Pain perception during labor changes in intensity and
nature as labor progresses, and this is associated with the behavioral changes in the
laboring woman. However, these behavioral changes are not uniform, suggesting
that the perception and intensity of the pain may be modulated by various emotional
factors. This chapter will discuss the basics relating to the transmission of pain
signals from the periphery to the central nervous system as well as discuss the
changing nature of labor pain. The ways in which labor pain perception can be
measured and modulated will also be discussed.

3.2  Pain Pathways

Pain has been described as an “unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or described in terms of such
damage” [2]. As expected, the pathways, which transmit such complex sensations,
are equally complex themselves. The major pathway which transmits pain (and
temperature) from the body to the brain (Fig. 3.1) is known as the spinothalamic
tract and consists of several components [3]:

1. Medium sized Ad and small unmyelinated C nerve fibers transmit signals from
peripheral nociceptors, which then enter the spinal cord through the lateral
division of the dorsal horns. These axons then form the Tract of Lissauer
which travels up and down for one or two spinal segments on the same
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Fig. 3.1 The course of the spinothalamic tract

(ipsilateral) side of the spinal cord. These axons then enter the gray matter of the
spinal cord and send projections to neurons in Rexed’s laminae I (also known as
the marginal zone), II (also known as the substantia gelatinosa), III, and IV
(Fig. 3.2).

2. Axons in Rexed’s laminae I-IV synapse with second-order neurons in Rexed’s
laminae V, VI, VII, and VIII, which are collectively known as the nucleus
proprius. Some of the axons in Rexed’s lamina I synapse with second-order
neurons located within the same lamina. These second-order neurons from
Rexed’s laminae V-VIII along with second-order neurons from Rexed’s lamina
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A-delta and C fibers

Lateral spinothalamic tract
(pain and temperature)

Anterior spinothalamic tract
(simple touch)

Fig. 3.2 Spinothalamic tract

I have axons, which cross the midline in the anterior white commissure and
ascend to the brainstem and thalamus in the anterolateral quadrant on the
contralateral half of the spinal cord as the spinothalamic tract. Pain fibers from
the sacral and lower areas of the body are located laterally in the spinothalamic
tract, whereas those transmitting pain from the upper half of the body are found
on the medial side of the tract.

3. Once in the brain, the second-order neurons synapse and terminate with neurons
found in the ventro posterolateral nucleus (VPL) of the thalamus. These third-
order neurons have projections to various parts of the brain such as the frontal
cortex and the anterior cingulate gyrus which then modulate both the emotional
and behavioral response to pain via descending pathways.

A similar pathway known as the trigeminal pain and temperature system carries
pain and temperature sensations from the face to the brain.
There are two types of pain which are experienced in pregnancy:

e Visceral pain—this is the pain transmitted by nociceptors from internal organs
and may be referred to areas of the body distant to the organ. This type of pain is
typically vague and difficult to localize.

e Somatic pain—this is the pain transmitted by nociceptors in the skin and deep
tissues. The pain by comparison with visceral pain is localized to the area where
the nociceptors have been stimulated.
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3.3  Innervation of the Uterus and Cervix During Pregnancy
and Labor

The uterus is functionally formed of two components: the cervix and the body
(corpus uteri). The uterus is supplied by both somatic and autonomic nerve fibers
from the hypogastric plexus. The hypogastric plexus is a continuation of the aortic
plexus and is found anterior to the terminal aorta, fifth lumbar vertebra, and the
sacral promontory [4]. The afferent (sensory) fibers, which transmit pain from the
uterus, travel in close association with sympathetic nerve fibers in the hypogastric
plexus to the sympathetic chain before entering the spinal cord [5, 6]. In addition,
efferent nerve fibers travel from the spinal cord via the hypogastric plexus to
modulate smooth muscle activity in the cervix [7-10]. The parasympathetic supply
to the uterus is from the second, third, and fourth sacral segments, collectively
known as the pudendal nerve [4].

As pregnancy progresses, the nerve supply to the uterus undergoes extensive
changes. The corpus uteri becomes progressively denervated as the gravid uterus
increases in size, but the dense network of nerves from the hypogastric plexus to the
cervix remains unchanged.

Throughout pregnancy, the cervix remains a rigid, immobile structure, which is
closed and acts to protect the developing fetus from the external vaginal environ-
ment. At the onset of labor, the cervix undergoes extensive remodeling to become
soft and progressively dilates to facilitate the delivery of the fetus. This process of
cervical change in preparation for delivery is known as cervical ripening. What has
been shown is that as cervical dilatation progresses throughout labor, the intensity
of pain experienced by women increases [11]. Rat models have demonstrated
increased expression of cFos, a protein, which is found in spinal cord neurons in
response to painful stimuli, with progressive cervical dilatation [12]. Transection of
the hypogastric nerve in rats has been associated with prevention in the increase of
pain intensity as labor progresses [13] along with altered behavioral changes [14]
and reduced pain perception following dilatation of the uterus [15].

The transient receptor potential vanilloid receptor subtype 1 (TRPVI) is a
receptor, which exists in sensory nerve endings and plays a role in the transmission
of nociceptive stimuli. The receptor responds primarily to capsaicin, an active
component in chili peppers, and heat, and its presence continues to be observed
in the cervix throughout pregnancy, cervical ripening, and labor [16]. Application
of capsaicin to TRPV1 receptors in the cervix in mice shows a biphasic response:
there is an initial burning sensation associated with nerve depolarization followed
by a reduction in labor pain behavioral activity as a result of decreased nerve
transmission [17].

The process of cervical ripening has been observed to be an immune-mediated
inflammatory process [18-20] with the migration of macrophages [21] and inflam-
matory mediators [22-26] to the cervix as it undergoes extensive changes. This
process appears to be mediated by nerve fibers separate to the hypogastric plexus as
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transection of the plexus in pregnant mice did not stop the onset of labor and
delivery of pups [27].

3.4 Neuroendocrine Aspects of Labor Pain

The pain experienced by women during labor is a complex process with both
sensory and affective components, and studies have shown a variable response to
pain between parturients [1, 28]. Melzack and Wall described how the perception
and interpretation of pain could be modified by various behavioral, hormonal, and
emotional factors by describing their Gate Control Theory [29] and introducing the
concept of the Neuromatrix [30, 31]. The Neuromatrix or rather the Pain Matrix as
it is known now [32] is a collection of different regions of the brain with neuronal
inputs to the periaqueductal gray (PAG), which modulates the descending pain
pathways to produce a response to the noxious stimulus. Imaging of the brain has
shown that by distracting subjects when applying heat stimuli can actually lower
their response to pain, and this is reflected in altered signals in different regions of
the pain matrix [33].

During labor, there is an increase in plasma catecholamines in response to the
pain and anxiety felt in labor. The uterus has both a- and p-adrenergic receptors to
which both adrenaline (epinephrine) and noradrenaline (norepinephrine) may bind.
Studies in pregnant rats have shown that when levels of adrenaline and noradrena-
line rise to levels seen in times of stress, they have a tocolytic effect on uterine
contractions [34]. Uterine contractions return when levels of catecholamines are
reduced or their effects are antagonized through the use of propranolol or phentol-
amine [34]. This implies that high levels of stress and anxiety have a negative effect
on the progress of labor, and any measure which can reduce the levels of stress such
as effective labor analgesia could be beneficial.

Oxytocin is a peptide made up of nine amino acids. It is secreted by the posterior
pituitary gland, and studies in rabbits [35], sheep [36], cows [37], and rhesus
monkeys [38] have shown a pattern of secretion which is pulsatile and is maximal
at the time of delivery of the fetus. Oxytocin binds to the oxytocin receptor, which is
found in the uterine tissues and stimulates uterine contractions. The secretion of
oxytocin is enhanced by Ferguson’s reflex where sensory stimuli transmitted by
sacral afferents travel to the midbrain to increase oxytocin release. This reflex is
disrupted in spinal cord injury [39]. The use of epidural analgesia has also been
shown to reduce the secretion of oxytocin [40] and therefore potentially delay the
progress of labor.

At a molecular level, the transmission and propagation of pain from peripheral
receptors to nerve fibers depend on the expression of various neurotransmitters at
the nerve terminals. Substance P and vasoactive intestinal peptide (VIP) are
examples of such neurotransmitters, which are involved in response to painful
stimuli. They have been found in the nerve terminals of the hypogastric plexus
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supplying the cervix [41, 42] and were originally believed to be involved in the
transmission of pain experienced during labor. However, subsequent work has
suggested that in the later stages of pregnancy there is a reduction in the level of
plasma Substance P not associated with hemodilution [43], and that during acute
labor pain, the plasma levels of Substance P appear unchanged [44].

In times of stress, the hypothalamic—pituitary axis (HPA) is activated to produce
an increase in the so-called stress hormones, which prepare the body for “fight—
flight”. The pain experienced in labor produces a similar response where
corticotrophin-releasing factor (CRF) is produced by the hypothalamus to cause
an increase in the production of the peptides f-endorphin (a neurotransmitter which
modulates pain by binding to opioid receptors) and adrenocorticotropic hormone
(ACTH). B-Endorphin is also produced by the human placenta in pregnancy [45].
Studies have shown that levels of both $-endorphin and ACTH rise during preg-
nancy, peak at the time of delivery, and fall in the first 24 h postpartum [46, 47].
Women who had lower levels of p-endorphin toward the end of pregnancy tended to
experience more pain and were more likely to request other forms of analgesia [47].
Conversely, women who exercised during pregnancy and consequently had higher
levels of p-endorphin experienced less pain than those who had not exercised
[48]. The analgesic effects of f-endorphin can be abolished through the administra-
tion of an opioid antagonist [49, 50]. Interestingly, the use of transcutaneous
electrical nerve stimulation (TENS) therapy for labor analgesia is thought to
work through a rise in p-endorphin levels [51].

Another neurohumoral change in pregnancy, which affects the perception of
pain, is progesterone. Not only is the plasma concentration of progesterone raised in
pregnancy, so too is the cerebrospinal fluid (CSF) concentration, and it may be this
which is responsible for the reduced requirement for local anesthetic during preg-
nancy. Datta et al. demonstrated that the levels of progesterone in the CSF were
eight times higher in pregnant women compared with nonpregnant women and
that this decreased postpartum. They also demonstrated that the changes in CSF
progesterone levels were inversely correlated with the dose of local anesthetic
required in the neuraxial block and postulated that this was a direct effect of
progesterone on the ability of the nerves to conduct painful stimuli [52]. The
reduced need for a local anesthetic during pregnancy is well known [53] and may
directly result from increased CSF progesterone.

3.5 Topography of Pain During Different Stages of Labor

The pain in labor is not a uniform pain experience; rather, it changes depending on
the stage and progress of labor. Classically labor is divided into three stages:

1. First stage of labor—this stage begins with cervical ripening and lasts until the
cervix is 10 cm dilated. This pain results from the physical stretching and
distension in the lower uterine segment and cervix. Pain signals are conveyed
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by unmyelinated slowly conducting C visceral fibers [54], which pass through
both the superior and inferior hypogastric plexus to sympathetic ganglia at
T10—L1. Early on in the first stage of labor, the pain is initially referred to
the T11 and 12 dermatomes with progression to T10 and L1 dermatomes as
cervical dilatation continues [55].

2. Second (expulsive) stage of labor—this stage lasts from full cervical dilatation to
the delivery of the baby. The presenting part of the fetus causes distension and
stretching of the pelvic floor vagina and perineum. Small myelinated Ad nerve
fibers [54] transmit pain sensation via the pudendal nerve located at S2—4. The
pain of the second stage of labor is localized to the vagina and the perineum.

3. Third stage of labor—this stage covers the delivery of the placenta.

3.6 Labor Pain Evaluation

The pain experienced by women in labor not only has a sensory component but also
has an affective element to it. Because this affective element is so subjective and
dependent on the individual, this has made the pain in labor difficult to quantify; it
makes comparisons between groups of parturients difficult [56]. There are various
different methods used in the literature, which attempt to quantify the intensity of
labor pain.

The visual analogue pain scale (VAPS) is a method used to assess pain other than
that experienced in labor. The scale consists of a 10 cm vertical or horizontal line
where at one end it is marked “no pain” and the other end is marked “severe pain”.
Subjects are then asked to put a mark on the line where they believe the severity of
their pain in question lies and the mark is measured from the end marked “no pain”
and the distance to the closest 0.5 cm gives the severity of pain. The VAPS is a
simple research tool which can be applied to the obstetric population [57], but it
only gives a measure of pain intensity and does not give a measure of any of the
characteristics of pain.

The verbal rating scale (VRS) is similar to the VAPS in that it measures pain
intensity rather than characteristics. Instead of asking subjects to mark on a 10-cm
line the severity of the pain, the subjects are asked instead to rate their pain using
qualitative words such as “mild,” “moderate,” or “severe” (Fig. 3.3).

The numeric rating scale (NRS) again is similar to VAPS, but instead of marking
a point on a 10-cm line, patients are asked to provide a numerical value to quantify
their pain. As labor is a dynamic process and the intensity of the pain may change
very quickly, the use of both VAPS and VRS may not capture the magnitude of
change during each contraction as both these scales are applied at discrete times
during labor, e.g., at a specific cervical dilatation [58]. Bonnel looked at the use of a
Behavioral Index (BI, Fig. 3.4) which could be used during each contraction to
objectively gauge the severity of the pain experienced by the parturient [59]. In this
study, obstetricians or midwives were given a five-point scale on which they grade
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i i

No pain Worst pain imaginable

Numerical Rating Scale (NRS)

Score (out of 10) Severity of pain
0 No pain
1,2,0or 3 Mild pain
4,5,0r 6 Moderate pain

Fig. 3.3 VAPS, VRS, and NRS

Intensity of labor pain Observed behavior
0 Normal respiration, no grasping, or
agitated behavior seen
1 Rate and depth of respiration changes with labor

contractions, all behaviors are attributed to pain,
whether intentional (as a result of antenatal
training) or reactional

2 As 1, signs of tension during contractions
including grasping of bed, sheets, or another
person’s hand, these behaviors stop when
contraction has ended

3 As 2, but grasping reaction persists even after
contraction has ended

4 Signs of agitation occur during and even between
contractions

Fig. 3.4 Behavioral changes seen with increasing labor pain intensity
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the behavioral response exhibited by the women during the contractions. The
authors found that as cervical dilatation increased and labor progressed, the
observed behavior was placed in the higher two categories which correlate with
severe pain and increased levels of anxiety in the parturient. However, although the
BI may be considered an objective measure of pain severity in labor, its reliance on
the observer who may also be the main care provider to the parturient in labor can
be subject to an ethnic variation [60].

The McGill Pain Questionnaire (MPQ, Fig. 3.5) is made up from 20 descriptors
which assess the characteristics of pain and a present pain intensity (PPI) index
which incorporates five graded words to gauge current pain severity. This multidi-
mensional questionnaire was first described by Melzack in 1975 and consists of
20 words which have been derived to represent different pain severities and are also
considered to relate to three components of pain: sensory, affective, and evaluative
[61]. The MPQ takes about 5—-10 min to complete and has been used to assess pain
in labor where women rate the pain they experienced highly, only superseded by
digit amputation and complex regional pain syndrome (causalgia) [62]. Niven also
used the MPQ to assess labor pain and noted in her study that if the parturients had
previous experience of pain unrelated to labor or childbirth, their perception of pain
was less when compared with women who had not experienced any pain
previously [63].

However, if the MPQ is to be used to assess pain in labor, then a questionnaire,
which may take up to 10 min to complete, may be considered cumbersome and may
not accurately reflect the changes in pain as labor progresses. With this in mind, a
shortened form of the MPQ (SF-MPQ) was developed and validated for use in pain
research [64] (Fig. 3.6). The SF-MPQ comprises 15 descriptors (11 sensory and
4 affective), PPI, and a VAPS and takes 2-5 min to complete. The SF-MPQ has
been used to study pain in the obstetric population by Capogna where he found that
in nulliparous women in the early stages of labor, the intensity of affective and
evaluative descriptors was greater than in multiparous women. In both groups, the
intensity of both pain and sensory descriptors strongly correlated with the intensity
of both VAPS and PPI as labor progressed [65].

3.7 Cognitive and Functional Aspects of Labor Pain

Dick-Read introduced the concept of “Childbirth without fear” [66] where it was
hypothesized that increased fear led to increased muscular tension which in turn
prolonged labor and increased pain. By educating the expectant women, it was
postulated that tension and fear could be reduced through relaxation and breathing
techniques. “Childbirth without pain” was a concept introduced by Lamaze [67]
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What does your pain feel like?

1. Flickering 11. Tiring -
Quivering Exhausting N
Pulsing - -

. 12. Sickening —
gg;oﬁt:]bg;ng Suffocating N
Pounding 13. Fearful -

2 Jumpin Frightful N
Flaszing Terrill‘yir)g —
Shooting 14. (Piunlsl_hlng -

3. Pricking C:Sglmg —
Boring - -
Drilling X:ﬁ;g“s —
Stabbing 9 —
Lancinating 15. Wretched -

Blinding —

4. Sharp 16. Annoying _
Cutting Troublesome _
Lacerating Miserable —

— Intense _

5. P|nch|_ng Unbearable N
Pressing
Gnawing
Cramping
Crushing 17. Spreading -

- Radiating N

6. ;tﬁ%gg Penetrating -

Wrenching Piercing N
18. Tight —

7. Hot Numb N
Burning Drawing _
Scalding Squeezing _
Searing Tearing —
— 19. Cool o

8. Tingling Cold o
Itchy Freezing _
Smarting
Stinging 20, Nagging —

9. Dull Nauseating —
Sore Agonizing —_
Hurting Dreadful —_
Aching Torturing —_
Heavy

How strong is your pain?

10. Tender ? I\N/I(')Idpam
Taut I
Rasping 2 Discomforting
R

5 Excruciating

Fig. 3.5 (continued)
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Where is your pain?
Please mark on the drawings where you feel pain.

([ ©
Accompanying Duration Activity
Symptoms Constant _ Good N
Nausea — Periodic _ Some —
Headache _ Brief _ Little -
Dizziness - None -
Drowsiness - Sleep .
Constipation o G_ood N Food intake
Diarrhea . Fitful - Good P
Can't sleep — Some P
Little P
None I

Fig. 3.5 McGill Pain Questionnaire [61]. Copyright: Dr. R. Melzack, 1970, 1975. Reprinted with
permission

where it was believed that by using relaxation techniques and breathing exercises,
it would be possible to block or inhibit the pain signals associated with uterine
contractions. Researchers have yet to provide conclusive evidence that such cogni-
tive techniques are wholly effective [62]. However, studies looking at behavioral
aspects of women in preparation for labor and childbirth have shown that the
negative experience and pain of labor and childbirth could be reduced by encour-
aging women to believe they can cope with the pain [68—73], having the presence of
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Pain descriptors - None Mild Moderate Severe
sensory dimension
Throbbing 0____ 1)_ 2)__ 3
Soothing 0___ 1y_ ) 3
Stabbing 0)___ n_ ) 3y
Sharp 0___ 1) 2)__ )
Cramping 0___ 1 ) )
Gnawing 0___ nH_ 2)_ 3
Hot - burning 0y___ 1y ) 3
Aching 0___ 1y ) ) PR
Heavy 0____ 1___ 2)___ 3)
Tender 0)___ n_ 2)__ 3
Splitting 0____ 1)_ ) )
Pain descriptors -
affective dimension
Tiring - exhausting 0)___ 1y 2)_ 3
Sickening 0)___ n__ ) 3
Fearful 0)___ n_ ) 3
Punishing - cruel 0)___ nH_ 2)___ 3)

Visual analogue scale

No pain

Present pain intensity

No pain

Mild
Discomforting
Distressing
Horrible
Excruciating

G WN = O

Worst possible pain

Fig. 3.6 Short form McGill Pain Questionnaire [64]. Copyright: Dr. R. Melzack, 1984, 1987.
Reprinted with permission. Note: Each descriptor is ranked on an intensity scale of 0=none,
1 =mild, 2 =moderate, 3 =severe. The Present Pain Intensity (PPI) of the standard long-form
McGill Pain Questionnaire (LF-MPQ) and the visual analogue (VAS) are also included to provide

the overall intensity scores
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a birthing partner in the delivery room [74, 75], and reducing anxiety levels
[76]. Education of women to expect pain during labor may reduce the need for
labor analgesia [77], and this may be in the form of antenatal classes. Capogna
found that women who attended such classes tended to be more motivated and came
from higher socioeconomic backgrounds [78].

3.8 Physical Factors Affecting Pain Perception
There are several physical factors which have been shown to affect pain perception:

e Age-older, nulliparous women experience a longer, more painful labor than their
younger counterparts [79]

e Parity-researchers have consistently shown that nulliparous women experience
a more intense sensory pain in the early stages of labor than multiparous women
[80-84]

e Obesity—Melzack noted that women with a larger body mass index (BMI)
experienced more pain in labor [85]. However, a later study did not find a
correlation between a higher BMI and severity of labor pain [86]

e History of previous pain or dysmenorrhea—women who have had experience of
severe pain, which may be non-obstetric in origin, have reduced pain scores
during labor [87, 88]

e Condition of the cervix at the time of labor—the cervix of the nulliparous women
tends to soften before the onset of labor and appears to be less sensitive to
nociceptive stimuli compared with multiparous women [79]

* Relationship of the size and position of the fetus in the birth canal—pain scores
were noted to be higher in nulliparous women when the fetal head was lower in
the birth canal [65]

* Maternal position—while in labor, women may find walking, sitting on a
birthing ball, or remaining upright helpful in labor. While there are no conclu-
sive studies favoring one position for labor, investigators have found that those
women who remained in an upright position in labor rather than a recumbent one
had a short labor and were less likely to request epidural analgesia [89]

e Immersion in water—the use of birthing pools has been known anecdotally to
ease the pain during labor, but the exact mechanism of this is presently unknown.
Previous studies have observed that the use of birthing pools is associated with
faster labors and a reduced requirement for labor analgesia [90] as well as a
reduced rate of perineal trauma [91] and obstetric involvement with the delivery
[92]. A Cochrane review found that although the use of birthing pools was
associated with a significant decrease in the requests for neuraxial analgesia in
labor, there were no differences in the rates of assisted or operative deliveries,
perineal trauma, or infection [93]
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3.9 Conclusion

The complex nature of pain in childbirth is made up from a variety of anatomical,
physical, and emotional components. A variety of different strategies may be
employed to lessen the intensity of pain and to improve the experience of childbirth
for women. However, as yet, there is no one single strategy which is proven in the
literature to be consistently successful in reducing the intensity of labor pain.
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Serrano-del-Rosal

4.1 The Meaning of Labor Pain in Western Culture

When we talk about the “meaning of pain,” we can do so from two main fields. First
of all, the biological meaning of pain may be referred to. Second, we can talk about
the function or “social meaning” of pain.

Pain has accompanied human beings throughout history, but it has not always
been interpreted in the same way [1, 2]. Pain is the representation of an individual
state that is unlikely to be known by somebody alien to the suffering of pain itself
[3], which we can only know on the basis of the perception of the person who is
suffering it [4, 5], through their personal interpretation of the painful experience
[6]. Thus, its physical, anatomical, biological, and chemical component aside [7],
pain is defined by the norms, values, and symbols that both the person suffering the
pain and the people around him or her confer upon it [8].

Pain, as a process in which the individual tries to find meaning or significance,
cannot be disassociated from its cause. Labor pain, a transitory pain, the product of
a biological fact that is not an illness, the result of which is usually positive
(childbirth), and which is not expected to be extended or increased in the future
[9], is interpreted in a different way from any other type of pain. In labor pain, the
woman is the protagonist, not only when she experiences the pain but also when she
interprets it socially. However, the woman not only interprets her labor pain in
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social terms, but she also interprets other women’s pain, and she is the object of
interpretation of her pain for society in general.

In order to tackle labor pain in Western societies (generalizing is difficult in this
area, and even more so the more different the analyzed societies) without leaving
aside the meaning socially attributed to it, it is necessary to state the obvious: there
are as many childbirths as women, and as many labor pains as childbirths. But this
may lead to the denial of the existence of behavior and interpretation patterns in this
social phenomenon, which make it more understandable. Therefore, we will refer to
“ideal types” of women in the Weberian style. Thus, three “prototypes” of women
have been established, which do not usually appear “purely” in society but do
exemplify the main conceptions of women and their relationship with labor pain,
mainly on the basis of the meaning they give to such pain in relation to their own
social identity.

4.2 “ldeal” Maternity Models

Women and maternity are two concepts a priori describing objective facts, but they
are as social and intersubjective as other concepts like social class or status. In this
respect, women have been defined throughout history by their maternal role to a
great extent, without which in certain times they lost their social role and had no
identity as a social subject.

Rich was the first one to differentiate between “maternity as an institution” and
“maternity as an experience,” [10] and she laid the foundations for a very complex
study on maternity in its public dimension, which is the main interest of social
study. She states that the private and public dimensions of maternity are not only
parallel but they also intertwine and influence one another. Maternity is an essential
fact for society and, as such, society itself exerts a lot of pressure upon it. Although
it is in principle an “individual” fact, it turns into a public debate where relatives,
neighbors, acquaintances, strangers, politicians, the media, religious figures, etc.,
are involved.

The discourse about maternity, based on conceptions and stereotypes unifying
women into a sole image due to their role as mothers [11], not only leaves aside
individual differences, but also class and culture-related elements that account for
the different types of maternity which exist. Furthermore, accepting that there are
different types of maternity means at least calling into question the existence of an
instinctive biological maternity [12].

In the social conception of women, maternity has had an almost permanent
influence throughout history, although with important nuances in each period. The
transformation of the “mother” figure and the way each maternity is experienced
have changed as women’s role has changed, as well as their increasing presence in
the public sphere [11]. Today it could be said that three main types of women
coincide, daughters of a certain historical development, reflecting different ways of
understanding maternity. This typology, mainly based on the cyclical theories of
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social change, will reveal that each archetype of woman partially emerges in
contrast to the previous archetype.

4.2.1 The Traditional Woman/Mother

In the social context of the traditional woman, who holds the most traditional values
of patriarchal society, the public and private spheres are two completely separate
worlds, which translate into a sexual separation of productive and reproductive
labor. The traditional woman is a sovereign and an executant in the private sphere,
which mainly entails housekeeping and caregiving. These women build their
identity mainly on the basis of their role as mothers, a maternity seen as not only
a goal or objective but also as an instrument to create their identity. This is what has
been called “intensive maternity” [13], where women devote all their time to taking
care of their children and where the radical segregation of roles and decision
spheres by sex is socially understood. These roles have been transmitted and
interiorized generation after generation. From birth, women will be raised promot-
ing the capacities and abilities typical of the private space, and their predecessors
will be their perfect model. This is how stereotypes are transmitted, according to
which women are emotional, sensitive, etc., characteristics that are considered
appropriate for housekeeping and caregiving [12]. On the contrary, men, the source
of authority, are considered the main breadwinners of the household, and that is
why their role in the private sphere is secondary. When this “type” of woman has
access to the public sphere, in her productive facet, she performs jobs which are
reminiscent of her role as a caregiver or that were traditionally performed or
occupied by marginal productive sectors, considered subsidiary jobs, men being
the main supporters.

4.2.2 The Modern Woman/Mother

With the scientific development of the end at the nineteenth century, logic and
reason start to dominate the different social spheres, and the traditional role of
women as the owners of the most domestic sphere of life is modified.

The “idealized mother” appears in the private sphere, where women are
identified as mothers, as maternity is the central goal in women’s lives [14]. In
this regard, their role is similar to that of traditional women, but with a fundamental
change: the loss of their decision-making ability. It is assumed that in a “natural”
way (natural as a synonym of biological) only women have the ability to be
connected, empathize, and give love, and that is why they are perfect for the actions
of the private sphere, but, as a characteristic feature, they are protected under new
basically masculine doctrines. The State imposes the values to be adopted in the
domestic sphere (schooling, timetables, eating habits, sleeping habits, etc.).
Women, who are responsible for everything within this sphere, but under the new
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standardized criteria, lose part of their power at home, where they will be judged in
their role as women [15] on the basis of new external norms.

Modern women, unlike their predecessors, enter the public sphere in order to
gain financial independence from men. They do not only perform subsidiary jobs or
work to assist their family economy anymore but also develop real professional
careers. In this incorporation, women assume the professional world, defined in
masculine terms, completely and with no evident changes. In order to be valued in
the public world, women often adopt characteristics traditionally used to define men
(competitiveness, toughness, etc.), becoming masculinized in many cases in order
to “survive” in a world that only values these characteristics, which are new for
women.

The massive incorporation of women into the public world does not result in a
corresponding incorporation of men into the private world, or at least not in the
same proportion. It causes the phenomenon called “double presence” [16], where
women have responsibility to their families and their jobs. In some cases, this has
caused a double absence, the feeling of not completely complying with either of the
two fields, causing frustration and stress.

4.2.3 The Postmodern Woman

During the second half of the twentieth century, the sexual revolution of the 1960s
and 1970s marked an ideal model to be followed, with more egalitarian
relationships in Western countries. Traditional authority is relegated, with a less
disciplinary model emerging, with greater freedom of choice and promoting per-
sonal realization [17, 18]. Transitory and superficial social relations increase
exponentially, with multiplying benchmarks available in the culture, which has
led to what is known as “social saturation,” one of the main characteristics of
postmodernity [19], where an individual is stripped of its own identity.

The frontiers between the public and private spheres are blurred, giving rise to
new ways to define parental and gender roles within the family, so that the
reproductive labor starts being considered a collective task [15].

One of the characteristics of postmodern women is that maternity is not marked
as the only defining condition of the new status of women, as new evaluation
parameters and new ways to take part in the social game are now at stake [20]. Post-
modern women assume the orientation of their own life more directly, and they are
a vanguard group contributing more directly to transforming maternity’s meaning
and the existence of less conventional maternity modes [21].

There are tendencies that in some cases can be considered as a return to the most
traditional woman, as is the case of what has been called “New Domesticity.” Thus,
there are women who decide to refuse the rhythm imposed by today’s society to
embrace another way of life based on the “Do it yourself” ideas and on going back
to the private sphere, among other aspects. To a large extent, this return home has
been caused by the economic climate and the feeling of younger generations who
do not want to make as many sacrifices for their jobs as their mothers [22].
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Postmodern women decide on their bodies, their fertility, and their right to
knowledge and to equal opportunities for men and women, without losing their
acquired psychogenetic conditioning [23]. “Difference feminism” conceptualized
these women theoretically, bestowing value on the female gender and reinforcing it,
rejecting the process of acquiring masculinized behavior patterns in order to reach
the spaces of power [24] partially typical of modern women.

4.3 Labor Pain Perception and Social Value of Labor Pain
Relief

Like any other social fact, labor, its experience, the pain suffered or lack thereof,
etc., are influenced by cultural factors, which affect the way in which a woman
decides to go through labor and the perception of labor pain and its meaning.

In the past, pain was connected to evil spirits, to getting closer to God, to arite of
passage, etc., until today, when in Western societies pain is generally seen as
something futile and sterile, with no function, which must be minimized. In today’s
society, avoiding pain is a value, as opposed to gratuitous or avoidable suffering.

But labor pain is a much more complex phenomenon, influenced by other
characteristics apart from the pain-avoiding culture. In her anthropological studies,
Margaret Mead referred to the effect of culture and the education model on the
intensity of labor pain [25].

But pain has not only a social meaning. The decision not to suffer it, as well as
the methods and tools used, whether pharmacological or of another nature, is the
object of social interpretation too. Thus, if a certain treatment or medicine is
accepted to be useful and, especially “appropriate” for pain relief, it is more likely
to have an effect, to be more effective to eliminate pain, than if it is socially
discredited, refused, or called into question, not only because of its effectiveness
but also because of its social “legitimacy.”

Pain relief methods are not alien to the social view of childbirth, maternity, and
the role of women in each historical moment. Following the preceding reasoning,
today three women coincide as regards pain relief methods. If we go back to the
three archetypes of women previously described, we will be able to see that each of
them will go through labor pain in a different way (in general descriptive terms),
and they will confer a different meaning upon it.

Therefore, traditional women might be conferring a meaning on pain closer to a
rite of passage, “experiencing childbirth” as the beginning of a stage, maternity,
which defines their fundamental role as women. The discourses characterizing this
painful experience would be connected to “going through” labor, and in order to do
so pain needs to be experienced as an inseparable part of the experience. In general,
these women refuse labor pain relief, as they confer a natural value on childbirth,
which involves accepting pain as something inherent to childbirth itself. Until
relatively recently, midwives played a major role in childbirth, gynecologists and
obstetricians playing a secondary role [26], if there was a medical complication. It
was a world of women, where childbirth is seen as something “natural,” not needing
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medical monitoring, where pain is part of the process and it legitimizes a woman as
a mother. As a “good mother,” a woman must renounce her own well-being and
seek her child’s well-being, which brings her social recognition [27]. This position
is also legitimized by historical example (“that’s how it has always been done,”
“labor has always been like that”), which somehow delegitimizes those women who
decide not to go through this experience in all its painful intensity.

In turn, modern women confer on pain a meaning much less linked to experience.
This came together with the spread of the use of epidural analgesia in labor, where
physicians and anesthetists play a leading role. Medical professionals redefine
maternity, medicalize it, and somehow appropriate it [28]. Women accept techno-
logical and biomedical development as something “natural,” and their decision
whether or not to go through pain is much more rigid, sometimes even imposed by
the healthcare system, physicians or nurses, and administrative availability. The
role of the woman is relegated, sometimes turned into a passive object of the
childbirth process, which is monitored and managed by medical professionals,
who “own” the knowledge. As compensation for stealing their limelight, women
have pain relief, and pain is hence minimized and almost disappears. For these
women, daughters of their social context, pain makes no sense, it is something that
must be avoided if possible, and labor pain is no exception. This fact, together with
the spread and popularization of medical techniques in general, and anesthetic
techniques in particular, made the use of pain relief popular.

Postmodern women reclaim “what is natural.” They want their childbirth with
minimum medical and biochemical intervention, a birth that is not instrumentalized
and/or technified. This return to what is natural is vindicating women and their main
role in this process, once again taking charge of childbirth, where they felt they had
been relegated to a secondary and passive role. They also maintain a very elaborate
discourse on the benefits of this kind of natural childbirth for the baby. They
criticize medicine’s control of women’s bodies and reproduction, and they choose
to refuse those anesthetics that prevent them from experiencing the process being
“fully aware” of it. They do not see pain as something good but as something
natural, which puts them in a position of not having to just accept it; hence, they
demand fighting pain with other nonpharmacological but natural tools, such as
different positions, natural remedies, meditation, etc. They are calling for empow-
erment in their own process, where they feel like protagonists. At the same time,
they criminalize previous techniques, in the belief that they have a negative effect
on the baby and on the labor process, as well as on subsequent breastfeeding and
mother—child bonding. They opt for home births (failing that, reproducing home
conditions at the hospital), surrounded by relatives and friends, with as little
medical intervention as possible.

As shown above, the meaning of pain is conditioned by the characteristics of the
women experiencing it and their surroundings. If pain is seen as something natural,
and even “good,” it favors the labor process and their own identity, it plays an
instrumental function, and so eliminating it can only be considered an error. If, on
the contrary, pain is not considered to favor labor, and if it is seen as unnecessary in
a society that in general benefits from the different progresses of medicine, not
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turning to pain relief will be considered an error. One or other meaning is conferred
by women on the labor process, but also by society as a whole.

4.4  Maternities and Epidural Anesthesia

If a woman considers that a “good labor” is essentially painless, epidural anesthesia
will be the tool to achieve it. However, as we have observed, if for some women this
is not the main element of labor, i.e., they confer other characteristics on their
definition of what a “good labor” is, the formulas to attend to them are not so
obvious. Perhaps this is why new anesthetic techniques are being developed, as well
as what could be called a “new” epidural analgesia (although it is not widely used
yet), also trying to minimize the complications of “traditional” epidural analgesia.
The ultimate goal of these new techniques is to avoid pain without diminishing a
certain control of the woman in labor over her labor process. This is the case of the
combined spinal and epidural anesthetic technique (CSE), which intends to reduce
some of the disadvantages of traditional epidural anesthesia [29], and especially
what is known as “Walking Epidural” [30, 31], which allows the mother to have
more mobility and control over her pain and her ability to push. This brings this
process closer to a more natural labor in its form and possibilities.

The tendency of the most innovative healthcare systems seems to be pointing to
a naturalization of the labor process, intending to avoid some protocols that were
previously standardized, such as “traditional” epidural anesthesia, episiotomy, or
even unnecessary Cesarean sections. In general, the simulation of a nonmedicalized
labor is intended, with a greater presence of the woman in labor, but not giving up
on reducing or even eliminating pain. However, from our point of view and in the
light of the determinant factors defining maternity, labor and childbirth in Western
contemporary societies, although satisfactory for a wide group of women, will not
be enough if it is not accompanied by other measures. Portfolios of services need to
include, for instance, nonpharmacological services to attend to childbirth and
women in labor, which allow women to approach their labor process in accordance
with the values shaping their own identities. All this set in a context of real
decision-making and information on the part of future mothers which really places
them at the center of the system.

4.5 Conclusions

Pain may have a physical, emotional, and psychical origin, but whatever its causes
may be, it must also be seen as a cultural and socially constructed concept,
involving psychological, educational, cultural, and sociological elements. There-
fore, pain requires research based on subjective and contextual perceptions. In this
context, studying women and their social identity, as well as the importance of their
role as mothers in such identity, gains great relevance. Consequently, studying the
different types of maternities in current Western societies is also essential, as they
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are becoming more diverse and having different ways of gaining access to mater-
nity, which also confer different characteristics on the maternal experience.

However, we cannot talk about maternity as a sole fact, but as maternities and
different ways of experiencing maternity. Women decide whether or not to use
standardized labor pain reliefs, such as epidural analgesia, in part according to the
social interpretation they make of the fact of going through pain. This interpretation
differs according to the profile of women taking one decision or the other, as has
already been studied [1], with social characteristics and interpretations behind this
decision.

However, there is a common factor in the three types of women that we have
presented, which is the pressure exerted upon them for their condition as mothers,
which turns them into the main providers of well-being and happiness for their
children. They are increasingly idealized mothers, who must pay attention to the
needs of people in their care (children or elderly people) and whose identity as
women is sometimes denied to assume their identity as mothers [32]. A social
sacralization of the figure of women as mothers has taken place, which requires
women to absolutely devote themselves to that role, regardless of the role they play
in the public sphere. This generates contradictions in women between the social
ideal expected from them and what they actually do [12].

Without claiming that pain is only cultural, pregnancy and childbirth cannot only
be considered biological facts, as they involve social and emotional aspects with an
influence on how the entire process is experienced and developed, where women
cannot be turned into mere passive subjects [33]. The social context influences the
perception of pain, the way its suffering is tackled, and the decision not to experi-
ence it. However, the social context of the person who suffers is rarely analyzed, as
well as the variables that may be behind its interpretation, perception or intensity.
This lack of attention to the social conditioning of pain is in part due to the difficulty
of analysis and empirical and scientific verification but also to the traditional
biomedical conception of illness and medical research [34]. This difficulty
increases when comparison among different societies and cultures is attempted.
However, without this analysis the knowledge of the social meaning of pain will be
incomplete when interpreting its significance.
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5.1 Medicalization of Labor

History of labor has always fluctuated between the private and the public, the
natural and the artificial. Well up to the eighteenth century, the preparation and
attendance of birth was essentially considered a women’s affair from which males
were almost always excluded. As late as 1552, a German physician was publicly
branded for having attended as a midwife in a female garb, and still in the early
nineteenth century, many obstetricians lamented that during what they called “the
dark ages,” the care of women in childbed appertained exclusively to the female
sex, especially to those of them who had acquired a certain experience in accouche-
ment and were therefore invested of a certain authority [1]. Angélique du Coudray,
the enlightened midwife who employed an anatomical model for surgical
demonstrations, was one of the most famous [2]. Only with the development of
modern surgery, the routine of birth saw a period of dramatic changes and lasting
resistances [3]. What historians have called the “obstetric revolution” was linked to
an improvement in anatomical knowledge, to the implementation of proper train-
ing, and, from a more practical point of view, to the generalized use of forceps. In
this sense, obstetrics was no different from other professional activities, such as
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surgery or dentistry, which flourished under the threat of professional intrusion and
the dissemination of new surgical instruments. At the same time, however, the
arrival of surgeons at the birthing stool also brought about a modification in the
evaluation and treatment of childbirth pains ([4, 5]; for an alternative view [6]; for a
more general view [7]). The increasing professionalization of labor called into
question all subjective elements involved in the process, including the way in
which mothers complained about or interpreted their symptoms. The history of
labor pain and labor pain relief cannot be told without this quarrel regarding the
value and reliability of a mother’s gestures, grimaces, and complaints. At the same
time, the new emotional regimen also meant the progressive substitution of the
domestic space, where traditionally mothers had delivered their children, for a new
public and clinical location [8].

Historians of obstetrics and labor pain have observed remarkable continuities in
both lay and professional attitudes regarding labor analgesia. This is not at all
surprising. For all those involved in the history of childbirth, the main difficulty has
always lied in the clarification of the natural or civilizatory character of labor pain,
and therefore, in the understanding of all variations related to the possibility of a
painless birth.

5.2 Labor Pain

Prior to the medicalization of labor in the mid-eighteenth century, the issue of labor
analgesia was hardly raised [9]. Both in midwifery books and in the primitive
obstetric treatises, the problem of a mother’s suffering was a minor issue, scarcely
discussed and, sometimes, even completely silenced. This oblivion remained
unchanged well up to the second half of the nineteenth century, when many early
handbooks on obstetrics did not even contain a single reference to labor analgesia
[10]. This attitude is partly understandable, since the equation of pain and birth was
less important than the possibility of a fatal result. As in the case of premenstrual
pain or the symptoms that accompany menopause, childbirth pain was regarded as
yet another experience that women endured as a result of their gender, and for
which there scarcely existed palliative remedies ([11]; see also [12]). The
discrepancies concerning the mortality rate of women during childbirth and their
own expectancy of survival contrasted with the certainty of a necessary and
inevitable experience. At the moment of childbirth, the death of the mother was
probable, but her suffering was assured. Prior to the development of chemical
anesthesia in the mid-nineteenth century, the entire history of humankind seemed
to confirm this inviolable connection between pain and labor.

Before the arrival of chloroform—a substance that had already been described in
the 1830s and which was initially prescribed as an antispasmodic without anyone at
the time realizing its anesthetic properties—Ilabor pain appeared not only as a conse-
quence of a natural action but also a religious punishment imposed on women after the
Fall [13]. This could explain why, in 1591, a woman named Eufame Macalyne was
condemned and burned at the stake accused of asking for relief before the birth
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[14]. Although this is an extreme case, the idea that maternity was an inextricably
painful experience embedded the medieval mythology of procreation. Even after the
Renaissance, arguments were still made against the use of any form of analgesia under
the pretext that searching relief for labor pain was against the divine mandate, as laid
down in the Book of Genesis: in pain you will bring forth children.

On many occasions, religious beliefs were combined with more secular ideas.
Many surgeons and midwives understood labor suffering as a natural resource to
soften the mother’s body just before delivery. From their point of view, pain acted as a
form of corporeal education that made delivery possible. It was a natural provision
that should be accepted with patience and resignation. Since cries and screams
seemed to have the effect of lessening the pain, the public expression of physical
suffering invaded the delivery room. It also pervaded the use of language. The
relationship between the forms of suffering and the ways of giving birth was so
close that uterine contractions were often generically referred to as “the pains,” while
the moment of delivery was known as “the scream” [15]. For many surgeons, the
most natural birth occurred when the baby was born “through the force of the
pain” [16]. See Fig. 5.1. Preceptos generales sobre las operaciones de partos.

Though the inextricable connection between pain and labor was still widely
accepted in the seventeenth century, it began to be abandoned in the eighteenth,
when surgeons came to agree that the body of a mother of five was no better
prepared and not less in danger than the body of a first-time mother. At the same
time, the natural or supernatural understanding of pain did not prevent the prolifer-
ation of remedies. In the seventeenth century, the French surgeon Pierre Dionis had
already recommended wines and liqueurs from the Canary Isles, which were shared
equally between mothers and midwives [17]. To alleviate their sufferings, many

Fig. 5.1 Trelene Breathing Apparatus. Birthday National Trust Fund. Welcome Collection
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women made different kinds of promises: to free a prisoner, recite a novena, or
obtain the belt of Saint Margaret. Others, the most religious, asked for masses to be
performed. In some cases, relics and reliquaries were arranged in the room. In
others, a concoction was prepared using the head of a deer. While some women
demanded holy water, the most unfortunate drank large quantities of alcohol.
Traditional pharmacopeias contained recipes made from analgesic drugs, very
often presented under the form of soporific sponges, which usually contained
henbane, hemlock, mandrake, and ground ivy. In the Medieval world, birth came
only after certain rituals had taken place. Among them, we may count baths,
ventilation, the use of pessaries, or the intake of beverages prepared with herbs of
different kinds, including laurel, bloodroot, or saffron. On many occasions, there
were also magical or religious invocations. Especially important was the interces-
sion of St. Margaret, the patron of pregnant women, who according to the legend
managed to escape alive from a dragon’s belly after having been devoured by this
beast [18]. One of those remedies implied the use of special birthing chairs. In
Palermo, after receiving the blessing by a local priest, a particular chair was
believed to alleviate the labor pains of those who used it. It became known as the
“Miraculous chair of Palermo” [19].

The arrival of surgery to the birthing chair brought about a conceptual
reevaluation of pain’s expressions, which turned to be interpreted in correspon-
dence with a set of physiological signs. According to the new men-midwives, the
appearance of the mother’s face, the position of the baby’s head, the inclination of
the womb, or the phase of the moon at the moment of gestation were of no use in
knowing the sex or number of the unborn. On the contrary, backache, hardening of
the muscles, vomiting and nausea, difficulty in urinating, intermittent dizziness, and
the presence of varicose veins were sufficient signs for identifying the beginning of
gestation.l In 1853, Doctor Cazeaux, of the faculty of medicine in Paris, attempted
to establish a correct identification of women’s expressive signs and their other
physiological circumstances. Within this new cartography of sensation, he classi-
fied a mother’s pains as keen, frequent, dreadful, elevated, excessive, violent, or
“mosquito” pains—so called due to a “comparison with the pain caused by a bite
from that insect.”” From a chronological point of view, he spoke about precursor,
preparatory, expelling, or corrupt pains. The presence of each one of them deter-
mined a precise emotional reaction. Under the influence of precursor pains, for
example, future mothers took on a melancholic air that grew progressively more
violent. As birth progressed, the pains became more frequent and, coinciding with
the dilation of the neck of the uterus, keener and closer. Each new sensation arrived
with a slight shiver, which quickened and intensified the pulse. At the end of the
contraction, the sufferings did not completely disappear; rather, while she was still

"' Dionis, Traité général des accouchemens, Paris, Charles-Maurice d’Houry, 1718, pp. 124 and
152.

2Cazeaux, Traité, thedrique et pratique de 1’art des accouchements, Paris, F. Chamerot, 1858,
p- 418.
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under the power of the last pain, she began to dread the one that would come next to
take its place. At the moment of the birth itself, when the abdominal muscles
seemed to come to the uterus’s aid, her efforts increased, and just as the baby’s
head emerged from the womb and the contractions became more energetic, she
would cry out. The baby’s transit produced a horrible pain, made up of sensations of
varying intensity and transmitted through the parietal protuberances at the level of
the ischium. Soon after, the head emerged. All this came to confirm that the
expressive signs inscribed on the mother’s body were of interest, and very much
so. For the obstetrician Meigs, for example, the way in which the mother squeezed
the hands of those she held onto should be enough to determine whether or not the
birth had entered the expulsion phase. For him, as for others, if the duration,
intensity, or frequency of the contractions were not equal to those of the pain, it
was only due to differences in the age, temperament, or education of the mother.
Some will protest in excess for slight sensations, whereas others will hardly
complain from very strong contractions. Unfortunately, the mother frequently
contaminates the natural expression of her pain, either due to her sensitivity,
education, or prejudices. When the moment of birth arrives, wrote Charles Jewett,
the bearing of the patient differs greatly in different women; while some of them
would scream from the beginning of their contractions, destroying their throats,
others remain calm for most of the process [20]. Cazeaux, for example, describes
the case of a woman in labor who, following prolonged efforts and interminable
suffering, suddenly changed her facial expression and began to sing the great aria
from Lucia di Lammermoor at the top of her lungs [21]. This is not the only
documented case of pain altering the nervous system to such an extent that the
sufferer’s behavior borders on the irrational or the ridiculous. Some doctors put
forth that, with their intellectual capacities diminished, the future mothers said the
most extravagant things in their delirium. According to Doctor Montgomery, this
outbreak of irrationality occurred especially when the child’s head emerged from
the womb.” In either case, the practice was based on an interpretive semiotics of the
woman’s gestures. Following Bichat, who claimed that to distinguish between true
and false pain it was only necessary to take the patient’s pulse, Edmund Chapman
claimed that pain that caused a reddening of the face and a rapid pulse should be
maintained, or even increased, to facilitate the birth [22].

The mother’s ability to subvert the equation between the physiological stimulus
and her expressive gestures was subject to two significant restrictions. The first,
purely biological, depends entirely on anatomical conditions, for the mother’s will
was never thought to be able to bend the course of nature in all circumstances. The
second, artificial, would take place after the introduction of anesthesia and would
allow the elimination of the subjective elements from childbirth. Once put to sleep,
the woman’s body could be manipulated without her incidental perceptions,
changes in mood, or the incomprehensible modifications of her states of conscious-
ness. With regard to labor pains, and more in particular, to those related to the force

?See [21], pp. 414-432.
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exerted by contractions, Whitridge Williams, a North American obstetrician, con-
sidered that there had been a good deal of misconceptions and a marked tendency
toward exaggeration. Like many other of his colleagues, he attempted to understand
pain on the grounds of an objective measurement rather than on the always-
unreliable testimony of the mother. His reasoning found his source of inspiration
in the physiological reaction of the muscles involved in both contractions and
expulsions. For a while some authors, like the literary novelist Laurence Sterne,
estimated that the force exerted at each pain during labor amounted to 470 Ib, he
claimed that it should be comprehended between 4 and 37.58 Ib, with an average of
16.33 1b. A greater force than this cannot possibly come into play, acknowledged
Williams, as it had been shown that 1 of 120 1b was sufficient to tear the child’s
head from its body [23].

5.3 Chemical Analgesia

Before the development of chemical anesthesia, many of the procedures employed
to lessen the pains of labor were of psychological nature. For many midwives and
surgeons, the most important was to reassure the mother, or to entertain her
thoughts, so she could think of something else. Fear had to be always avoided,
since that emotion will have the effect of worsening the labor experience. For
Doctor Chapman, for example, pregnant women should not lay their eyes on any
surgical instrument that might upset them [24]. Since many pains seemed to be
modulated by false expectations and emotional and educational attitudes, their
lessening was frequently understood in psychological rather than physiological
terms.

Ever since James Young Simpson (1811-1870), a Scottish obstetrician,
administrated ether to a woman in 1847, it became perfectly clear that the elimina-
tion of the mother’s suffering did not interfere with the development of the birth. On
the contrary, the labor could follow its course even when all painful sensations had
disappeared [25]. Between January 1847 and September 1848, Simpson operated
on 150 patients under the effects of ether. In November, he began to use chloro-
form. Administering both of these substances, he was able to prove that not only did
physical suffering disappear but there was also a liberation from “unnecessary
mental anguish,” a decrease in the fear of agony, as well as, in his own words,
the disappearance of the nervous shock that often accompanied childbirth.* The
advantages of chemical anesthesia in the battle to legitimize obstetrics are beyond
doubt. The possibility of avoiding a type of suffering that even some doctors
considered agonizing, and of doing so not only in laborious births but in any
birth, at will, and without interfering with nature, could only have advantages. Its
employment inevitably modified the uses of pain, for even when Simpson himself
understood suffering as a sign of uterine contractions, he also recognized that it was

* Simpson, On the Early History of Anaesthetic Midwifery, Edinburg, 1848, p. 11.
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not a trustworthy indicator. There could be both painless contractions, those that
took place with the mother under anesthetic, and pain without contractions, namely
“false” or \"*spurious” pains [26].

Resistance to using both substances came from many sources and acted on
different fronts. Some objections were based on technical reasons, but others had
ideological motivations. For Doctor Meigs, for example, annulling the pain of
childbirth through the inhalation of narcotics was little more than “a questionable
attempt to abolish one of the general conditions of man.” The use of ether was not
only an affront to natural morals, it also spread as a consequence of excessive and
exaggerated complaints which Doctor Merriman, among others, considered
nonexistent in the primitive world and among savage people [27]. In other words,
Western women succumbed to the sensitivity of their own education before
accepting the natural provision of their suffering, an argument that will come
back in the mid-twentieth century, when the practice of “natural childbirth” became
a social trend. If they were not troubled by fantastical readings, poorly informed
comments, or inappropriate education, the future mothers would take on the pain of
birth naturally and with wise resignation. It is not barbarism, but rather the excess of
civilization, that has modified the pain threshold, turning a natural event into a
nervous crisis. Assuming that there were 50 contractions lasting some 30 s each
during a birth of 4 h, Dr. Merriman reasoned, the woman would not suffer for more
than 15 or 16 min distributed over 4 h, a proportion that, from his advantage,
seemed truly insignificant.’

The generalized entrance of surgical practices as well as chemical anesthetics
into childbirth led to a series of dilemmas. On the one hand, the elimination of
subjective elements allowed the surgeon to concentrate on the objective functions
of the organism, without the distractions and accompanying elements of the female
condition. On the other hand, chloroform eliminated not only consciousness but
also morality. Already at the end of the nineteenth century, there was little doubt
that in obstetrics, as distinguished from surgical anesthesia, the purpose was to
blunt, not to wholly abolish the sensibilities. From the point of view of many
doctors, it was the plain duty of the obstetrician to relieve the needless sufferings
of the patient. But anesthetics, however, should not be pushed beyond the stage of
mere analgesia [28]. Even if we were to accept that hypersensitivity is a character-
istic of civilization, the brute and inert body, subject to the arbitration of its own
instincts, guarantees neither decorum nor decency. Even if anesthesia supposed an
interruption and modification in the natural course of childbirth, Simpson argued,
the same could be said of any other activity in the art of medicine; likewise, the
progress of civilization, which permitted the use of footwear or modes of transport,
should be considered equally antinatural.

3 Simpson, History, p. 43.
6Meigs, Obstetrics, the Science and the Art, Philadelphia, Blanchard and Lea, 1849, p. 316.
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5.4 The Twentieth Century

While the early twentieth century saw the hospitalization of childbirth, the main
discrepancies regarding labor analgesia were not related to its use but to the
practicalities involved in its employment [29]. More than being a lineal and
progressive story, the history of labor pain treatment involves the superposition
of different strata. During the twentieth century, the connection between physio-
logical pain and religious guilt was still well extended. For many authors, pain was
an essential part of motherhood, which implied that seeking relief equated to an
explicit renunciation to develop what they understood as a “noble instinct” of
women. Still in 1949, the British Minister of Health asked: “how can a woman
have that motherly affection for her offspring if she bears it without pain?” [30]. At
the same time, labor pain analgesia was identified by some feminists as a key
element within the struggle for women’s rights.” In the USA, the National Twilight
Sleep Association counted among their members very active suffragists. For many
other women, however, labor pain was only regarded as an extraordinary sensation
that could only be labeled “pain” in the case of being pathological: “A woman
giving birth, [wrote the writer Enid Bagnold], was not in torture, she was in labor.”®
This point of view was in accord with the ideas expressed by Grantley Dick-Read,
one of the advocates of the so-called “Natural childbirth,” for whom the principal
source of pain during birth was fear. If we could eliminate that dreadful emotion, he
argued, most anlgesics and anesthetics would be redundant. His method, which
included relaxation, exercise, and diet, aimed at the reduction of the pain threshold
through the gain of confidence [31]. The division between the point of view of those
for whom labor pain was necessary, those for whom pain had to be avoided and
those for whom the main constituent element of labor pain was fear did not have a
true correspondence in political terms. While fighting against the medicalization of
women’s bodies, many feminists regarded labor pain as natural. Conversely, many
others considered labor analgesia as another right that women deserved to gain
social visibility.

Within the medical profession, there was almost a general agreement in favor of
the use of anesthetics. It was not long before the efficiency of the subarachnoidal
injection of cocaine was tested upon the parturient woman. The first publication
concerning the employment of this primitive epidural injection took place in 1900.
It was also at the beginning of the twentieth century that pain relief for childbirth
was generally described as anesthesia and not analgesia. It was only later, in the
early 1930s that the medical profession tried to distinguish clearly between the two.
While anesthesia prevented both sensation and consciousness, in a body under the
influence of analgesia, on the other hand, the mother could answer to stimuli
without feeling any pain. Among the analgesics more frequently employed in the
twentieth century, the anesthesiologist R.J. Minnit designed a portable apparatus

7 See [30], p. 126.
8See [30], p. 141.
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that could administrate a fixed dose of nitrous oxide. Since the dose could not be
modified, the administration of the gas could be undertaken by a midwife and could
also take place at home. When oxygen was substituted by air, the addition of a much
bigger tank put an end to the portability of the apparatus, which eventually led to a
progressive disuse. Despite all, the machine of Minnit, known as the Lucy Baldwin
machine in honor of Mrs Stanley Baldwin, one of the English pioneers in the
introduction of analgesics in labor, was still among the most popular of pain-
relieving methods in labor during the 1990s.’

In 1943, the Birthday Trust put in use a new system based on the use of trilene
(trichloroethylene), a substance less toxic than chloroform, that the future Queen
Mary employed in the birth of her son, Prince Charles in 1948. On some occasions,
the use of hypnotism was also discussed [32]. Whether inclined to the use of
chloroform, nitrous gas, ether, ethylchloride, or Nembutal, the main discrepancies
within the medical professions were related to which analgesia should be employed
and to the best conditions for its use. From a more practical point of view, these
discussions regarding technicalities faced a clear difficulty. For one thing, the
majority of the population was still anchored in all kinds of old-fashioned remedies,
far away from the most modern substances. Besides, there was also a clear-cut
barrier between social classes and rural and urban populations. Despite the
advances in chemical anesthesia, women did not receive any substances during
labor, unless there were complications. In 1929, the Central Public Health Com-
mittee of the London County Council stated that only 7 or 8 women, out of 1,747
registered births, were offered some form of pain relief.'? Both in the USA and in
Europe, the majority of women delivered babies without any kind of medical relief,
in part as a consequence of the connection they established between the use of those
substances and the possibility of further complications. Around 1920, there were
only two available methods to relieve labor pain in the United Kingdom: chloro-
form and the, so-called, twilight sleep. This method, which involved the adminis-
tration of scopolamine and morphine, produced a state of semiconsciousness, in
which women appeared to feel pain but retained no memory of it.'' Despite the
reluctance of the medical profession, who thought that the method was inefficient
and even not suitable for private use, their advocates launched an aggressive
campaign. In the USA, the National Twilight Sleep Association had close links
with other feminists’ organizations. For their leaders, this method imported from
Germany should be regarded as a historical right that women required as a conse-
quence of their nature, debilitated in the process of civilization. In the United
Kingdom, the debate on twilight sleep took place at the end of the 1920s. The
National Birthday Trust Fund, founded by women from the upper classes, fought to
extend maternal services to the most humble population and to the abolition of

° Williams, Women and Childbirth in the Twentieth Century. A History of the National Birthday
Trust Fund 1928-1993, Stroud, Sutton Publishing, 1997, p. 146.

198ee [32], p. 124.
"See [32], p. 128-129.
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Fig. 5.2 José Ventura Pastor, Preceptos Genrales sobre las operaciones de partos, Madrid,
1789-90, p. 179. Welcome Collection

childbirth pain. For them, as for many other doctors and surgeons, medicalization
was a requirement of civilization, a guarantee that would allow reducing women’s
mortality and decreasing their pains at labor Fig. 5.2 Trelene Breathing Apparatus.
For Joseph B. DeLee, an American obstetrician, childbirth could hardly be consid-
ered a natural process. On the contrary, it was difficult to believe that a process that
killed thousands of women every year, that left a quarter of them more or less
invalid, and that involved severe pain and tearing of tissues could be called “a
natural or physiological function” [33]. This understanding of labor, as truly
pathological, found a just reply by the natural birth movement of Grantly Dick-
Read and the similar thesis on “painless childbirth” (psycho-prophylactic labor)
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defended by the French obstetrician Fernand Lamaze. Despite their many
differences, both systems argued against the medicalization of labor, the abusive
use of drugs, and the paternalistic attitude of many obstetricians [34]. Their
approach was not only accepted by many women, willing to free themselves from
the servitudes of the rather cold and depersonalized birth clinics, but also by the
Pope Pius XII, who in 1956 praised the virtues of natural childbirth.

What this cultural fusion of opinions comes to suggest is that the transition from
natural to chemical childbirth or from the private home to the public hospital is far
from following only one social or political direction. Labor pain analgesia is still
full of resistances and accommodations. While even today many feminists claim
against the medicalization of labor, defending a more intimate and humane
approach to maternity, they seem to forget the feminist origins of that very
medicalization, as a result of the high incidence of difficulties related to childbirth,
including high maternal death rates. In a more general sense, these apparent
contradictions seem the just result of a process, human childbirth, which has been
historically regarded and practiced as both natural and artificial, private and public,
and whose pain has been understood as either the just price of maternal instinct, the
result of civilization, a divine punishment, or a physiological provision that made
delivery possible. The many attempts to diminish or abolish pain will have to be
also understood within the cultural milieu of all these accommodations and
resistances.
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Silvia Stirparo

6.1 Introduction

Maternal satisfaction is a multifaceted concept, such as labor and delivery, which
involves both personal attitudes and affective responses, as well as the cognitive
aspect related to emotional responses.

Satisfaction, therefore, is multidimensional, meaning that the woman’s
expectations may be met for some aspects and not at all for others. Taking a step
back, to better understand this articulated concept, there are generally speaking
essentially two theories on satisfaction: the performance theory and the discrepancy
theory. According to performance theory, satisfaction depends on experience; so
expectations and desires are not at all taken into account. According to the discrep-
ancy theory, satisfaction is based on the difference between expectations and
desires and what you have and what you get. These two theories will be essential
later to understand the concept of satisfaction.

By definition, satisfaction is “the experience which results from the subjective
evaluation of the distinction between what actually occurred and what the individ-
ual thinks should have” [1], so it is defined as a cognitive evaluation, from affective
responses to birth. Obviously, satisfaction with the aspects of care is strongly
influenced and shaped by socio-demographic characteristics of women (level of
education, age, marital status, and economic status), personal factors (values,
attitudes, threshold of pain, health literacy, and personal support), as well as the
sense of security and perceived control and expectations formed on the basis of
previous experiences and outcomes of previous pregnancies and births [2-6]. It is,
in addition, influenced not only by the perceived pain during labor and delivery or
the lack of pain due to analgesia but also from obstetric care, the information
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received, and the involvement in decision-making. All these factors contribute to
the childbirth’s processing [7—14].

Maternal satisfaction, in fact, is influenced by four major categories: control and
self-efficacy; involvement in decision-making; maternal expectations; and level of
pain [15].

6.1.1 Expectations

Satisfaction with childbirth benefited most consistently from the fulfillment of
expectations.

When these expectations are unrealistic, it can place incredible pressure on how
women should behave in labor, and the pain relief they end up choosing to accept.
Expectations of pregnant women about the level and type of pain may vary in their
results. Different women can have different experiences of pain, because labor pain
varies dramatically from woman to woman, and even from pregnancy to pregnancy.
Labor is the result of a complex and subjective interaction of multiple physiologic
and psychological factors on a woman'’s individual interpretation of labor stimuli.
An understanding of labor pain in a multidimensional framework provides the basis
for a woman-centered approach to labor pain management that includes a broad
range of pharmacologic and nonpharmacologic intervention strategies [16, 17]. The
multidimensional aspect and intensity of labor far beats disease conditions, since it
is one of the most painful events that a woman is likely to experience [18, 19]. It is
therefore not surprising that many pregnant women have concerns about the pain
they will encounter and the methods of pain relief that are available during labor.

Women’s lack of appropriate knowledge about the risks and benefits of the
various methods of pain relief can heighten anxiety [20, 21]. There is an expectation
among modern women that childbirth is the worst pain they could ever feel.
Because of this, women approach childbirth with overwhelming fear of pain and
attempting to remove it all in search of a good birth experience. In contrast to a
negative perception, women’s positive expectations are associated with the percep-
tion of a positive outcome and found that although women found pain hard to
describe and often did so in opposing terms, the transition for women as they
became mothers gave pain a positive meaning [22-25].

It is important to recognize the potential impact that these differences in
expectations might have because choices that are made throughout labor are
made on the basis of how women anticipate labor pain [23].

Expectations regarding the level of anticipated pain influenced a woman’s
perception or satisfaction with the birth experience, either negatively by feeling a
failure as they were in greater pain than expected or positively by being pleasantly
surprised as excruciating pain never came [26].

The actual experience of labor pain is found to be worse than anticipated most of
all because for many women labor is the first experience with any real physical pain
[26-30]. It is clear that the experience of pain for many women is different from
anticipated. Following on from this, it is stated that if women expect the worst pain
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imaginable then they will end up having a painful, negative experience in contrast
to women whose view was more optimistic, implying that expectations shape
experiences [31]. So, there is a gap between expectation and reality focusing
particularly on the underestimation of pain [26—33]. This conclusion is extremely
significant since it is well identified that the underestimation of the “intensity” is the
primary reason for the gap in reality [34].

There are certainly differences between multiparous and primiparous women,
with more primiparous women rating pain as worse than expected [31]. Pain does
reduce the quality of the birth experience, but even so, pain control is not the most
important factor to have a pleasurable experience [35]. Pain and pain relief, in fact,
do not play a major role in childbirth satisfaction, unless expectations regarding
either are unmet [5].

Expectations are related to several aspects of labor and delivery, not only pain
and emotions [32, 33, 36] but also referring to a role system. The role of a laboring
woman involves a set of expectations concerning her own behavior and of people in
other roles such as the midwife, the partner, or the physician. By demanding the
expected of one’s self and each person present, a workable order is created.
Violation of expectations disturbs this order and threatens both self-evaluations
and relationships with others. In other words, the deviation from what is normal or
expected creates distress [37]. However, mediating factors can play a role between
the discrepancy and the reaction to it [38].

Personal control, in fact, has been shown to be a stronger predictor of satisfaction
with childbirth; [39] it is crucial to feeling fulfilled and empowered, even if
expectations are not completely met. Women determine their satisfaction with
their childbirth according to how well they perceived they could manage their
own performance [2, 32, 33, 35, 40, 41]. Personal control is different from self-
efficacy, which reflects a personality characteristic of confidence in the ability to
cope with any stressful situation [42], which predicts a positive childbirth experi-
ence [43]. In turn, self-efficacy is also related to lower levels of pain [44, 45] and the
method of delivery [15, 46].

In general, the more confident women are to be able to cope with childbirth, the
less perceived pain they will feel and better they will cope [47]. If women partici-
pate actively, they are empowered by the experience of control [48].

Moreover, this empowering experience has a cumulative effect, increasing self-
efficacy for the next birth [32].

Involvement in the decision-making process is also important. By taking an
active role in decision-making and receiving appropriate support, in fact, women
are more likely to be able to transcend their pain and experience a sense of mastery,
control, and well-being, factors associated with their ability to cope with labor [49].

What was found is that women are as concerned about being involved generally
[50, 51], that is, being in control [52] and being able to cope [33].

Again, even in this case, multiparous women place emphasis on being fully
informed rather than primiparous women.

Determinants such as childbirth expectations [53] and personal control [54] have
been shown to be strongly related to the birth environment.
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6.2 Information

Regarding education, preparation helped women cope physically and psychologi-
cally with their labor; also their knowledge of pain relief helped them make
informed choices [33, 55] or it is useful to socialize women about the “appropriate”
ways of giving birth rather than educating them [55]. A form of antenatal education
needs to be delivered which gives expectant mothers a more realistic expectation of
what is likely to happen in labor [30] because if women are not able to have more
accurate or realistic expectations about pain in labor they will not be able to prepare
themselves appropriately for labor.

There is a gap, in fact, between expectations and actual experiences, concerning
women’s expectations and experiences of pain and pain relief during labor and
involvement in the decision-making process [56]. Women are inadequately
prepared for the reality of labor pain and are unable to make informed choices
about pain relief.

In order to close this gap, women need information prenatally about the risks and
benefits of methods of pain management and opportunities to practice pain relief
methods.

Woman-centered antenatal education and care are needed, as differences exist
between women with regard to expectations of comfort and involvement in labor
[57, 58].

Antenatal education should improve women’s experience of childbirth, as well
as enhance women’s autonomy and ability to access analgesia in labor and
empower women with realistic expectations and to enable them to make informed
decisions. If women are well prepared during pregnancy, then they are more likely
to have realistic expectations of the levels of pain, are less likely to feel a failure,
and have increased confidence, which in turn can lead to more a positive experi-
ence. Women may have ideal hopes of what they would like to happen, but they
need to be educated or informed to ensure that they are prepared for what might
actually happen and are given the tools to deal with this.

Therefore, the mismatch between women’s expectations and their actual
experiences is a mismatch between how painful women expect labor to be, how
long it will last, what pain relief they will need, how in control they will be, and
what the actual experience is like. Accordingly, to improve women’s experience of
labor, it is necessary to look at how the expectations of these women can be brought
more in line with their actual experience.

It could be useful to give women more information to support their choices about
pain relief and to help them to make a decision, since women using the decision aid
are more likely to consider they had enough information to make decisions about
labor analgesia and are more likely to report considering health professionals’
opinions rather than making the decision alone. So, being knowledgeable and
informed has been associated with being satisfied with the birth experience and
with decision-making [13], and previous research has shown that women want
information that includes all the risks and benefits of analgesic options they are
considering [13, 59, 60].
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Almost all women want to be involved in their labor analgesia decisions, and
antenatally most expected to make these decisions themselves. Satisfaction with
decision-making could also be affected by the practitioner’s relationship rather than
with the decision aid, and people find it psychologically comforting to say that they
are satisfied rather than retrospectively doubt their own decisions [61]. Women
want labor analgesia information and want to participate in their labor analgesia
decision-making.

Without some form of education from health professionals, or childbirth
educators, women have to rely on media, family, and friends for information,
which may not help in forming realistic expectations.

Although not all women attend antenatal classes, it is a key vehicle for education
and one which we can endeavor to change to provide a balanced approach to
childbirth. It was identified that childbirth training and information on pharmaco-
logical pain relief should be regarded as compatible and complementary to other
coping mechanisms.

Women need to be prepared for the possibility of pain relief, otherwise feelings
of disappointment may arise [62].

6.2.1 Satisfaction

In spite of a considerable amount of study and research, maternal satisfaction has
not been clearly defined, mainly because it is necessary to carry out an assessment
of women belonging to different structures, with different types of assistance, and
also because the studies are too dissimilar and evaluation questionnaires
inaccurate [56].

The method of defining satisfaction seems to imply that a “satisfying” experi-
ence is synonymous with a “positive”” experience and vice versa. Furthermore, it is
unclear whether the outcome variables are meant to convey an emotional response
to birth, an evaluation of the birth, or both. Specific satisfaction assessments varied
widely across studies.

Lack of construct specificity limits the information that can be gained from these
measures. It appears that some researchers have conceptualized satisfaction as an
emotion or affective response while others regard satisfaction as a cognitive
evaluation of whether the birth experience conformed to a patient’s standards
[63]. Based on literature, no <80 % of the women are satisfied during labor. This
is essentially due to the fact that women were asked if it had been a satisfying
experience, evaluating it using Visual Analogue Scale (VAS) which is equivalent to
asking “How was it.” “Home made” or unidimensional questionnaires tend to
overestimate the sense of satisfaction, as well as those in which satisfaction is
assessed in general terms. Moreover, it often happens that the interviewer is the
same person who assisted in the delivery: a positive response is therefore inevitable
[64]. It is also important to remember that even the timing for submitting the
questionnaire is crucial. Satisfaction may have been influenced by assessment in
the first 12—24 h postpartum, in which feelings of dependency and benevolence and
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halo effect are common. This effect describes a lack of criticism due to social
ability and fear of reprisals or due to a sensation of relief at having gone through a
safe experience and having a healthy baby.

In addition, satisfaction could be saddled with denial effects and “What is, must
be best” effects. Denying is a way of coping with emotional conflict, stress, painful
thoughts, about anything that threatens the sense of control, refusing to acknowl-
edge that something is wrong. Satisfaction, furthermore, may be influenced by
“What is, must be best” effects, if there is no reality other than that which was
experienced [5, 65].

It is therefore essential to assess maternal satisfaction through questionnaires
that assessed it, taking into account all the variables that characterize and influence
it. In other words, since satisfaction is difficult to define, assess, and measure, it is
mandatory to use validated questionnaires to evaluate maternal satisfaction
properly [66].

The birth of a child is often described as one of the most significant and
memorable experiences in a woman’s life.

For many mothers, the birth experience has lasting effects despite its relative
transience. Positive experiences are an important beginning of the bonding process
between mothers and infants, enhancing the new family’s adjustment during the
postpartum period [67]. On the other hand, extremely negative birth experiences
can be viewed as traumatic and, in some instances, place women at a greater risk of
developing clinically significant symptoms of postpartum post-traumatic stress
disorder and depression [68]. Assessing satisfaction is therefore crucial to improv-
ing maternity care.

In medical ethics, the “goodness” is considered the standard to assess the quality
of the doctors’ job (the action is good as it brings the benefit of healing that soothes
the painful symptoms).

6.3 Conclusions

The new era of medicine and bioethics must go beyond the pertinence of the action
with regard to the purposes to be achieved, and must also encourage medical staff to
reach both a more acute sensibility and an attitude that matches the interests of
society to the patient’s satisfaction.

Now satisfaction is the substantial parameter to provide an accurate assessment
of the medical profession. The good relationship between a doctor and a patient has
therefore become the stewardship of relationship, which implies an attitude no
longer centered on the professional capability, but on the quality standards of
service.

In conclusion, satisfaction is important and maternal satisfaction is even more
important because childbirth is the most common and most beautiful reason for
hospitalization.
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Therefore, it is considerably important to establish maternal satisfaction, to
know how to assess and understand its variables, for all healthcare, and for all
those working in the obstetrics and gynecology field.
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7.1 Introduction

Neuraxial techniques for labor have consistently been shown to be the best method of
providing analgesia when compared with all other modalities [1]. Both conventional
epidural analgesia and combined spinal-epidural analgesia (CSE) can be used. This
chapter outlines the indications and contraindications to the use of labor neuraxial
techniques and details the technical and practical aspects of epidural and CSE
initiation, including the choice of drugs and drug combinations used in contemporary
practice. The advantages and disadvantages of the two techniques are also compared.

7.2 Indications
7.2.1 Maternal Request

Maternal request for regional analgesia in labor in the absence of any other
indication is the commonest reason for the use of neuraxial blockade.

The decision regarding the type of pain relief that a woman might choose during
her labor is governed by many factors such as the severity of the pain, the
expectations of the mother, and the complexity of the labor. For many women the
pain of labor is likely to be the most severe pain experienced in their lifetime [2] and
some form of pain relief will be required. Attitudes about how best to provide this
pain relief vary amongst mothers themselves and their healthcare professionals.
Some believe that pain is part of the birth experience and that women should be
supported through this, whilst others argue that with the availability of effective
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analgesic techniques, no woman should be expected to suffer pain in labor. All
healthcare professionals should respect the wishes of laboring women and appreci-
ate that in the dynamic situation of labor these views may change. Women should
therefore be supported in their birth choice and should not be made to feel that their
experience of childbirth is diminished if they decide to have epidural analgesia.

Providing women are properly informed about the advantages and disadvantages
of epidural analgesia in labor, “In the absence of a medical contraindication,
maternal request is a sufficient medical indication for pain relief during labor.
Pain management should be provided whenever medically indicated” [3].

7.2.1.1 Timing

Women requesting epidural analgesia in labor will do so when they feel they need
pain relief. For many this will be quite early in labor. Observational studies [4, 5] in
the past have suggested that the early initiation of epidural analgesia may be
associated with an increased risk of cesarean section (CS). In particular, one
retrospective study reported that the greatest effect of epidural analgesia on the
risk of CS was for nulliparous women in early labor receiving an epidural before
they had reached 5 cm of cervical dilatation. Despite the obvious limitations of
retrospective studies, a guideline was published in 2002 [6] that recommended that
the administration of epidural analgesia in nulliparous women should be delayed
until cervical dilatation had reached 4-5 cm.

These recommendations have subsequently been withdrawn because a number of
randomized controlled trials have demonstrated, with a high level of evidence, that
epidural analgesia administered during the early first stage of labor does not affect the
progress of labor or mode of birth compared with administration later in labor [7, 8].
In the largest randomized prospective trial of labor epidurals ever to be carried outin a
single centre, Wang et al. [9] randomized 12,793 nulliparous women to receive an
epidural at either 1 or 4 cm of cervical dilatation and confirmed that epidural analgesia
commenced early had little effect on the progress and outcome of labor. National
guidelines now state that “women in labor who desire regional analgesia should not
be denied it, including women in severe pain in the latent first stage of labor” [10].

7.2.2 Medical

Neuraxial techniques used for labor analgesia can assist in the attenuation of pain-
mediated hypertensive and hyperventilatory responses and may reduce cardiac
workload and myocardial stress during contractions. Therefore regional analgesia
may be particularly beneficial in women with pre-eclampsia and in those with
comorbid cardiac, cerebrovascular, or respiratory disease. It may also be medically
advisable for parturients with a high body mass index (BMI > 30 kg/m?). Insertion
of neuraxial blocks in these women may be technically challenging; therefore early
insertion is recommended.

Subsequent intra-partum complications may necessitate a delivery by emer-
gency CS. The presence of a working epidural catheter in labor avoids the risks
of general anesthesia such as aspiration, failed intubation, and the negative
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inotropic effects of positive pressure ventilation which may be particularly prob-
lematic in these at risk parturients.

7.2.3 Obstetric

Neuraxial analgesia in labor may be indicated in circumstances where vaginal
delivery is expected to be prolonged, traumatic, or where there is a high probability
of requiring an instrumental delivery or CS. Such situations may include multiple
pregnancy, fetal macrosomia, and vaginal delivery of a breech presentation or
preterm baby.

7.3  Denying Regional Analgesia and Assessment of Risk

The decision to deny regional analgesia should never be taken lightly. Each case
should be considered on its own merits with an appropriate analysis of the risks and
benefits. Absolute contraindications to the performance of labor neuraxial
techniques include patient refusal, inadequate staffing levels, localized infection
at the intended site of needle insertion, and raised intracranial pressure. Relative
contraindications include congenital or acquired lesions of the spinal cord, systemic
sepsis, and severe pulmonary hypertensive disease. Due to the increased risk of
spinal hematoma, the performance of neuraxial techniques is a contentious issue in
patients with hereditary or acquired causes of thrombocytopenia, and bleeding
diatheses and in those who are receiving concurrent anticoagulant treatment. The
absolute platelet count below which it is unsafe to perform neuraxial blockade is
unknown. The direction of change in platelet count and the function of the platelets
are also important considerations. Most anesthetists would consider non-neuraxial
forms of analgesia in women with platelet counts of 50-75 x 10°/L or lower [11].

Denial of regional analgesia in labor increases the need for general anesthesia
should an operative delivery be required. The risks of general anesthesia for CS are
well documented and include a 1 in 200-300 chance of a failed or difficult
intubation [12]. This must be compared with the relatively rare complications of
central neuraxial blockade identified in the NAP 3 audit [13], in which the risk of
permanent harm (including epidural hematoma) after obstetric regional blockade is
quoted as 1:80,000.

The assessment of risk is difficult in parturients with abnormalities of coagulation
as serious complications are rare. Table 7.1 shows some of the recommendations
made by the European Society of Anaesthesiology (ESA) for regional anesthesia in
the presence of antithrombotic agents [14]. In an attempt to compare risks, a recent
joint publication [15] defines several high-risk scenarios. Two of which are:

1. A parturient with preeclampsia who has a falling platelet count between 75 and
100 and normal coagulation.

2. The administration of regional blockade 6—12 h after a thromboprophylactic
dose and 12-24 h after a treatment dose of low molecular weight heparin.
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Table 7.1 Recommended time intervals between anticoagulant drug administration and insertion
of neuraxial block or epidural catheter removal

Anticoagulant drugs
Heparins

LMWH (for
prophylaxis)

LMWH (for treatment)
UFH (for prophylaxis)
UFH (for treatment)

Time before insertion/catheter

removal

12h

24 h

4-6h

4-6 h (intravenous)
8-12 h (subcutaneous)

Time after insertion/catheter
removal

4h

4h

lh

1 h (intravenous)

1 h (subcutaneous)

Coumarins

Warfarin INR<1.4 After catheter removal
Inhibitors of ADP binding

Clopidogrel 7 days After catheter removal
Ticlopidine 10 days After catheter removal
Factor Xa inhibitors

Rivaroxaban (for 22-26 h 4-6h

prophylaxis)

Apixaban (for 26-30 h 4-6h

prophylaxis)

Direct thrombin inhibitors

Dabigatran (for Contraindicated as per 6h

prophylaxis) manufacturer

NSAIDs None None

Partially based on data from [14]
LMWH low molecular weight heparin, UFH unfractionated heparin, /NR international normalized
ratio, NSAIDs nonsteroidal anti-inflammatory drugs

The guidelines equate the risk in these scenarios to the risk of having a general
anesthetic with a full stomach in labor.

7.4 Initiation of Epidural Analgesia

Epidural analgesia is the most frequently used neuraxial technique to provide pain
relief in labor. With local anesthetic skin infiltration, the epidural space is located
using an epidural needle and a loss-of-resistance technique. A catheter is then
threaded into the space, remaining there for the duration of the labor. Usually a
mixture of local anesthetic and opioid is injected into the epidural space to provide a
selective analgesic block from T10 to S5 with minimal effect on motor power. In
this section some of the technical and pharmacological aspects of epidural analgesia
are discussed.
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7.4.1 Technical

7.4.1.1 Maternal Positioning

Labor epidurals may be inserted with the parturient in a sitting or lateral decubitus
position. In order to reduce aortocaval compression, the parturient should be
encouraged to allow the pregnant abdomen to rest between her thighs during
epidural insertion in the sitting position and to avoid over flexion of the hips during
insertion in the lateral position.

The main advantage of the sitting position compared to the lateral position is the
ability to identify the midline of the back and iliac crests more easily, particularly in
obese patients. Additionally, in the sitting position the distance to the epidural space
is reduced [16, 17] and it is more comfortable, particularly for obese women
(BMI >30 kg/m?) [18]. Aortocaval compression is minimized in the lateral position
and uteroplacental blood flow is optimized, which may be beneficial for women in
preterm labor, approaching full cervical dilatation, or with evidence of fetal com-
promise. In addition, there is a lower incidence of epidural vein cannulation
compared to the sitting position [19].

7.4.1.2 Use of Ultrasound

Ultrasound imaging of the back prior to epidural placement is increasingly popular.
It can be used to identify lumbar vertebral level and midline spinous processes and
to estimate the approximate distance to the epidural space [20, 21]. It may also
reduce the number of attempts at epidural placement and epidural re-site rates [22],
and be of benefit in obese parturients and those with scoliosis.

7.4.1.3 Aseptic Technique

The development of an infectious complication following an obstetric neuraxial
technique is a rare but potentially devastating event. Anesthetists should adhere to
meticulous aseptic technique during block insertion which includes thorough hand
washing, the use of surgical caps, sterile gloves, gowns, a mask which covers the
anesthetist’s nose and mouth, and sterile draping of the patient’s back. Chlorhexi-
dine is routinely used as a skin preparation prior to block insertion. Povidone-iodine
is an inferior bactericidal agent but may be used as an alternative. Both preparations
are more efficacious when prepared in alcohol. Due to their devastating neurotoxic
effects, it is vitally important to avoid contamination of the neuraxis with either
chlorhexidine or povidone-iodine. Extreme care must be taken to follow the
manufacturers’ instructions, to prevent the inadvertent injection of skin preparation
instead of saline, and to allow time for the skin to dry thoroughly prior to needle
insertion [23, 24].

7.4.1.4 Epidural Needles and Loss of Resistance Techniques

Using a midline or paramedian approach with a loss of resistance to injection
technique, a 16G or 18G Tuohy needle with a Huber tip is inserted into the epidural
space. This technique is made possible due to the presence of a negative pressure
within the epidural space which results in an end point experienced as a sudden
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“give” when a syringe containing fluid [25, 26] or air is attached to the epidural
needle and advanced through the ligamentum flavum. Needle advancement through
the tissues may be either continuous or intermittent, with a continuous technique
preferred when using saline or an intermittent technique with air. Loss of resistance
to saline is used by the majority of anesthetists [27, 28] because it is associated with
lower rates of accidental dural and vascular puncture and a less patchy block
compared to air. Loss of resistance to local anesthetic is not recommended as a
technique, since it carries the rare but potentially devastating risk of total spinal
anesthesia if accidental dural puncture occurs.

7.4.1.5 Epidural Catheters and Fixation

Epidural catheters may be single or multi-orifice. The latter are closed at the distal
end with a series of three lateral holes proximal to this which allow better spread of
local anesthetic. They are the predominant type of catheter used and they result in
fewer incidences of inadequate analgesia and less requirement for catheter manip-
ulation in labor [29, 30].

Once the epidural space has been identified, the catheter is threaded and secured
to the skin. Predistension of the epidural space with saline prior to the threading of
the epidural catheter has been advocated as one method of reducing the incidence of
inadvertent intravenous cannulation [31]. It is common practice to leave 3—5 cm of
catheter within the epidural space. Longer lengths of catheter are associated with a
higher incidence of unilateral block and a greater likelihood of the tip entering an
epidural blood vessel [32], whilst too little catheter length predisposes the catheter
to falling out.

There is little consensus on the optimum method of catheter fixation to the skin,
with a variety of sterile dressings and specialised catheter locking devices available
for use. If a catheter is fixed with the mother in a flexed position it can be pulled out
of the epidural space by up to 1 cm when the mother subsequently adopts the
upright position [16]. Radiological contrast studies have also demonstrated that
movement of an epidural catheter may still occur at the level of the ligamentum
flavum, even in the absence of movement of the catheter at the level of the skin [33].
In these cases, epidural failure from catheter migration may be associated more
strongly with the initial length of catheter left within the epidural space.

7.4.1.6 Choice of Local Anesthetic
The three main local anesthetics used for the initiation of labor analgesia are
bupivacaine, levobupivacaine, and ropivacaine.

Bupivacaine is a chiral mixture of levo (s-) and dextro (r-) bupivacaine and
provides epidural analgesia within 10 min, with a peak effect at approximately
20 min [34]. It binds strongly to cardiac muscle after inadvertent intravascular
injection or where dosing has reached toxic levels. The resultant blockade of
sodium and potassium channels in the myocardium has been associated with fatal
or near fatal arrhythmias. The cardiotoxic effects of bupivacaine are believed to be
mainly due to the dextro (r-) racemate of bupivacaine present in the chiral mixture.
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Levobupivacaine is the pure s-enantiomer of bupivacaine, whilst ropivacaine is
structurally similar to bupivacaine and differs only in the replacement of the butyl
group with a propyl group resulting in a less lipid-soluble drug. These newer amide
local anesthetics are considered to have a greater safety margin and a reduced
potential for cardiotoxicity because they are prepared as single enantiomers [35,
36]. Since the introduction of levobupivacaine and ropivacaine into obstetric
anesthesia, many studies have been performed to determine comparative analgesic
potencies, in order to meaningfully compare side effect profiles with that of
bupivacaine. The minimum local analgesic concentration (MLAC) of a local
anesthetic is defined as the median effective local analgesic concentration (ECs)
in a 20 mL volume to provide epidural analgesia in the first stage of labor [37, 38].

Bupivacaine has been shown to be significantly more potent than ropivacaine by
a factor of approximately 0.4 (MLAC for ropivacaine 0.100-0.176 %; MLAC for
bupivacaine 0.052-0.110 %) [39, 40], with levobupivacaine and ropivacaine almost
equipotent in terms of analgesic potency [41].

The choice of local anesthetic does not appear to have a significant effect on the
outcome of labor. A large meta-analysis demonstrated no difference in the inci-
dence of spontaneous vaginal delivery after the use of bupivacaine or ropivacaine
for labor epidural analgesia [39].

7.4.1.7 Addition of Opioid

Fentanyl and sufentanil are highly lipid-soluble opioids which are routinely added
to the local anesthetic solution used for neuraxial analgesia in labor. They have a
rapid onset of action and duration of 1-2 h when given as a bolus. Fentanyl is
usually used at a concentration of 2 pg/mL and sufentanil at a concentration of 1 pg/
mL. They act synergistically to reduce the MLAC of local anesthetic required to
provide satisfactory pain relief [42, 43]. The addition of opioid also provides greater
maternal satisfaction with analgesia [44] and may reduce the degree of motor block
experienced by the parturient [42]. Common maternal side effects experienced with
the use of epidural opioids include nausea and vomiting, pruritus, respiratory
depression, and hypotension. Fetal bradycardia may also be seen with epidural
opioids, although this side effect is more commonly associated with the use of
intrathecal opioid for CSE in labor.

7.4.1.8 Low-Dose Epidural Mixtures

The use of bupivacaine in concentrations >0.25 % results in a high degree of motor
block in parturients [45, 46]. The combination of lower dose local anesthetic with
opioid provides good analgesia with a lower total dose of local anesthetic. This not
only reduces the risk of local anesthetic toxicity but results in less motor block and
improved maternal satisfaction [47, 48]. The 2001 Comparative Obstetric Mobile
Epidural Trial (COMET) randomized women to receive either a low-dose epidural
infusion, CSE with intermittent low-dose local anesthetic and opioid top-ups, or
0.25 % bupivacaine epidural top-ups for labor. Women in the first two groups had a
reduced incidence of instrumental vaginal delivery compared with those women in
the latter group [49].
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Table 7.2 Commonly used concentrations and doses of local anesthetic and opioid for the
initiation of labor epidural analgesia

Concentration/dose
Local anesthetics®
Bupivacaine 0.0625-0.125 %
Levobupivacaine 0.0625-0.125 %
Ropivacaine 0.06-0.2 %
Opioids
Fentanyl 1-5 pg/mL
Sufentanil 0.1-0.3 pg/mL

#10-20 mL volume routinely used for initiation of labor epidural analgesia

Most centres now favour the use of low-dose mixtures of levobupivacaine or
ropivacaine with the addition of opioid to provide epidural neuraxial analgesia for
women in labor. Commonly used concentrations and doses of local anesthetic and
opioid for the initiation of labor analgesia are shown in Table 7.2.

7.4.1.9 Epidural Test Doses

The administration of a “test dose”” down an epidural catheter is intended to identify
inadvertent intrathecal or intravascular placement. In contemporary practice, main-
tenance of labor analgesia is via the use of dilute “low-dose” mixtures of local
anesthetic and opioid. The administration of the first dose of this “low-dose”
mixture as a test dose is now routine in most centres. This will reliably identify
intrathecal catheter placement as evidenced by the development of a motor block at
5 min, without the risk of developing a high block or severe hypotension. A test
dose of this dilute local anesthetic solution may also help to detect intravascular
placement if there is a subsequent lack of analgesia together with an equivocal
aspiration test for blood [50]. Since there is always the potential for migration of a
previously well-positioned epidural catheter, the administration of subsequent
doses should always be performed with care.

7.5 Initiation with CSE

Combined spinal-epidural analgesia is an increasingly popular technique for
initiating pain relief in labor, with some units using it as their standard technique
and others using it according to clinical circumstances [51, 52]. The technique
involves an intrathecal injection, usually of a small dose of local anesthetic and
lipophilic opioid, followed by the placement of a catheter into the epidural space to
maintain analgesia during labor. As with low-dose epidural analgesia high-quality
pain relief is achieved, allowing mobilization in labor and the ability to titrate and
extend analgesia to anesthesia for CS. However, the main advantage of CSE
compared to low-dose epidural analgesia is the ability of the spinal component to
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Table 7.3 Common indications for CSE versus epidural alone

Severe maternal distress regardless of cervical dilatation

Analgesia in the late first stage of labor (>8 cm) and the second stage of labor

Anesthesia for delivery (second stage)

Anesthesia for artificial rupture of membranes (ARM)

Multiparae in established labor

Patient has had unsatisfactory epidural in the past when spinal component was not included
The difficult back

provide rapid onset of pain relief and reliable sacral analgesia. This makes CSE a
particularly attractive option for the provision of analgesia in late labor or for a
parturient with rapid progress in labor [53].

7.5.1 Indications for CSE in Labor

Common indications for CSE as compared to epidural alone are listed in Table 7.3.
For artificial rupture of membranes (ARM), CSE provides immediate, more pro-
found analgesia and may be allowed to wear off if labor is slow to be established;
however, an uncomplicated ARM does not necessarily require analgesia. For
patients with a difficult back the spinal component of a CSE confirms Tuohy needle
placement.

7.5.2 Techniques for Initiation of CSE Analgesia

Several CSE techniques have been described and the advantages and disadvantages
have been reviewed elsewhere [54]. Separate needle techniques can be used where
the intrathecal injection is performed with one needle and the epidural catheter
placed with another, in either order, using either a single intervertebral space or
separate interspaces.

7.5.2.1 Needle-Through-Needle

The most commonly used technique in clinical practice is the needle-through-
needle technique. Using this technique the epidural space is located in the normal
way with an epidural needle. An extra-long, 25G or smaller, spinal needle is then
passed through the epidural needle to puncture the dura. The epidural needle thus
effectively acts as an introducer. Usually a characteristic dural “click” is felt and
CSF seen in the hub of the spinal needle. An intrathecal injection is then performed,
after which the spinal needle is withdrawn and an epidural catheter is threaded
down the epidural needle into the epidural space.
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7.5.3 Considerations Relating to the CSE Technique

7.5.3.1 Failure of the Spinal Component

When using a needle-through-needle technique, failure of the spinal component can
occur for a number of reasons. The spinal needle may fail to reach or only tent the
dura and not puncture it. Alternatively, the spinal needle may pass to the side of the
dural sac indicating that the epidural needle is not perfectly in the midline. Finally,
the spinal needle may move during the intrathecal injection because it has not been
immobilized properly. This complication becomes less frequent with practice but
can also be reduced by the use of needle locking devices, several of which are
commercially available and have been shown to have low failure rates [55].

7.5.3.2 Inadvertent Insertion of the Catheter into the Subarachnoid
Space

Initial concerns that the deliberate puncture of the dura by a spinal needle would
increase the chance of threading an epidural catheter through the same hole appear
to be unfounded. Epiduroscopic studies [56] suggest that it is extremely unlikely
that an epidural catheter can be passed intrathecally through a small hole created
with a 27G pencil point spinal needle. However, some epidural needles have been
designed with “back eyes” which divert the tip of the spinal needle away from the
Huber point to prevent this complication.

7.5.3.3 Testing the Epidural Catheter

One disadvantage of the CSE technique is the inability to test the location of the
epidural catheter until after the spinal component has worn off. This may be
problematic if an emergency CS is required at this time, but, as with conventional
epidural analgesia, top-ups of high concentration local anesthetic should be given in
fractionated doses. Epidural test doses in labor are discussed in Sect. 7.4.1.9.

7.5.4 Intrathecal Drug Recipes

The ideal intrathecal drug recipe has yet to be determined. The most commonly
used drugs are the lipophilic opioids fentanyl or sufentanil, usually in combination
with a local anesthetic, most frequently bupivacaine, levobupivacaine, or
ropivacaine. Intrathecal opioid alone can be used to initiate analgesia in early
labor which can do so without the motor and sympathetic block associated with
local anesthetics. The optimum intrathecal dose of fentanyl alone is 25 pg [57] and
the estimated ED95 of intrathecal sufentanil is 8.9 pg [58].

It is much more common to use an opioid in combination with an amide local
anesthetic. The addition of fentanyl markedly reduces the EDS50 dose of
bupivacaine required to produce analgesia in the first stage of labor [59] and
combinations of intrathecal bupivacaine and fentanyl have a supra-additive/syner-
gistic interaction [60]. Thus the combination allows lower doses of both drugs to be
used and so reduces unwanted side effects.
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The most common local anesthetic used in combination with an opioid is
bupivacaine, but levobupivacaine and ropivacaine are also effective. In studies
without the use of opioid, Camorcia et al. reported a potency hierarchy of
bupivacaine >levobupivacaine >ropivacaine [61], whilst Sia et al. demonstrated a
similar potency ratio to that of Camorcia for levobupivacaine and ropivacaine but
much lower ED50 values [62]. When combined with sufentanil, bupivacaine is
more potent than levobupivacaine and ropivacaine, both of which were shown to be
as potent as each other [63].

For the clinician, however, it is the ED95 dose that is more relevant. For
bupivacaine, a dose of 2.5 mg with or without opioid has been shown to be
enough to provide adequate analgesia [64]. For levobupivacaine and ropivacaine,
2.5-3.0 mg is sufficient to provide good analgesia [62]. The addition of opioid
improves the quality of analgesia and prolongs its effect in a dose-dependent
manner [59] and typical doses of fentanyl range from 10 to 25 pg and sufentanil
1.5-2.5 pg [65].

7.6 Low-Dose Epidural or CSE for Initiation of Labor
Analgesia?

Whether to initiate analgesia in labor with a low-dose epidural or CSE remains a
decision largely based on the preference and familiarity of the anesthetist with the
chosen technique and the clinical circumstances of the parturient. Opinion remains
divided over whether CSE should be the technique of choice in all cases or whether
it should be reserved for certain indications. When evaluating techniques the
advantages and disadvantages must be considered.

7.6.1 Onset and Quality of Analgesia

The main advantage of CSE is the rapid onset of reliable analgesia regardless of
what stage in labor the block is sited. CSE consistently provides analgesia within 4—
6 min of the intrathecal injection with the mean time of onset being 5.42 min
quicker than low-dose epidural. There would appear to be no difference in the
degree of maternal satisfaction between the two techniques [53].

7.6.2 Epidural Catheter Reliability

Proponents of the CSE technique argue that it is likely that the epidural catheter will
subsequently function more effectively in labor because the epidural needle must be
in the midline to perform the intrathecal injection. Several studies have been
identified demonstrating equal or improved catheter function after CSE compared
to epidural techniques [65], but a recent meta-analysis did not show any difference
in the need for rescue analgesia following CSE or epidural alone [53].
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7.6.3 Pruritus

Opioid-induced pruritus is a common problem and has been shown to have a dose-
dependent relationship [59]. A recent Cochrane review [53] identified significantly
more pruritus with CSE compared to low-dose epidural, but in practice the severity
of pruritus is rarely sufficient to require treatment.

7.6.4 Infection and Neurotrauma

The major hazards of epidural and CSE analgesia are infection and neurotrauma,
but fortunately these are rare [13]. In anesthetic practice there is no evidence that
CSE is associated with more infectious complications than spinal or epidural [66],
provided a scrupulous aseptic, non-touch technique is used. It is recognized that
neurotrauma is more prevalent with intrathecal cannulation and several cases have
been reported of damage to the conus medullaris when using a CSE [67]. It is very
important therefore that the block be performed at or below the L.3/4 interspace, as
in a small number of patients the conus medullaris might extend below the L2
vertebral body.

7.6.5 Post Dural Puncture Headache

As CSE involves the deliberate puncture of the dura, there is a theoretical risk of
Post Dural Puncture Headache (PDPH). However, many studies have shown no
increased incidence of PDPH compared with conventional epidural analgesia
including one large study with over 16,000 CSEs [53, 68].

7.6.6 Fetal Heart Rate Changes

There are a number of reports of fetal heart rate abnormalities including severe
bradycardia following the administration of intrathecal opioids during the first stage
of labor. A meta-analysis of 24 trials (3,513 women) found that the odds ratio for
fetal bradycardia was significantly increased in patients who received intrathecal
opioids [OR 1.81 (95 % CI 1.04-3.14)] compared to other forms of pain relief [69].
In a prospective randomized trial Van de Velde et al. [70] concluded that high doses
of intrathecal opioid increased the incidence of significant fetal heart rate changes.
The mechanism for this is not completely understood but appears to be related to
several factors including the sudden drop in pain level, an imbalance of plasma
catecholamines resulting in uterine hypertonus, and a possible direct central effect
of intrathecal opioid. Clinically, opinion is divided as to whether these opioid-
induced fetal heart rate changes are important. Case reports have described women
requiring emergency CS for persistent fetal bradycardia following administration of
intrathecal fentanyl [71], but trials and a meta-analysis have failed to show any
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increase in emergency CS rate or neonatal morbidity [69, 70]. Nevertheless, some
authors have recommended that intrathecal opioid be avoided in cases when fetal
distress or uterine hypertony is present before labor analgesia is requested and to
consider using local anesthetic alone when using a CSE in this circumstance [22].

7.7 Conclusion

In summary, there is no conclusive evidence to recommend one technique over
another for initiation of analgesia in labor [53]. CSE provides rapid onset of pain
relief and reliable sacral analgesia making it a particularly attractive option for the
provision of analgesia in late labor, for those parturients with severe pain in early
labor and for those who experience rapid progress in labor. However, nonreassuring
fetal heart rate abnormalities occur more frequently with CSE analgesia using high-
dose intrathecal opioids. The decision to initiate labor analgesia with a CSE or a
low-dose epidural therefore depends on the needs of the mother, the safety of the
fetus, and the expertise of the anesthetist.
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Giorgio Capogna

8.1 Introduction

In the late 1970s by starting to use a low concentration of local anesthetic solution
(bupivacaine 0.125 %) in a rather large volume (10 mL), most of the potential
objections to the use of epidural analgesia in childbirth were overcome [1]. In fact,
with this relatively low-dose, low-concentration solution, epidural analgesia was
able to provide satisfactory analgesia with minimal motor block, without leading
to a prolonged expulsion time, and with the maternal and neonatal plasma concen-
tration of local anesthetic well below the toxic level. A few years later it was
demonstrated that with the addition of one opioid to the above solution, the duration
of analgesia was prolonged and the quality of analgesia was improved [2].

The ideal analgesic method was brought within reach, on the one hand providing
effective maternal analgesia during labor and delivery and on the other hand
avoiding negative effects on the mother and the fetus of interfering with the
progress of labor.

Since then, the use of a low concentration of local anesthetic solution plus one
opioid has become the standard routine analgesic solution worldwide. Nowadays
much lower concentrations of local anesthetic solution such as bupivacaine or
levobupivacaine 0.0625 % or ropivacaine 0.1 % plus a small dose of fentanyl or
sufentanil are very common practice everywhere. An additional innovation was the
introduction of the combined spinal epidural analgesia technique, which led to a
new, combined form of administration of analgesic solutions during labor [3].

With the reduction of the dose and of the concentration of the local anesthetic
solution and with the addition of a small amount of one opioid, either epidural or
spinal administration (by CSE) of such analgesic mixtures may now provide a
safe, reliable, and effective labor analgesia, without affecting maternal ambulation
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and without interfering with the labor outcome. Consequently, the main and most
frequent question is not how to initiate labor analgesia but how to maintain it for
hours throughout labor, since pain relief provided by any single-shot injection may
last no more than 2-3 h with any analgesic mixture administered intrathecally or
through epidural loading [4].

The ideal maintenance techniques should provide continuous, uninterrupted, and
safe analgesia, allowing maternal ambulation and preserving the expulsive forces
during the expulsive period. It should also reduce the incidence of breakthrough
pain which requires additional pain relief and so subsequently also diminishing the
physician’s workload and the total local anesthetic dose [5].

Basically, analgesia can be maintained using two different kinds of methods: the
first provides relief at irregular intervals when requested by the patient upon the
resumption of pain and includes modalities such as manual top-ups and Patient-
Controlled Epidural Analgesia (PCEA). The second prevents pain reoccurrence
providing analgesia before its return which includes Continuous Epidural Infusion
(CEI), PCEA with basal infusion, Automated Intermittent Mandatory Boluses
(AMB), Programmed Intermittent Epidural Boluses (PIEB), and Computer-
integrated PCEA (CIPCEA) and its associated settings.

8.2 Intermittent Epidural Bolus (Top-Up)

The intensity and the site of pain vary considerably not only between parturients but
also during the course of labor in the same individual.

In theory, the intermittent administration method (top-up) permits the anesthesi-
ologist to titrate the local analgesic solution and to vary its dose, volume, and
concentration depending on the progression of labor and the severity of the pain.
The question remains when will it be the time to refill the dose.

Once good analgesia has been established, we do not know in advance when the
maintenance doses will be needed. According to clinical experience, just to make
an example, in nulliparous women, during the first stage of labor, analgesia may last
up to 3 h after a 20 mL bolus of levobupivacaine 0.0625 % with 10 pg of sufentanil.
However, these statistical data are of little help to the clinician caring for the
individual parturient.

The top-up technique may be given in two ways. In the first one, the top-up is
given before the pain returns, for example, at fixed time intervals, and in the other, it
is given upon the parturient’s request. When using the first method, the return of
pain can be anticipated and analgesia adapted to the progress of labor with the
standard dose previously chosen. There are a number of reasons for giving a top-up
to a pain-free parturient. In more prolonged labors, we can learn how long a dose
works in one particular individual or in a particular type of labor (nulliparous,
multiparous, dystocic, induced, augmented, and so on). In a busy maternity ward, it
seems preferable to give the top-up dose in advance when the anesthesiologist is
free, rather than to risk having to attend three or more parturients at the same time.
In addition, with low doses it is better to inject too early rather than too late, because
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it is better to prevent pain rather than to follow it. However, in practice this solution
is not very often feasible and, in all cases, the physician’s workload is increased.

The other most popular approach is to administer the top-up dose when the pain
returns: this is the typical “peak and valley” method. There are strong arguments
against this technique: a pain-free labor is preferable to some pain-free intervals; the
mother may lose confidence in the anesthesiologist’s ability to control her pain and it
may take considerable time and effort to reestablish good analgesia once it is lost. In
fact with this method of administration, the timing of the injections usually depends
on the parturient’s need for pain relief, but if the injections are only administered
when the parturient complains of pain, the analgesia will only occur at intervals
between periods of suffering and second, intermittent dosing calls for many
interventions on the part of the providers. In addition, administering the top-up
dose only when the pain returns may expose the mother to long periods of waiting for
pain relief due to the variable period of time between the parturient’s request to the
midwife and the midwife’s request for the anesthesiologist’s intervention.

Surely one of the major advantages of using the intermittent technique is the less
local anesthetic consumption and the less frequent occurrence of motor block when
compared with continuous infusion [6].

8.3  Continuous Epidural Infusion

Due to the intermittent nature of pain relief provided by manual top-ups and its need
for frequent interventions, many maternity units have moved to a long-standing
analgesia maintenance regimen, the continuous epidural infusion of analgesics into
the epidural space, which is one of the current and most frequently used techniques
providing the parturient with a much smoother analgesic experience. The
advantages of continuous infusion include the fact that once the effective analgesia
is established, true continuous pain relief is maintained, thereby avoiding block
regression and a painful maternal waiting period prior to reinjection, which com-
monly occurs in busy wards when the intermittent injection method is used. The
initial claimed advantages of continuous infusion over the intermittent admini-
stration such as more stable cardiovascular response, less motor block, and less
risk of toxic reactions are nowadays no longer an issue due to the much lower
concentrations of local anesthetic solution used in clinical practice as compared to
that used approximately 30 years ago, when the continuous infusion technique
started to be routinely used.

However, with continuous infusion, anesthesiologists may be tempted to place
the parturient on “automatic pilot,” and they may be less likely to individualize the
parturient’s personal needs during labor. By definition, by eliminating the need for
individualized top-up injections some parturients will receive more local anesthetic
than they need.

Although the infusion can be modified to individualize analgesia, unilateral
analgesia and breakthrough pain also frequently occur with continuous infusions
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and the administration of supplementary analgesia rescue analgesic doses may still
be frequently required [7].
In addition, even with analgesic solutions with a very low concentration of local
anesthetic, motor block is observed in a relatively high percentage of patients [8].
For these reasons, there has been a transition to other maintenance techniques of
labor analgesia which are considered to be more effective.

8.4  Patient-Controlled Epidural Analgesia

PCEA is a reliable and effective method of maintaining labor analgesia, provided
that sufficient drug volumes are allowed, and a wide variety of drug combinations
and settings have been used successfully [9].

This method permits the parturients to self-administer intermittent boluses of
epidural solution depending on their individual level of pain which varies as the
labor progresses or when labor augmentation regimens are started [10]. Every
patient has thus autonomy, titrability, and a flexible analgesic regimen and drugs
are delivered safely and effectively [11]. Compared to continuous infusion, there is
also a lower consumption of local anesthetic with no reduction in the efficacy of the
analgesia, less motor block of the lower extremities, and less frequent unscheduled
clinician interventions, so reducing the workload [5, 9, 10].

Unfortunately the tendency to unilateral block during analgesia still persists
significantly with PCEA [12].

Much debate has centered around the optimal settings for the PCEA lock-out
interval and the bolus volume with the most recent studies deciding that there is no
ideal bolus dose or lock-out interval setting for labor PCEA and no hard evidence to
recommend one regimen more than another. The principle of all PCEA techniques
depends on the response of the parturient when she feels the need for analgesia.
This means that she must, however, experience short periods of persistent pain
which may or may not be blocked depending on the PCEA settings. Maternal
cultural factors, psychological characteristics, previous training, and expectations
will also have a bearing on the efficacy of this technique [13].

In addition, there may be some patients who may not wish to control their
analgesia because of fatigue and some may prefer to “leave it to the doctor.”

8.5 PCEA Plus Basal Infusion

In theory, PCEA plus basal infusion should result in better analgesia and greater
patient satisfaction and comfort as pain is prevented rather than followed.

However, there is no clear evidence that by adding a basal infusion to PCEA,
apart from a lower consumption of local anesthetic without the basal infusion, there
might be some differences in outcomes such as motor block, maternal analgesia,
and maternal satisfaction [9, 14].
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However, decreased incidence of breakthrough pain has been described and this
may determine a consequent possible reduction in the physician’s workload and be
some of the major benefits of using a basal infusion in a PCEA regimen, particularly
in a busy labor ward where the anesthetist may not always be on hand to provide an
epidural rescue bolus immediately when requested [9]. Unfortunately, what the
ideal rate of this basal or background infusion should be is still ongoing [5].

8.6 PCEA Plus Automated Intermittent Bolus

A variant of the PCEA plus basal infusion is the technique of PCEA associated with
an intermittent automated bolus instead of a continuous background infusion.

These automated intermittent mandatory boluses (AMB) or automated continual
intermittent boluses (CIB) describe automated systems regulated to administer a
bolus at programmable intervals during labor analgesia provided by a PCEA.

Many studies have reported that these systems are more effective than conti-
nuous epidural infusion in reducing labor pain. Decreasing pain scores and overall
consumption of local anesthetic plus greater maternal satisfaction occur when
automated intermittent mandatory boluses (AMB) are used as opposed to continual
basal infusion (CBI). This is also true when AMB is linked to a PCEA regimen,
showing that there is evidence of a reduction in the parturient’s need for self-
boluses and a longer time interval to the first PCEA demand in comparison to a
PCEA and CBI regimen. The question mark still hangs over whether PCEA with
AMB helps to reduce the incidence of breakthrough pain [5, 10, 15-17].

8.7 Programmed Intermittent Epidural Boluses with PCEA

An interesting alternative technique to maintain labor epidural analgesia is the
programmed intermittent epidural bolus (PIEB) technique. With this technique, a
fixed preprogrammed epidural bolus is given at a fixed period of time to obtain a
continuous and constant analgesia. In case of breakthrough pain analgesia may be
completed by using PCEA or by manual physicians’ boluses. With this technique a
reduction in the total amount of local anesthetic, fewer additional PCEA or manual
boluses, and greater maternal satisfaction have been observed when compared
to continuous epidural infusion either in multiparous or in nulliparous women
[18, 19].

The optimum settings for the bolus volume and time interval in the maintenance
of epidural labor analgesia were studied in nulliparous women in spontaneous labor
[20] by comparing three different infusion regimens: 2.5 mL every 15 min (2.5/15),
5 mL every 30 min (5/30), and 10 mL every 60 min (10/60). The results showed that
the 10 mL every 60 min regimen was the most advantageous, with a decreased local
anesthetic consumption with no diminution of patient analgesia.
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PIEB may also be performed by using two pumps, one set to deliver the PIB
bolus, for example, 10 mL of levobupivacaine 0.0625 % with sufentanil 0.5 pg/mL,
to maintain epidural analgesia, and another set to deliver a patient-controlled
analgesia (PCEA) for breakthrough pain using a more concentrated solution, such
as levobupivacaine 0.125 %.

With this double pump—double concentration regime, when compared to an
equipotent solution given by continuous infusion, pain scores and duration of
labor analgesia are the same for both PCEA and CEI, but there is less total local
anesthetic consumption, less patients needing additional PCEA boluses, and a
lower mean number of PCEA boluses per patient in the PIEB group. The most
important difference, however, is that epidural analgesia is maintained with a
lower incidence of motor block and instrumental vaginal delivery with PIEB. It is
interesting to note that only instrumental vaginal delivery patients require anesthesio-
logist administered manual boluses [19].

There is always an increase in the level of pain as the labor progresses and
multiple obstetric and obstetric management factors can alter its intensity. To
confirm that, a high rate of breakthrough pain needing clinician intervention is
reported in PIB studies [18, 20] where the same concentration of local anesthetic
was used in both the PCEA bolus and PIEB. Hence a way to arrive at an excellent
level of analgesia, while significantly reducing supplemental manual rescue
boluses, might be achieved by using the double pump/double concentration
method [19].

Continuous epidural infusion, PCEA with and without a background infusion,
and programmed intermittent epidural bolus (PIB) regimens with or without sup-
plemental PCEA are all sustained by the current epidural pump technology, but this
technology cannot support any of the above procedures using two different
concentrations of local anesthetic with the same pump. Will a different analgesic
mixture for the rescue bolus diminish manual interventions and increase parturient
satisfaction? Only further studies will be able to answer this question.

8.8 Mechanism of Action of Intermittent Administration

A systematic review [21] confirmed that in comparison to CEI, by using a
preprogrammed intermittent bolus technique, there is a reduced local anesthetic
consumption, a shorter second stage of labor, and higher maternal satisfaction.

There are many theories have been put forward to explain this finding.

It has been demonstrated that when intermittent boluses are used as opposed to
continuous infusion, the spread of the infusate from a multi-orifice catheter is better,
resulting in a wider and more uniform spread of contrast medium, while the
continuous infusion results in a smaller spread that is exclusively through the
proximal port of the epidural catheter [17, 22]. Cadaveric and experimental models
[23, 24] put forward the theory that a more uniform spread of the solution in the
epidural space could be achieved as a result of the higher injectate pressure generated
during a bolus injection. These in vitro observations found that the spread of liquids
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in the epidural space is highly nonuniform in multiple small channels and suggest
that the spread would be more uniform in large volumes and correspondingly high
injectate pressure near the site of injection would engage the most channels.

When there is a combination of AMB and CSE, it has been hypothesized that the
intrathecal space may directly receive the local anesthetic solution through the
dural rent, owing to the high driving pressure created when the bolus is

administered, so leading to a more efficacious analgesia [16].

In vitro (Figs. 8.1 and 8.2) there is a higher injectate pressure when boluses are
administered by the pump when compared to the pressures delivered by continuous
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Table 8.1 In vivo evaluation of pressure generated by Programmed Intermittent Bolus (PIEB) or
Continuous Epidural Infusion (CEI)

Pax during bolus/ P nin during bolus/
Baseline (mmHg) infusion (mmHg) infusion (mmHg)
PIEB 10 mL bolus 18.32 (3.1) 311.12 (22.8) 208.66 (27.6)
CEI 10 mL/h 18.45 (2.4) 33.28 (3.7) 22.21 (3.3)

Values are given as mean (SD)

infusion and this in vitro evidence could explain the reason for this greater diffusion
of the anesthetic solution in the epidural space [25].

This hypothesis has been confirmed by in vivo (Table 8.1) measurements of the
epidural pressures in pregnant volunteers which clearly demonstrate the greater
pressures generated in the epidural space by the PIEB technique when compared to
the continuous infusion [24].

The way of delivering analgesia by single bolus or by continuous infusion may
subsequently influence the dynamics of nerve block.

Given that there is less motor block and fewer instrumental deliveries after PIEB
when compared to CEI, it might be hypothesized that creating or lessening motor
block may be a direct result of the mode of delivery of the epidural solution.
As stated in pharmacodynamics, the movement of local anesthetic into the nerve
according to diffusion gradients can determine the production and reversal of
analgesia and motor block [26].

Analgesia and motor block are produced by the movement of local anesthetic
from the extraneural space into the nerve along a diffusion gradient (Fig. 8.3). After
a single bolus administration, initially the concentration is greater outside of the
nerve fiber, but over time, the extraneural concentration equals the intraneural one,
establishing a steady state. Nerve blockade is eventually overcome when the
intraneural concentration exceeds the extraneural concentration and the diffusion
gradient is reversed. If a local anesthetic at very low concentration is used in
intermittent boluses, the amount of local anesthetic inside the nerve fiber is suffi-
cient to block the sensory fibers, which are small and with a short internodal
distance, but blockade of motor fibers, which are greater and with long internodal
distance, is unlikely, as the total amount of local anesthetic inside the nerve is
insufficient to block them. In the case of continuous infusion, the extraneural
concentration of local anesthetic is generally constantly higher than in the
intraneural space, and the total concentration inside the nerve is therefore increased
with the time and may reach the threshold for motor fiber block even if we are using
a local anesthetic solution at very low concentration.

This may explain the frequent occurrence and intensification of motor block
during prolonged continuous infusions like those used for labor analgesia.

This also may explain the less frequent occurrence of motor block during labor
analgesia with PIEB and the preliminary observation that when PIEB is used for a
more prolonged period of time, such as in post-cesarean section pain relief, it has
the potential to decrease motor block, maintaining adequate analgesia [27].
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CEl

Fig. 8.3 This sequence represents the diffusion of the movement of local anesthetic into the nerve
according to diffusion gradients with CEI and PIEB. After the inital loading dose, not represented
in the figure, shortly after injection the local anesthetic solution reaches the nerve’s mantle region
first and eventually the core, blocking almost all fibers and producing anesthesia or analgesia,
depending on the concentration of the local anesthetic injected. Continuous infusion (CEI) or a
PIEB is usually started after an effective local anesthetic loading dose, but before the complete
regression of analgesia (A). After a single bolus administration such as with PIEB, initially the
concentration is greater outside of the nerve fiber (A1-D1), but over time, the extraneural
concentration equals the intraneural one, establishing a steady state (E1). Nerve blockade is
eventually overcome when the intraneural concentration exceeds the extraneural concentration
and the diffusion gradient is reversed (F1). This cycle is repeated at regular predetermined
intervals (usually every hour) (F1-L1). Therefore, if a local anesthetic at very low concentration
is used in intermittent boluses, the amount of local anesthetic inside the nerve fiber is only
sufficient to block the sensory fibers, but is not enough to block the motor fibers. In the case of
continuous infusion, it takes a longer period of time to reach the steady state (A-G) and the
diffusion of the local anesthetic solution is less uniform (D-H), but after a few hours the
extraneural concentration of local anesthetic is generally constantly higher than that in the
intraneural space because it is constantly refilled, and so the total concentration inside the nerve



98 G. Capogna

8.9 Computer-Integrated Patient-Controlled Epidural
Analgesia

A conventional PCEA pump permits the parturients, through self-administered
boluses, to titrate their epidural analgesia, but it cannot provide a varying basal
rate without the intervention of a clinician. Although basal infusion is not called on
in early labor, it may become more important with the inevitable increase of pain as
labor progresses or with the initiation of labor augmentation regimens. If a PCEA
pump could allow for a variable basal infusion rate and could be responsive to the
demands of the patient, the parturient may be able to experience more effective
analgesia.

Devices to adjust background infusion rates according to the frequency of earlier
demands have been created by converting an ordinary infusion pump into a
computer-integrated (CI-PCEA) pump by devising a program based on a new
clinical algorithm [28].

Depending on the number of PCEA patient requests over the last hour, this
interactive pump can automatically adjust the basal infusion rate, continually
recording the patient’s analgesic requirements and modifying the basal infusion
rate depending on whether the parturient needed one, two, or three demand boluses,
respectively, in the previous hour. Should there be no demands in this hour, the
pump lowers the basal infusion rate by decrements of 5 mL/h [28-30]. It has long
been believed that as labor progresses there is a greater need for epidural analgesia.
The CI-PCEA can meet this requirement by matching the basal infusion rate to the
patient’s analgesic needs. By matching the basal infusion rate to the patient’s
analgesic needs, the CIPCEA can meet the growing analgesic requirements of
labor.

8.10 New Maintenance Techniques and Maternal Satisfaction

Maternal satisfaction is one of the frequent secondary outcomes indicated in the
results of many studies which describe the new techniques of labor analgesia
maintenance [5, 9, 10, 18].

On average, almost always, 80 % of women are reported to be satisfied, more
with PCEA or automated bolus techniques than with CEI, but because unidimen-
sional scales are used to measure satisfaction it is hard to arrive at particular
conclusions.

Fig. 8.3 (continued) therefore increases over time and may reach the threshold for motor fiber
block even if a very low concentration local anesthetic solution has been used (H-L). This
difference in diffusion is even more evident as time passes. This may explain the frequent
occurrence of unilateral analgesia and the frequent intensification of motor block during prolonged
continuous infusions like those used for labor analgesia. Courtesy of Giorgio Capogna (2014)
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However, when a more appropriate tool to investigate satisfaction is used more
detailed information is obtained.

In one study the differences in maternal satisfaction between labor analgesia
provided by PIEB or CEI in nulliparous women were evaluated by using a multi-
dimensional questionnaire and then semistructured interviews. With CEI the
women experienced more motor block, numbness, and feeling of loss of control
and subsequent negative feelings because of their reduced ambulatory ability and
capacity to cope with labor and delivery. They indicated less satisfaction with
CEI when compared with PIEB. Actually there were consistently lower scores at
the postdelivery overall satisfaction evaluation in the women who had been
randomized to CEI [31].

8.11 Conclusion

Labor pain is dynamic and intensely personal and with this understanding clinicians
must “tailor” the analgesic regimen for each of their parturients so that the birthing
experience can be pleasant and memorable. Early labor may not necessitate basal
infusion, but with the intensification of pain as the labor proceeds or labor augmen-
tation to change the analgesic regimen may become more important.

Medical technology has now provided us with more advanced drug delivery
systems [32] that have promising, but to be confirmed, potential to fulfill maternal
requirements of a safe, natural, and painless childbirth.
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Michela Camorcia

9.1 Second Stage of Labor
9.1.1 Definition and Duration

The second stage of labor is generally defined as the time elapsing from the full
cervical dilation to the delivery of the fetus [1]. There is, therefore, a wide
variability in its accuracy as it depends on the operator’s decision to perform a
vaginal examination to determine whether the “diagnosis” of complete dilatation
is made.

The second stage of labor may be divided into a passive phase (latent phase),
where the fetal head progressively descends through the maternal pelvis and
internal rotation and flexion occur in the absence of involuntary expulsive
contractions, and an active phase (perineal phase) that begins when the fetal head
is visible and there is the urge to push with consequent involuntary and voluntary
maternal expulsive efforts resulting in the delivery of the baby [2].

The correct identification of these two different phases is essential as it is not
advisable to encourage the woman to start pushing until descent and internal
rotation have occurred.

The mean duration of the second stage is highly variable and there is no good
evidence regarding the absolute limits of this stage. In fact, the impact of the
duration of the second stage of labor on the obstetric and fetal perinatal outcomes
is very controversial. While a systematic review found that a prolonged second
stage of labor is associated only with an increased incidence of operative delivery
with no effects on adverse neonatal outcomes [3], a successive cohort study found
that an increased duration in the second stage is associated with an increase of both
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maternal and fetal adverse outcomes and this is particularly evident for duration
longer than 3 h in nulliparous women and longer than 2 h in multiparous women [4].

However, even though the picture is not completely defined, both the American
College of Obstetricians and Gynecologists and the NICE guidelines suggest that
birth is expected to occur within 2 h from the start of the active second stage in
nulliparous patients without regional analgesia and 3 h with regional analgesia and
within 1 h in multiparous patients without regional analgesia and 2 h with regional
analgesia [5, 6].

9.1.2 Position for Labor and Birth

There are many positions that can be used by women during the second stage and
the expulsive phase that are usually categorized as either neutral (supine) or
upright [7].

The supine positions include the lithotomy position, the lateral (Sim’s) position,
the semi-recumbent position, and the Trendelenburg’s position, while the upright
positions include the sitting (using obstetric chair or stool), the kneeling, and the
squatting positions.

Traditionally, and still in many institutions, women deliver in a supine, semi-
recumbent, or lithotomy position with the woman’s legs fixed in stirrups. This is
merely due to the fact that these positions are easier for care providers as they
enable easier access by the midwife and obstetrician to the woman’s abdomen to
monitor the fetal heart rate and visit the parturient.

The Nice guidelines [5], however, recommend discouraging women from lying
supine or semi-supine in the second stage of labor and encourage women to adopt
any other position that they find comfortable since the adoption of the supine
position in the second stage is associated with longer labors, increased vaginal
instrumental birth, increased pain, and a higher incidence of FHR abnormalities [8].

The supine position, in fact, causes aorto-caval compression that may cause a
significant reduction in the utero-placental perfusion with a consequent detrimental
effect to the fetus especially if adopted for a significant period of time and during
the expulsive period [9].

The Cochrane collaboration supports the current NICE guidance of positions for
vaginal birth encouraging women with epidural analgesia to use the position that
they feel more comfortable with during the second stage of labor [10].

9.1.3 Pushing Modality and Timing

The maternal urge to push is generally felt when there is direct contact of the baby
to the pelvic floor. Stretch receptors in the wall of the vagina, rectum, and ultimately
the perineum communicate the pressure of the fetus descending in the birth canal
that, along with an increased abdominal pressure, causes the overwhelming urge to
push generally described by women. This usually becomes evident during the
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transition from the latent phase of the second stage to the active phase, when the
urge to push becomes compulsive and involuntary.

During the active phase of the second stage of labor, contractions become less
frequent but stronger and of longer duration, thanks to a number of anatomical,
biochemical, endocrine, and humoral factors. One important role is played by
endogenous oxytocin that is crucial not only in contributing to the onset of labor,
but also in the maintenance of an active labor and delivery [11].

The urge to push felt by women in the active phase of the second stage is caused
by an enhanced oxytocin release secondary to the distension of the pelvic floor
caused by the fetal presenting part, also called the Ferguson reflex. This reflex
involves neural input from the ascending spinal tract, and especially from sacral
sensory input to the midbrain, thereby resulting in enhanced oxytocin release.
Although spontaneous labor and delivery may occur in women with spinal cord
injury which disrupts this tract [12], an interference with the Ferguson reflex has
long been recognized as a potential adverse effect of regional anesthesia [13].

In the past, in fact, it was believed that regional anesthesia might inhibit this
reflex, therefore prolonging labor, especially the second stage. However, clear
evidence for this does not exist. In fact, while some studies have noted a reduction
in plasma oxytocin concentrations with epidural local anesthetics [14] or intrathecal
opioid analgesia [15], other studies have failed to note such a reduction [16, 17].

However, these studies involved high doses and concentrations of local anes-
thetic solutions that are no longer used in our current clinical practice. The motor
block of the pelvic floor muscles caused by these old regimens, the reduction or
absence of the perception of the contractions, and the urge to push might be
responsible for the difficulty in bearing down during the second stage with a
resulting increase in the duration of this phase and, consequently, an increase in
the incidence of instrumental deliveries.

What happens with the low-dose, low concentration local anesthetic plus opioid
mixtures currently used for labor analgesia is the maintenance of all labor
sensations, including the sensation of bearing down and the ability to effectively
push. The only difference in women under epidural analgesia is the ability to resist
to the urge to push which may be advisable in some situations, for instance, when
the mother perceives the need to push before the vertex is visible.

In women without epidural analgesia, in fact, the Ferguson reflex may initially
be controlled, but it becomes increasingly compulsive, overwhelming, and invol-
untary during each contraction.

There are two completely different approaches to pushing: the spontaneous
pushing and the coached (or directed) pushing. The spontaneous pushing follows
the physiological body’s natural urge to bear down, allowing the mother to push only
when she feels ready, and in whatever way she feels more comfortable [18-20].

In the coached pushing, also called the Valsalva technique, women are directed
on when to start pushing and how to push, and it consists in instructing the woman
to take a deep breath at the beginning of a contraction, hold her breath, and push
with the closed glottis as hard as she can. These efforts are thought to facilitate or
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hasten the process of fetal descent, therefore minimizing the length of the second
stage of labor [21] and therefore improving fetal outcome.

However, the Valsalva maneuver only causes exactly what it is thought to avoid.
In fact, each time the woman performs a pushing effort, there is a significant
decrease in maternal cardiac output with a consequent reduction in the fetal blood
supply and oxygenation. While the transient, harmless, and physiological interrup-
tion in the feto-placental perfusion observed during a normal contraction is physio-
logically well tolerated by a healthy fetus, the Valsalva technique may cause a
significant, although transient, decrease in fetal oxygenation due to a prolonged
reduction in the fetal placental perfusion.

In addition, the Valsalva maneuver is also associated with damage to urinary,
pelvic, and perineal structures and determines only a slight shortening in the
duration of second-stage labor but not a reduction of prolonged second-stage labors
[22]. For all these reasons, the Valsalva pushing is not routinely indicated in current
clinical practice, and in the absence of specific indications, it should be avoided and
women should, therefore, be supported in using spontaneous pushing and
encouraged to choose their own method of pushing [23].

Coached pushing should be utilized only in instances when the benefits are
judged to outweigh the risks such as situations where expeditious birth is indicated
and the woman is not yet pushing spontaneously. Unfortunately, despite it now
being well established and widely accepted that the Valsalva maneuver has adverse
maternal and fetal consequences, it is still widespread in modern obstetric practice.

9.1.4 Initiation of Active Pushing

Maternal expulsive efforts may commence early in the second stage (early push-
ing), that is, before parturients feel the urge to push or before the fetal head is visible
at the perineum provided that a full cervical dilation is obtained, or they can be
delayed, that is, a woman who is fully dilated, but without the urge to push, is
allowed to rest and await the urge to push before actively bearing down with
contractions.

Several studies and a recent meta-analysis have demonstrated that, in women
with epidural analgesia, delayed pushing is associated with an increase in the
likelihood of spontaneous vaginal delivery along with an overall increase in the
duration of the passive second stage of labor [24-27] but with no effects on the
duration of the pushing phase. In addition, delayed pushing has been associated
with less maternal fatigue for nulliparous women [27].

Early pushing is conversely often associated with maternal exhaustion and may
result in more frequent fetal heart rate decelerations and fetal oxygen desaturation
[27, 28].

It is now, therefore, widely recommended [29-31] that women should be
encouraged to push only when full cervical dilation, the fetal condition, and
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engagement of the presenting part have been confirmed, and the woman feels an
urge to bear down and only during uterine contractions [19]. It has also been
suggested that women should not be asked to push from a high fetal station or
before full cervical dilation even in the presence of the urge to bear down.

However, there are, anyway, time limits to respect regarding the duration of the
pushing phase.

Pushing can be delayed up to 2 h for primiparous and up to 1 h for multiparous
women with epidural analgesia [27, 28] as after this time there is an increased risk
of birth asphyxia and maternal infection [32].

9.1.5 Analgesia for the Second Stage of Labor: Pain Pathways

Near the end of the first stage of labor, once the cervix is becoming fully dilated, the
nociceptive stimulation from it decreases while the uterine contractions and
stretching of the lower uterine segment still cause pain as in the first stage. In
addition, the fetal head begins to descend causing distension of the pelvic floor,
vagina, and perineum activating stretch receptors located through these structures
and activating an additional source of nociceptive impulses that account for the
severest pain that accompanies the second stage and delivery in particular.

Pain increases as labor progresses becoming, in the second stage, more intense
and widespread and refers not only to T11-T12 dermatomes, as in the first stage,
but also to segments above and below so that pain is also felt in the upper thighs and
mid-sacral areas (L1, L2) and umbilical region (T10).

In addition, the severe distension and traction of the pelvic structures result in an
additional source of pain that is carried by the pudendal nerve through the anterior
rami of S2 through S4.

Pain during the second stage of labor is primarily somatic: is usually sharp,
burning, and well localized [33].

The knowledge of the afferent neural pathways involved in labor pain is crucial
as it helps to better understand the changing analgesic requirement needed during
the different phases of labor.

9.1.6 Analgesia for the Second Stage

The ideal analgesia during the second stage of labor should be able to provide
successful and profound analgesia until delivery in response to the increased pain
that characterizes this stage. This, of course, should not interfere with the important
physiological processes that occur during this stage such as the descent and rotation
of the fetal head. In addition, it should enable mothers to push effectively by
preserving the sensation of the contractions, the increasing rectal pressure as the
fetal head descends, and the urge to bear down.

Pain during labor is a dynamic process and epidural analgesia should be ade-
quately titrated because it is transmitted mainly by somatic nerve fibers that are
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much larger and more difficult to block than the thinner visceral nerve fibers. The
intensity of labor pain, in fact, increases with greater cervical dilatation [34, 35],
and there is almost a threefold increase in the analgesic requirement during
advanced labor and delivery [36].

Unfortunately, despite the extensive understanding of the mechanisms involved
in pain transmission and pain management during the second stage of labor, women
often complain that their labor analgesia wore off during the second stage and
delivery in particular.

Several studies show that the effective analgesia experienced by women during
the first stage begins to decrease with the progression of labor into the second stage
resulting in a significant percentage of parturients being in pain during most of the
second stage [37—41] peaking at delivery [42].

Nowadays, epidural analgesia for labor involves using very dilute local anes-
thetic plus opioid solutions that is the least likely method associated with instru-
mental delivery, presumably as a result of the preservation of the muscle tone and
the bearing down reflex [43] but in some cases, if not adequately titrated, may not
permit paturients to experience a complete pain-free delivery, particularly during
the most painful second stage.

Nevertheless, often, anesthesiologists are asked to decrease the epidural infusion
rate or discontinue epidural analgesia during the second stage and/or the pushing
phase due to the misconception that this will improve the maternal ability to bear
down, increase the duration of the second stage, and increase the likelihood of a
spontaneous vaginal delivery.

However, this practice does not guarantee an improvement in the obstetric and
fetal outcome, nor increases the likelihood of a spontaneous vaginal delivery but
only results in greater pain for the parturient [44].

In addition the custom of withholding labor epidural analgesia is to be consi-
dered unethical and breaks the “pain-free labor agreement” between the woman and
the physician previously established during the informed consent procedure.

9.1.7 Maintaining Epidural Analgesia During the Il Stage

The maintenance of epidural analgesia in the second stage should be individualized
and should consider several factors. The need for additional analgesia, in fact,
depends on the patient’s characteristics such as the individual pain threshold, type
of labor (normal or dysfunctional), fetal position, and the length of time of
epidural use.

When the diagnosis of the second stage is made, anesthesiologists should at that
moment assess the quality of the present analgesia, the possible presence of missed
segments or unilateral block, or the discomforting sensation of rectal or vaginal
pressure and this should then guide his decision to administer additional analgesic.

Generally, additional epidural top-ups of highly concentrated local anesthetic
solutions are needed or, if a continuous infusion is used, an increase of the infusion
rate is required.
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9.1.8 De Novo Il Stage Analgesia

In some situations an anesthesiologist is asked to establish a neuraxial block in the
second stage of labor. This situation may offer some problems to anesthesiologists
as parturient cooperation with the performance of the block is significantly reduced
due to the extreme pain being experienced. The avoidance of motor block is also
more difficult as higher doses and/or concentrations of local anesthetics are needed
to guarantee a successful analgesia.

9.1.8.1 Epidural Analgesia
The epidural technique can be offered to establish effective labor analgesia in the
second stage.

This technique, however, may be associated with higher failure rates when
compared to CSE analgesia due to its slower onset of effective analgesia [45] and
in particular the delay in blocking the larger sacral nerve roots involved with
second-stage labor pain.

9.1.8.2 Combined Spinal Epidural Analgesia

The combined spinal epidural (CSE) technique is indicated to establish analgesia in
the second stage of labor, especially in its advanced phase due to its fast onset of
analgesia. The mean onset of effective analgesia of the CSE technique is, in fact,
approximately 2-5 min, whereas the onset after epidural analgesia is approximately
10-15 min [45].

In addition, one important feature of this technique is that it provides the rapid
onset of effective sacral analgesia that makes the CSE technique very appealing for
a laboring woman asking for analgesia in the second stage of labor or a multiparous
woman with a rapid progression of labor.

9.1.8.3 Single-Shot Spinal Analgesia

Single-shot spinal analgesia may represent an option for pain relief in the second
stage of labor when the CSE and epidural technique are not available or when the
parturient asks for analgesia when delivery is imminent. The performance of a
single-shot technique is in fact not indicated early in the second stage as the
duration of the drug injected is limited in time and may not cover the pain of the
late second stage and delivery [46].

9.1.8.4 Continuous Spinal Analgesia

Continuous spinal anesthesia provides a rapid onset and reliable analgesia and it
might be an effective option for initiating neuraxial analgesia in the second stage.
However, this technique is rarely employed in the obstetric setting due to the
limitations of the available equipment and, above all, for the increased risk of
complications such as the unacceptably high rate of postdural puncture headache
[47]. In addition, it does not offer any advantages over the epidural or CSE
technique; therefore it will probably continue to be an infrequently used option in
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the obstetric population except for particular clinical situations such as difficult
epidural catheter placement or parturients with previous spine surgery.

9.2  Analgesia for Delivery (Perineal Analgesia)

Perineal pain is felt when the fetal head distends the perineum. At this point,
anesthesiologists should provide an effective block of the sacral roots to guarantee
a painless delivery.

Anesthesiologists should evaluate the adequacy of perineal analgesia before
delivery and might also perform a sensory block evaluation to assess any segmental
deficiencies present in the caudal area obtaining a rough estimate of the amount of
analgesic solution that is likely to be needed to obtain the solid sensory blockade of
all segments below T10.

If no adequate sacral analgesia is present at the time of delivery, perineal
anesthesia can usually be produced with either 5-10 mL of 1-2 % mepivacaine,
or lidocaine, or 2-chloroprocaine (or 0.2-0.5 % bupivacaine).

Perineal infiltration is the most commonly used regional anesthetic technique in
patients that deliver without preexisting epidural analgesia. It also provides anes-
thesia for repair of lacerations and may also be used to supplement poorly function-
ing epidural analgesia or in the case of epidural catheter migration during labor.

9.3  Third Stage of Labor
9.3.1 Definition and Management

The third stage of labor is defined as the time elapsing from the moment of delivery
of the baby to complete expulsion of the placenta and membranes [5].

The third stage consists of a latent phase in which all the myometrium contracts
except for that behind the placenta which remains relaxed, a contraction phase
where the retro-placental myometrium also contracts and leads to the separation of
the placenta, and the expulsion phase where the placenta is expulsed through the
birth canal [48]. At this point, precise protective mechanisms occur to prevent
excessive bleeding such as the contraction of the muscle fibers that surround the
maternal vessels [49] and also the women’s coagulation system that activates
temporarily [50].

Physiologically, the third stage is characterized by a limited blood loss, as the
placenta separates and is expulsed. That depends on how long it takes for the
placenta to separate from the uterine wall and how effectively the uterine muscle
contracts in the immediate postpartum period.

However, approximately in 5 % of deliveries, postpartum hemorrhage (PPH)
occurs during the third stage and in particular within the first hour after delivery and
is responsible for a major part of maternal morbidity and mortality [51, 52].
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The main causes of PPH are uterine atony that accounts for 90 % all of cases,
retained placenta and clots, vaginal trauma or uterine injury, and also the presence
of preexisting or acquired coagulopathy.

There are basically two clinical approaches for the management of the third
stage: the physiological management and the active one [5, 53-55].

The physiological (expectant) management consists of a “hands-off” approach
where the delivery of the placenta is spontaneous or just helped by maternal
expulsive efforts while uterotonics are not given prophylactically, the cord is
neither clamped nor cut early, and there is no controlled cord traction.

On the other hand, the active management of the third stage of labor consists of
the clinician intervention in the process of placental expulsion that involves the
prophylactic use of uterotonics, the early clamping and cutting of the umbilical
cord, and the controlled umbilical cord traction to deliver the placenta.

The active management of the third stage of labor has been introduced with the
primary aim of reducing significant postpartum blood loss [54].

The Cochrane collaboration found that the active management of the third stage
of labor as a routine preventative measure significantly reduces primary blood loss
>500 mL and reduces the risk of postpartum hemorrhage (defined as a blood loss
>1,000 mL) [5, 56]. In addition, this practice also reduces the need for the manual
removal of the placenta [57], the duration of the third stage, the occurrence of
postnatal maternal anemia, and the need for blood transfusion [5].

However, it is worth noting that the active management of the third stage may
itself have some adverse effects, and this is mainly attributed to both the admini-
stration of ergot alkaloid as the uterotonic drugs and the practice of early umbilical
cord clamping.

The adverse effects related to uterotonic use consist in an increased risk of
maternal nausea, vomiting, and elevated blood pressure [56, 58].

There are several different types of uterotonic drugs that can be administered as
a part of the active management of the third stage such as oxytocin, ergot alkaloids,
and prostaglandins, but usually, a combination of ergometrine and oxytocin or
ergometrine or oxytocin alone is used.

The combination of ergometrine and oxytocin is associated with a small but
statistically significant reduction in the risk of PPH when compared to oxytocin
alone for blood loss >500 mL. However, this drug association is also characterized
by an increased incidence of maternal side effects such as nausea and vomiting and
an increase in blood pressure with respect to the use of oxytocin alone [59].

The timing of the uterotonics administration varies across different countries and
it is controversial as to whether they should be administered prior or after the
expulsion of the placenta [60].

The second component of the active management of the third stage is the early
cord clamping that consists of the clamping of the umbilical cord within 20—60 s of
birth.

The practice of early cord clamping may anyway have adverse consequences for
the fetus. In fact, it reduces the volume of placental blood transfusion to the fetus
leading to a reduction in the infant blood volume at birth by about 20 % [61, 62]
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with consequent lower hematocrit levels and hemoglobin concentration [59, 61—
63]. However the clinical relevance of this feature is not well established.

Placental delivery is an essential step that occurs during the third stage as it
allows the uterus to contract, therefore reducing the physiological volume of blood
loss during this stage. Failure of the placenta to be delivered in this timely manner,
in fact, is an important risk factor for postpartum hemorrhage [64, 65].

There are two basic interventions to help to deliver the placenta as part of the
active management of the third stage of labor: the fundal pressure or the controlled
traction on the umbilical cord that represents the standard third component of the
active management of the third stage. Controlled cord traction consists of the gentle
traction on the umbilical cord coupled with a counter-pressure upwards on the
lower abdomen in correspondence to the lower segment of the uterus, performed
after clear signs of placental separation become evident. Fundal pressure (Crede
maneuver) consists of placing one hand on the lower abdomen in correspondence to
the uterine fundus and squeezing it to facilitate placental separation and the
expulsion of the placenta through the birth canal [66].

Both these interventions, especially if not correctly performed, may have
adverse outcomes, such as severe pain, hemorrhage, or even uterine inversion
that represents a life-threatening and unpredictable obstetric emergency which
can lead to severe hemorrhage and shock [67, 68].

Since there are no randomized controlled trials to support the use of fundal
pressure rather than controlled cord traction as part of the active management of the
third stage of labor, the first should continue to be chosen as the method of placental
delivery in the active management of the third stage of labor.

Usually the placenta is delivered within 5—15 min from the delivery of the baby;
however, in approximately 0.6 and 3.3 % of normal deliveries, it is not delivered
within 30 min of the birth when the third stage is actively managed or within 60 min
when physiologically managed, and a significant complication defined retained
placenta occurs [5, 65, 69].

The best strategy to treat retained placenta is to administer oxytocin in the
umbilical vein followed by the proximal clamping of the cord, and, if after
30 min from this intervention the placenta is still retained, or if there is concern
about the maternal well-being, the manual removal of the placenta should be
performed [5].

9.3.2 Pain Pathways During the Third Stage

Pain during the third stage is due to the dilation of the cervix by the passage of the
placenta and also to the contraction of the uterus. These impulses, like those that
occur during the first stage of labor, enter the spinal cord via the 11th and 12th
thoracic nerve.
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9.3.3 Analgesia for the Third Stage

The third stage of labor is not particularly painful as the cervix is already fully
dilated. In addition, if an effective epidural is running, the expulsion of the placenta
will not cause any pain. However, the importance of this phase is not to be
underestimated.

The Nice guidelines recommend, in fact, close obstetric and anesthetic observa-
tion after delivery, indicating that a care provider should observe the parturient’s
physical status and vital parameters and that palpation of the uterus and the amount
of vaginal blood loss should be regularly evaluated.

Anesthesiologists should be promptly available to intervene should any compli-
cation of the third stage occur like postpartum hemorrhage or retained placenta. In
this latter case, the anesthesiologist might use the epidural catheter previously used
for providing labor analgesia to obtain effective anesthesia.

It is therefore good practice to remove the epidural catheter 2—4 h after delivery.

9.4 Episiotomy

Episiotomy consists of the incision through the perineal tissues as the fetal head
distends the perineum shortly before delivery, in order to enlarge the vaginal outlet
during delivery.

There are two types of episiotomy: the median and the medio-lateral. The first
one consists of an incision that begins in the midline and extends posteriorly
following the natural insertion of the perineal muscles, while the medio-lateral
extends from the midline in a 45° angle to either side.

The disadvantages of the first one are that it is associated with a higher incidence
of anal sphincter and rectal mucosa injury and may also cause severe postpartum
pain while the latter is associated with a reduced incidence of damage to the anal
sphincter and less postpartum pain, is easier to repair, and causes less blood loss.

Episiotomy is usually performed in the belief that it makes the baby’s birth
easier and reduces the incidence of vaginal tears associated with the vaginal
opening as the baby’s head passes through, especially if the baby descends quickly.

Vaginal tears, in fact, are one of the most common complications that can occur
during vaginal birth and may cause discomfort and pain a long time after childbirth
that will affect the quality of life of the parturients.

Spontaneous trauma can involve the labia anteriorly and the perineal skin or
extend to the muscles and the anal sphincter and anus. Spontaneous tears are
defined as first degree when there is only involvement of the fourchette; second
degree when there is involvement of the fourchette plus the perineal muscles and
skin; third degree when there is also injury to the anal sphincter; and fourth degree
when the injury extends through the rectal mucosa to expose the lumen of the
bowel [70].

The occurrence of obstetric perineal third or fourth degree tears lacerations is an
important cause of maternal morbidity as they may cause important long-term
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adverse effects including, in particular, the development of anal incontinence after
childbirth but also dyspareunia, chronic perineal pain, and recto-vaginal fistula [71,
72]. Although significant anal incontinence only affects a minority of women, its
symptoms may have devastating effects on the quality of life for the women
affected [73].

Episiotomy was largely used in the past, while its use in contemporary obstetrics
is now restricted [74].

The American College of Obstetricians and Gynecologists suggested that not
using episiotomy routinely as the performance of a midline episiotomy is itself
associated with third and fourth degree tear and is not associated with any benefits
when compared to no episiotomy [74, 75].

The Cochrane collaboration also demonstrated that there is evidence to support
the restrictive use of episiotomy as compared to the routine use of episiotomy
because the first is associated with a lower risk of clinically relevant morbidities
such as severe perineal trauma, the need for suturing, and fewer complications. The
only disadvantage shown in the restrictive use of episiotomy is an increased risk of
anterior perineal trauma [76].

Epidural analgesia during labor has traditionally been regarded as a risk factor
for severe perineal trauma after vaginal delivery due to the presumed interference
with the second stage of labor that may lead to increased obstetric intervention such
as operative deliveries and consequent perineal trauma. Old studies investigating
the relationship between the use of epidural analgesia and perineal trauma gave
conflicted results [77-80]. More recent research postulated, on the contrary, that
epidural analgesia might have a protective effect against severe third and fourth
degree lacerations due to the relaxation of the muscles of the pelvic floor induced by
this technique that may allow a more controlled delivery of the fetal head, therefore
reducing obstetric lacerations [77, 81, 82].

Interestingly, recent evidence suggests that the etiological factors responsible for
the occurrence of obstetric anal sphincter injuries are to be found in ethnicity,
operative vaginal birth, persistent occipito-posterior position, and rapid uncon-
trolled delivery of the fetal head rather than in the epidural use [83].

The routine use of episiotomy is not even recommended in the case of instru-
mental vaginal delivery. The available studies on this topic [§4—86] were not able to
define if a policy of routine episiotomy might reduce the incidence of perineal and
genital trauma. Therefore, also in this case, the restrictive use of episiotomy is
supported [30].

9.4.1 Pain Pathways

The sensory and motor innervation of the perineum is provided by the pudendal
nerve that arises primarily from segments S2 to S4. This nerve divides into three
branches: the inferior rectal (inferior hemorrhoidal), perineal, and clitoral nerves. A
third branch of the pudendal nerve, the inferior rectal nerve, provides innervation to
the perirectal skin, the anal sphincter, and parts of the musculature of the posterior
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pelvic floor. The mons pubis and anterior labia are supplied by the ilioinguinal and
genitofemoral nerves. These nerves arise from the lumbar plexus and travel through
the inguinal canal.

9.4.2 Analgesia for Episiotomy

Episiotomy represents a surgical procedure; therefore dense and profound perineal
anesthesia is required.

The degree of perineal block obtained after a few hours of effective epidural
analgesia might not be dense enough to guarantee a pain-free procedure.

It is therefore advisable to always perform a careful assessment of the adequacy
of perineal anesthesia prior to the incision in order to correctly titrate the dose of
local anesthetic possibly needed for this phase.

Lidocaine 2 % or mepivacaine 2 %, 5 or 10 mL, may be ideal for this phase due
to their rapid onset or the anesthesiologist may prefer to carry on with the same
local anesthetic previously used for labor analgesia but increasing its concentration
in order to obtain a surgical anesthesia of the perineum. Time must be allowed for
the top-up to take effect before episiotomy is performed; usually, if epidural
analgesia is running, approximately 3—5 min are needed for the perineum to be
adequately anesthetized.

Following delivery of the placenta and its inspection, episiotomy or minor
lacerations are repaired.

Parturients who received correct anesthesia of the perineum for episiotomy
usually don’t need any additional top-ups. However, it is crucial at this time to
remain in the labor ward and monitor the parturient’s vital signs to rule out any
complications relative to delivery.
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Marie-Pierre Bonnet, Diane Korb, and Alexandre Mignon

10.1 Introduction

Labor results in severe pain for most women. In the absence of medical contraindi-
cation, maternal request is a sufficient indication for pain relief, which is performed
in the vast majority of developed countries through neuraxial analgesia. Regional
analgesia techniques (spinal, epidural, and combined spinal epidural) are the most
flexible, effective, and least debilitating to the central nervous system, enabling an
alert and active woman to deliver an alert neonate [1].

Neuraxial analgesia may, however, have some effects on maternal, placental,
and labor physiology that may possibly impair maternal and neonatal well-being.

This chapter will examine the possible contribution of neuraxial analgesia to
determine the FHR changes observed after labor analgesia, the probable causes, and
the suggested solutions, according to the major international guidelines [2—8].
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10.2 Systemic and Fetal Consequences of Neuraxial Analgesia

Neuraxial analgesia may be associated with undesirable side effects for both the
parturient and fetus [9], but their incidence and causes cannot be determined easily.
They have been measured and compared with other techniques providing pain relief
during labor, mainly systemic administration of opioids, in either observational or
randomized controlled study [3, 4]. Neuraxial analgesia has been associated with
longer second-stage labor, more frequent oxytocin augmentation, and maternal
hypotension. However, it is not clear whether this association is causative or not.
Neuraxial analgesia does not affect fetal oxygenation, neonatal pH, or 5-min Apgar
scores by contrast with systemic opioid administration [5, 6]. All parenteral opioids
have indeed a significant effect on the intra-partum fetal heart rate (FHR) tracing,
due to transplacental passage. A decrease in FHR variability is commonly observed
in around 15 % of cases. This may usually have no impact in the course of the labor.
However, parenteral analgesia is associated with a threefold increased risk of Apgar
scores lower than 7 at 5 min and a fourfold increased request for neonatal naloxone
administration. On the contrary, regional anesthesia is associated with the occur-
rence of abnormal fetal heart rate patterns in around 15 % of cases, but without any
effect on the fetal or neonatal status, and even an improved well-being in some
meta-analysis [6].

Neuraxial analgesia induces a sympathetic block, whose intensity depends on
the nature and amount of drugs administered at initiation and during the mainte-
nance of analgesia and on the technique of administration (more severe with spinal
than with epidural). According to the extension and the density of such sympathetic
block, regional analgesia may produce maternal hypotension. The incidence was
very important in the 1990s (around 25 %), when neuraxial analgesia was
performed with a relatively high amount and concentration of local anesthetics
[3, 5]. Most recent practices [7, 8] with low doses of local anesthetics combined
with lipophilic opioids may result in less frequent hypotension (10 %).
Anesthesiologists, obstetricians, and midwives should be prepared for the occur-
rence of hypotension, which must be treated with intravenous ephedrine to correct
uterine decreased perfusion. Maintaining or providing left uterine displacement
should maximize uterine perfusion in the case of hypotension. Transient fetal heart
rate changes may also be observed (15 %) after the initiation of neuraxial analgesia.

10.3 Uterine Blood Flow and Fetal Heart Rate During Labor

Uterine blood flow is 700 ml/min at term pregnancy and represents 10-15 % of
maternal cardiac output. 80 % of uterine blood flow is devoted to placental
perfusion and is not subject to self-regulation. Therefore, maternal hypotension, if
not promptly and adequately treated, may have an impact of the utero-placental
perfusion, which can, in turn, induce fetal hypoxia. A decreased utero-placental
blood flow over 50 % leads to fetal hypoxia and acidosis. Placental blood flow is
directly proportional to the uterine perfusion pressure (UPP). UPP is the difference
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between the uterine arterial and venous pressures and is inversely proportional to
the uterine vascular resistance [9]. These are determined by the intrinsic vasomotor
tone of vessels, which may be influenced by physiological stimuli or pharmacolog-
ical agents, and by the myometrial tone determined by the basal tone and uterine
contraction. Uterine contraction does not alter the physiological utero-placental
hemodynamic. Utero-placental flow decreases during the peak phase of the con-
traction, but an offset is created by an increase in the blood volume of the
intervillous space, as intrauterine pressure does not exceed spiral artery pressure.
During uterine relaxation, the flow returns to normal. When uterine contraction
exceeds 60 mmHg, there is a deficiency of oxygen in the intervillous space. During
uterine relaxation, recovery of the oxygen debt is completed. In extreme uterine
hypertonia cases and/or hyperkinetic frequency, the utero-placental flow is
interrupted for a longer time and can lead to fetal hypoxia in utero. Besides
decreased maternal blood pressure, other factors can modify the utero-placental
blood flow, such as maternal hypocapnia or hypoxia, through norepinephrine-
induced increased uterine vasoconstriction [10].

A balance between the antagonistic effects of sympathetic and parasympathetic
systems determines the fetal heart rate (FHR) and its variability (Fig. 10.1). The
heart rate results from the cardiac cycle sequences, and its characteristics are related
to the mechanisms of fetal adaptation to stimuli and aggression. These stimuli can
be a change in blood flow, or in blood pressure, for which the baroreceptors are
sensitive, or a decrease in PO,, for which the chemoreceptors are sensitive. These
chemoreceptors are also sensitive to PCO, and/or lower pH.

During normal uterine contraction, the fetal level of oxygenation remains glob-
ally unchanged. Umbilical blood pressure and flow do not vary, as well as PO, and
pH. Fetal hypoxia may occur in the case of maternal hypotension, maternal
hypocapnia, maternal hypoxia, and uterine hypertonus. Hypoxia produces stress
with an increased release of catecholamines and fetal liver and heart glycogenoly-
sis. Glucose consumption becomes anaerobic, which causes a rapid depletion in
fetal reserves, production of lactic acid, and acidosis. The physiological hypoxic
response depends on the PO, initial value and on both the PO, fall intensity and its
speed. Two phases are described: (1) adaptation by increasing heart rate and blood
pressure and (2) adaptation capabilities are exceeded, which causes a drop in heart
rate and blood and production acidosis.

Fetal hypoxia produces an increased fetal catecholamine release. This produc-
tion induces subsequently a rise in blood pressure, which causes a decrease in FHR
and a reduction of cardiac output. A redistribution of cardiac output is observed,
with vasoconstriction in non-essential areas, which helps maintain blood flow to
vital organs. The alteration of the fetal heart rate (control over early fetal aggres-
sion) may be due to stress reactions (control of fetal adaptation) or a real cellular
hypoxia.

Hypercapnia, associated with increased lactate, causes a decrease in pH. Fetal
hypoxia and anoxia lead to a decrease in fetal pH by hypercapnia. This type of
respiratory acidosis is easily reversible, seen when there is a difficult gaseous
exchange between fetus and mother. Later, there is an increase in lactate
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Fig. 10.1 Fetal heart rate variability

(1) >25 bpm marked variability

(2) Between 6 and 25 bpm normal variability
(3) 3-5 bpm minimal variability (decreased)
(4) No variability

production, associated with hypercapnia (mixed acidosis). At a later stage there is
asphyxia associated with metabolic acidosis. Alteration of pH, at the cellular level,
may cause permanent cell damage.

Late decelerations mark inadequate utero-placental exchanges, which lead to
generalized hypoxia, associated with hypercapnia. Hypoxia leads firstly to the
inhibition of the sympathetic and vagal stimulation and secondly to ananaerobic
glycoysis and metabolic acidosis. The involvement of chemoreceptors, whose
response is slower than baroreceptors, is said to offset the decrease. If there is a
single placental insufficiency, normal contractions can cause late decelerations.
Prolonged delays are due to a sharp decrease in the placental blood flow, either by
hyperactivity or by maternal hypotension. Hypoxia appears, which, like late
decelerations, causes a drop in heart rate, with acidosis.
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10.4 Fetal Monitoring During Labor

Fetal well-being can be appreciated by the monitoring of the fetal heart rate (FHR).
FHR monitoring has, however, a good sensibility but a very poor specificity, due to
the high inter- and intraindividual variability and to numerous confounding factors
(maternal hyperthermia, fetal sleep, drug effects, ...) [11]. The largest prospective
randomized trial on electronic fetal monitoring ever carried out [12] did not show
any benefit in terms of perinatal mortality or cerebral palsy. The only significant
benefit demonstrated by the use of FHR monitoring is a reduction of neonatal
seizures, against an increased rate of cesarean and instrumental deliveries. More-
over, several systematic reviews concluded that the use of FHR surveillance had no
benefit on neonatal mortality or on the incidence of cerebral palsy [13, 14]. Conse-
quently, the ACOG recommends replacing the term ‘“fetal distress” by ‘“non-
reassuring fetal status.” The presence of abnormal FHR must, however, be an
alarm to possible acute fetal distress. The obstetrical team must act to avoid fetal
effects, including neurological injury or even death. The normal FHR is defined by
its oscillations and basic rhythm. Uterine contraction does not cause any significant
change normally. The analysis involves a careful and thorough reading following
an established protocol and precise terminology. An example of a commonly used
classification is the classification of NICHD 2008 [15]:

e Early decelerations are defined by a deceleration of the FHR at the time of
uterine contraction, and whose nadir occurs contemporaneously to the maximum
peak of the uterine contraction, with a return to basic heart rate (Fig. 10.2).

* The late decelerations are defined by a deceleration of the FHR at the time of
uterine contraction, which starts with a delay relative to the beginning of the
contraction, with a return to basic heart rate (Fig. 10.3).

e The variable decelerations are defined by a sharp slowdown in FHR. This
deceleration must be >15 bpm compared to the basic FHR, for more than or
equal to 15 s but <2 min. The onset, depth, and duration of delays vary during
successive contractions (Fig. 10.4).

e The prolonged decelerations are defined by a deceleration FHR >15 bpm
compared to FHR base, lasting >2 min, but <10 min before returning to the
FHR base (Fig. 10.5).

» Bradycardia corresponds to <110 bpm FHR for a period >10 min.

Continuous fetal heart rate monitoring is recommended prior to performing any
type of labor analgesia and during labor. After neuraxial analgesia, FHR
abnormalities are observed with a frequency of about 15 % [2, 3].

It is commonly believed that the use of opioids systemically for labor analgesia
is accompanied by a decrease in FHR variability, but a meta-analysis, which
compared the frequency of abnormal FHR during analgesia produced by systemic
opioids versus neuraxial analgesia, was not able to detect any differences [5].

Reports of the FHR effects of epidural analgesia suggest that decelerations are
common in the first 60 min after initiation of epidural analgesia. Six reports
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published between 1977 and 2003 specifically describe FHR patterns 30—60 min
after injection of epidural bupivacaine. The incidence of total decelerations
described in these studies varies from 8 % to 70 % within the first 60 min after
epidural analgesia. Jouppila observed that 8 % of 105 women given 0.5 %
bupivacaine to initiate epidural analgesia developed FHR decelerations within
30 min of anesthetic drug injection [16]. Lieberman studied 59 women given
0.375 % bupivacaine epidural analgesia and observed late decelerations in 14 %
within 60 min of the injection [4]. Stavrou studied only the incidence of prolonged
decelerations in the 60 min after epidural injection in 366 women and observed
such decelerations in 11 % of women [17]. They reported that prolonged
decelerations usually occurred within 5-10 min of epidural injection. Nielsen
reported a 23.4 % incidence of late or prolonged decelerations within 60 min in
129 women who received 0.25 % bupivacaine epidural analgesia [18]. Most
recently, Eberle reported that if variable decelerations were included, up to 70 %
of women given epidural analgesia demonstrated FHR decelerations within 40 min
of epidural injection [19]. Wolfler [20] analyzed FHR changes after epidural
analgesia with ropivacaine and sufentanil and showed that epidural analgesia
with ropivacaine and sufentanil was associated with transient FHR changes, with-
out any modification in the FHR baseline. All the changes described were signifi-
cantly more frequent in the first 30 min after analgesia, whereas in the following
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Fig. 10.5 Prolonged deceleration

— Visually apparent decrease in the FHR below the baseline

— Decrease in FHR from the baseline that is 15 bpm or more, lasting 2 min or more but <10 min in
duration

60 min, even without a complete return to pre-analgesia conditions, an increase in
the number of traces with accelerations and good long-term variability were
observed. Decelerations were present in all trace segments after analgesia but
with decreased frequency.

Late FHR decelerations attributable to epidural-induced utero-placental
hypoperfusion are uncommon. In a recent French retrospective study analyzing
6,676 patients who underwent epidural analgesia, 760 (14 %) presented anomalies
of FHR in the hour following the initiation of the epidural [21]. Among these
anomalies, 319 (42 %) showed prolonged decelerations, 169 (22 %) variable
decelerations, 122 (16 %) early decelerations, 110 (14 %) late decelerations, and
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40 bradycardia (5 %). These anomalies occurred most often (73 %), while the FHR
pattern prior to installation of the epidural was normal. Epidural analgesia may also
deteriorate already abnormal FHR.

Some studies have suggested that there may be an increase in the frequency of
non-reassuring patterns in the fetal heart rate, particularly bradycardia, with com-
bined spinal-epidural analgesia. Intrathecal use of a large amount of lipophilic
narcotics, especially sufentanil, may be associated with a small but increased
incidence of profound fetal bradycardia within 60 min of administration and an
increased risk of cesarean delivery for non-reassuring fetal status. This question
remains open, since different studies report different results [3, 18, 22-27]. The
only recommendation is probably to reduce the lipophilic opioid administered in
the intrathecal part of the CSE technique to the minimal amount.

The physiological mechanisms of these abnormalities are still partly unknown,
but may be mainly related to maternal hypotension due to the association between
excessive sympathetic block and aorto-caval compression. Other effects related to
neuraxial block-induced analgesia may also be involved. Pain relief leads to a
decrease in output of the sympathetic nervous system (effective labor analgesia
leads to a decrease in circulating epinephrine levels). Decreasing epinephrine,
which is a tocolytic, will cause an increase in uterine tone, which may decrease
placental blood flow. If placental blood flow is decreased enough, there will be a
subsequent fetal bradycardia or FHR changes [28-30]. In addition, Cascio
et al. showed that a faster decrease in plasma epinephrine in parturients who
received spinal opioids when compared to epidural bupivacaine was observed,
which offers a possible explanation for the faster onset of FHR changes in CSE
compared to epidural analgesia [30]. To summarize, the rapid, reduced maternal
production of epinephrine associated with a rapid onset analgesia, such as that
observed with CSE, and/or a profound analgesic block, such as that obtained by the
“old-fashioned” high-dose epidural analgesia, could indeed induce basal uterine
hypertonus, which, combined with decreased UPP, could contribute to determine
the transient FHR changes observed immediately after effective labor analgesia.

In all cases, changes in the FHR pattern after neuraxial analgesia are commonly
reversible after the first 60 min and should not affect the fetal outcome or induce the
obstetrician to perform an operative delivery.

10.5 International Guidelines for Maternal and Fetal
Monitoring During Neuraxial Analgesia

Scientific societies and professional colleges have produced guidelines on intra-
partum fetal surveillance that apply during initiation and maintenance of neuraxial
analgesia [9, 16—18]. The goal of intra-partum fetal surveillance is to assure fetal
well-being during labor, mainly by detecting maternal hypotension and significant
fetal heart rate (FHR) abnormalities that would lead to a subsequent intervention to
prevent fetal neurologic injury and death.
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FHR monitoring was introduced in the 1960s to decrease the incidence of
neonatal encephalopathy related to peri-partum hypoxic events. FHR monitoring
is based on the ultrasonic fetal heart movement detection and coupled with external
uterine contraction detectors. The quality of recording is very important for correct
interpretation, and whenever there is a poor outcome for the neonates, the paper
record acts as a powerful aid to any party wishing to demonstrate substandard
antepartum care, i.e., at the time of neuraxial analgesia initiation.

According to the American College of Obstetricians and Gynecologists
(ACOG), FHR patterns should always be interpreted according to the clinical
situation and to the presence of maternal and/or fetal morbidities (preeclampsia,
diabetes mellitus, prior cesarean delivery, prematurity, fetal growth restriction, . . .)
[15]. Given that the available data do not show a clear benefit for the continuous use
of electronic FHR monitoring, intermittent auscultation may be, however, another
reasonable option in the context of uncomplicated labor for the ACOG, the Royal
College of Obstetricians and Gynaecologists (RCOG), the Society of Obstetricians
and Gynecologists of Canada, as well as the Royal Australian and New Zealand
College of Obstetricians and Gynaecologists (RANZCOG). These four societies
recommend, however, the use of continuous monitoring in women with high-risk
conditions. The French Society is the only society to recommend the systematic use
of FHR continuous surveillance during the active phase of labor in all parturients
under neuraxial analgesia, mainly because of the French organization of care, with
a low number of midwives per parturient [31].

The different national guidelines are also not in total agreement regarding FHR
assessment during labor and during the initiation and maintenance of neuraxial
analgesia. Fetal monitoring during neuraxial analgesia is not specified in the ACOG
guidelines, but epidural analgesia and combined spinal epidural analgesia are
identified as techniques affecting FHR. The 2007 Practice guidelines for Obstetric
Anaesthesia state “the FHR should be monitored by a qualified individual before
and after the administration of neuraxial analgesia for labor” [32]. “Continuous
electronic recording of the FHR may not be necessary in every clinical setting and
may not be possible during initiation of neuraxial anesthesia” is also mentioned.
The French College of Obstetricians and Gynaecologists recommends that FHR
should be systematically recorded before the performance of any kind of labor
analgesia (professional agreement). The French Society of Anaesthesiology
(SFAR) added that FHR monitoring should be maintained during the performance
of neuraxial labor analgesia (professional agreement), even if its surveillance and
interpretation remain fully under the responsibility of the obstetric team. In the UK,
the NICE guidelines are similar, recommending “a continuous electronic fetal
monitoring for at least 30 min during the establishment of regional analgesia and
after the administration of each further bolus” [33].

To limit the increase of operative delivery due to abnormal FHR, including those
which could be related to neuraxial analgesia, second-line techniques have been
developed: fetal scalp pH or lactate measurements, fetal ECG waveform analysis
(ST segment analyzer—STAN system), computerized FHR pattern analysis, and
fetal pulse oximetry. Among all these methods, fetal scalp pH is the most used, as it
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directly measures one criteria of fetal asphyxia. However, this is a complex
procedure, uncomfortable for the woman and obstetrician alike, and so it has
never been consistently employed worldwide, even though controlled trials have
shown that it can limit the increase in cesarean section rates associated with not
reassuring FHR tracing. However, any improvement in clinical fetal outcomes with
fetal scalp pH measurement has never been demonstrated. Measuring lactate
instead of pH is technically easier, but still invasive and has no other advantage
over pH measurement.

In search of a less invasive replacement for fetal blood sampling, ECG wave-
form analysis came to the forefront. An electrode is placed on the fetal scalp to
acquire fetal ECG. STAN computer analysis is based on the principle that fetal
hypoxia will induce fetal ST or T wave changes secondary to catecholamine
release. But appropriate interpretation of ST segment changes still requires correct
FHR pattern interpretation. In addition, two recent meta-analyses conclude that the
use of ST waveform analysis combined with FHR monitoring does not decrease the
incidence of severe neonatal acidosis, Apgar score <7 at 5 min, neonatal encepha-
lopathy, or the number of cesarean deliveries [34, 35]. Its use is not recommended
in routine practice, neither by the Society of Obstetrics and Gynaecology of Canada
nor by the French college of Obstetricians and Gynaecologists.

Pulse oximetry, using a probe placed on the fetal cheek, temple, back, or
buttocks, was initially promising, but later studies have shown a poor specificity
for acidosis. In 2004, a review reported that the use of fetal pulse oximetry in labor
made no significant difference to any measure of outcome and several further
prospective randomized controlled trials have confirmed that conclusion [36,
37]. It appears that fetal oxygen saturation is no better at predicting development
of fetal acidosis than the detection of FHR late decelerations, and therefore, pulse
oximetry can replace FHR monitoring but does not effectively enhance it. Because
it is quite difficult to apply fetal oximetry probes to the fetus, and as the equipment
is expensive, the adoption of pulse oximetry was discouraged by the ACOG and by
the SOGC, and is not recommended in France.

Consequently, even if its specificity is low, FHR is still considered mandatory to
detect non-reassuring or abnormal FHR patterns, in particular when associated with
neuraxial analgesia initiation or maintenance.

10.6 Prevention of FHR Abnormalities Associated
with Neuraxial Analgesia

Basically, the treatment of abnormal FHR associated with neuraxial labor analgesia
is similar to that used for any FHR change which may occur in labor. The first step
is to prevent maternal hypotension secondary to neuraxial analgesia, by slowly
inducing the neuraxial block (titration and fractionation of local anesthetic admin-
istration) and by avoiding aorto-caval compression.

In a randomized trial, Preston et al. found a higher incidence of severe FHR
decelerations when women were in the supine-lateral tilt position as compared to



132 M.-P. Bonnet et al.

women in the full lateral position immediately after epidural initiation [38]. Unfor-
tunately, these results were not confirmed in two other randomized trials by Beilin
and Eberle [19, 39].

Intravenous fluid loading before the initial dosing of labor neuraxial analgesia
has also been proposed to prevent maternal hemodynamic alteration. But several
randomized controlled trials showed that preloading as compared to no
pre-hydration did not reduce the incidence of maternal hypotension and of FHR
abnormalities [40, 41].

Prophylactic injection of ephedrine has been suggested, but its efficacy has never
been proved. Ducros and colleagues observed that an IV bolus of ephedrine 18 mg
restored uterine blood flow, even when the parturient had a normal blood pressure
and without altering fetal hemodynamic parameters [42]. In a randomized con-
trolled trial, Kreiser et al. found that a prophylactic injection of ephedrine at the
time of epidural initiation significantly decreased the occurrence of FHR
abnormalities without maternal adverse events [43]. But, in the context of com-
bined spinal epidural, if the prophylactic administration of ephedrine significantly
reduced the rates of maternal hypotension and of late fetal decelerations, it was also
associated with fetal tachycardia. However, the rate of emergency cesarean delivery
and neonatal outcomes were not significantly modified [44]. In the absence of
positive fetal outcomes, the prophylactic use of ephedrine during epidural estab-
lishment is not recommended.

Pulse pressure is a hemodynamic parameter calculated by subtracting the dia-
stolic blood pressure from the systolic blood pressure. It has been used as one of the
first early predictors of intravascular fluid volume in trauma patients. A recent
retrospective cohort study found a significant positive association between low
maternal pulse pressure (<45 mmHg) at admission and the occurrence of FHR
abnormalities in the first hour after initial dosing of a labor epidural, with an
adjusted odds ratio of 29 [45]. This study suggests that maternal admission pulse
pressure could be used as a predictor of new onset post-epidural FHR abnormalities.
This technique is not currently used in routine practice nor recommended by
international guidelines.

Concerning the effects of maternal oxygen administration on the fetus during
labor, according to a systematic Cochrane Collaboration review, there is not enough
evidence to support the use of prophylactic oxygen therapy for women in labor, nor
to evaluate its effectiveness for fetal distress. Interestingly, in this review abnormal
cord blood pH values (<7.2) were recorded significantly more frequently in the
oxygenation group than the control group (RR 3.5, 95 % CI 1.3-9.1) [46].

10.7 Management of FHR Abnormalities Associated
with Neuraxial Analgesia

In the case of FHR abnormal patterns, especially within the first 60 min following
initiation of neuraxial analgesia, different measures of intrauterine resuscitation
could be undertaken, all with the same objective: to reverse fetal hypoxia and
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acidosis by increasing oxygen delivery to the fetus, by increasing maternal blood
flow to the placenta, and/or increasing the oxygen content in the blood being
delivered. These different measures can be used in isolation or in association;
they are not specific to the context of neuraxial analgesia. Many clinicians use a
stepwise method from the less invasive, moving forward until there is a resolution
or plans are under way for expeditious birth. Lateral positioning is often the first
intervention, followed by the discontinuation of the oxytocin IV infusion and IV
fluid bolus, while medications such as oxygen, ephedrine, or terbutaline are used if
the pattern does not resolve with the first-line results.

Lateral positioning prevents aorto-caval compression and supine hypotensive
syndrome by increasing maternal venous return and cardiac output and ultimately
uterine output. Some reports show an improvement in abnormal FHR patterns if the
supine or other at-risk positions are changed to left lateral [47, 48]. This occurs even
if maternal systemic blood pressure is normal, because of the relief of aortic
compression. Fetal oxygen saturation has been correlated with this improvement.

In the context of abnormal FHR patterns, an IV fluid bolus is commonly
administered, whether or not the mother has clinical symptoms of hypovolemia
or hypotension. There is some literature favoring the use of IV crystalloid adminis-
tration in the context of FHR abnormalities. Animal studies have shown that
boluses of IV crystalloids increased the maternal arterial blood pressure and
placental site blood flow and decreased vascular resistance [49]. A randomized
controlled trial performed in healthy parturients demonstrated that a bolus of
Lactated Ringer solution significantly increased fetal oxygen saturation and this
increase was even higher with 1,000 ml of RL as compared to 500 ml [50].

On the other hand, vasopressors are frequently used in the case of neuraxial
analgesia-induced hypotension, in particular if additional IV crystalloid and lateral
maternal positioning did not result in the prompt restoration of blood pressure or in
the context of severe hypotension. Traditionally, ephedrine 3—6 mg is administered
to the mother.

According to the ACOG, in the context of FHR abnormalities associated with
maternal hypotension, blood volume expansion or IV ephedrine or both is
warranted, depending on the severity, and ephedrine is the agent traditionally
administered during labor [15].

Another aspect of intrauterine resuscitation is to reduce uterine activity. Uterine
contractions produce an intermittent decrease of blood flow to the intervillous
space, where the oxygen exchange occurs. If the intermittent interruption of
blood flow reaches an abnormal level as a result of too frequent contractions, the
fetus becomes at risk of hypoxemia. Consequently, in the case of excessive
contractions associated with non-reassuring FHR patterns, a reduction of uterine
activity may improve fetal oxygenation. Stopping oxytocin infusion is the first
immediate option and using tocolytic agents may be a second option. Three
randomized controlled trials have studied the efficacy of active tocolysis versus
placebo in the context of FHR abnormal patterns [51-53]. The meta-analysis of the
results showed that compared to no treatment, the administration of a tocolytic
agent (terbutaline, magnesium sulfate, or hexoprenaline) improves the FHR tracing,
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but without any significant differences in neonatal outcomes [51]. Moreover,
tocolytic agents can induce potential maternal adverse effects. Consequently,
these agents should be used only in the case of non-reassuring FHR tracings
associated with actual and measured uterine hyperstimulation. A randomized con-
trolled trial from Pullen et al. compared the efficiency of terbutaline and nitroglyc-
erin for acute intra-partum fetal resuscitation [54]. No difference was noticed
between the two groups in the successful acute treatment of non-reassuring FHR
tracings in labor. Due to the lack of evidence, there is no specific drug
recommended as a tocolytic agent in the case of abnormal FHR patterns associated
with uterine hypertonia.

Finally, the last aspect of intrauterine fetal resuscitation is maternal oxygen
administration. Supplementary maternal oxygen during labor is widely accepted
in the management of abnormal FHR patterns; however, its efficiency on fetal well-
being is still very controversial. Indeed, both hypoxia and hyperoxia can result in
the production of oxygen free radicals, which can cause oxidative stress and
subsequent adverse effects such as damage to cell membranes, cell structures,
cellular lipoproteins, and DNA. Prolonged hyperoxia may also induce placental
vasoconstriction.

In a prospective study, Haydon et al. showed a significant increase in fetal
oxygen saturation with 40 % and then 100 % FIO, when compared to a baseline
value in a fetus with abnormal FHR patterns [55]. The highest increase in fetal
oxygen saturation was observed in a fetus with the lowest initial oxygen saturation.
Of note, there was no consistent change in FHR patterns after exposure to oxygen.
Another randomized controlled trial compared air versus maternal oxygen admin-
istration (FiO, 60 %) during emergency cesarean section [56]. A significant
increase in indicators of fetal oxygenation was observed with oxygen administra-
tion, such as venous and arterial umbilical oxyhemoglobin saturation and oxygen
content. This effect was of greater magnitude in patients with suspected fetal
compromise. In contrast to the previous works with elective cesarean, there was
no evidence that free radical activity was greater in patients who received oxygen.
Although this study showed no difference in clinical outcome from administering
oxygen, there was no evidence of harm. Further work is required to determine
whether the increase in fetal oxygenation resulting from maternal administration of
supplementary oxygen has a beneficial effect on the clinical outcome in the
compromised fetus.

To summarize on oxygen administration as part of intrauterine resuscitation, it
may be beneficial for the fetus, but it may also be potentially risky. Consequently, it
should be used as a second-line treatment in intrauterine resuscitation, except in the
case of sudden acute fetal deterioration, where all means are set up at the same time,
and it seems to be safer to stop maternal oxygen administration as soon as possible.

To conclude on the management of non-reassuring FHR patterns, whether
associated with neuraxial analgesia or not, the usual techniques of intrauterine
resuscitation should be applied, even if there is a lack of evidence to support
these measures. Randomized controlled trials are obviously very difficult to per-
form in this context, and therefore, there is no recommended standardized or
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systematic approach. The more logical strategy appears to be to choose the initial
intervention according to the whole clinical picture, i.e., to correct a maternal
hypotension or a uterine hypertonia associated with neuraxial analgesia.
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Ruth Murphy and Stephen Michael Kinsella

11.1 Introduction

Medicalization of the process of labor over a century has led to the imposition of
many practices on women with regard to eating and drinking; many of these lack
any evidence as well as logic by our current standards. Since Mendelson published
his classic description of pulmonary aspiration in 1946 [1], it has become common
practice to restrict oral intake during labor in order to reduce the risk of maternal
mortality and morbidity from pulmonary aspiration of stomach contents should a
general anesthetic be required. This accords both with the potential for unantici-
pated anesthesia during childbirth, as well as the physiological changes in preg-
nancy that are evident most clearly in the frequent occurrence of severe vomiting
during labor.

11.2 Changes in Gastrointestinal Physiology During Pregnancy

As with all other body systems, pregnancy has profound effects on the gastrointes-
tinal tract mediated through high levels of female steroid hormones (Table 11.1).
Gastrointestinal symptoms including nausea and vomiting, gastro-esophageal
reflux, and constipation are so frequent that they are considered a “normal” aspect
of pregnancy.

Almost 70 % of women experience nausea and vomiting in pregnancy [2]. -
Thirty-three percent of women have nausea without vomiting, while the life-
threatening condition of hyperemesis gravidarum affects 1 %. Symptoms typically
start between the 4th and 9th week of pregnancy and persist until the 12th to 16th
week, although in 20 % of pregnant women symptoms persist throughout
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Table 11.1 Effects of pregnancy and labor on gastrointestinal physiology

Pregnancy Labor Postpartum
Gastric Reduced tone and motility Reduced Returns to normal by
motility 2 days
Gastric Unchanged Unchanged Unchanged
emptying
Intestinal Decreased tone and motility Prolonged Returned to normal
transit time | with increased transit time
Plasma Reduced by approx Reduced, may be Returned to
osmolality 10 mOsmol exacerbated by prepregnancy values

oxytocin by 2 weeks

pregnancy. The exact cause is unknown, but estrogen and human chorionic gonad-
otrophin are thought to play a major role.

Although progesterone results in reduced motility and hypotonia of the stomach,
normal pregnancy does not alter gastric emptying. Reflux of alkaline duodenal
contents into the stomach may occur due to incompetence of the pyloric sphincter.

Studies have shown no significant alterations in gastrointestinal transit time
during the first trimester. However, there is an increase in the intestinal transit
time in the third trimester which returns to normal postpartum. This slowing of
intestinal transit time is thought to be hormonally mediated, notably by progester-
one and estrogen acting to inhibit smooth muscle contraction.

The reduced motility and prolonged transit time of the large intestine result in
increased water and sodium reabsorption and contribute to symptoms of constipa-
tion. This is compounded by dietary and exercise or activity changes plus compres-
sion of the bowel by the enlarging uterus.

Gastro-esophageal reflux disease (GORD) usually presents with heartburn and
reflux; other symptoms include water brash, epigastric pain, anorexia, nausea,
vomiting, and indigestion. Extra-esophageal symptoms include hoarseness, chronic
laryngitis, chronic cough, and asthma. In severe cases, GORD can contribute to
poor nutritional status in the mother and low birth weight in the newborn baby. The
prevalence of heartburn increases with gestational age from 22 % in the first, 39 %
in the second, and 72 % in the third trimester. Besides gestational age, an increased
risk of heartburn is associated with prepregnancy heartburn and increased parity
and a decreased risk with maternal age; body mass index before pregnancy, race, or
weight gain in pregnancy do not affect the risk. Severity as well as prevalence of
heartburn increases during pregnancy, especially toward the end of the second
trimester. The decrease in heartburn traditionally expected during the last
3 weeks of pregnancy due to fetal head descent has not been observed in more
recent studies. The pathophysiology of GORD in pregnancy is multifactorial, with
causes including decreased lower esophageal sphincter pressure, changes in pres-
sure gradients across the lower esophageal sphincter, prolonged gastrointestinal
transit time, and increased intra-abdominal pressure secondary to the enlarged
gravid uterus.
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There are conflicting results on changes in gastric acidity during pregnancy, but
the general trend appears to be toward a small reduction in acidity during the first
and second trimesters, with an increase to greater than prepregnant values in the
third trimester. Women with peptic ulcer disease often have an improvement in
their symptoms during pregnancy. The initial decrease in acidity is thought to be
hormonally (especially estrogen) mediated and also due to elevated levels of
placental histaminase.

11.3 Fluid Balance and Osmolality During Pregnancy

A reduction in serum osmolality in normal pregnancy occurs from the fifth week of
gestation, reaching 8—10 mOsm/kg below nonpregnant values by 10 weeks of
gestation and remaining low until term. The osmolality set point for antidiuretic
hormone release and thirst is also decreased. Both extracellular and intravascular
volumes increase during pregnancy, with a larger expansion in the vascular com-
ponent favoring placental perfusion. The exact mechanisms for water retention in
pregnancy remain unclear; an increase in plasma volume occurs despite decreases
in plasma osmolarity and colloid osmotic pressure that would normally stimulate a
feedback correction through antidiuretic hormone and aldosterone release. Estro-
gen and progesterone may play a role via dilation of venous capacitance vessels,
which then accommodate additional volume without the stimulation of atrial
baroreceptors.

In the first two trimesters, the pregnant woman manages fluid efficiently and
does not display clinically obvious edema despite the lowered colloid osmotic
pressure and normal blood pressure. Conversely, in the third trimester, most
women have dependent edema due to a reduced diuretic response and increased
venous pressure from the gravid uterus.

11.4 The Effects of Labor

The main change during labor is the slowing of stomach emptying. This may be
caused by the stimulation of the sympathetic nervous system through stress, pain,
and anxiety, although endogenous opioids may also have a role. The effect of
administered opioids, whether systemic or epidural, is clear. Gastric emptying is
markedly delayed in women given pethidine, diamorphine, or pentazocine; this
effect is not reversed by metoclopramide [3]. Epidural opioids also prolong gastric
emptying [4], although to a lesser degree than systemic administration [5] and
possibly in a dose-dependent manner [6]. A recent study in spontaneously laboring
women using gastric ultrasound has demonstrated that some stomach emptying
does occur after the epidural administration of ropivacaine and sufentanil. Fifty
percent of women had a gastric antral cross-sectional area of >320 mm? (taken as
the cutoff value for a risk of regurgitation and pulmonary aspiration) at epidural
insertion, whereas only 13 % of women had a measurement of >320 mm? on
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reaching full dilation of the cervix. Of note, women were not allowed to drink
during labor [7].

In an observational study of women who were allowed unrestricted oral intake
during labor, women tended to eat during early and active labor but not as labor
progressed. Nineteen percent vomited, but none experienced a poor outcome [8].

A series of randomised studies investigated the effect of food and carbohydrate
drinks during labor. In the first, women who had a standardized carbohydrate meal
had increased residual gastric volume compared to women who had water only. The
incidence of vomiting in the eating group was 17 % compared to 19 % in the water-
only group. Women who ate also had significantly larger vomit volumes than those
who had water only. However, there was an increased incidence of ketosis in the
water-only group [9]. A subsequent study compared women having carbohydrate
drinks to those having water only. There was no difference in residual gastric
volume between the two groups, but carbohydrate drinks prevented the onset of
ketosis seen in the water-only group. Other outcomes were also comparable [10].

The effects of carbohydrate drinks compared to water on labor outcome are
conflicting; Scheepers et al. found no beneficial effect following the consumption of
carbohydrate drinks and indeed observed a higher cesarean section rate in the
carbohydrate drink group [11]. In contrast, Kubli et al. demonstrated no difference
between carbohydrate drink and water groups in any maternal or neonatal
outcome [10].

The significance of ketosis during labor is not clear. It is commonly found when
food is restricted. There is an association between ketone levels and longer labor,
but causation is not proven as relevant trials are not of sufficient quality [12]. Water
retention during pregnancy is worsened during labor with increased adrenocortical
and antidiuretic hormone (ADH) activity. This is further enhanced by oxytocin
infusion used to stimulate contractions and has led to water intoxication when
infused with 5 % glucose as a carrier [13, 14].

A Cochrane review attempted to answer whether oral intake affects maternal and
fetal outcomes by assessing randomized controlled trials (RCTs) and quasi-RCTs
of restricting fluids and food for women in labor compared with women free to eat
and drink. Five studies were identified in women in active labor and at low risk of
potentially requiring a general anesthetic. One study looked at complete restriction
versus giving women the freedom to eat and drink at will; two studies looked at
water only versus giving women specific fluids and foods; and two studies looked at
water only versus giving women carbohydrate. There were no differences in the
primary outcome measures of mode of delivery, maternal satisfaction, and a 5-min
Apgar score <7. This review of over 3,000 women identified no benefits or risks of
restricting oral fluids and foods in labor, in women at low risk of requiring general
anesthesia. Maternal satisfaction and hypoglycemia, both also primary outcomes in
this review, were not reported in any of the included studies. No women included in
this review suffered from regurgitation during general anesthesia or Mendelson’s
syndrome [15].
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Few studies have assessed the impact of dietary restriction on the woman herself.
A postpartum survey of women found that a quarter found food restriction and over
half found fluid restriction “moderate to most stressful” [16]. Other descriptors
include “unpleasant” and “harrowing” [17, 18]. Denial of food can be seen as
authoritarian and intimidating and increase feelings of apprehension. The impor-
tance of this aspect of woman’s autonomy, choice, and control in labor must be
considered [19].

11.5 Policies: Oral Intake During Labor

Restriction of oral intake for laboring women followed fears about the risk of
pulmonary aspiration in women who were unconscious. The incidence of pulmo-
nary aspiration has declined over half a century for several reasons, which are likely
to include increased use of regional anesthesia for intrapartum surgery, improved
administration of general anesthesia including training of obstetric
anesthesiologists, and widespread administration of H2 receptor antagonists and
proton pump inhibitors during labor.

There are large variations in practice regarding oral intake during labor across
the globe and indeed within each nation, as indicated by the results of several
surveys. In the Netherlands, 79 % of clinicians allow food intake in labor [20] and
in the UK 47 % of women have “access” to food and drink in labor [21], whereas in
the USA a survey found that more than 70 % of units allowed fluid but no food and
intake is often limited to water or ice chips only [22].

A pragmatic approach to oral intake has become widespread in the UK. Women
are characterized on the basis of risk factors into “low” and “high” risk groups
(Table 11.2). High-risk women have food restricted, but are usually allowed water
or carbohydrate drinks freely. High-risk women are also prescribed regular gastric
acid secretion blockers [23].

11.6 Maintenance Intravenous Fluid

In institutions where oral intake is restricted during labor, intravenous fluids are
routinely administered, although there is no consensus on the type or volume of
fluids that are required. A Cochrane review has investigated the effect of intrave-
nous fluid on the duration of labor. Two out of nine trials demonstrated a reduction
in the duration of labor with the administration of intravenous fluids compared with
oral intake alone. The duration of labor in nulliparous women may be shortened by
the administration of intravenous fluids at a rate of 250 ml/h rather than 125 ml/h.
One trial raised concerns about the safety of 5 % glucose infusion due to an
increased risk of hyponatremia. The authors concluded that there was no robust
evidence to recommend the routine administration of intravenous fluids to reduce
the duration of labor [24].
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Intravenous fluids may also be administered in cumulatively large volumes when
dilute solutions of oxytocin are used to induce or augment contractions, especially
in nulliparous women. Because of the reduced serum osmolality in pregnancy and
the antidiuretic effect of oxytocin, the use of large volumes of intravenous fluid has
the potential to cause clinical problems. This has been of special concern in
pre-eclampsia where increased pulmonary capillary permeability can lead to pul-
monary edema.

The effects of rapid intravenous fluid infusion (bolus) are easier to measure than
slow infusion, and these are sometimes significant and unexpected. A 10 ml/kg
maternal weight fluid bolus produced increases in heart rate of 11 %, stroke volume
10 %, and cardiac output 20 % and a decrease in systemic vascular resistance of
19 %, but with no change in mean arterial pressure or ejection fraction. Uterine and
umbilical artery Doppler systolic—diastolic ratios measured in between contractions
did not change [25].

Intravenous fluid bolus also affects the frequency of uterine contractions.
Zamora et al. compared women who had either 500 ml or 1 1 preload before
epidural analgesia was induced. More women had an increase in uterine contraction
frequency by 30 min in the 500 ml group compared to the 1 1 group; more women
had a decrease in contraction frequency by 30 min in the 1 1 group compared to the
500 ml group. These differences were sustained at 60 min as well [26].

Fetal oxygen saturation has been shown to be increased after intravenous fluid in
a dose-dependent manner, with a greater effect after 1 I than after 500 ml. The effect
peaked at 5 min postbolus, and an increase was maintained at 15 min postbolus
[27]. The explanation for this effect might relate to reduced uterine activity;
however, it is probable that other mechanisms are also active. In women having
elective cesarean section, a 1 1 intravenous fluid bolus led to reduced uterine and
umbilical artery Doppler resistance indices (systolic/diastolic ratio). This may be an
effect of circulating volume expansion or reduced blood viscosity [28].

11.7 Effect of Regional Analgesia

Regional analgesia for labor is associated with an increased risk of cesarean section
for fetal distress, but a reduced risk of neonatal acidosis and no effect on Apgar
scores [29]. How can this paradox be explained? The classical paradigm is that
maternal hypotension that follows regional analgesia [29] reduces uteroplacental
blood flow and hence causes acute fetal compromise. An alternative view is gaining
more widespread support, however, based on a physiological re-evaluation.
Because external monitoring of uterine contractions with a strain gauge is the
current norm, the importance of the uterine diastolic period is not readily apparent;
hypertonus is defined merely as excessive contraction frequency [30]. However,
uteroplacental blood flow is analogous to left ventricular blood flow; it is not only
cut off completely during systole but it also dependent on diastolic time (the
intercontraction period) as well as diastolic perfusion pressure (determined by the
gradient between arterial pressure and uterine baseline tone).
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Epidural analgesia provides effective pain relief [29], and this leads to a return of
temporarily elevated blood pressure toward the prelabor baseline [31]. However, a
corollary of profound analgesia is a change in uterine activity and this change may
depend on the speed of the onset of analgesia. Abrao et al. evaluated uterine baseline
tone using an intrauterine pressure catheter in women having regional analgesia.
Combined spinal-epidural (CSE) analgesia was associated with more fetal heart
rate (FHR) abnormalities than epidural; this was linked to more frequent increase in
baseline tone >10 mmHg in the CSE group, with an equal incidence of systemic
hypotension between both groups. When all CSE and epidural cases were combined,
they noted a correlation between the degree of analgesia at 5 min and the incidence of
FHR abnormalities related to increased baseline tone [32]. A recent case—control study
has also shown a correlation between pain relief after CSE and fetal bradycardia [33].

Although uterine diastolic perfusion may be the most important factor in this
situation, another study has also shown an increase in uterine arterial resistance
during contractions 30 min after epidural analgesia [34].

There is a short-term increase in FHR abnormalities after regional analgesia,
most recently shown by Patel et al. [35]. This may lead to cesarean section for fetal
compromise, especially if fetal scalp pH measurements are not available to estab-
lish whether there is associated acidemia. However, once uterine activity changes
are established after regional analgesia, the beneficial effects in terms of reduced
maternal catecholamines then start to prevail with a reduction in fetal acidemia
noted at delivery [29].

11.8 The Role of Preload Before Regional Analgesia: Maternal
and Fetal Effects

The first studies on preloading before regional anesthesia for cesarean section
demonstrated dramatic reductions in the frequency of hypotension. However, the
subsequent decades saw a reappraisal, with a meta-analysis showing that crystalloid
preload reduces the relative risk of hypotension to 0.78, which is less effective than
vasopressors or leg wrapping [36]. The early enthusiasm for this maneuver was
carried across to regional analgesia for labor, with similarly large benefits seen
initially that were not subsequently reproduced. The first paper to study preloading
during labor after high-dose (0.25 %) bupivacaine was the only one that found clear
benefits; a 1 1 preload reduced hypotension (relative risk 0.07) and fetal heart rate
abnormalities (relative risk 0.36) [37]. Studies since then have used dilute local
anesthetics for epidural or CSE analgesia, with no difference in hypotension and a
nonsignificant trend to reduction in FHR abnormalities [38].
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11.9 Intrauterine Resuscitation: Improving Fetal Condition

Intrauterine fetal resuscitation (IUFR) consists of measures undertaken with the aim
of improving oxygen delivery to the fetus when there is acute fetal compromise (see
guideline below).

Intrauterine resuscitation guideline [39]

Resuscitate

Oxytocin infusion off

Position

Full left lateral; continue for transfer and on operating table (if FHR remains low try right lateral/
knee elbow for possible cord compression)

Tocolysis

Terbutaline 0.25 mg subcutaneous

Alternatively for immediate action glyceryl trinitrate sublingual spray, two puffs initially, repeat
after 1 min until contractions stop, maximum three doses

Oxygen
Maximum flow (15 1/min) via tight-fitting Hudson mask with reservoir bag

Fluid
Hartmann’s 1 1 rapid infusion (unless fluid intake restricted, e.g., pre-eclampsia)

Ephedrine
Consider if maternal blood pressure is low

Transfer
Reassess
Electronic fetal monitoring should be restarted in the operating room and maintained as long as
possible

There is a good physiological basis for [UFR though evidence for changes in
outcome is lacking [40]. IUFR is performed in the most structured way before
surgical delivery for fetal compromise. Acute fetal compromise is usually caused
by two factors, either increased uterine activity or poor maternal position. These
can both affect either side of the placental circulation. Contractions during active
labor necessarily reduce uteroplacental blood flow, but placental and fetal “reserve”
ensures that this is tolerated by the healthy fetus during normal labor. The umbilical
cord can be compressed during contractions if it lies between the presenting part of
the fetus and the maternal pelvic wall, typically causing variable decelerations.
Reduction of contractions can be seen to be a logical step in this situation as
contractions will cause or exacerbate most cases of acute fetal compromise. Induc-
tion of regional analgesia may also precipitate increased uterine activity in some
cases, sometimes followed by FHR abnormalities, although this usually stabilises
within 60 min.

During labor, poor maternal position may produce aortocaval compression that
reduces uteroplacental blood flow; it may also cause sustained umbilical cord
compression, again in an unpredictable fashion depending on the exact position
of cord loops. The left lateral position is associated with the highest cardiac output
while recumbent [41]. Semi-recumbent (“sitting up”) is also usually acceptable



148 R. Murphy and S.M. Kinsella

although aortic compression is detectable in some cases [39]. However when the
woman takes up a maximally flexed position for the insertion of a regional
anesthetic, the uterus is pressed against the blood vessels in the posterior abdomen.
Cardiac output measured in flexed positions shows a decrease compared to the
unflexed positions, the left lateral being worse than sitting [42, 43].

IUFR traditionally consists of maternal repositioning (usually to the left lateral
position) to relieve aortocaval compression, reduction of uterine contraction fre-
quency and baseline tone by stopping exogenous oxytocin infusion and
administering a tocolytic drug, administration of high-flow maternal oxygen to
increase fetal oxygenation, and administration of a rapid intravenous fluid infusion
that may have beneficial effects as outlined above.

Acute deterioration in the FHR pattern may occur unexpectedly after regional
analgesia is induced, with onset or exacerbation of decelerations or persisting fetal
bradycardia. In these circumstances, the obstetrician may “order” a category
1 (“stat”) cesarean section. We suggest that in this situation it is the
anesthesiologist’s duty to institute appropriate [UFR maneuvers to try and prevent
an unnecessary operation. This will often improve fetal condition quickly. How-
ever, if fetal monitoring has already been disconnected prior to transfer to the
operating room (required in all but a very few hospitals), such improvement will
not be recognized unless a further assessment of fetal status is made. Assessment is
ideally performed with electronic fetal monitoring, but at the least auscultation of
the fetal heart should be performed.

Deterioration in fetal status may be anticipated in some cases by the obstetric
anesthesiologist. Prior to inserting regional analgesia, an obstetric history may
identify chronic or acute fetal stress, maternal conditions such as pre-eclampsia
or diabetes mellitus, or antepartum/intrapartum sentinel events such as hemorrhage
or persisting (intercontraction) pain overlying a uterine scar. FHR abnormalities are
also more common late in labor, when in many units a CSE is more likely to be
considered because of the more rapid onset speed, leading to a double effect of risk.

Acting on this information, the anesthesiologist may administer a generous
preload such as 1 1 crystalloid (modified by any prior fluid administration or
requirement for fluid restriction such as in pre-eclampsia); note that this maneuver
cannot be repeated without limit. The woman should initially adopt the unflexed
lateral or sitting position and only curl up (flex) at the last moment and for the
minimum time required till the epidural catheter is placed. Fetal heart rate
abnormalities may mandate that the anesthesiologist position the woman in either
the lateral or the sitting position.

If oxytocin infusion is in progress, this can be reduced or stopped. The anesthe-
siologist should have a low threshold for the use of a tocolytic if there is a suspicion
of uterine hyperactivity; however, this is identified. Ephedrine is a useful vasopres-
sor during labor as it has direct effects increasing fetal heart rate [44].

IUFR measures are easy to perform, do not require extensive resources, and can
result in significant improvements in fetal well-being. While there is no extensive
evidence-based data to support their use, [IUFR techniques are commonly used and
often considered as a standard of care. In most situations, when used with clinical
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common sense, they are unlikely to cause harm [27]. However, there are
exceptions: there are conditions that predispose women to pulmonary edema
(e.g., pre-eclampsia), and in these situations, fluid restriction rather than intrave-
nous fluid boluses may be required.

11.10 Conclusions and Recommendations

We argue for an attempt during labor to balance a reduction of the risks of
anesthesia, while minimizing physical and psychological restrictions on women.
It is indisputable that aspiration of food into the lungs carries a high risk of severe
morbidity. It is likely that less severe risk accrues with aspiration of particulate fluid
contents, acid contents, and larger volumes. Gastric contents may be aspirated
either through passive regurgitation or vomiting in a woman who is unconscious
or obtunded; however the precipitant for this process of transfer of stomach
contents is unpredictable and nonproportional. The chances that a woman will
become unconscious or obtunded are very small in uncomplicated labor, but there
are certain factors that increase this risk and justify dietary restrictions.

Low-risk women should be allowed to eat a light, easily digestible diet. High-
risk women should not eat food, but be allowed oral water or isotonic sports drinks
as wished unless delivery is predicted within 90 min. An increased risk of using
such a selective policy compared to a strict nil-by-mouth policy is unprovable, but
this approach has become common in the UK with no effect on anesthetic maternal
mortality.

Maintenance or replacement intravenous fluid should be administered for clearly
defined indications such as vomiting, pre-existing dehydration, and pyrexia if the
woman cannot drink.

An intravenous preload is not necessary before regional analgesia if there is no
fetal compromise. A crystalloid preload of 1 1 should be considered where there is
fetal compromise, including obstetric causes also noting the aggravating effects of
CSE and insertion in late labor. The presence of fetal compromise should also cause
the anesthesiologist to consider prophylactic and reactive IUFR measures. How-
ever, it must be noted that intravenous fluid bolus can only be repeated a limited
number of times and should not be used in women with pre-eclampsia.
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Giorgio Capogna and Michela Camorcia

12.1 Dystocia

Dystocia is the term given to laboring patients whose progress in labor stalls prior to
delivery.

Dystocia can be described by a number of other terms, including failed induction
of labor, active phase arrest of dilatation, and second-stage arrest of descent, but
these terms relate more to the timing of the diagnosis rather than the cause. Dystocia
is the leading indication listed for cesarean section in nulliparous patients and
conversely is very uncommon among multiparous patients. Rates of dystocia vary
markedly among practitioners, hospitals, states, regions of the country, and among
countries, which is more likely a result of differences in labor management
strategies rather than to differences in patient characteristics. It is commonly
believed that the frequency of cesarean section for dystocia has risen dramatically
nowadays and that this is a major reason for the rise in the primary cesarean
delivery rate, which has also favored the rise in repeat cesareans being performed.

Dystocia is considered the result of any of the following during labor:
(1) abnormalities of expulsive forces; (2) abnormalities of presentation, position, or
development of the fetus; and (3) abnormalities of the maternal bony pelvis or birth
canal. Frequently, combinations of these three interact to produce a dysfunctional labor.

However a strict definition of dystocia has not been established. No discreet end
point exists in the latent phase to describe the length of time when vaginal delivery
is no longer accomplishable, and agreement does not exist regarding the length of
time for active phase arrest before intervention inappropriate.

For nulliparous patients, more than 50 years ago, Friedman [1] described the upper
limit normal for the length of the latent phase as 20 h and the lower normal limit for the
rate of cervical dilatation in the active phase as 1.2 cm/h. A number of practitioners
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have questioned the applicability of Friedman’s findings in today’s labor units. In 2002,
Zhang et al. [2] found a markedly different labor curve, with labors being much slower
today. They found that rates of dilatation <1 cm/h were not uncommon among women
delivering vaginally, and many patients without any dilatation noted for 2 or more
hours still delivered vaginally. The recommendation that 2 h of arrest in the active
phase may be sufficient for a diagnosis of dystocia has therefore been challenged.

12.2 Causes of Dystocia

The main causes of dystocia are listed in Table 12.1. Inefficient uterine action is the
most common cause, comprising a number of clinical situations. Induction of labor
has been associated with an increase in the rate of cesarean delivery and this risk is
even higher among patients starting induction with an unfavorable cervix, and
cervical ripening does not necessarily lower this risk. For patients undergoing
induction of labor and those who present in spontaneous labor, some cases
of dystocia could be avoided with increased or longer uterine stimulation with
oxytocin [3].

In other situations, more frequent or more intense contractions cannot be
attained, often due to intrauterine infection or fetal intolerance to labor as perceived
by the interpretation of the fetal heart rate monitor, resulting in dystocia.

Malposition of the cephalic presentation is also a significant factor that can lead
to dystocia, especially in the second stage.

Cephalopelvic disproportion (CPD) is a commonly used reason given for dysto-
cia. Risk factors include both large fetal size and small maternal pelvic size.
However, there are no established criteria for this diagnosis, and it is often made
based on the lack of progress in the presence of regular uterine contractions without
regard to the position of the occiput.

In the absence of a contracted pelvis, such as seen with android pelvic architec-
ture or pelvic deformity, the diagnosis of CPD is uncertain, and dystocia could be
more a function of fetal position or uterine action.

Table 12.1 Common causes of dystocia

Inefficient uterine action

Induction

Inadequate stimulation of contractions
Failure of uterine response to stimulation
Malposition

Occiput posterior

Asynclitism

Inadequate cephalic flexion
Cephalopelvic disproportion
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12.3 Complications Associated with Dystocia

Complications associated with dystocia can occur and should be anticipated.

Prolonged labors have higher rates of intrauterine infection, and are associated
with an increased risk of uterine atony after delivery. On rare occasions, obstructed
labor can lead to a constriction ring in the uterus or rupture of the uterus.

The rising rate of cesarean delivery for a diagnosis of dystocia has led to an
increased number of pregnancies occurring among patients with a prior abdominal
delivery. This increase in turn has led to more complications seen with vaginal birth
after cesarean, as well as major hemorrhage associated with placenta accreta.

12.4 Dystocia and Pain

It seems intuitive that the intensity of pain would be increased when labor is
obstructed.

Clinical diagnosis of abnormal contractions is based on the awareness of the
physician that this condition does occur and delays progressive effacement and
dilation of the cervix despite apparently good uterine activity and vaginal palpation,
indicating that the cervix is not under good tension at the peak of contraction. From
the parturient’s point of view, it is commonly observed that she reports pain and
backache not only during the contraction but also between the contractions. It is
also a frequent observation that women who refer to more intense pain in the latent
phase of labor have longer labors and are more likely to require epidural analgesia
early. It is also a common clinical observation to note a more frequent request for
additional analgesic interventions due to more frequent breakthrough pain during
epidural analgesia when compared to the non-dysfunctional labors. It could be
hypothesized that pain arising from abnormal uterine stimulation during dysfunc-
tional labor may be conducted via nerves that are not adequately blocked by
epidural medications [4]. Laboratory evidence suggests that the transmission of
abnormal pain from the uterus may involve alternative nerves, possibly including
the vagus nerve [5]. Alternately, the transmission of excessive sensory stimulation
may overwhelm the partial local anesthetic blockade, resulting in breakthrough
pain. It is conceivable that repeated episodes of pain lead to either peripheral or
central sensitization, resulting in a decreased effectiveness of epidural analgesia.

In 1989, Wuitchick et al. [6] reported that women who experienced more intense
pain in latent labor had longer labors and were more likely to undergo cesarean
delivery. However, the authors did not find a relationship between pain in the active
phase of labor and dystocia.

Hess et al. [7] reported that women requiring supplemental epidural boluses
were more likely to undergo cesarean or assisted vaginal delivery than were those
who did not. Their study did not report direct measurement of patient pain but
provides indirect evidence that more intense pain during labor requiring more
analgesia is associated with labor dystocia.
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Another paper [8] to determine if the intensity of labor pain might be associated
with an increased risk of cesarean delivery for dystocia did not establish cause or
effect, but strongly suggested that the need for analgesia was associated with
intense pain related to dystocia. This investigation found that women who ulti-
mately required cesarean delivery for difficult labor, self-administered larger
amounts of meperidine for relief of labor pain and had more intense pain before
analgesia was offered.

Observational studies cannot establish a cause and effect relationship, but
merely an association; however, within this hypothesis, breakthrough pain during
epidural analgesia would be a surrogate measure of the severity of labor pain
possibly due to dystocia.

This hypothesis based on observational studies has been confirmed by a pro-
spective study which demonstrated that an increased local anesthetic requirement
for epidural labor analgesia is associated with more intense pain related to
dystocia [9].

Women in early, clinically normal, labor but who later develop dystocia require
more local anesthetic and, by inference, are experiencing more severe pain than
women who deliver vaginally. In contrast to the earlier retrospective or observa-
tional trials, this study measured pain and anesthetic requirements at a fixed point in
time, rather than a surrogate calculated over the course of an entire labor. In
addition patients were studied well before a diagnosis of dystocia had been made
clinically and patient demographics, initial pain score, stage in labor, and use of
oxytocin were similar at the time of the anesthetic requirement’s measurement.
Finally, the analgesic used was standardized. This study strongly suggests that a
woman’s analgesic requirement is associated with greater pain related to labor
dystocia.

The observation that more intense pain is associated with difficult labor may also
alert obstetricians that such pain may also be a marker of intrinsically difficult and
ultimately obstructed labor. This relationship should be considered when studying
the relationship between the method of labor analgesia and potential effects on the
course of labor. Women with more intense labor pain, and who therefore requested
earlier epidural analgesia, may have had an increased intrinsic risk of cesarean
delivery for dystocia because severe pain may be an indication of obstructed labor.

12.5 Association Between Dystocia and Epidural Analgesia

There has been considerable debate about whether or not labor analgesia can
adversely affect outcome by increasing the duration of labor or by increasing the
incidence of operative delivery. However, there are many important obstetric
variables that may lead to an adverse outcome and some of these which lead to
painful labor such as fetal malposition, macrosomia, or uterine abnormalities also
lead to maternal request for analgesia.

Though women who receive epidural analgesia during labor are more likely to
require instrumental or cesarean delivery, there is little evidence to suggest that the
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epidural itself is to blame. The association between epidural analgesia and labor
outcome is most likely not causative.

Study design is significant when assessing the evidence. Typically, in a retro-
spective analysis, the analgesic technique and type of delivery are reviewed fol-
lowing delivery. In this type of study, there is inevitable selection bias, as women
with long painful labors and with increased risk of intervention are more likely to
request epidural analgesia, and those women deemed at high risk are actually
recommended or encouraged to have an epidural.

Impact studies involve observing labor outcome before and after the introduc-
tion of an epidural service or a marked increase in epidural rate within an individual
unit. Such studies are of interest because of the large number of patients but the
methodology has been criticized: confounding factors, such as changing practice
over time, can influence results.

Though randomized controlled trials (RCT) are considered the gold standard for
research, in labor they can be difficult to blind and therefore, there is potential for
observer bias. RCTs were perceived to be difficult to accomplish in labor because of
problems with consent, recruitment, and high crossover rates. However, there have
recently been a number of well-designed RCTs of epidural vs non-epidural analge-
sia that seem to have finally addressed some of the issues surrounding epidural
analgesia in labor.

Several recent large RCTs comparing epidural with non-epidural analgesia
during labor have shown that epidural analgesia does not increase the cesarean
section rate, whether attributable to dystocia or fetal distress. These findings are
supported by meta-analysis of impact studies in which a dramatic increase in the
epidural rate had no impact on operative delivery rates [10, 11].

The effect of the use of epidural analgesia on the instrumental delivery rate is
more difficult to investigate due to different obstetric practice.

It is also difficult due to the presence of multiple confounding factors, such as
maternal pain and the urge to bear down, the presence of neuraxial analgesia-
induced motor perineal block, and the position of the fetal vertex and station. The
contribution and interaction of these factors to the mode of vaginal delivery have
also not usually been controlled in the studies. Although assessed as a secondary
outcome in numerous trials, no randomized clinical trial has assessed the effect of
neuraxial analgesia on the mode of vaginal delivery as its primary outcome.

Many impact studies have observed no difference in the instrumental vaginal
delivery rate before and after the availability of neuraxial analgesia. At Tripler
Army Hospital, the rate of instrumental vaginal delivery did not change (11.1 %
vs. 11.9 %) despite a large increase in the rate of epidural analgesia [12].

Similarly, the rate of instrumental vaginal delivery at the National Maternity
Hospital in Dublin remained unchanged despite a greater than fivefold increase in
the epidural rate [13].

These findings were confirmed in a systematic review of seven impact studies
involving more than 28,000 parturients, which showed no difference in instrumen-
tal vaginal delivery rates (mean change, 0.76 %; 95 % CI —1.2 to 2.8) [14].

A recent meta-analysis of nine impact studies, including over 37,000 patients,
found no increase in instrumental vaginal deliveries when the epidural rate
increased by more than 25 % [10].
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It is widely believed that effective neuraxial analgesia may prolong the second
stage of labor [15].

In a meta-analysis of RCTs of epidural vs non-epidural analgesia, epidural
analgesia was found to be associated with a modest, not clinically significant
(15 min) prolongation of labor and not associated with poorer neonatal
outcome [16].

A prolonged second stage of labor does not result in adverse maternal or fetal
outcomes provided that the fetal status is reassuring, the mother is well hydrated
and has adequate analgesia, and there is progress in fetal head descent. The AGOG
[17] has therefore incorporated the presence or absence of neuraxial analgesia into
their definition of second-stage dystocia, which states that the need for intervention
(instrumental or surgical) should not be mandated solely based on second-stage
duration, especially if progress is being made.

In addition the definition of duration of labor stages may vary considerably
between institutions and different obstetrical practices.

Uterine activity appears to be unaffected by the induction of regional block, but
fluid preloading, although ineffective in preventing the modest reductions in blood
pressure associated with low dose epidurals, may be associated with a decrease in
uterine contractions [18].

The concentration of local anesthetic used for epidural analgesia may influence
the spontaneous vaginal delivery rate [19], and there is no difference in the outcome
of labor whether a CSE or epidural technique is used to initiate analgesia provided
dilute concentrations are used [20].

Early placement of neuraxial analgesia does not influence the incidence of opera-
tive vaginal delivery [21-23]. Unfortunately, some centers discontinue epidural
analgesia late in labor to improve a woman’s ability to push believing in this way
to reduce the rate of instrumental delivery. However, discontinuation of epidural
analgesia late in labor in order to reduce its presupposed adverse delivery outcomes
does not reduce the instrumental delivery rate but significantly increases inadequate
pain relief [24].

12.6 Instrumental Vaginal Delivery
12.6.1 Indications and Classification

Instrumental vaginal delivery (IVD) is a relatively frequent and widely practiced
obstetric intervention and refers to a delivery in which the operator uses forceps or a
vacuum device to shorten the expulsive phase helping the parturient in the delivery
of the baby.

An instrumental vaginal delivery should be performed only if there is a precise
and well-defined indication. Basically, IVD is attempted in the case of a prolonged
second stage of labor, when there is concern about fetal well-being, or when there is
the need to shorten the second stage.

A prolonged second stage of labor is defined by the American College of
Obstetricians and Gynecologists as “lack of progress for 3 h with regional
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Table 12.2 Classification of instrumental vaginal deliveries (ACOG)

Type of

procedure Criteria

Outlet Scalp is visible at the introitus without separating the labia
Fetal skull has reached the level of the pelvic floor
Sagittal suture is in the anteroposterior position or in the right or left occiput
anterior or posterior position
If rotation of <45° is present in fetuses with right or left anterior or posterior
position

Low The rotation is 45° or less and the leading point of the fetal skull (station) is at
more than +2 cm

Mid The fetal head is engaged but is above +2 cm
Rotation >45°

High No longer practiced

The criteria for vacuum-assisted delivery are similar to those for forceps delivery, but vacuum-
assisted vaginal delivery is not recommended in cases requiring rotation of >45° and stations
above +2 cm, since the procedure is typically unsuccessful in these situations

anesthesia or 2 h without anesthesia in nulliparous women and lack of progress for
2 h with regional anesthesia or 1 h without anesthesia in multiparous women” [25].

The presence of fetal heart rate abnormalities which suggest suspected or
anticipated potential fetal compromise is the most common and widely accepted
indication for operative vaginal delivery, although the interpretation of fetal heart
rate tracings is subjective and highly variable [26].

Instrumental vaginal delivery can also be used to electively shorten the second
stage of labor in the presence of a normal FHR tracing when there are maternal
conditions that preclude effective pushing such as serious cardiovascular or neuro-
logic disease or when maternal expulsive efforts are insufficient and also in the
presence of maternal exhaustion and failure of fetal descend [25].

It is worth noting that no indication for IVD is absolute; therefore, individual
clinical evaluation is essential [27].

The question of when and how to intervene should involve balancing the risks
and benefits of continuing pushing versus an instrumental vaginal delivery or to
consider the option to perform a cesarean section.

The type of operative vaginal delivery is classified by the American College of
Obstetricians and Gynecologists [25] according to the station, position, and the
degree of rotation of the fetal head within the pelvis.

If the position is unclear on clinical examination which may be seen in upwards
of 25 % of cases in which operative vaginal delivery is being considered [28], an
intrapartum ultrasound can be performed to confirm fetal position.

Instrumental vaginal delivery is classified as either outlet, low, mid, or high,
depending on the relationship of the fetal head to the introitus and ischial spines,
each of which is appropriate to specific indications (Table 12.2).
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12.6.2 Prerequisites and Contraindications for IVD

There are some clear fetal and maternal prerequisites to fulfill for a safe and
successful instrumental vaginal delivery: the clinical situation should be carefully
assessed, in particular the cervix should be fully dilated with membranes ruptured
and the fetal head should be engaged in the maternal pelvis, that is, the fetal
biparietal diameter must have passed through the pelvic inlet. In addition, the
exact presentation and position of the fetal head should be properly assessed
and should be in the vertex position; maternal bladder should be emptied, the pelvis
has to be considered adequate for the fetus [27] and a backup plan should be
programmed.

A number of clinical situations exist in which operative vaginal delivery
should not be attempted because of the potential risks to the fetus, in particular
underlying fetal disorder, fetal malpresentation (breech, transverse lie, brow,
face), and a gestational age <34 weeks or a fetal weight <2,500 g because the
preterm fetus is at particularly high risk of intraventricular hemorrhage and
cephaloematoma [25].

12.7 Epidemiology and Criteria of Choice

Relatively few European countries have population-based statistical data on the
frequencies of cesarean section, forceps delivery, and vacuum extractions.

Although the overall rate of operative vaginal delivery has been declining, the
proportion of vacuum-assisted deliveries has been increasing and now accounts for
almost four times the rate of forceps-assisted vaginal births [29].

The incidence of IVD in Europe varies between 2.1 and 15.7 [30]. The incidence
of IVD delivery is 10-13 % in UK and Ireland [31], around 3.5 % in the United
States [32] and 10-11 % in Australia and New Zealand [33].

Vacuum extraction and forceps are both two valid options when an instrument is
needed to facilitate a vaginal birth. The main function of ventouse is traction of the
fetal head while forceps is able to perform both traction and rotation of the fetal
head, the latter being particularly useful in the case of an occiput transverse and
posterior position.

The choice of one instrument over another depends on tradition, training,
practitioner experience, and the clinical circumstances. However, there are some
clinical situations in particular, where one instrument may be preferred over
another; for example, a forceps delivery might be preferred in the case of a delivery
of an occiput posterior vertex with molding and in particular when fetal distress is
observed as it is quicker than vacuum extraction, and this may be crucial [34].

In North America, forceps has generally been used more frequently than vacuum
extraction, whereas the reverse is true in Europe [35].

However, recent developments may have influenced obstetricians’ decisions
concerning these methods. Meta-analyses of randomized trials comparing maternal
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and infant outcomes between vacuum extraction and forceps deliveries have found
that vacuum extraction causes less maternal trauma [36].

Vacuum extraction has also recently gained in popularity because of new
designs of vacuum cups, presumably with reduced risk of injury to the infant [37].

Forceps are made of two metal handles that lock in together to provide a
protective cage around the baby’s head, thus preventing excessive pressure being
applied, as the baby is being born. They extend and are curved in shape, to
correspond with the woman’s pelvic curve, and end in blades that fit over the
sides of the baby’s head. There have been over 700 different types of forceps
developed over the years, with a variety of shapes, sizes, and lengths, generally
aimed at dealing with a particular complication, or a caregiver’s preference.
However, there are no randomized controlled trials comparing different forceps
types; therefore, the operator choice depends only on preference.

There are two types of cups for vacuum delivery: the synthetic cups (soft or
rigid) and the metal cups. The synthetic cups are the handheld disposable rigid
(Mityvac or Kiwi Omnicup) or the conventional soft cup ventouse (silastic). The
synthetic cups have higher failure rate but cause less neonatal scalp injuries than the
metal ones. The metal cups are preferred for the delivery of an occipito-posterior
position [38].

The soft vacuum extractor cups are associated with a significant increase in the
rate of failure but a significant reduction in puerperal scalp trauma [37].

The Kiwi Omnicup is a new vacuum device that has been reported to be both
safe and effective for rotational and non-rotational IVD [39, 40], but its success rate
has been reported to be inferior to the one obtained using both the metal and soft
standard cups [41-43].

12.8 Complications

Both the vacuum and the forceps are associated with different benefits and potential
short- and long-term maternal and fetal morbidity. Overall, maternal complications
are more frequent with the use of forceps than with vacuum use while this latter is
associated with increased neonatal morbidity [36].

Regarding the short-term maternal complications, forceps is associated with a
high incidence of vaginal trauma, episiotomy, third or fourth degree perineal
lacerations [44, 45], and damage to the anal sphincter with fecal incontinence [46].

Regarding the long-term maternal complications, anal incontinence, especially
over the following year, is more frequently seen with forceps use [46, 47]. However,
the advantages of one instrument over another in terms of long-term (5/10 years)
maternal outcome are controversial [48, 49].

Forceps delivery is also associated with neonatal complications that may occur
in addition to the causes that led to the use of IVD such as fetal anoxia and dystocia.

These complications include subgaleal hematoma, intracranial hemorrhage, and
retinal hemorrhage (frequency lower than with the vacuum use) that generally have
good short-term prognosis except for diffuse subcutaneous hematoma [25, 50].
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In addition, other rare complications include facial lacerations, facial nerve
palsy, and the depressed skull fracture that is generally asymptomatic [47].

Ventouse is associated with a lower incidence of success, significant less severe
maternal genital trauma and pelvic floor injury with potential risk of anal inconti-
nence, less postpartum perineal pain, but with an higher incidence of scalp trauma,
intracranial, and subgaleal hemorrhage [38] with consequent potential subsequent
neuro developmental delay and retinal hemorrhage [38] as compared to forceps.
There are, however, no differences in the rate of cesarean section, long-term babies’
outcomes, and women'’s satisfaction or psychological outcomes.

These complications of both the vacuum and forceps delivery are responsible for
the increased incidence of the cesarean section rate worldwide observed in recent
years [51], although it should be noticed that a cesarean section performed at full
cervical dilation and with the fetal head engaged is also a potentially complicated
procedure [52].

Regarding the instrument more commonly used for instrumental vaginal deliv-
ery, the vacuum represents the first choice and this is mainly due to the acknowl-
edgment of the significant reduction in the incidence of maternal pelvic floor
injuries [50, 53].

In any case, since the use of instruments is associated with maternal and fetal
morbidity, it is crucial to adopt all the known strategies that reduce the need for
operative vaginal delivery such as continuous support during labor [54], the use of
any upright or lateral position during the expulsive period, and the practice of
delayed pushing [27].

12.8.1 Failure of Vacuum Extraction

IVD with vacuum may fail due to poor patient selection, for example, an attempted
vacuum extraction in the case of an undiagnosed cephalopelvic disproportion,
technical errors in application, failure to apply traction in coordination with mater-
nal pushing efforts, or traction along an incorrect plane. In all these cases, the
operator should consider abandoning the procedure if it is not progressing as
complications deriving from vacuum use, in particular neonatal ones, increase
with the duration of the procedure.

Instrumental vaginal delivery with vacuum should be abandoned if there is no
evidence of descent when applying moderate traction during contractions or when
imminent delivery is not impending after three consecutive correctly applied
attempts [27], while IVD with forceps should be abandoned when fetal descend
fails to progress after three consecutive contractions performed applying adequate
force [47].

On some occasions, after the failure of a vacuum application, clinicians sequen-
tially perform a forceps delivery (in difficult cases, or in the case of fetal distress).
In this case, the rates of both maternal and neonatal morbidity are significantly
increased [55, 56].
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The American College of Obstetricians and Gynecologists does not generally
support multiple attempts at vaginal delivery using different instruments because of
concerns about a higher rate of maternal and neonatal injury [25, 55].

12.9 Analgesia for Instrumental Delivery

Epidural analgesia and other regional blocks such as the pudendal block offer
excellent conditions for instrumental vaginal delivery, providing profound analge-
sia and adequate perineal relaxation to facilitate the instrumental application. The
intensity of analgesia needed for instrumental delivery is surgical anesthesia, and
therefore it is unlikely that the commonly used low dose, low concentration local
anesthetic solutions used for labor analgesia will be sufficient for instrumental
delivery. Vacuum delivery generally requires anesthetic levels similar to those of
outlet forceps.

There is a paucity of literature concerning analgesia for instrumental delivery.
A Cochrane review about analgesia for forceps delivery [57] examined four
randomized controlled studies, but unfortunately the included trials had a high or
unclear risk of bias and were not of a high quality. Each of the four included trials
was conducted prior to 1980 and assessed anesthetic agents no longer used in
clinical practice today.

If an already tested, functioning epidural catheter is already in place, 1-2 %
lidocaine or mepivacaine or a more concentrated solution of the pipecolilxylidine
previously used for labor, depending on how fast the block must be provided, may
be given. Small increments of 5 mL epidural bolus up to a volume of 10 mL are
usually sufficient to provide good perineal analgesia; however, each patient should
be evaluated individually and the dose of local anesthetic titrated to effect.

Forceps use is associated with a greater requirement for analgesia compared with
vacuum use [36].

Unfortunately, a considerable number of women are delivered by vacuum
extraction without pain relief [58].

The high proportion might demonstrate that clinical staff do not always consider
pain relief to be of high priority in vacuum extraction deliveries or that they fear
impaired pushing forces. If labor analgesia was not provided (or if the epidural
catheter is misplaced or is not working as well), the anesthetic choice can be spinal
anesthesia. It should be performed in the sitting position with low dose local
anesthetic to attempt to limit the motor block of the perineum and to maintain the
maternal expulsive force. The level of analgesia should extend to the T10
dermatome.

Greater postpartum surveillance is needed following operative vaginal delivery
compared with spontaneous delivery, and the anesthesiologist should be promptly
available to reintervene as soon as possible if requested. In fact, the higher doses
and concentrations of local anesthetics administered to provide surgical anesthesia
of the perineum and the increased blood loss associated with IVD may account for
the occurrence of maternal hemodynamic impairment.
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Although any attempted forceps delivery can result in prolonged fetal bradycar-
dia requiring cesarean section, this is most likely to occur with a midforceps trial.
Therefore, it is recommended that a midforceps trial be attempted in the operating
room prepared for an operative delivery rather than in the labor room. Also, it
should be taken into account that each failed forceps can easily become a stat
cesarean section; therefore, anesthesiologists should be prepared for this event
testing adequately the epidural catheter for a possible extension of the epidural
block.
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13.1 Induction

Induction of labor is the artificial stimulation of uterine contractions for the purpose
of vaginal birth. It is one of the most commonly practiced procedures in obstetrics,
occurring in over 20 % of pregnancies [1].

Reasons for this increase of inductions relate to the widespread availability of
better cervical ripening agents, pressure from patients, physician’s desire to arrange
a convenient time of delivery, and litigious constraints [2].

Labor induction is indicated when the maternal or fetal benefits from delivery
outweigh the risks of prolonging the pregnancy. Indications for induction may be
for medical, obstetrical, or elective reasons (Table 13.1).

Risks associated with labor induction include prolonged labors, uterine contrac-
tile abnormalities, and an increased propensity for cesarean section [3].

There are a number of different definitions for failed induction of labor.

For the most part, however, the most commonly accepted definition would
involve the inability of the patient to gain entry to active labor after application
of maximally accepted doses of cervical ripening agents and oxytocin infusion. The
presence or absence of cervical “ripening” can influence the probability of induc-
tion success. An assessment of cervical readiness for labor induction can be
established by using the modified Bishop score [4] (Table 13.2).

The original scoring methodology was first described to assess the likelihood of
spontaneous labor following the cervical examination in multiparous women and
thus was not intended for its contemporary use. Currently, the modified Bishop
score allows a systematic assessment of cervical status that facilitates choosing an
induction agent and predicting induction success. A Bishop score <6 indicates an
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Table 13.1 Selection criteria for induction of labor

Indications

Gestational hypertension

Preeclampsia, eclampsia

Maternal medical problems (e.g., diabetes mellitus, renal disease, chronic hypertension,
antiphospholipid syndrome)

Abruptio placentae

Chorioamnionitis

Post-term gestation

Fetal compromise (e.g., severe fetal growth restriction, isoimmunization, oligohydramnios)
Fetal demise

Logistic factors (e.g., risk of rapid labor, distance from hospital, psychosocial reasons)
Contraindications

Complete placenta previa or vasa previa

Transverse fetal lie

Umbilical cord prolapse

Prior classical uterine incision

Active genital herpes infection

Previous myomectomy with entry into the endometrial cavity

Table 13.2 Bishop pelvic scoring system

Sub-score
Component 0 1 2 3
Dilation (cm) 0 1-2 34 5-6
Station -3 -2 —lor0 +1 or +2
Effacement (%) 0-30 40-50 60-70 80
Consistency Firm Medium Soft -
Position Posterior Mild Anterior -

unfavorable cervix which may require a pre-labor cervical ripening agent. The
higher the Bishop score, the greater is the likelihood of induction success.

A simplified Bishop score including only dilatation, station, and effacement
attains a similarly high predictive ability of successful induction as the original
score [5].

13.2 Cervical Ripening Agents

Choices of induction agents include some mechanical and others pharmacological.
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13.2.1 Mechanical Agents

13.2.1.1 Membrane Stripping
Induction of labor by “stripping” the amniotic membranes is a common and safe
practice. It is performed by manually separating the membranes from the lower
uterine segment during a cervical examination, resulting in an increase in phospho-
lipase A2 and endogenous prostaglandin F2 release, which are known to precede
the spontaneous onset of labor [6].

Women who undergo membrane stripping may experience discomfort, vaginal
bleeding, and irregular contractions after the procedure is performed.

13.2.1.2 Intracervical Balloon Catheter Placement

Mechanical dilation of the cervix with a balloon catheter includes intracervical
Foley balloon (14-26 F) and the Atad double balloon device. These devices work
by applying local pressure on the cervix by filling the balloon (or balloons) after
placement in the endocervical canal. This pressure facilitates cervical ripening most
likely by stimulating the release of local prostaglandins and triggering the Ferguson
reflex.

13.2.2 Pharmacological Agents

13.2.2.1 Prostaglandin E2
Vaginal PGE2 should be the preferred method of induction of labor, unless there are
specific clinical reasons for not using it (in particular the risk of uterine hyperstim-
ulation). It should be administered as a gel, tablet, or controlled-release pessary.
PGE2 when applied to the female reproductive tract alters the cervical collagen
milieu, which results in separation of tightly knit collagen bundles and an increase
in the intervening ground substance, resulting in softening and effacement of the
cervix.
There are two prostaglandin E2 compounds for cervical ripening for medically
indicated inductions of labor. One dinoprostone intracervical gel to be placed
intracervically and the other is dinoprostone timed-release vaginal insert.

13.2.2.2 Prostaglandin E1

Misoprostol, a synthetic PGE1, is used off-label for a variety of obstetrical and
gynecological indications, including cervical ripening and labor induction. It has
numerous advantages over other prostaglandin compounds including temperature
stability and low cost.

When used in higher doses, misoprostol has been reported to have a higher rate
of tachysystolic uterine contractions (siXx or more contractions in 10 min averaged
over 30 min) when compared with either placebo or PGE2. An important consider-
ation in the use of misoprostol for labor induction is the reported increased
occurrence of uterine tachysystole with or without fetal heart rate abnormalities
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and the potential for disruption of the uterine scar in women with a previous
cesarean delivery [7].

13.3 Labor-Inducing Procedures and Agents
13.3.1 Amniotomy

Amniotomy can safely and effectively induce or augment labor, particularly in
women with favorable Bishop scores. This observation of the effect of amniotomy
stems from the release of prostaglandins, which stimulate uterine contractions.

When performing amniotomy, care should be taken to ensure the fetal head is
well applied to the cervix and the umbilical cord is not presenting. The fetal heart
rate should be recorded immediately following amniotomy.

Labor will usually ensue thereafter, although the timing of the onset of labor may
be unpredictable. If oxytocin is being used concomitantly, its dosage may need
adjustment.

13.3.2 Oxytocin

Oxytocin is one of the most widely used medications in obstetrical practice.
Oxytocin may be used for induction or augmentation of labor, although it has
proven inferior as a cervical ripening agent when the cervical condition is found
to be unfavorable, compared to other pharmacological approaches based on doses
and dosing intervals [8]. There are many regimens described in the literature.
Recommendations for selection of a particular regimen vary, although in the
current medical climate, which focuses on safety, some authorities have suggested
standardized oxytocin dosing regimens [9—11] (Table 13.3).

Unfortunately none of these dosing regimens have been tested in a scientific
fashion or compared to other dosing regimens by which to demonstrate efficacy
let alone safety.

Table 13.3 Examples of low- and high-dose regimens oxytocin infusion protocol for labor
stimulation

Starting dose Incremental increase Maximum dose
Regimen (mU/min) (mU/min) (mU/min)
Low dose |0.5-2 1-2 1540
High 6 3-6 15-40

dose
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13.4 Pain Relief and Induction of Labor

There is some evidence that reported that the prostaglandin induction of labor
produces a greater analgesic requirement than does spontaneous labor, supporting
the observation that women may experience induced labor as being more painful
than spontaneous labor [12].

Women treated with oxytocin have more pain at the start of labor [13].

Concerning the effects of epidural analgesia on induced labor, there are no
differences in the length of labor or mode of birth when epidural analgesia is
given at the beginning of oxytocin induction or after labor entered the active
phase, and therefore, there is no benefit in waiting until labor has started to give
an epidural [14, 15].

Preliminary investigation suggests that meperidine, compared to bupivacaine,
speeds cervical dilation during the latent phase of induced labor and this possible
collagenolytic activity of epidural opioids and their clinical use in induced labors
should be investigated in the future [16].

13.5 Conclusion

Labor inductions have become increasingly more common and the upward trend is
continuing. Despite therapeutic advances and continued research into the initiation
of human parturition, the clinical features which are most critical for determining
induction management and predicting success are the cervical condition at the start
of the induction and gestational age, among other maternal demographic
characteristics such as multiparity and normal weight. Induced labor may be
more painful and maternal request of labor analgesia may be made earlier.

13.6 Vaginal Birth After Cesarean Section

The current cesarean section rate is rising in Europe, and many believe that a trial of
labor after previous cesarean delivery (TOLAC) provides women who desire a
vaginal delivery with the possibility of achieving a vaginal birth after cesarean
delivery (VBAC), promoting, at the same time, a reduction of the overall cesarean
section rate.

Despite the current emphasis on evidence-based medicine, there has never been
a randomized trial to prove definitively that maternal and neonatal outcomes are
better with either a trial of labor after cesarean or repeat cesarean delivery.

Contemporary issues that affect VBAC rates include the right for women to have
a cesarean with no medical indication (“on maternal request”), the fear and possi-
bility of future pelvic disorders after vaginal delivery, and medical legal risks
should uterine rupture occur. Consequently, deciding between trial of labor and
repeat cesarean is a challenge for both physicians and patients.
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13.7 Pre-labor Counseling

The decision for a trial of labor (TOLAC) after a previous cesarean involves
balancing risks vs benefits (Table 13.4).

Vaginal delivery is associated with fewer complications, is less expensive, has a
faster recovery, and for many women there is an important satisfaction factor.
Published series indicate that about 60-80 % of trials of labor after a previous
cesarean result in successful vaginal births [17].

However, these rates often represent a selected population. Patients inappropri-
ate for trial of labor usually have been excluded, so the exact percentage of women
with a previous cesarean who undergo trial of labor is not known. A woman who
has delivered vaginally at least once before or after her previous cesarean is more
likely to have a successful trial of labor than the woman who has not yet delivered
vaginally. The chance of success for those with a previous diagnosis of dystocia is
consistently lower (40-70 %) than for those with nonrecurring indications [17].

On the other hand, a repeat cesarean may be more practical and safe in certain
settings. It can be scheduled, is predictable, avoids a failed trial of labor with its
frustration and morbidity, and basically eliminates the risk of uterine rupture.
However, an elective cesarean carries with it a likelihood of more cesareans with
their future risks. The incidence of placenta previa and accreta progressively
increases with each cesarean and is as high as 67 % with four or more previous
cesareans, and severe bleeding associated with these conditions now accounts for
over half of peripartum hysterectomies [18].

The final decision for trial of labor vs repeat elective cesarean should be made by
the patient and her physician after careful consideration and discussion in the
prenatal record. Once the decision for trial of labor is made, the patient deserves

Table 13.4 Criteria most predictive of a safe and successful trial of labor

One (or two) prior low-segment transverse cesarean section

Clinically adequate pelvis and normal fetal size

No other uterine scars, anomalies, or previous rupture

Patient consent

Spontaneous labor

Physician available capable of monitoring labor, the fetus, and performing a cesarean
Anesthesia, blood bank, and adequate personnel available

Potential contraindications

Prior classical or T-shaped incision or previous uterine surgery

Contracted pelvis and/or macrosomia

Medical or obstetric condition precluding vaginal delivery

Patient refusal

Unripe cervix, induction, and augmentation

Inability to perform emergency cesarean because of unavailable obstetrician, anesthesia staff, or
inadequate facility



13 Analgesia for Induced Labor and for Vaginal Birth After Cesarean Section 173

support and encouragement. This does not mean that the plan cannot be altered if
the situation changes.

13.8 Management of Labor and Delivery

A plan of management of VBAC should be outlined and documented.

Induction of labor is associated with an increased risk of uterine rupture and
therefore is not usually advisable [19].

Once labor has begun, the patient should be promptly evaluated and monitored
and continuous electronic monitoring is usually preferable. It is important for
personnel to be familiar with the potential complications of VBAC and to watch
closely for fetal heart tone abnormalities and inadequate progress of labor. These
women are at high risk for labor problems in view of the 2040 % rate of
unsuccessful trial of labor. Timely diagnosis and prompt management of labor
abnormalities are essential in any woman with a uterine scar to avoid the added risk
of obstructed labor.

13.9 Uterine Rupture

Rupture of the uterine scar is the most serious complication of VBAC, and it can be
life threatening for both mother and baby. During labor, the rupture usually
involves the previous scar and lower uterine segment, but it may extend intraperi-
toneally or retroperitoneally.

Associated risk factors include excessive amounts of oxytocin, dysfunctional
labor, more than one cesarean delivery, multiparity, and even a previous
nonpregnant-uterine perforation. However, in most cases the reason for rupture is
unclear, and adverse outcomes can occur even in appropriate VBAC candidates.
The rate of rupture is related to the type and location of the previous incision. The
risk of uterine rupture is higher with the old-fashioned, classical or T incision (4—
9 %) and lower with the modern, low-transverse incision (0.5-1.5 %) [20, 21].

13.10 Diagnosis

Uterine rupture is sometimes difficult to diagnose, and close surveillance is neces-
sary since signs and symptoms may progress rapidly but also gradually. The most
common signs are fetal heart rate abnormalities. A fetal heart rate pattern with
subtle variable decelerations which rapidly evolve into late decelerations, brady-
cardia, and undetectable fetal heart tones during a trial of labor can suggest a uterine
rupture. Uterine contractions often diminish in intensity and frequency. Vaginal or
intra-abdominal bleeding produces anxiety, restlessness, weakness, dizziness, gross
hematuria, shoulder pain, and shock. This clinical picture has sometimes been
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mistaken for abruption. Loss of station of the presenting part on vaginal examina-
tion is diagnostic.

Uterine or abdominal pain is not the most common symptom and usually occurs
in the area of the previous incision but may range from mild to “tearing” in
nature [22].

13.11 Treatment

Any of these findings in a patient undergoing trial of labor warrant an immediate
exploratory laparotomy. The condition of the infant is dependent on the severity of
the rupture and relationship to the placenta and umbilical cord. The risk of an
adverse perinatal outcome at term among women with a previous cesarean delivery
undergoing a trial of labor is quantitatively small (1 in 200 trials of labor; 0.46 per
1,000), but greater than that associated with elective repeated cesarean delivery
[23]. When uterine rupture occurs, placental or fetal extrusion is the most important
factor associated with severe metabolic acidosis and hypoxic-ischemic
encephalopathy [24].

13.12 Epidural and VBAC

Epidural analgesia is not contraindicated. In fact, adequate pain relief may allow
more women to choose trial of labor. In addition, effective regional analgesia
should not be expected to mask signs and symptoms of uterine rupture, particularly
because the most common sign of rupture is fetal heart tracing abnormalities.

Sudden or atypical maternal abdominal pain occurs more rarely than do
decelerations or bradycardia: in a review of 10,967 patients undergoing a TOL,
only 22 % of complete uterine ruptures presented with abdominal pain, while 76 %
presented with signs of fetal distress diagnosed by continuous electronic fetal
monitoring. In addition, in this review, there were no differences in presenting
symptoms of uterine rupture in parturients with and without epidural analgesia [22].

Thus, abdominal pain is an unreliable and uncommon sign of uterine rupture.
Initial concerns that epidural analgesia might mask the pain caused by uterine
rupture have not been verified, and there have been no reports of epidural analgesia
delaying the diagnosis of uterine rupture. A guideline from the ACOG suggests
there is no absolute contraindication to epidural analgesia for a trial of labor
because epidurals rarely mask the signs and symptoms of uterine rupture [25].

In addition, the commonly used analgesic mixtures with a very low concentra-
tion of local anesthetic and opioids produce effective analgesia but are ineffective
to relieve the uterine rupture pain and therefore a sudden, unexpected breakthrough
pain during labor analgesia in women undergoing a VBAC may help to diagnose a
uterine rupture rather than to occult it. Moreover, frequent epidural dosing may be a
marker for impending uterine rupture in parturients who attempt vaginal birth after
cesarean delivery [26].
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Furthermore, in the case of an emergency cesarean section, the epidural catheter
is already in place and this might favor a rapid extension of the epidural block.

13.13 Conclusions

VBAC was enthusiastically supported by many groups during the past three
decades. With more experience, it has become apparent that there are rare but
significant risks to the mother and infant. Poor perinatal outcome associated with
uterine rupture is now a common cause of litigation.

Most problems occur when the patient is not under direct observation or the
diagnosis of uterine rupture is delayed. In situations where attempted VBAC is not
safe or the patient does not want it, elective cesarean section is a reasonable
alternative.

Epidural analgesia is not contraindicated during VBAC since it does not mask
the signs and symptoms of uterine rupture. Conversely, the presence of an epidural
catheter already in place can favor a rapid extension of the epidural block in the
case of an emergency cesarean section.
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Vegard Dahl and Leiv Arne Rosseland

14.1 Introduction

Laboring women with epidural for pain relief may need anesthesia for cesarean
delivery.

Due to substantial differences in resources and traditions, the rate of cesarean
deliveries varies widely from country to country. Worldwide, the rate of cesarean
section (CS) is estimated to be approximately 15 %, with South America having the
highest rates (29 %) and Africa the lowest with only 3.5 %. The average CS rate in
Europe in 2007 was 19 %, highest in Italy (36 %) and Portugal (30.2 %) and lowest
in Serbia, Montenegro, and Moldavia (6.2-8 %) [1, 2]. In most developed countries,
the rate has been rising steadily during the last decades, although the rate of planned
cesarean deliveries has remained stable (Fig. 14.1).

In Norway, with 62,000 deliveries yearly, the rate of cesarean delivery was
16.8 % in 2012 [3]. Out of these, 64 % were unplanned cesarean deliveries, and
32.4 % of all cesarean deliveries were performed using an epidural top-up tech-
nique. Clearly, epidural top-up technique is widely used in our country. According
to a large-scale audit in the United Kingdom (UK) from 2008, epidural top-up
technique was used in 26 % of all cesarean sections [4], and similar results have
been reported in other countries. Although much in use, substantial controversies
remain around the different aspects of the top-up technique. The best way to convert
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Fig. 14.1 Rate of planned cesarean deliveries. Reproduced with permission, Copyright European
Health for All Database (online database) Copenhagen, WHO Regional Office for Europe 2014.
Source: WHO/Europe, European HFA Database, July 2013

an epidural analgesia to epidural anesthesia for a cesarean section remains uncer-
tain. This chapter is devoted to possible techniques and practical aspects around
laboring women with an epidural catheter in situ in need of a cesarean section.

Generally, it is difficult to predict the mode of delivery, and clinical prediction
models have been developed [5]. Data from nine birth clinics in the Netherlands [6]
demonstrated that nulliparity, previous cesarean delivery, and induced labor were
the three most important risk factors for cesarean delivery. Epidural analgesia was
of minor importance, and when the interaction of epidural analgesia and oxytocin
augmentation was included as a factor in this analysis, it was associated with a
reduced risk of cesarean delivery indicated by fetal distress (OR 0.48, 95 % CI
0.31-0.73). Further on, the interaction was not a significant factor for cesarean
delivery due to failure to progress (OR 0.93, 95 % CI 0.60—1.42). Interestingly,
they found a significant difference between the involved birth clinics indicating
an obstetrician-dependent variation. An increasing number of cesareans are
performed due to unforeseen complications during delivery. This can, to some
extent, be explained by more extensive monitoring and a lower threshold for
intervention during delivery. Fear of litigation and criticism by colleagues may be
another reason. In the UK the cesarean delivery rate has increased to 25 % [7]. A
recently published analysis discusses the impact of socioeconomic status and
communication skills which both are inversely correlated with cesarean section
rate in the UK [8].
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14.2 Definition of Urgency

In 2001, Banerjee and colleagues published a study from the region of West Sussex
in the UK showing that the percentage of cesarean section performed on the basis of
“fetal distress” increased from 6.4 % in 1980 to 13 % in 1999 without any changes
in perinatal morbidity [9]. Extensive use of electronic fetal monitoring, with limited
sensitivity and reliability, seems to have led to an increase in the cesarean section
rate rather than the expected opposite [10]. The use of the term “fetal distress” is
stigmatizing and may lead to a demand for general anesthesia in cases where it is
unnecessary. Most cesarean sections during labor are unplanned rather than urgent.
Obstetric complications such as dystocia, failure to progress, and non-reassuring
fetal heart rates will often lead the obstetrician to decide on a cesarean delivery, and
in these circumstances there will generally be ample time to use a regional tech-
nique such as a spinal anesthesia or a top-up of a well-functioning epidural in situ.
Urgent causes for a cesarean section such as hemorrhage or cord prolapse are more
seldom, and in these cases the time from decision to delivery will matter more.

The definition of “emergency” during labor is difficult. The obstetricians’
distress, combined with poor communication or substandard services, may also
lead to emergency situations. An urgent (grade 1) cesarean section implies that the
section should be performed immediately. According to the “Organisational
Standards for Maternity Services,” published in 1995 by the Royal College of
Obstetricians and Gynaecologists, a maximum time from decision to delivery of
30 min should be the gold standard for an urgent cesarean section. This time rule
was acknowledged by the UK society of anesthesiologists. This definition of
urgency has been heavily debated in the literature, especially the arbitrary time
standard of 30 min between decision and delivery [11-13]. In the NICE Caesarean
Section guidelines, published in 2011, it is stated that the 30 min rule should be
used as an audit standard, but that it should not be used to judge performance in
individual cases [14]. Clearly, factors other than the decision-to-delivery interval
such as the pathological condition of the fetus are far more important prognostic
factors. Also, transport time from the delivery suite to the operation theater
accounts for approximately half the time spent in an urgency setting, and great
care should be put into organizational aspects in all hospitals. Internal audits
looking at every aspect of urgency and regular training in teamwork are highly
recommended [15].

14.3 Extension from Analgesia to Anesthesia

The best way to avoid an urgent (grade 1) cesarean delivery is to be well prepared.
A thorough multidisciplinary communication between obstetrician, midwife, and
anesthetist is mandatory. As a general rule, the anesthetist in charge of the labor
ward should have a continuously updated knowledge of the parturients in the
delivery unit. When in doubt he or she should make an antenatal risk estimation
of the parturient in question. Parturients at risk should receive an epidural catheter



180 V. Dahl and L.A. Rosseland

as early as possible, and it should be ensured that it is well functioning in ample
time in order to perform a top-up for a cesarean section, if needed. The American
Society of Anesthesiologists task force on obstetric anesthesia has even
recommended that in high-risk patients, such as women with preeclampsia,
anticipated difficult airways, or twin gestations, the parturient should have an
epidural catheter inserted before they go into labor [16]. The same recommendation
applies for parturients planning a vaginal delivery after a previous cesarean. In
these cases, the neuraxial catheter can be used either for labor analgesia or for
anesthesia in case of an operative delivery.

When administering an epidural early in labor, great care should be taken in
order to ensure its efficacy and reliability. If the laboring woman is in mild or
moderate pain, this may be a difficult task. The use of low or ultralow doses of local
anesthesia as in modern epidural labor analgesia will make an estimation of efficacy
even more challenging. Clearly, evaluation by degree of motor blockade is of little
use. The reduction of temperature sensibility is probably the best-suited method of
testing, ensuring that the changes in temperature sensation are evenly distributed on
both sides. Changes in sensitivity to pinprick, if used by an experienced hand, are an
excellent option. As labor progresses an efficacy estimation will be easier, where a
satisfied parturient with good progression of labor is the best guarantee for a well-
functioning epidural. One must remember that even well-functioning epidurals may
change to poor functioning ones during the progress of labor, leading to a
non-satisfactory anesthesia in case of a cesarean section. In a prospective audit
from Bristol, UK, over a 5-year period, the rate of failure to achieve a pain-free
operation was 24 % with epidural top-up and 18 % with the combined spinal-
epidural technique [4]. A failure to ensure a pain-free operation will, of course, lead
to pain and discomfort but may also lead to a conversion to general anesthesia.
Having a tight follow-up on the epidurals in laboring women at risk is therefore
advisable. If changes in pain perception and discomfort are apparent, a replacement
of the epidural should be considered as early as possible.

14.3.1 Speed of Onset

Several studies of urgent cases have demonstrated that the decision-to-delivery
times are comparable between a top-up technique and the induction of general
anesthesia. In an audit performed at the Royal Women’s Hospital in Melbourne,
Australia, encompassing 444 code green (grade 1) emergency cesarean sections,
mean decision-to-delivery time was 17 (SD 6) min for general anesthesia, 19 (SD 9)
min for an epidural extension, and 26 (SD 6) min for a spinal anesthesia [17]. Lim
and colleagues from Singapore reported an identical decision-to-delivery time
between general anesthesia and top-up of epidurals, 7.7 (SD 3.0) min [18]. The
choice of local anesthetics, as well as the possible combination with different
adjuvants like opioids, epinephrine and bicarbonate, is important and will be
discussed later in this chapter. Another issue is the timing of the top-ups when
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the decision to perform a cesarean has been made. In cases of emergency, should
the anesthetist start the top-up procedure during transportation from the labor ward
to the operation theater in order to win time? In many places, a top-up is
commenced in the delivery room, enabling a possibility to assess the degree of
anesthesia immediately when arriving in the operation theater. A further top-up is
then performed if the block is insufficient, or one may consider a change from an
epidural top-up to a spinal anesthesia if the block is unilateral or nonexistent before
the administered volume of local anesthesia makes this procedure unsafe. The
practice of starting a top-up in the labor ward is controversial [19]. We still
recommend this practice if precautions are taken in order to avoid a large dose of
local anesthesia and treatment of possible hypotension is available during transport.

14.3.2 Type of Local Anesthetics and Adjuvants

The choice of local anesthetics and possible adjuvants varies between countries and
institutions. The grade of urgency may also influence on the choices made.
2-Chloroprocaine 3 % or lidocaine 2 % with or without additives seems to be the
most frequently used solutions for epidural top-ups. The onset time is short and the
efficacy versus side effect profile favorable. The possible additives for lidocaine are
epinephrine, bicarbonate, and lipophilic opioids. Alkalization of a local anesthetic
with bicarbonate will shift more of the local anesthetic from the ionized to the lipid-
soluble non-ionized form, thus facilitating transfer through biological membranes.
It will increase the speed of onset and may also prolong the duration and quality of
the block [20, 21]. An alkalized solution should be prepared immediately before the
top-up in order to maximize the effect and reduce the risk of precipitation and
possible degradation of epinephrine in the solution. It should not be used together
with the longer acting amides where precipitation may occur at very low
concentrations of bicarbonate [22]. Epinephrine will have a double effect, both as
a local vasoconstrictor, thus reducing the systemic uptake of the solution, and as a
direct a, agonist in the spinal cord enhancing its analgesic effect [23]. Adding a
lipophilic opioid like fentanyl or sufentanil to an epidural solution has been shown
to have a synergetic effect with the local anesthetic enabling the use of low-dose
local anesthesia technique for epidural analgesia in labor [24]. As the low-dose
combination solutions for epidural analgesia are the standard around the world,
whether adding additional opioids in the top-up solution is a matter of discussion
and controversy. Studies comparing an addition of an opioid to local anesthesia
alone in the top-up solutions have shown little effect on time to onset and quality of
blocks, but more side effects like pruritus and nausea [25]. The commonest adjunct
to local anesthetics, fentanyl, has been extensively studied. Observational retro-
spective data and one randomized controlled trial indicated that fentanyl may have
a negative effect on breast feeding [26, 27]. The impact of these observations is
controversial, but avoiding large epidural bolus doses of lipophilic opioids, as part
of extending the epidural to surgical anesthesia, is recommended [28].
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As examples of mixtures and efficacy, Allam et al. found a time from start of
top-up till surgical readiness to be half using a mixture of 1.8 % lidocaine, 0.76 %
bicarbonate, and epinephrine 5 pg/ml (1:200,000) compared to 0.5 %
levobupivacaine [29]. Median time to reach a TS block for touch and T4 for cold
sensation was 7 min (range 5—17) for the lidocaine mixture and 14 min (range 9-31)
for levobupivacaine [30]. Balaji et al. compared a mixture of lidocaine 2 %,
epinephrine 5 pg/ml, and fentanyl 5 pg/ml with plain levobupivacaine 0.5 %
[31]. Median onset time for the lidocaine mixture was 15 min vs 18 min for
levobupivacaine when preparation time for the solutions was included in the sum
(145 s for lidocaine vs 60 for levobupivacaine). They also found statistically
significantly more inadequate blocks in the levobupivacaine group.
2-Chloroprocaine without preservatives or additives is as fast as lidocaine with
additives, without the time-consuming preparation of mixture and the possible
logistic problems [32] (Fig. 14.2).

However, when mixtures are introduced as a standard routine in institutions, the
preparation time may be shortened [33].

In some countries like the UK, bupivacaine and levobupivacaine are standard
[19, 31]. The newer amide derivates like levobupivacaine and ropivacaine have
advantages compared to bupivacaine, due to reduced systemic toxicity. Ropivacaine
0.75 % is comparable to bupivacaine 0.5 % in terms of time to reach a satisfactory
block level, the reduced need of analgesic supplementation [34], and the degree of
motor block. The longer duration of amides blocks (bupivacaine, levobupivacaine,
and ropivacaine) reduces the need of intraoperative analgesic supplementation
compared to lidocaine and 2-chloroprocaine. Sng et al. found equal time from
top-up till readiness to surgery defined as loss of cold sensation to T4 between a
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Table 14.1 Local anesthetics for epidural top-up: Summary of recommendations

Time to
Type of local Concentration | Possible onset of
anesthetic of LA adjuvants block (min) | Comments
Lidocaine 20 mg/ml Epinephrine | 7-15 More adjuvants equal
fentanyl/ longer time to prepare,
sufentanil dependent on hospital
Bicarbonate logistics
2-Chloroprocaine | 30 mg/ml Fentanyl/ 8-12 Not available in all
sufentanil countries. Fast offset,
possible need of
perioperative top-ups
Bupivacaine 5 mg/ml Fentanyl/ 20 More need of
sufentanil supplemental analgesia
Levobupivacaine |5 mg/ml Fentanyl/ 15-18 More need of
sufentanil supplemental analgesia
Ropivacaine 7.5 mg/ml Fentanyl/ 10-15 Less motor block

sufentanil

mixture of 2 % lidocaine + epinephrine + fentanyl, 0.75 % ropivacaine, and 0.5 %
levobupivacaine [35]. A meta-analysis by Hillyard et al. concluded that there was a
significant increase in the need of supplemental analgesia perioperatively when
using bupivacaine or levobupivacaine compared to lidocaine or ropivacaine
(RR 2.03, 95 % CI 1.22-3.39, P =0.07) [36].

In summary, a mixture of 2 % lidocaine and epinephrine 2.5-5 pg/ml is the
local anesthetic mixture of choice. If available, 3 % 2-chloroprocaine without
preservatives or additives is a good alternative. When choosing one of the amides,
ropivacaine 0.75 % or levobupivacaine 0.5 % is the preferred solution in many
countries. The use of levobupivacaine may result in more need of rescue analgesia
during the operation, when compared to ropivacaine. Although probably somewhat
slower in onset time compared to lidocaine and 2-chloroprocaine, ropivacaine has
the advantage of acting longer, thus reducing the possible need of additional top-up
during surgery and rescue analgesia in the immediate postoperative period
(Table 14.1).

14.3.3 Volume of Solution

The volume needed to achieve a satisfactory block when topping up a well-
functioning labor epidural will vary. Factors like height and obesity will influence,
as well as previous infusion speed of the epidural analgesia, timing of bolus doses,
and efficacy of the labor analgesia being administrated. It is therefore advised to
divide the top-up in incremental boluses and try to evaluate the speed of onset,
hemodynamic changes, and the level of block as thorough as possible between the
individual top-up doses. The vasodilatation induced by the sympathetic block
should be opposed by phenylephrine, unless the patient has pregnancy-induced
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hypertension. Normally, a total volume of between 15 and 20 ml of the chosen
solution is needed in order to obtain a surgical block. If possible, one should start
top-up with 5-10 ml of the solution in the labor ward and then assess the sensory
block when arriving to the operating theater. If the block progresses bilaterally and
cephalad, one should add another 5-10 ml in order to bring the sensory level of
block to T4 for pinprick sensation/temperature or a T5 level to touch [37, 38]. If the
block is unsatisfactory, one has the possibility to adjust the epidural or convert to a
spinal anesthesia at an early period.

14.3.4 Inadequate Block

One known problem with the epidural top-up technique is the poorly functioning
labor epidural, resulting in a non-satisfactory anesthesia for a cesarean section. In a
prospective audit performed over a 5-year period in Bristol, UK, the failure to
achieve a pain-free cesarean operation was 24 % with epidural top-up and 18 %
with the combined spinal/epidural technique [4]. In a report from Canada
encompassing 895 cases, the failure rate was 14 %. Out of the 120 cases of
inadequate anesthesia, more than 80 % were successful after pulling the epidural
catheter back 1 cm [39]. If managed by a subspecialist in obstetric anesthesia, the
failure rate was reduced. In a meta-analysis including 13 trials and more than 8,500
cases published in 2012, Bauer et al. identified three risk factors for failed conver-
sion: an increasing number of administered boluses during labor, greater urgency
for a cesarean delivery, and a non-obstetric anesthesiologist providing the care.
Other factors, such as high BMI, duration of epidural analgesia, and cervical
dilatation at the time of epidural placement, had no impact [40].

As mentioned before in this chapter, the best way to avoid a substandard
functioning epidural anesthesia after a period of epidural labor analgesia is to
ensure that the epidural analgesia is well functioning. Careful evaluation and
regular checkups are mandatory, especially in a high-risk parturient. Breakthrough
pain, one-sided effect, and the need of additional boluses during labor are all signs
of a suboptimal placement of the epidural catheter. Partly, unilateral analgesic
blocks may turn out to be sufficient when injecting higher volume of an anesthetic
concentration, but if the epidural analgesia during labor is not satisfactory,
measures should be made to correct the placement of the catheter. One option is
to pull out the catheter 1-2 cm and reevaluate as soon as possible. If one is uncertain
of the effect of this strategy, a replacement of the epidural catheter is warranted, the
sooner the better.

14.4 Alternatives to Epidural Top-Up

Spinal anesthesia is the preferred method in planned and urgent cesarean delivery
and represents standard practice in many units, even in patients with an established
labor epidural. Some case reports and case series reported high blocks when spinal
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anesthesia was given to patients with ongoing epidural analgesia [41]. Even if this
occurs rarely, it has been heavily debated [42, 43]. Combined spinal-epidural
technique allows reducing the spinal dose in order to reduce the risk of high
block. The spinal dose can be reduced to avoid a high block, and an insufficient
block can be extended by an epidural bolus. The recommended dose of a single-shot
spinal is controversial, but based on our experience bupivacaine 8—10 mg + fentanyl
20 pg or sufentanil 4 pg is safe. In cases of real urgency, adding an opioid to the
solution may not be optional or practical. In such cases, a larger dose of local
anesthesia should be considered in order to ensure a well-functioning block. If one
uses an isobaric solution of bupivacaine, a dose of 12—13 mg is indicated [44]. For
hyperbaric solutions of bupivacaine, 8—10 mg is normally sufficient [45]. In case of
recent large epidural injection, the spinal dose can be greatly reduced. Documented
success with de novo bupivacaine doses of 7 mg, 6.6 mg or 5 mg supports this,
given that the combined spinal-epidural technique is used [46—48]. In this context,
however, spinal induced hypotension is common and phenylephrine should always
be given prophylactically.

General anesthesia will be the only option if fetal bradycardia or maternal
emergencies necessitate prompt action. However, top-up technique can be used in
a well-functioning epidural. During the time elapsed between epidural injection and
sufficient surgical anesthesia, the patient should be prepared for surgery. Even if
this preparation takes only a few minutes the block will often be sufficient, and if
not, the anesthetist should be ready to give general anesthesia immediately. Con-
comitantly with preparation to cesarean delivery the anesthetist can inform the
patient briefly about the procedure, ask the patient about relevant comorbidity, and,
most importantly, assess airways to identify risk of difficult airway management. If
difficult airway management is likely, the anesthetist in charge should consider
calling for more experienced personnel and airway management equipment. A
reevaluation of performing the cesarean delivery in regional anesthesia, rather
than general, may even be compulsory.

14.5 Conclusions

An extension of an epidural analgesic block for labor analgesia in order to achieve
an anesthetic block for a cesarean section is an easy, fast, and well-advised
technique. The rate of success, i.e., achievement of a well-functioning anesthetic
block with good operating conditions, hemodynamic stability, and a satisfied
patient, is dependent upon preparedness and the technique used for the extension.
High-risk parturients should receive a well-functioning epidural as early as possible
in labor. Lidocaine 2 % with epinephrine, 2-chloroprocaine 3 %, or ropivacaine
0.75 % is the recommended local anesthetic that should be used for a top-up of an
epidural. Inadequate blocks must be recognized early and measures be taken in
order to avoid risks or unbearable suffering during surgery.
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15.1 Definition and Causes of Postpartum Pain

Pain experienced during childbirth is a given knowledge shared and experienced by
women worldwide. However, much less attention is given to the period that women
face once the child is born. This postpartum period, also called the puerperium,
extends until 68 weeks postdelivery. It is this pain, experienced hours, days, and at
times even months postpartum which can immobilize a new mother. With the
knowledge that acute postoperative pain may lead to chronic pain, more attention
is needed to focus on analgesia directly postpartum [1]. Therefore, we will focus
our attention in this chapter on the postpartum period and the complications that can
be encountered.

15.2 Short-Term and Long-Term Postpartum Pain

Pain is defined as an unpleasant sensory and emotional experience associated with
actual or potential tissue damage, or described in terms of such damage [2]. Acute
pain is defined as pain of short duration; it is often a symptom with underlying
cause. Chronic pain is defined as pain lasting for an extended period or persisting

B. Kantering (<) « N.M.A. Engel

Department of Anesthesiology, University Medical Center Maastricht, P. Debyelaan 25,
Maastricht, Limburg 6229HX, The Netherlands

e-mail: Kantering.b@ gmail.com; nicole.engel@mumc.nl

M.A. Marcus
Department of Anesthesiology, University Medical Center Maastricht, P. Debyelaan 25,
Maastricht, Limburg 6229HX, The Netherlands

Department of Anesthesiology, ICU and Perioperative Medicine, Hamad Medical Corporation,
Postbus 3050, Doha, Qatar

e-mail: Mmar26@live.com

© Springer International Publishing Switzerland 2015 189
G. Capogna (ed.), Epidural Labor Analgesia, DOI 10.1007/978-3-319-13890-9_15


mailto:Kantering.b@gmail.com
mailto:nicole.engel@mumc.nl
mailto:Mmar26@live.com

190 B. Kantering et al.

pain which exceeds the expected healing time [1]. There are different factors that
contribute to pain. Not only patient’s characteristics before the event but also
sensory components play an important role. Inflammatory, nociceptive, and neuro-
pathic pain are all factors that contribute, not only to any postsurgical pain but also
to postpartum pain.

It is essential for a new mother to be able to function on a daily basis postpartum.
Pain control is not only important for the mother’s comfort, it is also important for
the mother—baby relationship. Being able to breastfeed and to function as a nurtur-
ing mother for your new baby is of extreme importance. Pain may hinder the
breastfeeding process which in return may lead to decreased breast milk production
[3]. Certain analgesics may affect the alertness of the mother and the newborn.
Therefore, one can imagine the hesitance of inexperienced medical staff in
providing breastfeeding mothers with analgesics.

Different causes for postpartum pain have been identified. Some occur due to the
physiological changes the woman’s body endures during pregnancy, and some are
due to iatrogenic factors. These factors will be discussed in more detail below.

15.3 Types of Pain Postpartum

15.3.1 After Pain

This is a common phenomenon in the postpartum period, characterized as lower
back pain in the midline region. This type of pain is associated with contractions of
the uterus as it is returning to its size before pregnancy. This type of pain lasts for
2-3 days postpartum. Due to the involvement of a contracting uterus, this type of
pain may be exaggerated by breastfeeding due to the release of oxytocin [4].

15.3.2 Perineal Pain

Perineal pain following vaginal delivery is a common experience affecting women.
Perineal pain is experienced in 42 % of women within the first 2 weeks postpartum
[5]. Risk factors for perineal pain include macrosomia, nulliparity, malposition, and
the use of forceps and episiotomy. Perineal pain leads to discomfort of the mother
which decreases mobility and as such negatively influences the mother’s ability to
care for her child, which may lead to mental exhaustion and depression. Exhaustion
and depression may not only have an effect on the mother—child relationship, it may
also affect the mother—father relationship. Perineal tear wounds can cause other
complications including incontinence, sexual dysfunction, chronic pain, and
embarrassment. Risk factors identified for perineal wound complications include
high tobacco use, fourth degree lacerations, use of postpartum antibiotics, use of
forceps, and vacuum delivery [6].

Spontaneous perineal tears can be classified as follows: first degree tears involve
the perineal skin and subcutaneous tissue and second degree tears involve the
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perineal muscles and perineal body. Third degree tears include the anal sphincter.
Fourth degree tears extend through the sphincter into the rectal mucosa [7]. The
amount of pain is associated with the extent of perineal injury sustained.

An episiotomy is a surgical incision of the perineum which facilitates the
delivery of the newborn during the last stage of labor or delivery. The routine use
of epiostomy has been restricted since significant higher infection rates and longer
healing periods have been reported in women who have received an episiotomy
[8]. However, at times a perineal tear may be prevented by performing this
procedure. Even though, infection rates and healing periods may be increased in
women who have received an episiotomy, there seems to be no difference in the risk
of pain. Carroli and colleagues compared restrictive episiotomy use with routine
episiotomy use in a Cochrane review and came to the conclusion that there is no
difference in postpartum pain when comparing an episiotomy versus a spontaneous
tear [9]. Also no studies have shown a different outcome in postpartum pain when
comparing restrictive versus routine episiotomy [9].

Regardless of a spontaneous perineum tear or an episiotomy procedure during
delivery, the majority of women experience perineal pain the first day postpartum.
The more complex the perineal tear, the worse the perineal pain. Studies have
shown that first degree tears require less analgesia the first days postpartum than do
the more complicated tears [10, 11]. Third and fourth degrees are associated with
much more pain [12]. Macarthur et al., reported an increase in perineal pain on the
first day postvaginal delivery. In a prospective cohort study, 92 % of the 447 women
included experienced perineal pain on day 1 postvaginal delivery. By 6 weeks, this
number had decreased to only 6 % [12].

A cross-sectional community survey conducted among women by Williams and
colleagues showed that 32.6 % of 2,064 women still experienced some degree of
perineal pain 1 year postpartum [13].

15.3.2.1 Treatment and Prevention of Painful Perineal Tears

Perineal Massage The use of warm compresses and lubricants to massage the
perineum may prevent tears during labor. This is due to the relaxation of muscle and
increased tissue circulation which all lead to thinning and stretching of the vaginal
and perineal tissues and therefore may benefit the mother during labor [14]. Studies
have also reported a reduction in 16 % of episiotomies, when these women start
perineal massage from week 35 of gestation. These women also reported less
ongoing perineal pain postpartum [15].

Cooling Once perineal trauma has occurred, cooling the perineum provides pain
relief as well as a reduction in tissue swelling. Ice packs and gel pads have been
reported as an adequate tool to relieve perineal pain postpartum. However, a
combination of localized cooling and analgesia seems to be the most effective [16].
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15.3.2.2 Analgesia After Episiotomy Repair and Cervical Lacerations
Pain medication is often used for acute and chronic pain. However, since each
person may respond differently to medication, restrictive use of medication is
preferred if the patient is a breastfeeding mother. This is due to all the maternal
and newborn side effects caused by the various medications. However, pain relief is
essential for a mother to function adequately. Therefore, the use of certain
analgesics is at times unavoidable. The first choice of effective and safe analgesia,
for both the breastfeeding mother and the newborn, are analgesics of the nonopioid
kind, due to fewer side effects.

Paracetamol is a nonopioid kind of analgesic with antipyretic effects. It has an
onset of action of 30—60 min. Its anti-inflammatory aspect is limited. Paracetamol is
effective in postpartum perineal pain and studies have shown that women require less
additional analgesia once paracetamol is used. For the newborn no adverse effects
have been reported, and paracetamol is compatible with breastfeeding [7, 17].

The second step to control pain is the use of Non-Steroidal-Anti-Inflammatory-
Drugs (NSAIDs); these drugs inhibit in a nonselective manner, COX1 and COX2
enzymes, and thus the conversion of arachidonic acid into prostaglandin and
thromboxane [18]. This type of analgesic is effective in the reduction of swelling
and pain after an episiotomy [19]. NSAIDs are also effective for after pain due to
uterine contractions [4]. Aspirin, Ibuprofen, Diclofenac, Ketorolac, and Naproxen
are all examples of NSAIDs. Aspirin has shown to be potentially toxic and is
therefore not compatible with breastfeeding mothers, whereas Ibuprofen and
Diclofenac are compatible. Ketorolac and Naproxen are considered compatible;
however, there have been cases of adverse effects in children [17].

If pain control cannot be achieved with nonopioid analgesics, then low doses of
intravenous or intramuscular morphine are preferred [3]. Morphine has a low
passage into milk and a low oral bioavailability in the newborn, whereas Meperi-
dine/Pethidine may affect the newborns alertness [20, 21]. Codeine and Oxycodone
should also be avoided since they lead to central nervous system depression in the
mother and newborn alike. Consumption of as little as 0.03 mg/kg Oxycodone daily
has been reported to lead to neonatal lethargy [22].

15.3.3 Postdural Puncture Headache

Epidural anesthesia is a procedure where an epidural catheter is placed in the
epidural space. The catheter is used to relieve the pain during the early stages of
labor, by injecting local anesthetics in the epidural space. However, with this
technique any discontinuity of the dura may result in postdural puncture headache.
Incidence rates of 0.2-6.6 % have been reported for accidental dural punctures,
with half of these leading to postdural puncture headaches [23]. Young women,
pregnancy, and low body mass index increase the risk for postlumbar puncture
headache. Most pregnant women, because they are young and are more often
exposed to epidural anesthesia, are at the highest risk [24]. An older person has a
lower risk due to a less stretchable dura mater caused by atherosclerosis and
because of other anatomical differences in the elderly [25].



15 Postpartum Analgesia and Postpartum Chronic Pain 193

Postdural puncture headache is defined as a type of headache that worsens within
15 min of sitting or standing and is relieved within 15 min of lying down [26]. Other
diagnoses must be ruled out before the diagnosis of postdural puncture headache
can be made, for it is a diagnosis of exclusion. [24] Typically, this type of headache
is characterized by its often dull and bilateral form. However, throbbing headaches
have been described. The pain distributes over the frontal and occipital areas with
radiation to the neck [24]. It is experienced in an upright position, with head
movements and jugular compression. The pain disappears rapidly once a supine
position is assumed. Accompanying symptoms may include nausea, vomiting, neck
pain, and problems with vision [27]. The extremes of pain and accompanying
symptoms may lead to complete immobilization.

A “wet tap” occurs when dural puncture causes spinal fluid loss. This in turn
leads to a decrease of intracranial pressure once spinal fluid loss exceeds spinal fluid
production. Even though the true mechanism is not fully understood, thoughts are
that loss of CSF may lead to traction on the intracranial structures, more specifically
the meninges. Once in an upright position this may lead to headaches. Failure of the
leak to close may lead to adhesions and continuing central spinal fluid loss and
increased risk of infections [24].

Fahkran et al., reviewed postmyelogram CTs and reported an increase of nega-
tive intracranial pressure due to the central spinal fluid loss. This leads to the
dilation of intracranial venous structures as a compensatory response. According
to Fahkran et al., these venous structures are pain sensitive and dilation of these
structures leads to orthostatic headache [28].

Postdural puncture headache seldom develops immediately. Often the pain
develops within 7 days, with an average of 2 days, and the pain disappears within
2 weeks. However, cases have been reported where postdural headaches have taken
several months to years to resolve.

15.3.3.1 Treatment of Postdural Puncture Headache

Since postdural puncture headaches develop a few days postpartum, patients should
be warned before discharge. Since more than 85 % of headaches resolve with
conservative methods, information should be provided about symptoms and
supporting treatment that can be applied at home. Treatment initially consists of
bed rest and simple analgesics and opioids. However, if the headache persists for
more than 72 h, medical intervention may be indicated [25].

Caffeine Sechzer reported the relief of postdural puncture headache in patients
receiving caffeine. Caffeine is a cerebral vasoconstrictor and blocks adenosine
receptors which are thought to play a role in the pathogenesis of headaches
[25]. However, recurrence of headaches was often noticed when caffeine was
given to patients. Caffeine can be given orally or intravenously [29].

Epidural Blood Patch This type of intervention is of mechanical form. Blood of
the patient is taken from a vein, often the arm, and injected in the epidural space.



194 B. Kantering et al.

This “patch” of blood prevents leakage of central spinal fluid and allows a seal to
form over the dura. This procedure has a success rate of 70-98 % [25].

Epidural Dextran-40 Epidural blood patch is the recommended intervention in
persisting postdural puncture headache; there are cases reported where this inter-
vention has had no effect. There are also contraindications for the use of autologous
epidural blood patch in, for example, patients with leukemia [30]. Souron and
colleagues reported in 1999 the use of Dextran-40 as a successful alternative
treatment for postdural puncture headache in cases where an epidural blood patch
was not effective or was contraindicated. Souron and colleagues reported no severe
complications with the use of Dextran-40 [31]. However, since Dextrans were
initially introduced as colloid plasma volume expanders, and increased anaphylaxis
or anaphylactoid reactions were noticed, their clinical use has declined over the
years [32].

Surgical Repair of the Dura This intervention is often used once nonsurgical
therapies have failed. The dura is closed with sutures or metallic clips, preferably
by a surgeon experienced in spinal surgery [33].

15.3.4 Musculoskeletal Pain

Due to pregnancy, the female body endures many changes which may lead to
musculoskeletal discomfort during pregnancy and postpartum period. For example,
fluid retention may lead to nerve entrapment, and increase in body weight will put
strain on joints. Also due to hormonal release certain joints become more mobile
and this may lead to pain.

15.3.5 Lower Back Pain

Even though complications due to epidural anesthesia are rare, short-term acute
back pain may be due this type of analgesia received by many women during labor.
Local bruising, an epidural hematoma, and epidural infections may all be causes of
lower back pain postepidural anesthesia in the acute phase. A meta-analysis
conducted by Ruppen and colleagues reported 1 in 183,000 women to have an
epidural hematoma postepidural anesthesia. For epidural infections they reported
rates of 1 in 145,000 women [34]. Chronic back pain, however, is not due to
epidural anesthesia [18].

15.3.6 Pelvic Floor Disorders and Pain

The pelvic floor consists of the levator ani and coccygeus muscles and urethral and
anal sphincter muscles. The sacral segments S2-S4 innervate the levators and
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coccygeus muscles and urogenital diaphragm. The fusion of S2—S4 into the pudenal
nerve provides innervation of the sphincters. Pelvic floor disorders are common in
women with a history of vaginal delivery. During the delivery process the
descending fetal head can damage the surrounding structures. This may lead to
incontinence over time.

During pregnancy, 14 % of women experience pelvic pain. The pelvic area
becomes more mobile and asymmetrical in the joints which may lead to pain. These
movements of the pelvic joints are said to be caused by the production of the
hormone relaxin. Relaxin in combination with other hormones leads to laxity of the
ligaments in the body including the pelvic girdle; this then leads to a larger range of
movement of the pelvic joints and may cause pain [35].

In 4 % of women, pelvic pain during pregnancy persists until several months to
years postpartum [36, 37]. Pelvic girdle pain is defined as pain between the
posterior iliac crest and gluteal fold, in the vicinity of the sacroiliac joints. It
generally arises in relation to pregnancy, trauma, arthritis, and osteoarthritis and
can occur with or without lower back pain [35]. The pain is experienced on a daily
basis and is worsened by walking, lifting and changing position [36]. Risk factors
are previous lower back pain or trauma to the pelvis. Nonrisk factors include
contraceptives, high BMI, age, and smoking [35].

There is an association between cesarean section and chronic pelvic pain.
Possible causes may be myofascial pain and neuroma formation at the site of
incision [38]. The type of surgical technique used also contributes to chronic pelvic
pain after cesarean delivery. Pfannenstiel incision may lead to the entrapment of
lower abdominal wall nerves and lead to neuropathy. However, cesarean delivery
has a low incidence of chronic pain compared with other types of surgical
procedures. Oxytocin may play a protective role and provides antihyperalgesic
effects during labor and delivery [1].

15.3.7 Knee Pain

The increase in body weight due to pregnancy has an impact on knee joints and
ligaments. This pain is a common condition in pregnant women and commonly
improves a few months postpartum without medical intervention.

15.3.7.1 Treatment of Musculoskeletal Pain
For the treatment of chronic lower back pain, NSAIDs have been reported to be
more effective than paracetamol due to their analgesic and anti-inflammatory
effects. There seems to be no difference in the effects of NSAIDs compared to
paracetamol in acute lower back pain [39]. Paracetamol remains the first choice,
followed by NSAIDs in the treatment of pain, due to the side effects of NSAIDS
[35, 40].

For postpartum pelvic girdle pain, the effects of physical therapy remain unclear
[35]. Stabilizing exercises have shown to be effective and decrease pain caused by
the pelvic girdle postpartum. These exercises are based on training of the deep local
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muscles. These include the transverse abdominal wall muscles and the superficial
muscles, global muscles, which include the gluteus maximus, latissimus dorsi,
oblique abdominal, erector spinae and hip adductors, and abductor muscles [41].

Also, positive effects have been reported with the injection of slow-release
corticosteroids to the insertion site of the sacrospinous ligament. Torstensson and
colleagues reported a significant decrease in pain in women treated with triamcino-
lone compared with saline [42].

15.4 Relationship Between Postpartum Pain, Postpartum
Depression, and Maternal Breastfeeding

Postpartum depression is seen in 10-20 % of mothers. It develops within the first
month postpartum and is associated with a period of mood swings, insomnia, crying
spells, and feelings of inadequacy as a parent. The Edinburgh Postnatal Depression
Scale is designed to detect postpartum depression. This screening tool is used to
predict maternal mood, 4-8 weeks ahead of time [43]. Chronic pain and postpartum
depression are often seen in relation to one another and are associated with general
pains including back pain and headaches. Eisenach and colleagues [44] conducted a
prospective, longitudinal cohort study in which they determined the association
between postpartum pain and postpartum depression. They reported that 10 % of
the 652 women included in the study experienced pain 8 weeks postvaginal
delivery. Of these women, 60 % experienced pain on a daily basis. The severity
of acute pain experienced was reported to be associated with postpartum depression
8 weeks postdelivery. An increase of 8.3 % in the Edinburgh depression scale was
noted with every point increase of the acute pain score [44]. Unfortunately, 25 % of
women with a history of postpartum depression have a recurrence in their next
pregnancy [45].

Difficulties encountered during breastfeeding are another issue for women
postpartum Akman et al. found a significantly higher Edinburgh depression Scale
score in women who discontinued breastfeeding within 4 months postpartum [46].

Many women decide to breastfeed; however, due to breastfeeding difficulties
only a small number manage to endure the full recommended 6 months. Wagner
et al. [47] conducted a prospective study, in which they interviewed 4,179
primiparas about their breastfeeding concerns. These included milk quantity,
signs of inadequate intake, latching problems, and pain.

Early in pregnancy milk, duds in the breast start to enlarge. In the first period of
the puerperium, usually the first 3—-5 days, breast enlargement and pain can be
caused by edema, the accumulation of milk, and swelling of breast tissue. Women
often also complain of extremely sensitive nipples; this starts during pregnancy and
peaks several days postpartum. It is felt in the first few suckles of the feed and
usually persists during the first few weeks. Later, breast engorgement is mostly due
to accumulation of milk.
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15.5 Chronification of Acute Pain

Since the development of chronic pain from acute pain has been well established,
studies have also reported predictors for the development of chronic pain from
acute pain. For the development of chronic pain postsurgery, preoperative pain and
acute pain postsurgery have been reported as predictors of chronic pain develop-
ment [48]. In the case of postpartum pain, studies have also shown predictors for the
development of chronic pain postpartum. Vermelis and colleagues concluded in
their review that acute labor pain can be a predictor of chronic pain development.
The presence of previous chronic pain and high pain scores postpartum are
predictors for the development of chronic pain postvaginal delivery. In the case
of a cesarean section, general anesthesia is an additional predictor of chronic pain
development [49].

The development of chronic pain from acute pain is a complex process. The pain
neuromatrix are regions in the brain which are activated during pain perception.
These regions include the primary and secondary somatosensory cortex, insula,
anterior cingulate cortex, amygdala, prefrontal cortex, and the thalamus
[50]. Chronic pain often leads to the activation of the brain regions involved in
cognitive and emotional processing. Eventually, chronic pain leads to a functional
reorganization of the central and peripheral nervous system. This reorganization
has been observed in both the somatosensory and the motor system. These changes
have an effect on how both painful and nonpainful stimuli are processed. This is
called central sensitization. Central sensitization is when the nervous system goes
into a state of persistent reactivity. This persistent reactivity leads to a state of
continuous pain even though the initial trigger for injury has disappeared. Allodynia
and hyperalgesia are observed. Allodynia is the perception of pain on a nonpainful
stimuli, and hyperalgesia is an extreme perception of pain on less painful stimulus
[51]. Many factors including depression, anxiety, and other comorbidities have an
effect on the reorganization of the central nervous system [52].

15.6 Chronic Pain Postpartum

The laboring process leads to tissue damage, which in turn leads to acute
postvaginal delivery inflammatory pain. A continuing inflammatory process can
also lead to chronic pain [53]. Chronic postpartum pain can be caused by neuro-
pathic pain, due to direct nerve injury. This nerve damage can lead not only to
sensory loss but also to spontaneous pain, dysesthesia, hyperalgesia, and allodynia.
Therefore, treatment of acute pain could be essential in the prevention of chronic
pain [54]. An effective method is when a combination of analgesia is used. This
multimodal approach has proven not only to reduce side effects, but also to be
effective in relieving pain. The combination of diclofenac with tramadol has been
reported to prevent postoperative hyperalgesia. Also the use of NSAIDs causes an
opioid-sparing effect and can therefore reduce the morphine-related side
effects [55].
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There is a high prevalence of morbidity among women postpartum; among
others, bowel problems, urinary incontinence, perineal pain, extreme exhaustion,
backache, and headaches are all common. A decrease in headaches during preg-
nancy and an increase postpartum have been reported to be related to the increased
estrogen levels during pregnancy and the withdrawal of the hormone postpartum
[56]. All these different types of pain have been reported. Unfortunately, the
differentiation of pain developed postpartum and already preexisting pain often
does not occur.

Eisenach and colleagues followed 1,169 women who experienced pain immedi-
ately postpartum. At 2 months, only 9.8 % of the women reported to experience
pain; by 12 months this number was decreased to 3 women [57]. In another study,
Eisenach and colleagues reported delivery mode to be related to acute pain post-
partum. The use of forceps and higher degree of perineal lacerations and cesarean
section were all associated with higher pain scores. The prevalence of persisting
pain 8 weeks after delivery was 10 % in the vaginal delivery group, and 9.2 %
women in the cesarean delivery group. The women described the pain to interfere
with their daily activities since the pain was present daily or constantly. The painful
locations postvaginal delivery included the birth canal, back, and pelvic. The scar
was mentioned as painful in the cesarean section group. Also an association was
reported with the severity of acute pain postpartum and persisting pain experienced
8 weeks after delivery [44]. Not only scar tissue has been reported as a cause for
pain postcesarean section but also nerve entrapment and pelvic adhesions [58].

15.7 Conclusion

Chronic pain postsurgery is believed to be a manifestation of neuropathic pain or an
ongoing inflammatory process caused by tissue injury or inflammation [53]. Studies
report a higher incidence of chronic pain in women [58]. To establish chronic pain
from already preexisting pain, a differentiation should be made between pain
already present before labor and pain developed postpartum. There is a low
incidence of chronic pain in obstetric medicine, once preexisting pain has been
excluded [44]. Even though there is an association between acute pain during
delivery and postdelivery and the development of chronic pain postpartum, there
are no studies that differentiate among the different causes of pain and the devel-
opment of chronic pain postpartum. The question remains whether the complete
abolishment of pain during the laboring and postdelivery process may eventually
lead to the reduction of chronic pain. However, with the current state of knowledge
and childbirth occurring early in a woman'’s life, it is important to minimize pain
and educate the new mother with what she can expect during the postpartum period.
Early recognition and treatment is necessary to reduce the psychosocial, medical,
and financial consequences. Unfortunately, there is no standard method for the
reduction of pain, and since each mother and every delivery process is unique every
case should be viewed on a case-by-case basis.
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Marc Van de Velde

16.1 Introduction

The benefits of breastfeeding for the mother’s and the infant’s short- and long-term
well-being have been extensively described and are unchallenged by the medical
community [1]. The fetus benefits from improved maternal/infant bonding, protec-
tion against infectious disease by improving infant immunity, and better nutritional
status [1, 2]. The mother has better involution of the uterus, less postpartum blood
loss, reduced risk of breast and ovarian cancer, reduced bone demineralization, less
risk of developing type II diabetes, and natural contraception [1, 2]. The recom-
mendation of the World Health Organization (WHO) states clearly that all women
should breastfeed their infants exclusively until 6 months of age [3].

Unfortunately, these goals are not achieved [4]. In the USA, at 6 months only
44 % is breastfed and only 15 % is breastfed exclusively [4]. Many factors might
influence breastfeeding success including social and economical factors, hospital
and workplace factors and drugs used during labor and delivery. Also analgesia
used to relieve labor pain might have an effect, but published data are often
conflicting.

16.2 Importance of Breastfeeding

Breastfeeding is optimal for infant nutrition and improves maternal postpartum
health. Human milk feeding reduces infant mortality and infectious complications
[5-7]. Human milk may also protect against sudden infant death syndrome,
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diabetes, lymphoma, allergies, and chronic digestive diseases. Breast milk feeding
also seems to improve neurodevelopment in infants as opposed to formula feeding
[8]. Less infant hospitalizations in the first year of life were reported when women
gave breastfeeding to their offspring [9].

Also the mother confers benefits from breastfeeding her infant. In the immediate
postpartum period, the risk of postpartum hemorrhage is reduced, involution of the
uterus is enhanced, return to prepregnancy weight is facilitated, natural contracep-
tion is achieved, and bone remineralisation is improved [1, 6]. Long-term effects
include risk reduction of ovarian and breast cancer and a decreased risk for
developing type II diabetes [1, 6].

However, in the last few years papers have emerged which failed to demonstrate
positive effects. In three large cohorts, including 40,000 children, a beneficial effect
of breastfeeding on visual development could not be substantiated [10]. Further-
more, the conventional wisdom that breastfeeding protects against allergy and
asthma could not be confirmed in several recent studies [11, 12]. Furthermore,
Freeman and coworkers investigated the relationship between breastfeeding dura-
tion and infant health during the first year of life and did not demonstrate a
significant reduction of infant illness visits with prolonged breastfeeding [13].

Despite these critical studies, the value and importance of breastfeeding the
infant is wunchallenged. Therefore, worldwide prolonged and exclusive
breastfeeding is encouraged and firmly recommended [3, 14, 15]. Unfortunately,
this goal is not achieved [4]. In the USA, at 6 months, only 44 % is breastfed and
only 15 % is breastfed exclusively [4]. Many factors might influence breastfeeding
success including social and economical factors and workplace factors.
Breastfeeding problems can also be due to infant issues (e.g., palate structure, not
sucking well) or maternal issues (e.g., inverted nipples, lack of education). Lacta-
tion initiation is also strongly influenced by hospital policies and lactation support
[16]. Immediate peripartum factors play a significant role: type of delivery, the use
of general anasthesia or regional anasthesia during C-section, nulliparity versus
multiparity, drugs used during labor and delivery, and bottle feeding supplementa-
tion. Also the type and strategy of labor analgesia have been discussed as a factor
that might affect breastfeeding success. Both parenteral and neuraxial analgesia
have been implicated.

16.3 Systemic Opioids

Systemic labor analgesia is often achieved using opioids most commonly morphine,
pethidine, fentanyl, remifentanil, butorphanol, and nalbuphine [17]. Systemic opi-
oid analgesia is reported to be used in 34—42 % of parturients in the USA in 2001
[18]. In up to 43 % of units in the UK and 77 % of units in Norway pethidine is the
most commonly used opioid [19, 20]. Almost 50 % of units in the UK also offer
remifentanil PCIA to their laboring patients [19], a trend that is also present in the
Netherlands. In Belgium in 40 % of units opioid PCIA (usually remifentanil of
fentanyl) is offered to patients when neuraxial analgesia is contraindicated
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[21]. Pain relief is mild and at best incomplete [17] and primarily seems to be heavy
sedation [22].

Maternally administered systemic opioids have neonatal effects ranging from
respiratory depression, impaired muscle tone, and neonatal sedation to subtle
neurobehavioral changes. These may slow breastfeeding initiation and for the
worse affect suckling efforts by the child resulting in nipple trauma and pain,
deterring women from continuing breastfeeding [17, 23].

Most opioids are detected in colostrum and breast milk. Wittels
et al. demonstrated that morphine and its metabolite are excreted in colostrum
and breast milk [24]. More studies are however required to determine the effects of
morphine labor analgesia on the neonate. Pethidine is metabolized in its active
metabolite by mother, fetus, and neonate and both the native drug as well as the
active metabolite accumulate in fetal tissue. Accumulation also occurs in colostrum
and breast milk, which has been shown to cause impaired breastfeeding behavior
and success [25, 26]. Nissen et al. demonstrated that pethidine administered less
then 5 h prior to delivery significantly affected suckling behavior and delayed lip
and mouth movements of the neonate [26]. Despite this body of evidence and clear
expert advice no longer to use pethidine for labor analgesia, it is still used in many
institutions around the world. Intravenous fentanyl used during labor is excreted in
colostrum and breast milk. However, given the low initial use of colostrum, the
rapid decline of fentanyl levels, and the low bioavailability of fentanyl, the amount
of fentanyl transferred to the neonate must be extremely low [27, 28]. Remifentanil
used during labor demonstrates a large transplacental passage [29, 30], but the
effects on breastfeeding success have not adequately been studied. In one study
[31], 6 % of neonates exposed intrauterine to remifentanil demonstrated
breastfeeding difficulties.

In conclusion, opioids are weak analgesics and produce sedation. Especially,
pethidine might induce breastfeeding difficulties, but all opioids carry that potential
side effect [32].

16.4 Nitrous Oxide and Inhalational Analgesia

Nitrous oxide has been used extensively as a labor analgesic by inhalation of 50/50
oxygen/nitrous oxide mixture (entonox) and is still the most popular analgesic in
labor in the UK [32]. In an excellent review, Rooks concluded that nitrous oxide
seems to be safe for the mother and the child and does not affect the labor process
[33]. It readily crosses the placenta but is also immediately and easily excreted by
the newborn’s lungs [32-34]. The effects of nitrous oxide labor analgesia on
breastfeeding and suckling behaviors are therefore considered to be minimal or
nonexistent by most experts.

Similar effects have been described for inhalational analgesia using volatile
agents: they hold a greater potential for maternal depression, but since they are
also rapidly excreted by the newborn, the potential of neonatal depression seems
low [32].
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16.5 Neuraxial Analgesia

The use of regional anesthesia has become increasingly popular for labor analgesia;
however, its effect on breastfeeding has been questioned. The most important
concern regarding epidural analgesia and breastfeeding is that epidural drugs,
especially opioids, cross the placenta and decrease neurobehavioral scores, which
may have an impact on breastfeeding.

Neuraxial analgesia has direct and indirect effects on fetus and neonate. Direct
effects occur when neuraxially administered drugs are absorbed systemically and
reach a detectable plasma level, which may result in placental transfer and effects
on the fetus. Since lidocaine absorption is rapid, it produced drowsiness in the
mother and the neonate when prolonged infusions were given throughout labor.
Long-acting local anesthetics are more slowly absorbed and systemic effects are
rare. As mentioned before, all opioids can affect the neonate and impair
breastfeeding. Also when large doses are administered epidurally, systemic absorp-
tion can be significant and transfer to the fetus is a real possibility.

Indirect effects of neuraxial analgesia can be both positive and negative. The
fetal stress response to the labor process is a massive catecholamine surge during
the final stages of labor, preserving regional blood flow to essential organ systems
such as the brain and the heart. This fetal stress response is not affected by effective
neuraxial analgesia [32]. The maternal stress response to labor pain is a combina-
tion of the release of catecholamines and cortisol and maternal hyperventilation.
Maternal hyperventilation negatively affects the fetus by various mechanisms [35—
38] including

— A leftward shift of the oxygen dissociation curve (due to maternal respiratory
alkalosis), impairing oxygen transfer to the fetus.

— A gradual development of metabolic acidosis in the mother to compensate for
the respiratory alkalosis, which is transferred to the fetus.

— In between contractions, periods of hypoventilation occur resulting in
desaturation.

— Clinically relevant uterine vasoconstriction.

The release of maternal stress hormones induces maternal lipolysis and hyper-
glycemia, which in turn aggravate fetal acidosis [39—41]. The above-described
negative effects of labor pain and maternal stress on the fetus are obtunded or
reversed by effective analgesia [32, 42-44]. Neuraxial analgesia can cause signifi-
cant negative effects as well such as hypotension, potentially impairing
uteroplacental perfusion and fetal well being [45, 46]. The balance between positive
and negative effects will determine the final outcome on fetus and neonate.

Numerous small, nonrandomized, retrospective, and observational trials have
been published looking at breastfeeding success following neuraxial labor analge-
sia. Many of these studies do not distinguish between types of analgesia or confuse
systemic and neuraxial analgesia. Furthermore, many confounding variables (such
as social class, education, tradition, duration of labor, maternal exhaustion, age,
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parity, and postpartum lactation support) make interpretation of the results of these
low-level quality studies even more difficult. Additionally, nonstandardization of
breastfeeding evaluations and outcome parameters confounds the issue even further
[47]. Unfortunately, there is a paucity of well-designed, prospective, randomized
studies investigating the true effect of neuraxial labor analgesia on successful
breastfeeding [32, 47]. The available low-level quality data make firm
recommendations for clinical practice difficult, but it seems that the effects of
neuraxial labor analgesia on breastfeeding success are minimal or nonexistent,
with the possible exception of high-dose epidural opioids. A summary of relevant
studies is given in Table 16.1.

Several studies indicated that epidural analgesia might influence breastfeeding
success in a negative way. Torvaldsen S et al. reported on 1,280 women giving birth
to a singleton pregnancy in Australia in 1997 [48]. The authors concluded that
breastfeeding success was much smaller in those women who had epidurals during
labor. The study was heavily criticized in the scientific literature. An excellent
editorial by William Camann in the International Journal of Obstetric Anesthesia
summarized nicely the limitations [49]. First of all, the title is misleading: it is a
retrospective trial and a secondary analysis and not a prospective, randomized
study. Second, no patient charts were examined and data were gathered by sending
out surveys at 1, 8, 16 and 24 weeks postpartum to women relying on their recall.
Analgesia used during labor was self-reported by the patients. The so-called
epidural group was an amalgamate of pure epidural analgesia or epidural analgesia
combined with other forms of pain relief (in most instances parenteral pethidine).
Also included in the epidural group were all the women who underwent Cesarean
delivery either using pure epidural anesthesia or spinal anesthesia with or without
initial labor epidural analgesia. Moreover, all women who underwent pure epidural
analgesia (without other forms of analgesia) were women that underwent Cesarean
delivery. So the authors did not discriminate between labor analgesia (and weaker
solutions of local anesthetic) and anesthesia for Caesarean section, nor did they
consider the type of delivery as an important factor for breastfeeding success. The
authors also failed to describe the exact epidural solutions used and relied on
personal communication with one single anesthetist to conclude that all patients
received a similar solution. This study is therefore considered to be misleading, and
conclusions regarding breastfeeding and epidural analgesia cannot be drawn.

Volmanen et al. performed a retrospective cohort study in which 164 nulliparous
women received a questionnaire in the postpartum period [50]. Only 60 % of
women returned the questionnaire. Primary outcome variable was full
breastfeeding at 12 weeks postpartum. Epidural analgesia was associated with
less women giving full breastfeeding to their infants. However, it seems that local
policies might influence this.

Dozier et al. performed a secondary analysis of two previous cohort studies (one
prospective and one retrospective) in which 727 primiparous, singleton pregnancies
were studied for the primary outcome variable “breastfeeding cessation at 30 days
postpartum,” comparing any form of epidural analgesia in labor with no analgesia
or other forms of analgesia. The two studies were done in three community
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hospitals in the USA [51]. Epidural analgesia was associated with an increased risk
of breastfeeding cessation at 30 days [HR 1.26 (1.10-1.44)]. Additional risk factors
to cease breastfeeding were identified and these included low income, low social
class, low confidence in breastfeeding success, and younger age. Especially, the
combination of epidural analgesia and IV oxytocin was associated mostly with
breastfeeding cessation. Of note, this study demonstrates an association, but a
causative effect of epidural analgesia was not proven!

Henderson et al. performed a secondary analysis of a prospective randomized
study comparing epidural analgesia, intramuscular pethidine, and no analgesia in a
group of primiparous Australian women [52], but did not do an intention to treat
analysis. Intrapartum analgesia (both narcotic or epidural analgesia) (p =0.04),
smoking (p <0.001), younger age (p<0.001), lower levels of education
(p <0.001), and mode of delivery (C-section; p =0.025) were all associated with
reduced rates of breastfeeding at 2 and 6 months postpartum. This study can be
criticized since the analysis was not performed based on an intention to treat but
based on the actual analgesia used. Since there was a high crossover to epidural
analgesia, results become unreliable. Again association was demonstrated but
causation was not proven. Wiklund et al. performed a retrospective study in
1,170 women [53]. Half of the study population received epidural analgesia and
half did not receive epidural analgesia, but could receive pudendal or paracervical
blocks. Parenteral opioids were not administered in any study subject. Epidural
analgesia resulted in significantly fewer babies being breast fed during the first
4 postpartum hours (OR 3.79, p <0.0004), had a higher chance of receiving
artificial milk supplementation (OR 2.19, p < 0.0012), and were more likely not
to be breast fed at discharge (OR 1.79, p < 0.043).

Beilin et al. evaluated the effect of adding an opioid (fentanyl) to the epidural
mixture for labor analgesia by prospectively randomizing 177 multiparous women
who had previously breastfed at least one child to three study groups [54]. All
women received epidural analgesia with either no fentanyl, a low-dose fentanyl, or
a high-dose fentanyl (>150 mcg). Breastfeeding was assessed at the first postpar-
tum day and at 6 weeks postpartum. A lactation consultant saw all women. Slightly
more women reported breastfeeding difficulty at the first postpartum day, but this
did not reach significance (Fig. 16.1). This was also not reported by the lactation
consultant (Table 16.2) However, at 6 weeks, more women (19 % vs. 6 % and 2 %)
had ceased breastfeeding their child in the high-dose fentanyl group (Figs. 16.1 and
16.2). Of note, the failure rate at 6 weeks was low even in the high-dose fentanyl
group.

In a nonrandomized, prospective, observational study 129 primiparous women
receiving either epidural analgesia or no analgesia were evaluated for neonatal
reactivity, initial suckling behavior, and length of first breastfeed [55]. No
differences in neonatal activity and suckling behavior were identified. Neonates
from mothers receiving epidural analgesia more frequently had shorter initial
breastfeeds (Fig. 16.2). Unfortunately, no information is available on the duration
of breastfeeding. The authors concluded that the effects of epidural analgesia on
breastfeeding are minimal.
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Fig. 16.1 Breastfeeding
difficulty at 24 h and
breastfeeding failure at

6 weeks postpartum when
using no, low, or high doses
of fentanyl epidurally [54]

% of women experiencing a problem breastfeeding.

25

15

10

u

Breastfeeding difficultyat Notbreastfeedingat 6

m No fentanyl

24h

weeks (%)

®m Low fentanyl (<150 mcg)

m High fentanyl (>150 mcg)

Table 16.2 Evaluation of the effects of no, low, or high doses of epidural fentanyl on

breastfeeding success [54]

No fentanyl

Intermediate-dose

High-dose fentanyl

Outcomes group (n=060) | fentanyl group (n=59) | group (n=>58)
Apgar score—1 min 9 (7-9) 9 (8-10) 9 (8-9)

Apgar score—5 min 9 (8-10) 9 (8-10) 9 (8-10)
Supplemental bottle feed 71 % 75 % 67 %

5 mg oxycodone with 62 % 49 % 64 %

325 mg acetaminophen

Duration of epidural
analgesia, min

304 (39-868)

306 (30-1,091)

268 (38-775)

Total fentanyl in labor, pg

0 (0-100)

70 (20-350)

200 (75-395)*

Fentanyl cord, pg/ml

0 (0-82)

54 (0-323)

122 (0-533)*

Total bupivacaine in 77.5 (39-175) 57.5 (24.5-352.5) 45 (17-86)*
labor, mg

Bupivacaine cord, ng/ml 11.4(0.1-60.7) |8.7 (0.1-58.7) 9.8 (0.1-87)
NACS score 35 (24-40) 34 (19-40) 32 (20-40)*

BF difficulty 24 h 10 % 10 % 21 % (p=0.09)
postpartum-mother

BF difficulty 24 h 40 % 40 % 40 %
postpartum-nurse

Not BF at 6 weeks 2 % 6 % 19 %*

This table is based on data from Beilin et al. [54]
BF breast feeding, NACS Neurologic and Adaptive Capacity Scoring System

*p < 0.05 versus groups “No fentanyl” and “Intermediate dose fentanyl”
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% of neonates with a duration of the first episode of breastfeeding which was < 30 minutes.
70

60 +
50 1
40 +

W Epidural
30 1 H No analgesia
20 +

10 4

Initial breastfeeding <30 minutes (%)

Fig. 16.2 Initial breastfeeding duration <30 min in neonates whose mothers received epidural
labora analgesia or no labor analgesia in an observational study by Gizzo et al.

Bai et al. studied 1,280 women of mixed parity in four community hospitals in
Hong Kong [56] in this observational prospective study. Bivariate analysis revealed
that the induction of labor, parenteral opioid analgesia, and having an emergency
Cesarean section shortened the duration of breastfeeding, while receiving epidural
analgesia did not affect breastfeeding. When correction for known confounding
variables was performed, no intrapartum intervention affected breastfeeding suc-
cess or duration.

Chang et al. prospectively studied 115 mixed parity women in a nonrandomized,
cohort study comparing epidural analgesia with no analgesia [57]. The primary
outcome parameters, breastfeeding initiation and breastfeeding success at 4 weeks,
were unaffected by the use of epidural analgesia.

Halpern et al. prospectively studied a cohort of nonrandomized women of mixed
parity who received either epidural analgesia during labor or no epidural analgesia
[58]. The primary outcome variable was breastfeeding success at 6 weeks postpar-
tum. Epidural analgesia did not affect early and late breastfeeding success.
Radzyminski evaluated in a nonrandomized observational study 56 multiparous
women who received either low-dose epidural analgesia or no analgesia [59]. No
negative effect of epidural analgesia on initial suckling behavior and early
breastfeeding success was observed.

Wieczorek et al. studied a cohort of 99 women using a prospective, observa-
tional design [60]. All women were multiparous and received epidural analgesia.
Successful breastfeeding at 6 weeks postpartum was reported in 95 % of mothers.

In a secondary analysis of the COMET study data, Wilson et al. reported that
various strategies of epidural analgesia had no effect on initial breastfeeding
success, time to initial breastfeeding, and duration of breastfeeding as compared
to women receiving no analgesia or parenteral pethidine [61]. Parenteral pethidine
was associated with less initial breastfeeding success.
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Rajan performed a postal questionnaire study to a subset of patients from a
previous study and looked at breastfeeding success 6 weeks postpartum [62]. Epi-
dural analgesia had no influence. Also Albani et al. could not demonstrate a
difference between epidural analgesia and no analgesia in a prospective, observa-
tional study in 1,920 parturients [63]. Riordan et al. studied prospectively, but in a
nonrandomized fashion, 129 multiparous women comparing no analgesia, paren-
teral pethidine and epidural analgesia and found that initial suckling behavior was
affected by pethidine, and epidural analgesia, but this did not result in reduced BF
success [23]. Baumgarder et al. and Jordan et al. came to similar conclusions:
breastfeeding success was not affected by epidural analgesia [64, 65]. However,
Jordan et al. noted a negative effect of epidural fentanyl which was dose
dependent [65].

16.6 Conclusion

Parenteral opioid labor analgesia negatively affects breastfeeding. The verdict on
neuraxial labor analgesia is less clear. There is a paucity of well-designed,
randomized, and prospective trials. Retrospective or nonrandomized prospective
cohort studies indicate that neuraxial analgesia does not significantly affect
breastfeeding success, provided the doses of epidural opioids are not excessively
high. There is a need for large, prospective, randomized, and well-designed trials!
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Daniela Perrotta

17.1 Physiology of Transition from Intrauterine
to Extrauterine Life

The transition from a fetus to a newborn is the most complex physiologic adaptation
that occurs in human experience.

All organ systems are involved at some level, but the major immediate
adaptations are the establishment of air breathing concurrently with changes in
pressures and flows within the cardiovascular system. Other essential adaptations
are striking changes in endocrine function, substrate metabolism, and thermogene-
sis (Table 17.1).

Preterm deliveries cause particular difficulties for transition and expose the
preterm infant to lung injury from mechanical ventilation.

17.2 Endocrine Adaptations to Birth
17.2.1 Cortisol

Cortisol is the major regulatory hormone for terminal maturation of the fetus and
for neonatal adaption at birth [1].

The “cortisol surge” is initiated with the switch from maternal-transplacental-
derived corticosteroids to the ability of the fetal adrenal to synthesize and release
cortisol under fetal hypothalamic control.

Cortisol increases further during labor to peak at high levels of about 200 mg/mL
several hours after term delivery. The increase in fetal cortisol throughout late
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Table 17.1 Essential
components for a normal
neonatal transition

Clearance of fetal lung fluid
Surfactant secretion and breathing
Transition of fetal to neonatal circulation

Decrease in pulmonary vascular resistance and increased pulmonary
blood flow

Endocrine support of the transition

Table 17.2 Some effects
of cortisol on factors
contributing to a normal
fetal-to-newborn
transition Gut functional maturation

Lung maturation: anatomy and surfactant
Clearance of fetal lung fluid
Increased beta receptor density

Maturation of thyroid axis
Control energy substrate metabolism
Regulate catecholamine release

gestation supports multiple physiologic changes that facilitate normal neonatal
adaption. This normal increase in cortisol supports an integrated transition follow-
ing birth (Table 17.2). Cesarean section without labor at term blunts the postnatal
rise in cortisol, and the cortisol responses to preterm birth are also attenuated
because of the unresponsiveness and immaturity of the adrenal gland [2].

17.2.2 Catecholamines

The catecholamine surge is primarily responsible for the increase in blood pressure
following birth, for the adaption of energy metabolism with the support of the
primary substrates for metabolism after birth (glucose and fatty acids), and for
initiating thermogenesis from brown fat. The preterm secretes more catecholamines
because the organ systems are less responsive: higher concentration thresholds for
response and lower responses. Cesarean section of the unlabored fetus depresses
catecholamine release. Catecholamine release at birth can be viewed as the “gas”
that drives the adaptive responses. However, fetal exposure to cortisol is the
“carburetor” that is the potent regulator of the responses of the newborn to
catecholamines. Antenatal corticosteroid treatments decrease catecholamine levels
in preterm infants compared with unexposed infants [3].

17.2.3 Thyroid Hormones

The thyroid axis matures in late gestation in parallel to the increase in cortisol with
increased thyroid-stimulating hormone (TSH), T3 and T4 levels [4]. Following
term birth, TSH quickly peaks and decreases, and T3 and T4 increase in response
primarily to the increased cortisol, to cord clamping, and to the cold stimulus
of birth.
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17.3 Metabolic Adaptations
17.3.1 Energy Metabolism

Fetal energy needs are supported primarily by the transplacental transfer of glucose
to the fetus [5]. Although the fetal liver is capable of gluconeogenesis from early
gestation, this process is minimal during normal fetal homeostasis. Rather, as term
approaches, glucose and other substrates are being stored as glycogen and fat in
anticipation of birth in the high insulin and low glycogen fetal environment. With
delivery and cord clamping, the maternal glucose supply is removed, and plasma
glucose levels normally fall over the early hours after birth. The glucose and free
fatty acid levels are accompanied by a fall in insulin and by a marked surge in
plasma glucagon levels, the normal glucose homeostatic hormones. However, the
large catecholamine release and increase in cortisol are probably the major acute
regulators of plasma glucose and free fatty acid levels in the immediate newborn
period.

17.3.2 Thermoregulation

Fetal body temperature is about 0.5 °C above the maternal temperature. Although
fetus produces heat from metabolism, that heat is effectively dissipated across the
placenta and fetal membranes. At birth, the sympathetic release resulting from the
redundant stimuli of increased oxygenation, ventilation, cord occlusion, and a cold
stimulus to the skin activates thermogenesis by brown adipose tissue. This thermo-
genic potential response has developed during late gestation by an increase in
brown adipose tissue around the kidney and in the intrascapular areas of the back
to become about 1 % of fetal weight at term [6].

The preterm is at a major disadvantage for thermoregulation following birth, as
brown adipose tissue has not developed in quantity or response potential for a cold
stress.

17.4 Cardiovascular Adaptations

Profound changes in the cardiovascular system occur after delivery in response to
removal of the low resistance placenta as the source of fetal gas exchange and
nutrition. The major changes are an increase in the cardiac output and transition of
fetal circulation to an adult type of circulation. Increased cardiac output is required
to provide for increase in basal metabolism, work of breathing, and thermogenesis.
In the close-to-term fetus, the combined ventricular output is about 450 mL/kg/min,
with the right ventricular output accounting for two-third of the cardiac output and
the left ventricle ejecting one-third of the cardiac output [7].
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Soon after birth, the circulation changes from “parallel” to “series,” where the
right ventricular output equals the left ventricular output. The cardiac output nearly
doubles after birth to about 400 mL/kg/min for the right ventricle and the same
amount for the left ventricle. This increase in cardiac output is proportional to the
rise in oxygen consumption. The organs experiencing increased blood flow after
birth are lungs, heart, kidney, and the gastrointestinal tract [8].

Although the precise mechanisms mediating increased cardiac output after birth
are not known, the increase in cortisol and vasoactive hormones, which include
catecholamines, the rennin-angiotensin system, vasopressin, and thyroid hormone,
contribute to support the blood pressure and cardiovascular function [7].

In the fetus, the relatively well-oxygenated blood from the placenta is delivered
via the umbilical cord and ductus venous. The ductus venous blood enters the right
atrium from the inferior vena cava and is directed preferentially to the left atrium by
the foramen ovule and subsequently delivered mainly to the brain and the coronary
circulation by the fetal left ventricle. The right ventricle is the predominant ventri-
cle in the fetus, and most of the right ventricular output goes to the descending aorta
via the ductus arteriosus because small amount of blood enters the pulmonary
circulation. With birth and removal of the low resistance placenta, pulmonary
circulation blood flow increases. Shortly after birth, functional closure of the ductus
arteriosus begins. The main mechanisms contributing to the high pulmonary vas-
cular resistance in the fetal lung are the low oxygen tension and the low pulmonary
blood flow, which suppress the synthesis and release of nitric oxide (NO) and
prostaglandin I, from the pulmonary endothelium [8].

Fetal exposure to hypoxia will increase the already high pulmonary vascular
resistance and hyperoxia will decrease pulmonary vascular resistance and increase
fetal pulmonary blood flow [9]. With delivery, ventilation, and oxygenation, NO
and PGI, increase with a rapid fall in pulmonary vascular resistance.

The cardiovascular transition at birth is also modulated by corticosteroids.

The normal oxygen saturation of fetal blood in the left atrium is about 65 %.
During labor, the human fetus tolerates oxygen saturations as low as 30 % without
developing acidosis [10]. After birth, the preductal saturation in healthy term
infants gradually increases to about 90 % at 10 min of age [11]. This knowledge
is important to avoid unnecessary administration of supplemental oxygen during
resuscitation.

17.5 Lung Adaptations
17.5.1 Fetal Lung Fluid

The most essential adaptation to birth is the initiation of breathing, but the airspaces
of the fetal lung are filled with fetal lung fluid.

Fetal lung fluid is secreted by the airway epithelium as a filtrate of the interstitial
fluid of the lung by the active transport of chloride [12]. Consequently, the chloride
content of fetal lung fluid is high and protein content is very low.
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Production and maintenance of the normal volume of fetal lung fluid are
essential for normal lung growth. The electrochemical gradient for the production
of fetal lung fluid is substantial and can overdistend the airspaces.

The endocrine adaptations that begin before delivery are critical to fluid clear-
ance. Cortisol, thyroid hormones, and catecholamines all increase and shut down
the active chloride-mediated secretion of fetal lung fluid and activate the basal Na™,
K*, ATPase of type II cells on the airway epithelium. Sodium in fetal lung fluid
enters the apical surfaces of type II cells and is pumped into the interstitium. Water
and other electrolytes follow sodium passively, thus removing fluid from the
airways.

The frequent clinical scenario in which retained lung fluid contributes to poor
respiratory adaptation is the operative delivery of infants who were not in labor.
These infants do not increase their oxygen saturations as quickly as vaginally
delivered term infants [11], and there is an increased incidence of transient
tachypnea of the newborn and other respiratory morbidities.

17.5.2 Breathing at Birth

The essential component to neonatal adaptation to birth is the maintenance of
adequate respiratory effort. The stimuli changing the fetal breathing pattern virtu-
ally instantaneously to continuous breathing remain incompletely defined and
probably are redundant, as are the stimuli for other adaptations to birth.

The net effect is that the normal fetal-to-neonatal transition results in the rapid
onset of vigorous breathing because of the combined stimuli of cord clamping (and
the probable removal of rapidly catabolized prostaglandins that suppress breath-
ing), diffuse tactile and cold stimuli that act centrally, and changes in PCO, and PO,
levels in the blood. The newborn will not initiate breathing if hypoxia is severe.
Remarkably, in the absence of hypoxia, virtually all term infants will effectively
initiate breathing [13].

17.5.3 Surfactant and Lung Adaptation

The adequate development of the fetal lung to support gas exchange is the essential
adaptation in preparation for birth. During the last third of gestation, the fetal lung
septates into about four million distal saccules (respiratory bronchioles and alveolar
ducts) derived from the 17 generations of airways by about 32 weeks and then
further separates to form alveoli [14].

In parallel, the lung parenchymal tissue mass decreases relative to body weight
such that the potential gas volume of the airways and alveoli increases greatly.
Concurrently, from about 22 weeks’ gestational age, surfactant lipid and the
lipophilic proteins SP-B and SP-C begin to be synthesized and aggregated into
lamellar bodies in the maturing type II cells.
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The lamellar bodies are the storage and secretory packets for the essential
biophysically active components of surfactant. As the lung matures, more and
more of the lamellar bodies are released into fetal lung fluid and subsequently
mix with amniotic fluid or are swallowed. By term, type II cells in the fetal lung
contain much more surfactant than does the adult lung, and this large pool of
surfactant is poised for release before and at delivery.

As delivery approaches, fetal lung fluid secretion ceases and its volume
may decrease. Simultaneously, surfactant is secreted into the fetal lung fluid
with labor, which will increase the surfactant concentration in the fetal lung
fluid [15].

Subsequently, the initiation of ventilation following birth causes alveolar stretch
and therefore deformations of type II cells, which works as secretion signal. The
large increase in catecholamines following delivery probably further stimulates
surfactant secretion.

The preterm lung has several disadvantages for transition to air breathing. The
structurally immature lung has less potential gas volume relative to body weight
and metabolic needs, and secretion of fetal lung fluid may not cease before and after
delivery, which will delay clearance of fetal lung fluid. Further, the amount of
surfactant stored in type II cells is low, and, thus, less surfactant can be secreted in
response to birth. The result is a lower concentration of surfactant to form a surface
film and stabilize the lung.

17.5.4 Injury of the Preterm Lung

The transition from a fetus to a newborn requires the initiation of breathing,
clearance of fluid from airways, and ventilation of the distal airspaces. Healthy
newborns inflate their lungs at birth by generating large negative pressure breaths,
which pull the lung fluid from the airways into the distal airspaces. The infant
continues to clear lung fluid with subsequent inflations [13].

Many preterm or asphyxiated term infants do not have adequate spontaneous
respirations at birth and require positive-pressure ventilation. Premature infants
have immature lungs that are more difficult to ventilate because of inadequate
surfactant to decrease surface tension and maintain functional residual capacity
(FRCQ). The initial ventilation of the preterm lung will occur before much of the
endogenous surfactant is secreted, and surfactant therapy cannot practically be
given before the initiation of ventilation. The movement of fluid at the air interface
across epithelial cells generates high surface forces that distort the cells and injure
the epithelium of the small airways [16].

Continuous positive airway pressure or PEEP should minimize the movement of
fluid in the airways, and surfactant will lower the pressure required to move fluid
into the small airways and decrease the injury from fluid movement [17].
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17.6 Neonatal Resuscitation

The following guidelines are an interpretation of the evidence presented in the 2010
International Consensus on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science With Treatment Recommendations [18].

They apply primarily to newly born infants undergoing transition from intrauter-
ine to extrauterine life, but the recommendations are also applicable to neonates
who have completed perinatal transition and require resuscitation during the first
few weeks to months following birth.

17.6.1 Overview

Neonatal resuscitation skills are essential for all healthcare providers who are
involved in the delivery of newborns. The transition from fetus to newborn requires
intervention by a skilled individual or team in approximately 10 % of all deliveries.
Less than 1 % require extensive resuscitative measures [18, 19].

The newly born infants who do not require resuscitation can generally be
identified by a rapid assessment of the following three characteristics:

e Term gestation?
e Crying or breathing?
* Good muscle tone?

If the answer to all three of these questions is “yes,” the baby does not need
resuscitation and should not be separated from the mother.

The baby should be dried, placed skin-to-skin with the mother, and covered with
dry linen to maintain temperature. Observation of breathing, activity, and color
should be ongoing.

If the answer to any of these assessment questions is “no,” the infant should
receive one or more of the following four categories of action in sequence:

(1) Initial steps in stabilization (provide warmth, clear airway if necessary, dry,
stimulate)

(2) Ventilation

(3) Chest compressions

(4) Administration of epinephrine and/or volume expansion.

Approximately 60 s (“the Golden Minute”) are allotted for completing the initial
steps, reevaluating, and beginning ventilation if required (see Fig. 17.1). The
decision to progress beyond the initial steps is determined by simultaneous assess-
ment of two vital characteristics: respirations (apnea, gasping, or labored or
unlabored breathing) and heart rate (whether greater than or less than 100 beats
per minute).
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Assessment of heart rate should be done by intermittently auscultating the
precordial pulse. When a pulse is detectable, palpation of the umbilical pulse can
also provide a rapid estimate of the pulse and is more accurate than palpation at

other sites [20, 21].



17 Neonatal Care in Labor and Delivery Room 229

Once positive-pressure ventilation or supplemental oxygen administration is
begun, assessment should consist of simultaneous evaluation of three vital
characteristics: heart rate, respirations, and the state of oxygenation, the latter
optimally determined by a pulse oximeter.

17.6.2 Anticipation of Resuscitation Need

Anticipation, adequate preparation, accurate evaluation, and prompt initiation of
support are critical for successful neonatal resuscitation.

With careful consideration of risk factors, the majority of newborns who will
need resuscitation can be identified before birth.

The communication between the people caring for the mother and those respon-
sible for resuscitation of the newly born is very important, and it should include
details of ante partum and intrapartum maternal medical conditions and treatment
as well as specific indicators of fetal condition (fetal heart rate monitoring, lung
maturity, and ultrasonography).

If a preterm delivery (less than 37 weeks of gestation) is expected, special
preparations will be required [22].

Preterm babies have immature lungs that may be more difficult to ventilate and
are also more vulnerable to injury by positive-pressure ventilation (PPV). Preterm
babies also have immature blood vessels in the brain that are prone to hemorrhage;
thin skin and a large surface area, which contribute to rapid heat loss; increased
susceptibility to infection; and increased risk of hypovolemic shock related to small
blood volume.

17.6.3 Apgar Score

The Apgar score (Table 17.3) describes the condition of the newborn infant
immediately after birth [23] and, when properly applied, is a tool for standardized
assessment. It also provides a mechanism to record fetal-to-neonatal transition. An
Apgar score of 0-3 at 5 min may correlate with neonatal mortality but alone does
not predict later neurologic dysfunction. The Apgar score is affected by gestational
age, maternal medications, resuscitation, and cardiorespiratory and neurologic
conditions. Low 1- and 5-min Apgar scores alone are not conclusive markers of
an acute intrapartum hypoxic event.

17.6.3.1 Limitations of the Apgar Score

It is important to recognize the limitations of the Apgar score. The Apgar score is an
expression of the infant’s physiologic condition, has a limited time frame, and
includes subjective components. In addition, the biochemical disturbance must be
significant before the score is affected. Elements of the score such as tone, color,
and reflex irritability partially depend on the physiologic maturity of the infant. The
healthy preterm infant with no evidence of asphyxia may receive a low score only
because of immaturity [24].
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Table 17.3 Apgar score

Score Condition of the newborn
0-3 Severely depressed
4-6 Moderately depressed
7-10 Excellent condition

0 points | 1 point 2 points Points

totaled
Activity Absent Arms and legs Active movement
(muscular tone) flexed
Pulse Absent | Below 100 bpm Over 100 bpm
Reflex irritability | Flaccid | Some flexion of Active motion (cough,
extremities pull away)

Skin color Blue, Body pink, Completely pink

pale extremities blue
Respiration Absent Slow, irregular Vigorous cry

A number of factors may influence an Apgar score, including but not limited to
drugs, trauma, congenital anomalies, infections, hypoxia, hypovolemia, and pre-
term birth. The incidence of low Apgar scores is inversely related to birth weight,
and a low score is limited in predicting morbidity or mortality [25]. Accordingly, it
is inappropriate to use an Apgar score alone to establish the diagnosis of asphyxia.

17.6.4 Umbilical Cord Clamping

For healthy term infants delaying cord clamping for at least 1 min or until the cord
stops pulsating following delivery improves iron status through early infancy [26].
For preterm babies in good condition at delivery, delaying cord clamping for up
to 3 min results in increased blood pressure during stabilization, a lower incidence
of intraventricular hemorrhage, and fewer blood transfusions.
There are limited data on the hazards or benefits of delayed cord clamping in the
nonvigorous infant [18].

17.6.5 Initial Measures
17.6.5.1 Temperature Control

Babies are born small and wet. They get cold very easily, especially if they remain
wet and in a draught.
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Whatever the situation, it is important that the baby does not get cold at this
stage. If intervention is required in a term or near-term baby, dry him, remove the
wet towels, and cover the newborn with dry towels.

Significantly, preterm babies are best placed, without drying, into food-grade
plastic wrapping under a radiant heater. This process will provide significant
stimulation and will allow time to assess tone, breathing, and heart rate. Reassess
these observations regularly every 30 s or so throughout the resuscitation process,
but it is the heart rate which is the key observation. The first sign of any improve-
ment in the baby will be an increase in heart rate. Consider the need for help; if
needed, ask for help immediately.

A healthy baby will be born blue but will have good tone, will cry within a few
seconds of delivery, and will have a good heart rate within a few minutes of birth
(the heart rate of a healthy newborn baby is about 120-150/min). A less healthy
baby will be blue at birth, will have less good tone, may have a slow heart rate (less
than 100/min), and may not establish adequate breathing by 90-120 s. An ill baby
will be born pale and floppy, not breathing, and with a slow, very slow, or
undetectable heart rate.

A pulse oximeter is probably the best way of assessing heart rate and
oxygenation in the delivery room. With practice, it is possible to attach a pulse
oximeter probe and to obtain a useful reading of heart rate and oxygen saturation
about 1-2 min after delivery.

17.6.5.2 Clear the Airway

Before the baby can breathe effectively, the airway must be open. The best way to
achieve this is to place the baby on his back with the head in the neutral position.
Most newborn babies have a relatively prominent occiput, which will tend to flex
the neck if the baby is placed on his back on a flat surface. This can be avoided by
placing some support under the shoulders of the baby, but be careful not to
overextend the neck. If the baby is very floppy (i.e., has no or very little tone) it
may also be necessary to apply chin lift or jaw thrust. These maneuvers are effective
for the majority of babies requiring airway stabilization at birth.

Airway suction immediately following birth should be reserved for babies who
have obvious airway obstruction to spontaneous breathing or who require PPV.
In these situations, direct visualization and suction of the oropharynx should be
performed.

When Meconium is present, its aspiration before delivery, during birth, or during
resuscitation can cause severe meconium aspiration syndrome (MAS). Historically
a variety of techniques have been recommended to reduce the incidence of MAS.
Suctioning of the oropharynx before delivery of the shoulders was considered
routine until a randomized controlled trial demonstrated it to be of no value [27].

Elective and routine endotracheal intubation and direct suctioning of the trachea
were initially recommended for all meconium-stained newborns until a randomized
controlled trial demonstrated that there was no value in performing this procedure
in babies who were vigorous at birth [28]. Although depressed infants born to
mothers with meconium-stained amniotic fluid (MSAF) are at increased risk to
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develop MAS, tracheal suctioning has not been associated with reduction in the
incidence of MAS or mortality in these infants.

In the absence of randomized, controlled trials, there is insufficient evidence to
recommend a change in the current practice of performing endotracheal suctioning
of nonvigorous babies with meconium-stained amniotic fluid (Class IIb, LOE C).
However, if attempted intubation is prolonged and unsuccessful, bag-mask ventila-
tion should be considered, particularly if there is persistent bradycardia [18].

17.6.5.3 Assessment of Oxygen Need and Administration of Oxygen
There is substantial evidence that blood oxygen levels in infants do not always
reach typical extrauterine values until 10 min post birth. Cyanosis can appear for up
to several minutes after birth but is a poor indicator of oxygen saturation. Optimal
management of oxygen is critical, given both a lack and excess of oxygenation can
be detrimental to the infant’s health.

Pulse oximetry is not routinely recommended following delivery but should be
used when a resuscitation is expected, when PPV will be needed for more than a
few breaths, in the setting of sustained cyanosis, or when supplementary oxygen
is used.

The probe should be applied to a preductal site on the infant (right upper
extremity), so that values can be compared to published data [18].

The target oxygen saturation level is as follows:

e 60-65 % at 1 min
e 65-70 % at 2 min
e 70-75 % at 3 min
e 75-80 % at 4 min
e 80-85 % at 5 min
e 85-95 % at 10 min

In order to achieve the target oxygen saturation and avoid hypo- or
hyperoxemia, resuscitation should begin with room air or blended room air and
oxygen (proceed to higher concentrations of supplemental oxygen only as clini-
cally indicated). In the case of bradycardia (HR < 60/min) that persists after 90 s
of resuscitation with room air or low concentrations of supplementary oxygen, the
oxygen concentration should be increased until the infant’s heart rate is greater
than 60/min.

Following the above measures, commence PPV if the infant is apneic, is
gasping, or has a pulse <100/min. Continue PPV until these signs of distress are
correct.

17.6.5.4 Assisted Ventilation
Initial breaths inflate the lungs and create the FRC. This can occur spontaneously or
with assisted inflation by PPV.



17 Neonatal Care in Labor and Delivery Room 233

In infants requiring assisted ventilation, the improving heart rate and the chest
rise are the main indicators of proper ventilation.

As a general guideline, use the minimal inflation necessary and provide assisted
ventilation at a rate of 40—60 breaths/min to reach or preserve a heart rate greater
than 100/min.

The use of CPAP and PEEP or endotracheal intubation and mechanical ventila-
tion in preterm infants with spontaneous breathing but respiratory distress is
recommended.

17.6.5.5 Laryngeal Mask Airways

Use of a laryngeal mask is recommended if the facemask ventilation and tracheal
intubation are unsuccessful in newborn delivered at or later than 34 weeks gestation
and weighing more than 2,000 g.

17.6.5.6 Endotracheal Intubation
It may be needed at various steps of resuscitation, in part depending on the skillset
of available providers.

Initial suctioning of depressed newborns with meconium-stained amniotic fluid
should be considered,

* When the bag-mask ventilation is not effective or is performed for a lengthy
period

e When chest compressions are required

« In the setting of certain congenital abnormalities.

End-tidal CO, detection confirms proper tube placement.

17.6.5.7 Chest Compression

Almost all babies needing help at birth will respond to successful lung inflation with
an increase in heart rate followed quickly by normal breathing. However, in some
cases chest compression is necessary.

Chest compression should be started only when the lungs have been aerated
successfully.

In babies, the most efficient method of delivering chest compression is to grip
the chest in both hands in such a way that the two thumbs can press on the lower
third of the sternum, just below an imaginary line joining the nipples, with the
fingers over the spine at the back.

Compress the chest quickly and firmly, reducing the antero-posterior diameter of
the chest by about one-third.

The ratio of compressions to inflations in newborn resuscitation is 3:1
(90 compressions and 30 breaths/min).

Compressions should be continued until spontaneous heart rate is at least 60 or
more beats per minute.
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17.6.5.8 Drugs
Epinephrine

Newborn infant bradycardia typically results from an oxygenation or ventilation
deficiency. If the heart rate is less than 60/min after adequate ventilation, 100 %
supplementary oxygen and chest compressions, epinephrine or volume expansion
may be required.

The epinephrine is recommended to be administered intravenously. The
suggested intravenous dose is 0.01-0.03 mg/kg (0.1 mL/kg of 1:10,000 solution).
If endotracheal tube administration is performed, the recommended dosage is 0.05—
0.1 mg/kg at the same concentration [18].

Volume expansion

Very rarely, the heart rate cannot increase because the baby has lost significant
blood volume. If this is the case, the use of isotonic crystalloid solution or blood is
suggested at the recommended dosage of 10 mL/kg.

17.7 Post-Resuscitation Care
17.7.1 Hypoglycemia

Newborns with hypoglycemia have an increased risk of brain injury following
hypoxic-ischemic events. IV glucose infusion should be considered following
resuscitation.

17.7.2 Therapeutic Hypothermia

Term or near-term infants, with evolving moderate to severe hypoxic-ischaemic
encephalopathy, should be treated with therapeutic hypothermia.

Whole body cooling and selective head cooling are both appropriate strategies
304-308. Cooling should be initiated and conducted under clearly defined protocols
with treatment in neonatal intensive care facilities and the capabilities for multidis-
ciplinary care. Treatment should be consistent with the protocols used in the
randomized clinical trials, i.e., commence within 6 h, continue for 72 h and rewarm
over at least 4 h [18].

17.7.3 Withholding and Discontinuing Resuscitation

Resuscitation might be withheld if early death is almost certain due to gestational
age, extremely low birth weight, or certain devastating congenital anomalies.

Parental desires should be considered and supported in the case of unclear
prognosis. Cessation of resuscitative efforts can be considered in a pulseless
newborn who does not regain a pulse after at least 10 min of resuscitative
efforts [18].
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Emilia Guasch, Fernando Gilsanz, and Azahara Sancho de Avila

Epidural analgesia is considered the most effective method of pain relief during
labor. Advances, in both drugs and equipment, have meant a great improvement
in its safety and effectiveness. However, epidural analgesia may fail in its main
objective, which is to provide effective analgesia or anesthesia and some of these
failures are due to technical problems.

In this chapter we will discuss the:

18.1. Definition of ineffective epidural during labor: its causes and possible
solutions

18.2. Epidural catheter dislodgement

18.3. Unilateral analgesia

18.4. Subdural block

18.5. Breakthrough pain (BP) during labor analgesia: causes and solutions.

These points will be analyzed from a technical and practical point of view in
relation to analgesia during labor.

18.1 Definition of Ineffective Epidural During Labor: Causes
and Possible Solutions

The failure in providing adequate analgesia is obviously an unpleasant and unsatis-
factory experience and can also be a source of litigation and claims. This risk of
failed analgesia due to technical or other reasons should be clearly discussed with
the parturient before the procedure.
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The vast majority of unsatisfactory epidural blocks occur in obstetric anesthesia,
being due in most cases to the fact that the tip of the catheter and therefore the local
anesthetic solution are not in the desired site or to the existence of anatomical
abnormalities in the epidural space [1].

One of the main difficulties is to know and define exactly what is meant by
failure of analgesia. Definitions given for a failed epidural cover a spectrum ranging
from insufficient analgesia to catheter migration out of the epidural space.

18.1.1 Definition of Ineffective Epidural During Labor

Failed neuraxial analgesia can be described as an intrathecal or epidural injection of
local anesthetic that results in the absence of nerve block, unilateral analgesia, and
patched or inadequate density of block despite apparently adequate spread. In
obstetrics, a failed block is defined as the neuraxial technique (epidural, spinal, or
combined spinal epidural), which results in inadequate analgesia or anesthesia or
absence of blocking after administration of a suitable dose [2].

According to Eappen et al. [3] failed epidural in obstetrics is defined as any
reason requiring catheter replacement after the catheter was secured to the back
with adhesive tape or a greater than three-dermatomal segment discrepancy
between the analgesic level as assessed by temperature (ice) sensation in a patient
complaining of pain after the initial bolus of epidural bupivacaine. Initial studies in
relation to failed analgesia considered indirect signs of failure, the catheter replace-
ment rate. More recently, the degree of pain relief is assessed with a visual analogue
scale (VAS) 30 min after initiation of neuraxial analgesia [4, 5], to define failed
analgesia.

18.1.2 Epidemiology

Failure rates currently reported in the literature range from 0.9 % to 24 % [6, 7] and
are more frequent than generally recognized.

Pan et al. [8] evaluated the failure rate in a series of 19,259 neuraxial procedures
performed over 3 years. The overall failure rate was 12 % due to various reasons,
technical or not. According to these authors, the failure rate after a combined spinal
epidural (CSE) was significantly lower than after an epidural (10 % vs. 14 %).
Excluding the initial failures, only 6.8 % of catheters inserted for analgesia in
labor required replacement due to insufficient analgesia. Their replacement rate is
higher than the rate published by Peach et al. (4.7 %) [6] but less than the rate
published by Eappen et al. (13.1 %) [3] or by Crawford (15.4 %) [9].

18.1.3 Block Assessment and Diagnosis

The key to achieve an adequate block is to make an early diagnosis of failure, in
order to solve the problem as soon as possible.
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To evaluate the appropriate extension of neuraxial blockade, the use of cold
solutions or a sharp stimulus starting from the lateral thigh and sliding cephalic and
caudal on both sides is recommended.

18.1.4 Factors Associated with Failure of Neuraxial Analgesia

According to Agaram et al. [10] the experience of the people who perform the
technique, the method used to localize the epidural space, the appearance of
paresthesias when inserting the catheter, the catheter insertion difficulty, the
volume of local anesthetic used (<12 mL or >12 mL), the total dose of local
anesthetic used, and the use of fentanyl may be factors associated with a higher
failure rate of analgesia. However, after analyzing these factors, none were signifi-
cantly associated with the incidence of failed epidural. The best predictors of failure
of epidural analgesia, according to these authors, were cervical dilation above 7 cm,
the existence of previous opioid use, a history of prior failed epidural analgesia, and
the performance of the technique by a resident [10].

It is desirable to systematize the factors that have been associated with the failed
or inadequate analgesia and broadly classify them into [1]:

18.1.4.1. Technical factors
18.1.4.2. Delivery factors
18.1.4.3. Patient factors

18.1.4.4. Pharmacological factors

18.1.4.1 Technical Factors

(a) Anatomical reasons: The existence of anatomical barriers (longitudinal band
of tissue between the dura mater and the ligamentum flavum) or the placement
of the catheter tip in the anterior or in the paravertebral epidural space may
explain the block of isolated roots, the unilateral blocks, or the asymmetric
blocks (See Sect. 18.3.1).

(b) Patient’s position when performing the block: The position of the patient can
affect the placement of the needle, as it can modify the relationship between
the osseous and soft tissue. Furthermore, opening of the posterior interlaminar
space by spinal flexion modifies the position of spinal content. When the
patient assumes a flexed position with the head down, it results in an anterior
movement of the thoracic spinal cord, while at the lumbar level, the spinal
cord and cauda equina move posteriorly [11].

Technically, there is no clear evidence that the sitting position or the lateral
position is related to a higher or lower rate of failures or unilateral analgesia,
although there is a clinical report that documented a higher incidence of
technique difficulties when the parturient is on her side [12]. Moreover, the
sitting position, favoring the distention of the epidural plexus, makes vascular
puncture more likely [13].
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Midline or paramedian approach: Catheter placement is faster with the
paramedian approach and its success rate is less related to patients’ spine
flexion. The risk of accidental vascular puncture has no relation to these
approaches in obstetric patients [14, 15].

Identification of epidural space: According to Beilin et al., the frequency of
adequate analgesia is higher when using saline in the loss of resistance
technique to identify the epidural space. Parturients in which air was used
demanded additional analgesia more frequently (36 %) than with saline
(19 %) [16].

Anesthesiologists who use saline suggest that when using air, it’s easier to
cause a pneumocephalus with the subsequent headache, and that air bubbles
could be responsible of an incomplete blockade preventing the spread of local
anesthetic [2].

In 2009 a meta-analysis compared the loss of resistance with saline versus
air. It included 4,422 patients; four clinical trials were in obstetric patients and
one in the nonpregnant population.

No significant differences in any outcome were found, other than a 1.5 %
reduction in the incidence of post-dural puncture headache in the saline
group [17].

In any case, it is important to remember that the ligamentum flavum is not

continuous in all patients, and therefore, the existence of midline gaps may
alter the loss of resistance perception when the midline approach is used. To
avoid it, the use of ultrasound may be useful, as proved in obese patients [18].
Location, catheter insertion, and fixation: Even when the epidural space has
been correctly identified, the catheter may not follow a straight line during its
insertion. Clinical or radiological transforaminal catheter migration has been
described only in obstetric patients. It is recommended to insert the catheter at
least 4 cm into the epidural space [1]. Catheter fixation devices can signifi-
cantly reduce the rate of migration and thus reduce the rate of analgesic
failure [19].
Equipment: Failure can also occur due to catheter obstruction, preventing the
proper spread of local anesthetics. The most commonly used epidural catheters
are the ones with three side orifices. Morrison and Buchan [20] demonstrated
that although multi-orifice catheters may be less safe due to the fact that the
orifices may be located outside of the epidural space (in the subdural space, for
example), the need of replacement was less frequent.

Occasionally, there may be manufacture catheter defects, such as absence of
marks that hinder proper placement, accidental disconnection of any part, or
air obstruction of the system. As little as 0.3—0.7 mL of air in the antibacterial
filter can cause obstruction of the epidural infusion system [21]. Exceptionally,
there may be a knot in the catheter, which is a rare cause of obstruction.
Experience of the people who perform the block: Agaram’s series show that
the experience of the people who perform the technique is related to analgesic
failure [10]. In Pan’s series [8], almost all blocks are performed by residents
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(h)

and non-obstetric anesthesiologists, which would explain the high percentage
of failed blocks, unlike the results found by Peach et al. [6].

Supervision by an experienced anesthesiologist is recommended. In
difficult cases, we suggest that the blockade is performed by an experienced
obstetric anesthesiologist.

CSE versus epidural: The CSE failure rate is as low as 0.16 % [22], signifi-
cantly lower than with the epidural technique.

18.1.4.2 Delivery Factors

(a)

(b)

Patient’s position during dilation: Maternal position has little effect on the
appearance of an asymmetric block. Authors who have studied this factor
found only a small, two or three dermatomes difference between both sides
when the patient remained in the lateral position. It is more likely that the
relationship between the epidural space and its surrounding structures (con-
nective tissue, fat, blood vessels) has more influence in analgesia quality than
maternal posture [23, 24].

Labor progress: As labor progresses, pain becomes more intense. When
investigating the reason for an inadequate analgesia, the anesthesiologist
must always consider the stage of labor of the parturient. In the last stages, it
may be necessary to administer a bolus of a higher and more concentrated dose
of local anesthetic (5—15 mL of 0.25 % bupivacaine with or without opioid).
The use of opioid is specially recommended when back pain is secondary to a
fetal occipito-posterior position [1].

18.1.4.3 Patients Factors

(a)

(b)
(©)

Spinal deformities or previous back surgery: The most severe deformities are
associated with failed or patched blocks, as occurs after spinal surgery, due
mainly to tissue adhesions or bone grafts that may affect the distribution of
the local anesthetic. Disk pathology may also interfere with the diffusion,
as shown in a series of 600 epidurograms. In up to 33 % of patients with
uncomplicated disk prolapse, contrast did not reach the affected root [2].

The midline barrier (See Sect. 18.3.1).

Differences between patients: The demographic characteristics of the study
population and expectations of different groups of women in labor may be
different as far as analgesia for labor is concerned. Catheter migration occurs
more often in women with higher body mass index [2]. Younger patients, with
a higher body mass index and a longer labor, have higher risk of failure in the
extension of the epidural block for cesarean section [25]. To avoid failure in
these patients, it is convenient to emphasize the role of ultrasound. Ultrasound
measurement of the epidural space depth before epidural placement technique
decreases the rate of epidural catheter replacements for failed labor analgesia
and reduces the number of epidural attempts when performed by first-year
residents and compared to attempts without ultrasound guidance [26].
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18.1.4.4 Pharmacological Factors
Among the pharmacological factors, there may also be numerous causes of failure.

(a) Local anesthetic dose vs. volume: The influence of dose, concentration, and
volume on the spread of epidural analgesia has been studied extensively. In
general, the main determinant of the effect of local anesthetics is the dose,
while the volume plays a minor role [1]. The effect of volume is more
pronounced during bolus application. During labor, when two equivalent
doses, in mg, of local anesthetic with different volume are administrated, the
spread of the block is greater with higher volume [27].

(b) Addition of opioids: The addition of small doses of opioids can reduce the dose
of local anesthetic with an improvement in the quality of analgesia during
labor and potentially reduce motor block. The concept of “low-dose local
anesthetics” for analgesia is only feasible when opioids are used.

(c) Addition of epinephrine: The effects of epinephrine on opioids and local
anesthetics are additive. Minimum local anesthetic concentration (MLAC) of
bupivacaine is reduced by 29 % in laboring parturients with the use of
epinephrine.

(d) Test dose: Before administering a bolus of local anesthetic, the anesthe-
siologists must first administer a test dose to exclude intravascular or intrathe-
cal catheter placement. If analgesia remains unsatisfactory with a negative test
dose and after the first dose of local anesthetic, replacement of the catheter is
recommended.

(e) Drug delivery systems: The different epidural drug delivery systems are also
important [27], such as patient-controlled epidural analgesia (PCEA)
associated or not with continuous infusion and/or programmed intermittent
boluses.

These factors, although mainly related to pharmacokinetics, may be related to a
failed or incomplete analgesia and catheter replacement.

These strategies, the use of epidural drug delivery systems, the administration of
larger volumes (in slightly extended blocks), addition of opioids, and/or the use of
more concentrated doses (in patchy analgesia associated with fetal presentation
pain), are known as “pharmacological optimization” strategies and help in making
decisions (resite the epidural catheter).

In summary, some technical factors may contribute to increase the primary or
secondary success rate of epidural analgesia.

— Epidural catheters may be misplaced from the beginning or may migrate from
their initial location due to the patient’s movements. Likewise, the catheters may
deviate from what is strictly midline during insertion.

— The optimum depth at which the epidural catheter should be left is 5 cm.

— The recommended method to identify the epidural space is the loss of resistance
with saline.
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— There is a growing evidence base for the use of ultrasound to locate the epidural
space in obese patients.

— Dose is the main determinant in continuous epidural analgesia, where concen-
tration and volume play a subordinate role.

Proposed Solutions The key to manage an inadequate block is early detection.
Any woman with a neuraxial block for labor pain should be evaluated in the first
30 min of the first dose and the level should be checked with the correct stimulus
(Table 18.1).

Table 18.1 Epidural failure causes and solutions

Causes and
Situation Problem questions Symptoms Solutions
Ineffective Catheter Vein — No block Catheter
analgesia dislodegment/ — Block replacement
Limited migration regression
extension Transforaminal, Very limited
paravertebral block
Out of epidural No block
space
(subcutaneous)
Unilateral No analgesia — Anatomical Adequate level | — Pharmacologic
analgesia on one side reasons (Plica, only on one optimization
surgery, etc.) side — Withdraw
— Catheter location catheter 1 cm
(depth > 6 cm?) + bolus
+ maternal
position
— Catheter
replacement/
consider CSE
Subdural Patchy block — Onset — Intermediate Catheter
block 10-20 min? onset replacement
— Sensitive block? | — Asymmetric
— Sympatholysis? sensitive block
— Horner, — No sacral
syndrome? block
Breakthrough | Pain in — Labor progress Correct block — Opioids plus
pain previously too fast? assessment local anesthetic
Inadequate adequate — Abnormal fetal boluses
block density epidural presentation? — Occasional use
analgesia — Catheter >5 cm of concentrated
into epidural solute
space? — Catheter
— Too diluted replacement
solutions? (role of CSE)
— Team
communication

CSE Combined spinal epidural
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(a) Excessive catheter insertion into the epidural space: Not more than 5 cm of
catheter should be left in the epidural space. In an attempt to solve inadequate
analgesia, multi-orifice catheters can be withdrawn up to 3-5 cm. If pain
persists after another dose is administered, it is time for catheter replacement
in another space. Even if the catheter was initially placed at the right distance,
it may migrate due to muscles and vertebrae movements.

(b) Evaluation of the infusion system, if it is connected or if it is occluded, should
be considered when managing a failed block.

(c) If there is no block at all, a new block should be performed.

18.2 Catheter Dislodgement/Migration

The epidural space is a compartmentalized and complex structure, which can
interfere with the proper placement of the catheter when a block is attempted [1].

Epidural catheters may be incorrectly placed from the start or later dislodged. A
catheter initially located in the epidural space may migrate into a vein, into the
subdural or subarachnoid space. This may occur either with intermittent bolus
administration or continuous infusion.

18.2.1 Venous Migration

If an epidural catheter migrates into a vein during continuous epidural infusion of a
diluted solution of local anesthetic, it is unlikely that the patient has symptoms of
local anesthetic toxicity, but the block will gradually disappear. When a woman in
labor with a continuous infusion of local anesthetic begins to complain of an
unexpected and progressive pain, you should suspect a migration of the catheter
into a vein.

18.2.2 Subdural or Subarachnoid Migration

Migration of an epidural catheter into the subarachnoid or subdural space during an
infusion would give a slow rise of the block with a high motor component,
considering doses of local anesthetics of 0.125 % at a rate of 10—15 mL/h. If
more concentrated solutions are used, the safety margin is lower. An unexpectedly
high level of anesthesia indicates administration of an excessive dose of local
anesthetic or the migration to subdural or intradural space.

18.2.3 Transforaminal Migration

Transforaminal migration of the tip of the catheter and an asymmetrical distribution
of the block are situations often described. The epidural catheter can leave the
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epidural space through the intervertebral foramen, either above or below the place
of insertion.

A high transforaminal rate of catheter migration (4.5 %) was described when
catheters were inserted more than 5 cm into the epidural space [2]. It seems that
after these migrations were diagnosed, only 50 % of cases were resolved success-
fully with catheter replacement. This may be due to the fact that the misplaced
catheter could open a new path, which favors catheter dislodgement and failed
analgesia [28].

18.2.4 Catheter Dislodgement

Catheter dislodgement out of the epidural space after the correct initial positioning
can occur due to the patient’s movements [29]. In addition to the patient’s
movements, changes in epidural pressure and the cerebrospinal fluid (CSF)
oscillations can contribute to the dislodgement of an epidural catheter initially in
place. This should be suspected when the block disappears after a period of
adequate analgesia, and a differential diagnosis should be done with the catheter’s
migration to a vein. In both cases, the recommended approach is the catheter
replacement, preferably with the aid of ultrasound, especially in obese patients or
difficult backs.

18.3 Unilateral Block

Unilateral block is described as a correct cranial and caudal extension of the block
but limited to only one half of the body. Its incidence appears to be somewhat lower
if a paramedian approach is performed, since the catheter seems to be more directly
addressed to the epidural space in this way. When it appears, it may be due to
several causes:

18.3.1 Plica Mediana Dorsalis and Other Anatomical Changes

It has been radiologically demonstrated that in some individuals the epidural space
may have a midline fibrous. This band of connective tissue is called “plica median
dorsalis” and may just consist of a few sagittal fibers of connective tissue or form a
real membrane. It is possible that the removal of 1 cm of catheter, the administra-
tion of a fractionated additional dose of local anesthetic, and the change of position
help to avoid the plica in some cases. To overcome this barrier, you can try the
pharmacological optimization with larger volumes of local anesthetic and if this
measure is not effective, catheter replacement is recommended.

In 48 autopsies, on patients between 20 and 88 years old, 2 % of cadavers
showed a complete or incomplete connective tissue band in the midline of the
epidural space [30]. This connective tissue band covered at least two epidural
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spaces and as in most cases it was an incomplete barrier, the unilateral blockade
could be avoided by administering larger volumes of local anesthetic.

Unilateral blocks are described more frequently in patients with scoliosis, even
when they are asymptomatic, because the catheter itself heads in the opposite
direction to where scoliosis is [28]. Unilateral blocks have also been described
after spinal surgery due to the development of fibrosis after the surgery.

18.3.2 Catheter Location

The orifices in the catheter can be placed above or laterally into the epidural space,
spreading the local anesthetic more on one side than another, thereby favoring the
occurrence of unilateral block [31].

The multi-orifice catheters present advantages over single-orifice type. It has
been suggested that to reduce the rate of asymmetrical blocks and analgesic
failures, the distance of catheter insertion should be of 4 cm.

When managing a unilateral block, you can try placing the patient in the lateral
position on the affected side for a uniform distribution, together with the adminis-
tration of larger volumes of local anesthetic. It is sometimes effective, but
frequently a motor block of the already blocked side is obtained, the other side
remaining with an unsatisfactory sensitive block.

In patients with unilateral block, a randomized control study found no significant
difference in the success rate when patients were placed in the lateral position if the
catheter was withdrawn before or after the administration of a local anesthetic bolus
[23]. In both cases, the success rate of analgesia bolus is around 75 %. In that
situation, epidural catheter replacement must be considered. The administration of
5-15 mL of diluted local anesthetic, to try to get a satisfactory analgesia, is
recommended in unilateral, asymmetrical, patchy, or incomplete blocks. Comple-
mentary opioids may also be useful.

The CSE technique, which is an alternative to the classical administration of
5-15 mL of diluted local anesthetic, is recommended to try to get a satisfactory
analgesia in unilateral, asymmetrical, or patchy epidural for labor analgesia
[32]. Several studies have associated this technique with a lower incidence of
unilateral blocking [22] and catheter replacement [8, 22]. This may be because
the target of the subdural puncture is clearly the output of CSF through the needle
and, therefore, a correct positioning of the catheter in the midline [32].

In 2014, Hessen et al. [32] published a meta-analysis in order to determine
whether the CSE had lower incidence of unilateral block or catheter replacement
during labor. These authors found that CSE, compared to the epidural technique,
was not associated with a significantly lower risk of repositioning of the catheter.
However, the risk of unilateral blockade was significantly lower in parturients who
received CSE, even though there was considerable heterogeneity between studies.
None of the studies analyzed in this meta-analysis had as its primary objective the
replacement rate of catheters.
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Nowadays, we cannot say that CSE provides a better quality of analgesia,
although data suggest a lower rate of unilateral blocks [22, 32].

18.4 Subdural Block

The subdural space is a potential space located between the dura mater and the
pia-arachnoid membrane extending from the second sacral vertebra to the cranial
cavity.

Subdural block incidence is low, ranging between 1:1,850 [6] and 1:10,500
[33]. The report of Jenkins, comprising 145,550 epidurals, gives an intermediate
incidence of 1:4,200 [34], although other studies document a somewhat different
incidence.

Unlike the subarachnoid block, the maximum height of subdural block appears
to be unrelated to the volume of local anesthetic injected, but, nevertheless, it often
reaches the cervical nerve roots and even intracranial nerves. A subdural block
may extend cranially, affecting arms and face, but without involvement of sacral
dermatomes [24].

The onset of subdural blockade is slower than the subarachnoid block (usually
10-20 min) and characteristically patchy while motor block and hypotension are
virtually absent. The incidence of hypotension is less frequent than in the high
spinal block, as the subdural injection brings a sympathetic block of lesser extent
and intensity. However, it can lead to hypotension and apnea seriously threatening
the parturient. A Horner’s syndrome is not uncommon.

However, in addition to life-threatening situations, accidental injection of local
anesthetic into the subdural space may result in a failed or patchy block. It has been
suggested that when local anesthetics are injected through the catheter into the
anterior subdural space, there is an exaggerated block extension, while injection in
the posterior subdural space leads to a more restricted extension [35].

If diagnosed, the attitude should be the immediate removal of the subdural
catheter and replacement with an epidural one.

Collier, the author with more publications on subdural blocks, described almost
30 years ago the clinical criteria for subdural block [36]: moderate hypotension,
slow symptoms progression, progressive respiratory difficulty, and complete recov-
ery within 2 h.

Lubenow et al. [37], a few years later, defined two major criteria (negative
aspiration test and unexpectedly extensive sensory block) and three minor criteria
(prolonged onset, variable motor block despite the use of small amounts of local
anesthetic, and wide sympatholysis).

The presence of two major and one minor criteria is highly suggestive of
subdural block. More recently, Hoftman and Ferrante [38] analyzed a wide exten-
sive range of cases of subdural blocks published and documented with radiological
images, which define the most characteristic clinical presentation; 75 % of the cases
reviewed by Hoftman had at least one of Colliers criteria, but only one-third had
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two or more criteria and 25 % had none. Lubenow criteria diagnosed correctly 71 %
of cases and failed in 29 %.

In summary: the subdural block is rare. The key for its diagnosis is clinical
suspicion and the existence of diagnostic criteria (two major and one minor). The
administration of local anesthetic through a catheter placed at the subdural space
may result in an inappropriate or ineffective sensitive block and may also put the
parturient’s life at serious risk. The recommended approach is to remove the
catheter and replace it, after informing the parturient.

18.5 Breakthrough Pain

Parturients receiving epidural analgesia may experience BP requiring the use of
additional medication.

We can define two types of breakthrough pain (BP): “primary breakthrough
pain” as the moment when a woman first requests analgesia during labor.
“Secondary breakthrough pain” can be defined as the moment when previously
used analgesia becomes ineffective [39].

The BP may have multiple causes. Clearly, the technical causes such as catheter
misplacement, migration, and dislodgement may give inadequate analgesia.

There is no single pattern of providing adequate neuraxial analgesia for labor,
although for certain patients and specific clinical situations, some methods provide
advantages over others. The choice of suitable solutions and an adequate drug
delivery system have an important role in achieving proper analgesia and a low
incidence of BP and parturient unsatisfaction [40].

In order to develop preventive strategies for BP, there has been an attempt to
develop predictive scales that could be applied previously to the technique. Among
the risk factors included in the scales, we can highlight: nulliparity, epidural
catheter placement at an earlier cervical dilation, neonatal weight, and technique
performed (epidural vs. CSE) [39].

A close and frequent communication with the obstetric team is important for
the performance of safe and effective neuraxial analgesia for labor and for the
prevention and treatment of BP, among other situations. In addition, the role of new
treatment modalities during labor is essential.

18.5.1 PCEA

Compared to continuous epidural infusion, PCEA increases maternal satisfaction,
reduces the team’s workload, reduces the incidence of BP, and also reduces local
anesthetic consumption and motor block intensity [41, 42].

These results can be explained because the injection pressure generated when
administering a bolus results in a more uniform distribution of the solution into the
epidural space (cadaveric studies) [43]. The negative point is that the ideal PCEA
regimen has not yet been determined.
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In terms of volume and frequency of PCEA boluses, it seems that programs
with high volumes and extended lockout intervals give better quality of
analgesia [44].

18.5.2 Basal Infusion

The evidence available today is confusing and inconclusive when recommending
or not a basal infusion. Nevertheless according to Halpern and Carvalho [45], the
addition of a basal infusion appears to improve the quality of analgesia and less
intervention is required for clinical pain. Probably, the use of high rates (above
5 mL/h) improves the efficiency of the PCEA. (The efficiency of the analgesia is
measured by the ratio of boluses administered/boluses required [46].)

18.5.3 Novel Drug Delivery Systems

Recently, more sophisticated drug delivery systems have been developed, which
may be an additional tool for higher and better quality analgesia in obstetrics.

One of these novel methods is the computer-integrated patient-controlled epidu-
ral analgesia (CI-PCEA), which automatically titrates the background infusion rate
based on the individual parturient’s needs. Sia et al. compared a CI-PCEA with a
continuous infusion regimen, observing that the incidence of BP was reduced
without increasing consumption of local anesthetic [47].

CI-PCEA was also compared to a PCEA continuous infusion and a higher
maternal satisfaction but with similar local anesthetic consumption and incidence
of BP was observed [48].

The fact that the analgesic and local anesthetic needs (MLAC) vary throughout
the progress of labor [49] may justify that the use of an adjustable basal infusion
gives higher maternal satisfaction rates and reduces the BP incidence, without
increasing local anesthetic consumption.

18.5.4 Continuous Infusion Versus Mandatory Boluses

The use of a PCEA with a basal infusion compared to PCEA with intermittent
automatic or programmed bolus appears to reduce local anesthetic consumption
and the incidence of BP. This may be due, as already mentioned, to the fact that
injection pressure generated when administering a bolus results in a more uniform
distribution of the solution into the epidural space. This pressure does also favor
local anesthetic output in multi-orifice catheters, and therefore, a more uniform
distribution in the epidural space [40].

In pharmacodynamic terms of penetration of local anesthetic into the nerve and
in terms of diffusion gradients, one can determine the generation or reversal of
analgesia (or motor block) [27].
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18.5.5 Role of CSE in Breakthrough Pain

Some authors have studied the intermittent automatic bolus after having performed
a CSE. The pressure of the bolus can facilitate a certain transfer of anesthetic
solution into the dural space through the orifice [50].

The possibility of taking advantage of this intentional transfer of local
anesthetic through the dural hole is something to investigate in more depth.

When considering neuraxial analgesia in a parturient with high BP risk, the CSE
may be the technique of choice (nulliparous, early cervical dilation, and high
estimated fetal weight) [51].

The use of neostigmine or clonidine with CSE can reduce BP, although its use is
not as common as the use of opioids combined with local anesthetics [52].

Practical Points Having assessed the nature of pain, the correct extension of
neuraxial blockade, and the progress of labor, BP is generally treated with an
epidural bolus of bupivacaine 0.125 %, about 10-15 mL, administered in
increments of 5 in 5 mL. Occasionally, we may choose to use more concentrated
solutions of local anesthetic (bupivacaine 0.25 %), especially in cases of abnormal
fetal presentation or dysfunctional labor. In this case, it may also be necessary to
increase the concentration of the basal solution. This often results in a satisfactory
perineal analgesia for labor. Sometimes, more analgesia is required for labor,
especially in instrumented delivery. In this case, the administration of 5-12 mL
of Lidocaine 1 % or 2 % generally provides adequate sacral analgesia [40].

Summary

— It is important to recognize failure or BP risk factors before performing a
neuraxial block for analgesia during labor.

— When evaluating a possible failed neuraxial block, we must discard technical
factors associated with failure of the technique.

— When we have to replace the catheter, the CSE technique should be considered.

— If the patient needs an additional bolus, we have to consider the concomitant use
of opioids. More concentrated solutions are used only occasionally.

— The role of new epidural drug delivery systems is increasing.
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19.1 Introduction

Anticoagulants are administered during pregnancy and postpartum to treat or
prevent thrombotic events. For two decades, this practice has been supported by
numerous studies, clinical evaluation, and diagnostic scoring of the peri- and
postpartum thrombotic risk. Guidelines have since emerged to manage its treatment
and prevention [1-4]. However, gaps persist in our knowledge of the condition, and
there is evidence that anticoagulants can be more precisely monitored and targeted
according to the individual risk [5]. Multidisciplinary management of the
peripartum period aims to prevent both hemorrhagic and thrombotic risks, to
avoid epidural hematoma, an unusual but severe complication of regional analge-
sia, as well as severe postpartum hemorrhage, and the occurrence or recurrence of a
thrombotic event [6]. Managing analgesia during labor and delivery is a complex
challenge due to the unique pharmacokinetic characteristics of drugs at the end of
pregnancy and the unpredictability of spontaneous labor [6, 7]. A thorough multi-
disciplinary protocol should detail the neuraxial labor analgesia management dur-
ing the peripartum period in these patients.

In this review, we discuss the therapeutic planning and peripartum management
in patients administered anticoagulants, with a focus on the following: evaluating
the risk of hemorrhage in affected patients; evaluating the epidural hematoma risk
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after administering labor analgesia; risk of thrombosis occurrence or recurrence
following thromboprophylaxis discontinuation; hemostasis recovery to enable safe
regional analgesia; and guidelines in neuraxial analgesia and labor management in
patients administered anticoagulants. Furthermore, the recommended indications
for initiating thromboprophylaxis and antithrombotic treatment during pregnancy
and postpartum are discussed in the Appendix.

19.2 Hemorrhagic Risk Evaluation in Patients Receiving
Thromboprophylaxis

Anticoagulation increases the risk of severe hemorrhage. Knol et al. conducted a
case-control study of 88 patients receiving a high dose of low molecular weight
heparin (LMWH), comprising nadroparin once daily during early pregnancy at
175 TU kg~ ' day ' initiated at pregnancy confirmation or following a peripartum
venous thromboembolism (VTE) episode [8]. The risk of postpartum hemorrhage
(PPH) was compared between treated subjects and non-treated paired controls.
They found that the risk of severe hemorrhage was twice as high in treated subjects
compared to control subjects undergoing vaginal delivery [30 % vs. 18 %, respec-
tively (OR 1.9, 95 % CI 1-1.1)] and three times higher after cesarean section [12 %
vs. 4 %, respectively (OR 2.9, 95 % CI 0.5-19.4)] [8]. Similarly, in a 5 year
retrospective Australian cohort study, Chan et al. reported three occurrences of
severe PPH among 31 patients administered anticoagulants to treat peripartum
thrombosis; they subsequently recommended careful therapeutic management dur-
ing the peripartum period [9]. In a retrospective consecutive cohort of 72 thrombo-
embolic events treated during pregnancy, Blanco-Molina et al. noted that the
immediate postpartum period was associated with a 5.6 % risk of severe
hemorrhage [10].

However, other studies have not reported any significant risk of severe hemor-
rhage. Galambosi et al. did not observe any significant difference in the incidence of
severe hemorrhage (0.15 %) in 648 patients administered LMWH compared to
626 paired controls [11]. Limmer et al., in a case-control study of cesarean
deliveries, found that women who received anticoagulants during pregnancy had
a greater incidence of wound complications compared to those who did not (30 %
vs. 8 %, p < 0.001), but there was no increased risk of hemorrhage [12]. In a meta-
analysis, Romualdi evaluated 18 studies of 981 patients who experienced an acute
thrombotic event during pregnancy; 822 were treated with LMWH and 79 with
unfractionated heparin. Severe hemorrhage occurred in 1.41 % (95 % CI 0.60—
2.41 %) of patients during pregnancy and 1.90 % (95 % CI 0.80-3.60 %) after
delivery [4].
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19.3 Epidural Hematoma Risk Evaluation

The incidence of spinal epidural hematoma in pregnant anticoagulated patients
after labor analgesia is unknown. Most of the estimated rates and recommendations
are based on case reports, national drug monitoring surveys, and expert opinion. In
the obstetric setting, epidural hematoma is apparently infrequent: less than 1 per
150,000-275,000 patients after epidural puncture and less than 1 per 220,000—
250,000 patients after spinal anesthesia in a large obstetric series describing
regional anesthesia [13]. Bateman et al. identified seven cases of epidural hema-
toma requiring laminectomy in a nationwide survey of 62,450 orthopedic and
obstetric neuraxial anesthesia events [14]. The frequency after epidural catheter
insertion for perioperative anesthesia or analgesia varied from 1 event per 22,189
placements to 1 event per 4,330 placements. The risk was significantly lower for
obstetric epidurals at 0—4.6 x 10~ (p =0.003) [13]. In the orthopedic series, four
of the seven patients who developed epidural hematomas were receiving anticoag-
ulant treatment according to the recommended guidelines [14]. Furthermore, in
older, coagulopathy, or anticoagulated patients, the incidence has been estimated as
high as 1 per 1,500 epidural blocks and 1 per 3,600 spinal anesthesia procedures in
patients administered unfractionated heparin; the incidence was 1 per 3,000 after
epidural and 1 per 40,000 after spinal anesthesia in patients receiving LMWH [15].

Moen et al. estimated the risk of epidural hematoma in a 10 year retrospective
analysis of severe neurologic complications after 1,260,000 spinal and 450,000
epidural (including 200,000 parturients for labor analgesia) neuraxial blockades in
Sweden [16]. A total 127 adverse events were identified, with 33 identified as spinal
hematoma. The incidence of neuraxial hematoma was estimated at 1 per 156,000
after spinal anesthesia and 1 per 18,000 after epidural anesthesia, and hemorrhage
occurred less frequently in obstetric patients (1:200,000) than in female orthopedic
patients undergoing knee arthroplasty (1:3,600) [16]. The study identified several
risk factors for epidural hematoma after neuraxial regional anesthesia including the
lack of treatment guidelines, administration of antithrombotic agents, female gen-
der, and difficulty during the procedure.

Detection of this rare but catastrophic complication must be instituted in all
obstetric and obstetric anesthesia units [17, 18]. Clinical symptoms of epidural
hematoma, mainly the absence of regional block reversion and interscapular pain,
should be monitored as a component of the routine systematic postpartum patient
assessment. Multidisciplinary management of the anticoagulated parturient should
focus on the detection of this complication as well as its prevention by respecting a
sufficient delay to recover coagulation function before regional anesthesia and
analgesia.
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19.4 Risk of Thrombosis After Discontinuing Antithrombotic
Treatment

Discontinuing preventive or curative anticoagulant treatment exposes the patient to
potential occurrence or recurrence of a thrombotic event. Since 2010, venous
thromboprophylaxis during pregnancy has been recommended in RCOG
guidelines, and maternal mortality has since decreased [19]. Strict evaluation of
the global thrombotic risk in each patient should guide the clinician in determining
the optimal time to discontinue anticoagulant therapy to minimize the risks of both
hemorrhage and thrombosis. Van Lennep et al. analyzed the risk of thrombosis in
patients designated as intermediate and high risk based on the Dutch thrombosis
registry and reported a thrombosis recurrence rate of 5.5 % (95 % CI 2.4-12.3)
[20]. The thrombotic events only occurred in high-risk women at an antepartum
incidence of 1.8 % (95 % CI 0.4-9.2) and postpartum incidence of 7 % (95 % CI
2.9-16.7). Accordingly, they recommended changing the LMWH dose during
pregnancy. In another study, Kamel et al. reported that the 6 weeks postpartum
period had the highest risk of a primary arterial or venous thrombotic event; they
recommended continuing thromboprophylaxis during this period [21, 22].

Hematologists, obstetricians, and anesthesiologists have all devised scoring
systems and algorithms to better assess each patient’s risk and enable better
prevention [1, 2]. However, risk evaluation is complex and is currently based on
minimal evidence; therefore, a multidisciplinary algorithm may be more effective
[23]. Individual risk assessment and multidisciplinary cooperation may be required
to minimize the thrombosis risk [1].

19.5 Recovery of a Normal Hemostatic Function Allowing Safe
Regional Analgesia

The recovery of normal hemostatic function after discontinuing anticoagulants
determines the time when neuraxial anesthesia can be safely performed. This
duration is based primarily on our knowledge of the pharmacokinetic
characteristics of the individual agents concerned. Most professional consensus
estimates the time interval between cessation of the medication and neuraxial
blockade at two and half times the drug elimination half-life [7]. Clinicians must
consider both the altered pharmacokinetics of LMWH during pregnancy and the
decrease in anti-Xa activity beginning in the second trimester of pregnancy, as anti-
Xa activity is used for monitoring [24-28].

A preventive LMWH dose (less than 100 IU kg™~ ') generally allowed a 10-12 h
delay, whereas a curative dose (more than 100 IU kg ") requires a 24 h delay before
performing regional anesthesia [2, 6, 7, 27]. Anti-Xa activity has been validated for
monitoring the LMWH efficacy [24-28]. A residual activity below 0.1 TU mL™"
indicates complete elimination of the drug.

For subcutaneous unfractionated heparin (UFH), a 12—-15-h delay has been
recommended, whereas intravenous heparin requires a mere 4—6 h delay. Anti-Xa
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activity is also used to monitor UFH activity. In cases of heparin overdose or
emergency cesarean section, protamin can be administered [7].

Anti-vitamin K is administered during the second and third trimesters primarily
in patients with mechanical heart valves and is monitored using the international
normalized ratio (INR). The INR therapeutic range is 3—4, and depending on the
specific drug, the recommended delay is long, lasting from 2 to 3 days. In cases of
emergency cesarean section or premature delivery, vitamin K and prothombin
complex or fresh frozen plasma can be administered to counteract the medication
and recover normal hemostasis [29].

In cases of heparin induced thrombopenia and heparin or LMWH hypersensitiv-
ity, danaparoid can be administered to treat or prevent thrombosis. The route of
administration can be subcutaneous or intravenous. Danaparoid activity is moni-
tored with APTT and anti-Xa activity based on the specific dosage. The delay
following cessation of danaparoid therapy has been estimated at 24 h [1, 30].

In 2012, based on level 1C evidence, because of a significant transplacental
transfer, the ACCP recommended limiting the use of fondaparinux, oral throm-
bin, and anti-Xa inhibitors in pregnant women with severe heparin hypersensi-
tivity (including Heparin Induced Thrombopenia) who cannot receive
danaparoid [1].

After discontinuing anticoagulant treatment, biological assessment of hemosta-
sis recovery should be planned to allow neuraxial block during painful labor.
However, this assessment is hampered by the unpredictability of the first phase
of labor and the delay needed to obtain diagnostic results. Point of care assessment
has been suggested to verify hemostasis at the time of parturient admission.
Recent studies have established thromboelastography and thromboelastometry
reference values in pregnant women [31, 32], Thromboelastometric HEPTEM test
(ROTEM® TEM international Munich Germany) is able to discriminate the
hypocoagulable state due to heparin and may be helpful for a patient receiving
LMWH or UFH. However, these new methods have not yet been scientifically
assessed for gauging the epidural hematoma and hemorrhage risks in patients
receiving anticoagulants.

19.6 Neuraxial Analgesia and Labor Management
in the Anticoagulated Patient

Regional analgesia is the most efficient and safe pain management option during
labor. Guidelines for regional anesthesia management in the anticoagulated patient
have been developed and regularly updated [1, 2, 6, 7, 33, 34]. These guidelines are
based on case reports or cohort surveys. While an algorithm may help anesthetists,
the decision to perform spinal or epidural analgesia in an anticoagulated parturient
is individually tailored according to the hematoma risk and the benefits of regional
analgesia. Therefore, multidisciplinary management may be recommended to
adjust induction of labor and anticoagulation arrest delay (Fig. 19.1).
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Safe duration before performing regional anaesthesia
Epidural or spinal anaesthesia or analgesia should be performed as follows:

o If intravenous UFH is required patients with a very high risk of thrombosis
recurrence, avoid regional anaesthesia and discontinue UFH 4 hours before delivery.

« Regional anaesthesia can be performed:

o Twelve hours after the last subcutaneous UFH dose; measure aPTT if the duration is
shorter.

« Twelve hours after the last LMWH dose <100 UI kg™

o After a 24 hours delay following the last curative or intermediate dose of LMWH
>100 Ul kg™

Benefit-risk analysis
¢ Avoid regional anesthesia if the therapeutic window will expose the patient to an
acute thrombotic event.
o  Promote regional anaesthesia or analgesia with an adapted therapeutic window if
regional anaesthesia/analgesia eases delivery or maternal disease management.

Regional anaesthesia in the anticoagulated parturient
Assess the hemostatic function
Choose a senior anesthetist
Choose median over lateral epidural access when possible
Use ultrasound guidance, if possible
Choose spinal over epidural when possible
Strict neurologic monitoring during the immediate postpartum period
Avoid postoperative local analgesia, which may mask neurologic deficiency

L K IR R JNE JNR R 4

Fig. 19.1 Guidelines for regional anesthesia in an anticoagulated parturient [1, 2, 6, 7, 33, 34].
UFH unfractionated heparin, LMWH low molecular weight heparin

This multidisciplinary management algorithm is built on the following
principles:

¢ In low thrombotic risk patients receiving anticoagulants to prevent placental
vascular disease, anticoagulants should be stopped at the end of pregnancy and
labor analgesia performed after the anticoagulation period.

¢ In the high thrombotic risk patients (mechanical heart valves, lupus, combined or
antithrombin deficiency, arterial thrombosis, deep vein thrombosis <3 months
previously, and a history of pregnancy or postpartum thrombosis),
antithrombotic drugs should not be stopped or should be discontinued for a
minimal period; alternative analgesia should be chosen and explained to the
parturient.

o The unpredictability of labor presents a challenge. Some clinicians choose to
administer unfractionated intravenous heparin and induce labor to conduct a



19 Neuraxial Analgesia in the Anticoagulated Parturient 261

medical guided delivery. The ACCP 2012 guidelines recommend partitioning
the LMWH dose twice daily to reduce residual anti-Xa activity. After
administering a therapeutic dose of UFH, a delay of 4 h is recommended.
After administering a therapeutic dose of LMWH, 24 h interruption is
recommended to allow delivery [1, 2, 6, 7, 33, 34].

¢ For intermediate risk patients, coagulation status should be optimized and
monitored to ensure normal hemostasis recovery at the time of spinal or epidural
catheter placement and removal [6, 35]. After administering an intermediate
LMWH dose, the delay for heparin discontinuation is estimated at 12 h. At the
end of pregnancy, the cervical maturation and obstetrical conditions for inducing
labor are the most important parameters guiding LMWH discontinuation and
allowing labor analgesia. These obstetrical conditions must be strictly and
frequently monitored to optimize the therapeutic strategy.

19.7 Conclusion

Labor analgesia and optimized and safe delivery in the anticoagulated parturient
requires multidisciplinary management to adjust the dose regimen, time drug
discontinuation, and safely resume antithrombotic treatment postpartum in a man-
ner that balances thrombotic complications, hemorrhage risk, and parturition.

Appendix

Guidelines for Thromboprophylaxis and Antithrombotic Treatment
During Pregnancy and the Postpartum Period

Antithrombotic prophylaxis and anticoagulant treatment are prescribed during the
peri- and postpartum periods to prevent venous, arterial, or placental thrombosis
occurrence and recurrence. In low risk patients with no familial or individual
history of previous thrombosis, the venous thrombosis incidence is low during all
three trimesters at 1-2 per 1,000, increasing only during the postpartum [1, 2, 21,
22, 36, 37]. Perinatal practitioners are particularly concerned with detecting any
risk factor that may justify thromboprophylaxis [1, 2].
Thrombosis risk factors are detailed in the 2012 ACCP guidelines [1]:

« Patients at extreme risk or those with special conditions require multidisciplin-
ary preconception and pregnancy management. Relevant conditions include:
antiphospholipid syndrome with antiprothrombinase, —myelproliferative
disorders, Budd Chiari disease or digestive venous thrombosis, inflammatory
systemic disease, antithrombin deficiency, known complex thrombophilia, and
pulmonary hypertension.

» High-risk conditions include: previous pulmonary embolism, previous proximal
idiopathic DVT, previous contraceptive, pregnancy, or postpartum (estrogenic)
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induced proximal DVT, proximal DVT within the previous 2 years, and current
long-term anticoagulation therapy.

¢ The intermediate risk conditions are: non-idiopathic or non-estrogenic DVT at
least 2 years previously, distal estrogenic DVT, and previous estrogenic or
cerebral vein thrombosis.

¢ Low risk conditions include: previous recurrent superficial vein thrombosis
and/or major venous insufficiency, previous non-estrogenic distal DVT, previ-
ous ovarian DVT, previous non-estrogenic cerebral vein thrombosis, and previ-
ous familial DVT before age 45 years in an immediate relative.

Concurrent risk factors increase the final risk level. If two or more of the
following additional risk factors are present, then the risk level category increases:
aged over 35 years, multiparity, long distance travel, BMI >30 kg/m” before
pregnancy, prolonged bed rest, medical assisted procreation, previous severe pla-
cental vascular disease, multiple pregnancies, major venous insufficiency, protein C
or protein S deficiency, and heterozygous and homozygous factor V Leiden (FVL)
or prothrombin mutation (PTG20210A). The following additional risk factors
increase the postpartum final risk level: Cesarean section, severe postpartum hem-
orrhage, and severe preeclampsia [21, 22, 36-38].

Evaluation scores have been devised to detect excessive thrombotic risk and guide
the thromboprophylaxis regimen based on antithrombotic or anticoagulant treatments
available during pregnancy and postpartum [38, 39]. Screening for thrombophilia
can be performed in the clinical risk evaluation and may reveal additional risk in the
form of genetic polymorphisms [1, 40].

The thromboprophylaxis regimen should be tailored according to the evaluated
risk level.

General principles for thromboprophylaxis in pregnant and postpartum patients
include the following:

» Contention socks are always recommended throughout pregnancy and the post-
partum period.

* Low Molecular Weight Heparin (LMWH) recommended for thrombosis preven-
tion and cure; its safety and efficiency have been validated in large cohort series
[1, 2, 33-35].

¢ The LMWH or UFH dose must be tailored according to the patient weight in
classes of <50, 50-100, 100-130, and >130 kg [1, 25].

e The LMWH or UFH dose must be monitored and increased to counteract
inflammatory syndrome occurring at the end of pregnancy [26-28].

¢ The LMWH pharmacokinetics allows once daily administration during preg-
nancy and postpartum except in obese patients [28, 41].

¢ Peripartum therapeutic management is easier when a half dose is administered
twice daily 1 week before delivery [1].

» Postpartum hemostasis changes are maximal during the first 3 days and persist
for 6-8 weeks following delivery.
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Targeted thromboprophylaxis can be performed as follows [1]:

« Low risk patient: Postpartum LMWH at 50-60 IU kg ' daily immediately after
delivery for 6 weeks.

« Intermediate risk patient: Pregnancy and postpartum LMWH at 5060 IU kg~
daily from pregnancy diagnosis, until delivery, and continued an additional
6 weeks.

» High-risk patient: Pregnancy and postpartum prevention or treatment [1, 2] with
LMWH at 100-200 IU kg~ daily from pregnancy diagnosis, until delivery, and
continued an additional 6 weeks.

The platelet count should be monitored twice weekly for the 3 first weeks of
therapy and then once monthly. Monitor clinical safety using aPTT or anti-Xa
activity.

Key Messages

» Anticoagulants are currently used to prevent or treat pregnancy and post-
partum related thrombosis (Appendix)

» The anticoagulated parturient has an increased risk of hemorrhage after
delivery

» Anticoagulation in the obstetric context seems to have a lower risk of
epidural hematoma after neuraxial anesthesia or analgesia compared to
other non-obstetric patients

 For a safe delivery, anticoagulants must be discontinued at least when first
stage of labor begins

» Neuraxial analgesia setting may respect the optimal delay of two and half
times the drug elimination half-life after anticoagulation stop

e The management of the anticoagulated parturient requires a multidisci-
plinary approach and individual assessment of the hemorrhage and throm-
bosis risk balance.
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Thierry Girard, Andreas Berset, and Patricia Staehlin

The most frequent complication of neuraxial labor analgesia is post-dural puncture
headache (PDPH). This is also the major focus of this chapter. But less common
complications, such as nerve damage or epidural hematoma, are at least as impor-
tant and must be part of the differential diagnosis in patients with postpartum
neurological symptoms.

20.1 Post-dural Puncture Headache

PDPH is a potentially severe complication of epidural labor analgesia. It is usually
the result of accidental dural puncture (ADP) and can be a debilitating condition.
PDPH intensifies the burden of the young mother who is expected to care for her
newborn child. Headache has been reported as one of the most frequent reasons for
complaints in a closed claims analysis [1].

20.1.1 Incidence

It must be emphasized that tension headache, migraine, and preeclampsia are the
most common causes of postpartum headache. In a retrospective review of
95 women with postpartum headache persisting for longer than 24 h after delivery,
the most frequent diagnoses were tension-type headache (39 %), preeclampsia
(24 %), PDPH (16 %), and migraine (11 %) [2].

ADP is dependent on the experience of the anesthesiologist, and this must be
accounted for in teaching and training [3—5]. Most authors report an incidence of
around 1-1.5 % [6, 7]. ADP is not always immediately recognized, and up to 25—
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40 % are only diagnosed by the occurrence of PDPH [6]. The loss of cerebrospinal
fluid (CSF) after ADP results in a PDPH in approximately half of the parturients
[7]. This is reflected by an incidence of PDPH in labor analgesia of 0.5-1.5 % [6-9].

20.1.2 Pathophysiology

Total CSF production is approximately 500 ml/day or 0.35 ml/min [10]. The total
volume is around 150 ml, where half is intracranial and the other half spinal. Loss of
CSF through a dural lesion leads to intracranial hypotension. Subsequently, this
reduces the CSF “cushion” of the brain. When the patient is in a vertical position,
the reduced volume of CSF allows the brain to descend, straining the sensitive
meningeal structures [10]. A second mechanism is postulated on the basis of the
Monroe—Kellie doctrine, which states that the total volume of brain + CSF +
intracranial blood is constant. Therefore, a reduction in CSF leads to vasodilation
and to a compensatory increase in cerebral blood volume [10]. Cerebral vasodila-
tion is acknowledged as a common cause of headache.

20.1.3 Risk Factors

Risk factors for the development of PDPH following an intended or ADP are well
known [4, 5, 11]:

« Female gender: odds ratio 2.25 [11]

* Young age: odds ratio 2.21 for <50 years [11]

e Larger needle, 16 vs. 18G epidural needle: odds ratio 6.5 [5]
« Bevel orientation: odds ratio 2.16 [11]

¢ Cutting bevel of the needle

* Vaginal vs. Cesarean delivery: odds ratio 4.55 [5].

20.1.3.1 Needle Type and Size

PDPH following a dural puncture with a small, non-cutting needle is usually mild to
moderate and resolves spontaneously within a couple of days and is shown in
Fig. 20.1 [11-13].

However, if PDPH is due to an ADP with an epidural needle, the symptoms are
substantially more severe and have been described to be like “hot molten metal in
the head” [14]. The probability of spontaneous resolution is significantly lower in
ADP with an epidural needle compared to intended dural puncture with a small
gauge spinal needle [12]. The CSF loss is obviously related to the size of the lesion
of the dura mater. According to the Hagen—Poiseuille equation, resistance is
inversely proportional to the fourth power of the radius. Hence, it is not surprising
that larger needles are associated with a higher incidence of PDPH. Simply taking
the radius of the needle into consideration, then the radius of a 16G and an 18G
needle is 0.825 mm and 0.635 mm, respectively. The fourth power of these is
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0.463 mm* and 0.163 mm* for 16G and 18G, respectively. The use of smaller (18G)
epidural needles should be advocated in order to reduce the risk of PDPH should an
ADP occur [12]. The incidence of PDPH was 3.5 % and 0.8 % in a historical cohort
comparing the use of 16G and 18G needles, respectively [8]. In another study, the
relative risk of PDPH was 2.2 (95 % CI 1.4-2.6) for a 16G compared to an 18G
needle [5].

20.1.3.2 Direction of the Bevel

It has been advocated to direct the bevel of the needle parallel to the longitudinal
fibers of the dura [3]. This, however, has been challenged because the parallel
orientation of dural fibers has not been confirmed in microscopic investigations
[15], but clinical investigations confirm a reduced incidence of PDPH when the
bevel of the needle is parallel to the longitudinal axis [10]. This seems to be of
importance in spinal anesthesia but not for epidurals. Rotation of a Tuohy needle
after identification of the epidural space can in itself lead to a large tear in the dura
mater and should be avoided [16, 17]. Rotation of the epidural needle should,
therefore, be discouraged.

20.1.3.3 Mode of Delivery

Another important risk factor for PDPH following ADP is the mode of delivery.
There is a significant difference between women with an ADP who undergo a
Cesarean delivery before entering the second stage of labor compared to vaginal
delivery [18, 19]. A strong correlation between the length of time spent pushing and
the risk of PDPH has been reported [4, 19]. PDPH occurred in more than 80 % of
patients who delivered vaginally, compared to 17 % of those who did not push. This
leads to a risk ratio of more than 4 to develop PDPH after an ADP followed by
vaginal delivery as shown in Fig. 20.2.
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Vaginal  Cesarean Risk Ratio
Study Events Total Events Total ) RR 95%-Cl W(random)
Angle et al. 1999 17 23 1 10 7.39 [1.13;48.21] 22.1%
Scavone et al. 2004 43 51 3 13 3.65 [1.34; 9.93] 77.9%
Random effects model 74 23 4.27 [1.77; 10.32] 100%

Heterogeneity: I-squared=0%, tau-squared=0, p=0.5158

01 051 2 10

Fig. 20.2 Risk ratio by mode of delivery to develop PDPH following an ADP. Funel plot of the
risk ratio to develop PDPH following an ADP in women who deliver vaginally or by Cesarean
section. Data according to Angle et al. [18] and Scavone et al. [19]. Numbers are n for events and
risk ratio and 95 % confidence interval, respectively

20.1.4 Diagnosis

PDPH is described by the Headache Classification Committee of the International
Headache Society as follows [20]:
7.2.1 Post-dural (post-lumbar) puncture headache [G97.0] ICD-10: G44.820

A. Headache that worsens within 15 min after sitting or standing and improves
within 15 min after lying, with at least one of the following and fulfilling criteria
CandD:

1. Neck stiffness

. Tinnitus

. Hypacusia

. Photophobia

. Nausea

B. Dural puncture has been performed

C. Headache develops within 5 days after dural puncture

D. Headache resolves either:

1. Spontaneously within 1 week
2. Within 48 h after effective treatment of the spinal fluid leak (usually by
epidural blood patch)

WA W

This definition has been criticized, as it does not account for a duration of more
than 1 week and because PDPH is accompanied by neck stiffness or auditory or
visual symptoms in only 70 % of patients [11]. Therefore, an adaption of the
classification has been proposed [11] and is already present in the current beta-
version of the Third International Classification of Headache Disorders (ICHD-3)
[21]:

Headache occurring within 5 days of a lumbar puncture, caused by cerebrospi-
nal fluid (CSF) leakage through the dural puncture. It is usually accompanied by
neck stiffness and/or subjective hearing symptoms. It remits spontaneously within
2 weeks, or after sealing of the leak with autologous epidural lumbar patch.
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Fig. 20.3 Accompanying Nausea l
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Diagnostic criteria:

A. Any headache fulfilling criterion C

B. Dural puncture has been performed

C. Headache has developed within 5 days of the dural puncture
D. Not better accounted for by another ICHD-3 diagnosis.

Atypical headache, which is nonpostural, was found to be present in 5.6 % of
patients (95 % CI 1.7-9.4 %) [22]. In these patients, fronto-temporo-occipital
headache was the most common complaint [22]. This was frequently combined
with stiffness and pain in the cervico-thoracic or lumbar spine [22]. As comprised in
the above definition, PDPH occurs within 5 days of the dural puncture, two-thirds
already occur within 48 h and almost 90 % within the first 3 days (Fig. 20.3) [10].

20.1.4.1 MRI

Magnetic resonance imaging (MRI) in patients with PDPH usually shows diffuse
meningeal enhancement with signs of brain sagging [13]. Enhanced MRI can also
be used to visualize the lumbar CSF leak. In the presence of typical symptoms of
PDPH, imaging is usually not necessary. However, if the symptoms are atypical or
persist after one—and definitely after two—epidural blood patches, then the diag-
nosis PDPH should be reevaluated [11, 12, 23].

20.1.5 Differential Diagnosis

A correct differential diagnosis is obviously important, but it can be quite challeng-
ing to achieve. The most important differential diagnoses are:

» Tension headache, migraine [2]
¢ Late-onset preeclampsia [24]
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* Withdrawal of caffeine [25]

¢ Cerebral venous sinus thrombosis [26, 27]
* Meningitis

 Intracranial (subdural) hemorrhage [28].

20.1.6 Prevention

In case of ADP, several potential measures to prevent PDPH have been presented.
These include prophylactic epidural blood patch (EBP), epidural morphine, and
adrenocorticotrophic hormone (ACTH).

20.1.6.1 Prophylactic EBP

As the incidence of PDPH is high after ADP for labor epidural analgesia, the
option of prophylactic EBP has been investigated. Autologous blood is injected
either through the epidural needle after being pulled back into the epidural space
or through an epidural catheter positioned in the epidural space after the ADP.
Although initial studies have shown promising effects, further randomized trials
and a meta-analysis of the available data could not confirm any benefit in using
prophylactic EBP [4, 18, 29-31].

20.1.6.2 Epidural Morphine

Epidural morphine has the potential to reduce the incidence of PDPH following
ADP. One randomized controlled trial resulted in a significant reduction of PDPH
from 48 % (95 % CI 28-68 %) in the control group to 12 % (95 % CI 3-32 %) in the
intervention group [32]. There was no EBP in the morphine group (0 %, 95 % CI 0-
16 %), compared to 24 % (95 % CI 1045 %) in the control group [32]. Although
these are promising results, the safety of 3 mg epidural morphine—in the presence
of an ADP—is currently unclear [4].

20.1.6.3 ACTH

The use of ACTH and its analog has been investigated for the prophylaxis of PDPH.
A single study has reported a significant reduction in PDPH [33]. So far, this is the
only data in favor of ACTH. Further studies need to confirm this finding and
determine the safe dosage before this treatment can be recommended [4].

20.1.7 Therapy
20.1.7.1 Conservative

Bed Rest

Since the symptoms of PDPH lessen in the horizontal position, the patient will
naturally seek this position for relief. However, prophylactic and therapeutic bed
rest has proven to be of no value [9, 10, 12, 34].
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Fluids

Excessive fluid intake has no preventive or therapeutic value [12, 34, 35], and the
increased diuresis can in turn increase symptoms due to more frequent mobilization
of the mother.

Analgesics

Analgesic therapy with acetaminophen, nonsteroidal anti-rheumatic drugs
(NSARD), or opioids cannot mend PDPH but can decrease the severity of
symptoms [13]. Such supportive therapy can be useful until more invasive ther-
apy—such as epidural blood patch—is considered or performed.

Caffeine

Caffeine causes cerebral vasoconstriction and could, therefore, theoretically allevi-
ate PDPH [36]. Clinical studies could not confirm a clinically relevant effect, and
the prophylactic or therapeutic use of caffeine has mostly been abandoned [4, 13,
37, 38].

Caffeine is also found in breast milk and can—dependent on dosing—Ilead to
neonatal irritation. This could lead to a vicious circle where the neonate is hyperac-
tive, which further reduces the time for resting for the mother with PDPH.

Sumatriptan

Serotonin receptor agonists lead to cerebral vasoconstriction. They are one of the
essentials in migraine therapy. Evidence for the use of Sumatriptan for therapy of
PDPH is scarce [39], and it cannot be recommended as a first-line therapy [8, 40,
41].

20.1.7.2 Epidural Blood Patch

The EBP is the only therapy that is effective and supported by evidence and,
therefore, it represents the gold standard [42]. More than 80 % of patients who
had an ADP with an epidural needle receive an EBP [43, 44]. The most common
side effect of EBP is back pain. This occurs in more than 80 % of patients, and the
median time from EBP until back ache is 27 h (95 % confidence interval 20—
35 h) [45].

Contraindications
Contraindications to perform epidural analgesia are equally true for the EBP:
refusal by the patient, infection at the site of puncture, coagulopathy, and severe
systemic infection.

Technique

The procedure should be performed with the patient in the lateral position, as the
PDPH renders the sitting position uncomfortable. At least two operators are
requested, as one person has to take a sterile blood sample, while the other locates
the epidural space. This is done either at the site of dural tap or one level below the
previous insertion. It is self-evident that an experienced anesthesiologist should
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locate the epidural space. He/she should be prepared for the presence of CSF in the
epidural space [13]. For decades, the amount of blood to be injected has been a
matter of debate. A recent study was designed to determine the optimal volume to
be injected, and although the confidence intervals overlap, the authors concluded
the optimal target volume to be 20 ml [45]. There is agreement that the injection of
blood should be terminated once the patients feel a painful pressure in their back
[13, 45, 46]. There is a relationship between the amount of blood injected into the
epidural space and the epidural pressure that is generated, but interestingly, there
does not seem to be a direct correlation between the injected volume and success
rates [47].

We recommend using several sterile syringes, each with a volume of 5 ml, to
draw the blood sample. The syringes should be filled at the same speed the second
operator injects the blood through the Tuohy needle. This strategy avoids clotting of
the blood in larger syringes or in the Tuohy needle. After the procedure, the patient
should rest horizontally in his/her bed for 2 h [48].

Timing

Less satisfactory results were observed if the EBP was performed within the first
48 h after onset of symptoms. Although the initial success rate seems to be similar,
the recurrence of symptoms is more frequent [43, 49]. This has led to a recommen-
dation to postpone EBP to 48 h after initiation of PDPH. There might, however, be a
substantial selection bias in these recommendations. Women with early and severe
PDPH generally suffer more severe symptoms; therefore, it is expected to find a
lower success rate of EBP in this group [12, 49]. There is no contraindication to
perform an EBP within the first 48 h in women with severe PDPH.

Success Rate

Historically, EBP was reported to have a very high success rate exceeding 90 %.
These numbers, however, overestimate the true success. First, ADP was frequently
not considered separate from dural puncture with a spinal needle. Primary relief of
symptoms is comparable in patients with PDPH following spinal anesthesia and
those with ADP [49]. However, recurrence of PDPH is significantly higher follow-
ing ADP (31 % vs. 5 %) [49]. Permanent relief of PDPH following ADP is between
30 % [12, 44] and 58 % [49] after a first EBP and partial or permanent relief in
>85 % after a second EBP [43-45].

Alternatives

Alternatives for EBP have been investigated. These include the injection of saline
or hydroxyethyl starch. ACTH was also investigated for its therapeutic value.
Epidural injections of saline have not been proven to be effective
[31]. Hydroxyethyl starch was used with some success in patients with systemic
infection and might be an alternative in specific situations [50]. Unlike for prophy-
laxis for PDPH, there is no therapeutic value for ACTH [51]. Therefore, it is
currently not recommended [38].
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Intrathecal Catheter There is a theoretical advantage in threading a catheter into
the intrathecal space should an ADP occur. This would temporarily close the lesion
in the dura, and the presence of the catheter can trigger an inflammatory reaction
that in turn stimulates healing [4, 5, 30]. Initial studies have been very promising
and have shown marked reductions in PDPH, with 92 % and 6 % when a catheter is
left intrathecally for 24 h and by resiting the epidural, respectively [52]. First meta-
analysis has shown a reduction in EBP, while the risk of PDPH remained
unchanged [53]. Subsequent work has not confirmed these results [5, 30]. In the
randomized trial published by Russel et al., the authors report on another important
result: resiting the epidural leads to a second ADP in 9 % of the patients [5]. As a
consequence, it might be advantageous to insert an intrathecal catheter in the case
of ADP. Especially in the case of difficult identification of the epidural space, this
seems to be the better option [4]. However, it is of utmost importance to label the
catheter accordingly and to inform every person potentially caring for this patient
about the spinal catheter.

20.2 Rare Complications

The third national audit program in the United Kingdom investigated complications
of neuraxial anesthesia [54]. The results were quite reassuring, especially for
obstetric neuraxial anesthesia [54]. Complication rates were estimated on a “pessi-
mistic” and on an “optimistic” basis. The pessimistic calculation included
complications that were unlikely to be associated with neuraxial anesthesia, while
the optimistic calculation did not. Permanent harm occurred “pessimistically” in
1.2 (95 % CI 1.0-3.2) and “optimistically” in 0.3 (95 % CI 0-1.7) per 100,000
patients [54]. Paraplegia or death did not occur in the obstetric cohort, and there
were one epidural abscess and two cases of nerve injury [54]. Similar numbers were
found in Sweden [55] and calculated in a meta-analysis with an incidence of long-
lasting neurological injury of 1 in 240,000 obstetric neuraxial blocks [56].

20.2.1 Epidural Abscess

The epidural abscess is a very rare complication. The source of the infection is
usually either contamination by the anesthesiologist or hematological spreading. In
both cases, the most commonly identified organism was Staphylococcus aureus
[57]. There are reports of the same type of bacteria isolated from an epidural
abscess and from a nasal swab of the involved anesthesiologist [57]. But there are
others where the infective organism was brought by hematological spreading,
because the same type was identified vaginally [57].

There is no reason not to follow the aseptic rules of the operating room in
neuraxial labor analgesia [58—62]. The use of sterile gloves, surgical hat, and face
mask should be routine. Wearing a sterile gown is recommended by some national
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societies [60, 61]. Unfortunately, the adherence of anesthesiologists to aseptic
guidelines is rather poor [58].

The leading symptoms of epidural abscess are back pain and fever possibly with
neurological symptoms. This triad was, however, only present in 13 % of patients
and even leukocytosis was only present in 68 % [63]. The interval from the epidural
procedure until the onset of symptoms is usually 4-10 days [64]. The diagnosis is
confirmed by MRI and treatment is usually surgical combined with parenteral
antibiotic treatment [63]. Minimal delay between diagnosis and treatment is impor-
tant to ensure a positive outcome.

20.2.2 Epidural Hematoma

The use of low molecular weight heparin (LMWH) during pregnancy is increasing,
and this implies a higher possibility of drug-induced coagulopathy when the
parturient requires labor analgesia [65]. Different international guidelines all rec-
ommend an interval of 12 h following prophylactic and 24-36 h following thera-
peutic doses of LMWH [66-68]. Parturients with thrombocytopenia should be
evaluated based on the underlying etiology. HELLP (hemolysis, elevated liver
enzymes, and low platelets) syndrome is frequently accompanied by a disturbed
function of the platelets, and in these the temporal dynamics of thrombocytopenia is
more important than the absolute number. Platelets in idiopathic thrombocytopenia
have a normal function. Therefore, lower values might still be acceptable for
neuraxial procedures [68].

Impairment of coagulation can occur during or after delivery and, thus, after
placement of the epidural. This might be the case in coagulopathy accompanying
severe hemorrhage or in patients with severe preeclampsia, such as HELLP syn-
drome. Therefore, it is important to keep in mind that removal of an epidural
catheter bears the same bleeding risk as placing it [69].

Symptoms of spinal hematoma are sensory and motor deficits, as well as back
pain. Interestingly enough, sensory and motor deficits are more frequent and are,
therefore, more important than back pain [69]. This fact underlines the advantages
of preserved motor function with low-dose epidural labor analgesia. The impor-
tance for a high degree of alertness for sensory and motor deficits developing after
delivery cannot be emphasized enough.

20.2.3 Subdural Hematoma

Cranial subdural hematoma is a very rare complication of epidural labor analgesia.
It occurs after ADP, and the leading clinical symptom is persistent headache
[57]. To reiterate, a persistent PDPH should lead to a high suspicion of possible
cranial subdural hematoma [57]. Delayed treatment or protracted symptoms can
lead to intracranial pathologies such as subdural hemorrhage or sinus vein throm-
bosis [2, 13, 70-72].
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20.2.4 Spinal Cord Trauma

A direct trauma to the spinal cord results from needle injury. The conus medullaris
usually terminates at the level of L1 or L2 [73]. Thus, the recommended level for
neuraxial labor analgesia is below L2. Unfortunately, estimation of this level is far
less than accurate and has been shown to be incorrect in more than 70 % of patients
[73]. This estimation might be even more inaccurate in pregnant patients where
hyperlordosis and weight gain might further impede identification of landmarks
[64, 74]. The use of ultrasound can obviously increase the accuracy in detection of
the correct lumbar level. But ultrasound is not always available, and clinical routine
demands for an easier method. A recent investigation in pregnant women has
confirmed that selection of the intervertebral space immediately caudal to the
intercristal line avoids L2/3 in 96 % of the patients [74].

20.2.5 Accidental Intravenous Injection

Accidental intravenous injection of amide local anesthetics has been a major safety
issue in obstetric anesthesia and led to the withdrawal of 0.75 % bupivacaine in
1979. Today, very low concentrations of local anesthetics are used for labor
analgesia and accidental intravenous injection of a small dose is very unlikely to
pose a relevant threat to the patient. However, it is important to confirm the correct
connection of epidural local anesthetic to the epidural route.

20.3 Postpartum Neurological Complications Due
to Obstetrical Factors

Postpartum neurological complications after spinal or epidural analgesia or anes-
thesia are far more common due to obstetrical factors [69]. Complications usually
arise from compression of a single nerve or nerve plexus. The incidence of
neurological deficit is higher in patients with epidural analgesia. This is most
probably a selection bias, as patients with prolonged labor experience more pain
and the request for epidural analgesia is higher [57]. On the other hand, there is a
possible contribution of neuraxial analgesia, as the parturient might be limited in
mobility and the second stage of labor might be prolonged [64]. Although intrinsic
obstetric neurologic complications are usually unilateral, they can also occur
bilaterally [64]. If parturients with neuraxial labor analgesia experience postpartum
neurological symptoms, then the first and sometimes only conclusion is to suspect a
complication of neuraxial analgesia. Some anesthesiologists understand this as
distrust in their neuraxial techniques, but in fact it is of great importance to address
the most serious complications first. Symptoms of spinal cord or nerve root
compressions due to an epidural hematoma can be difficult to distinguish from
peripheral neurological complications (Table 20.1). Unless postpartum neurologi-
cal complications are clearly identified as obstetric palsy, spinal hematoma should
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Table 20.1 Nerve lesions and their typical sensory and motor deficit according to Wong [64]

Sensory deficit Motor deficit Nerve
Anterolateral thigh None Lateral femoral
cutaneous nerve
Anterior thigh, medial leg, foot Hip flexion, knee extension, Femoral nerve
patellar reflex
Medial thigh, knee Thigh adduction Obturator nerve
Lateral leg, dorsum of foot Foot drop, possibly: foot Lumbosacral
plantar flexion (S1 root) plexus
Buttocks, posterior thigh, anterolateral Knee flexion, foot drop Sciatic nerve
lower leg, dorsum of foot
Anterolateral lower leg, dorsum of foot | Foot drop Common perineal
nerve
Sole of foot Foot plantar flexion Posterior tibial
nerve

be actively excluded. Hence bilateral symptoms or atypical symptoms should be
investigated by MRI in due time [69]. Recovery from spinal hematoma is best if
there is a minimal delay of decompressive surgery.

20.3.1 Peripheral Lesion

20.3.1.1 Meralgia Paresthetica

Meralgia paresthetica is also known as “Bernhardt—Roth syndrome”. This is the
most common obstetric palsy [64]. Irritation of the lateral femoral cutaneous nerve
(L2, L3) in the region of the inguinal ligaments is the etiology of this neurologic
syndrome [57]. Risk factors are obesity, external pressure, or prolonged flexion of
the hips [64]. Meralgia paresthetica can also present during pregnancy due to
increased lumbar lordosis [64]. The lateral femoral cutaneous nerve innervates
the lateral and anterior side of the thigh. The clinical signs can be either irritation
(i.e., burning and painful sensations) or a loss of function with numbness in the
respective area [57]. Meralgia paresthetica is an important differential diagnosis to
regional anesthesia-induced neuropathies [57]. Diagnosis can be confirmed by
forceful palpation along the inguinal ligament, which reproduces the symptoms
[57]. Relief of symptoms after infiltration with a local anesthetic in this region
confirms the diagnosis [57].

20.3.1.2 Peroneus Nerve
Compression injury is the most frequent cause of common peroneal neuropathy.
Compression can occur against the fibular head, e.g., due to a prolonged lithotomy
positioning. Another cause is hyperflexion of the knees with compression around
the tibia by the parturient’s hands [75] or prolonged squatting [64].

The superficial peroneal portion of the nerve is sensory and the lesion leads to a
sensory deficit of the L5 dermatome, i.e., lateral leg and dorsal part of the foot [57,
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64]. The deep peroneal nerve is a motor nerve and the leading symptom of its lesion
is foot drop [57, 64].

20.3.2 Intrapelvic Lesion

The passage of the fetal head through the pelvis can compress neuronal structures
and lead to neuronal damage [76]. Of possibly greatest importance are the lumbo-
sacral trunk, the obturator nerve, and the femoral nerve as shown in Fig. 20.4
[76]. A lesion of the lumbosacral trunk involves nerve roots from L4 and LS.
Typically, the contribution of L4 to the femoral nerve is not contained in the
lumbosacral trunk. Hence, a lesion of the lumbosacral trunk spares the femoral
nerve, and typically the patellar reflex is unaffected. A weakness of plantar flexion
of the foot hints at compression of the first sacral root (S1).

20.3.2.1 Lumbosacral Plexus

All fibers of the L5 root and some of the L4 root travel through the lumbosacral
trunk. While the psoas muscle protects the intrapelvic part of this nerve trunk, the
last part before exiting the pelvis is in close contact with bone. At this site, the S1
root joins the lumbosacral trunk to form the sciatic nerve [77].

Compression of the lumbosacral trunk can lead to neuronal damage; foot drop is
the most prominent sign. The clinical signs are very similar to a root lesion of L5.
Nomenclature is far from standardized and contains “maternal birth palsy”, “post-
partum foot drop”, and “maternal obstetrical sciatic paralysis” [77]. Compression
neuropathy and, therefore, lumbosacral plexopathy are usually used by
neurologists [77].

Neurological examination, such as nerve conduction studies, can localize the
lesion distal to the dorsal root ganglion [77]. Another possibility for differentiation
between L5 radiculopathy and lumbosacral plexopathy is the tibialis anterior
muscle: the dual innervation (L4/L5) leads to moderate weakness in radiculopathy,
while it is severely weakened in lumbosacral plexopathy [77].

Risk factors for lumbosacral plexopathy seem to be a cephalopelvic dispropor-
tion as well as prolonged labor and failure to descend [77]. Notably, all patients
described in a recent series were delivered by secondary Cesarean section
[77]. Intrapartum complaints on radiating leg pain were mentioned as a possible
warning sign, but the authors also emphasized that epidural labor analgesia masks
these signs [77]. Modern neuraxial labor analgesia with dilute local anesthetics and
new delivery systems—such as programmed intermittent epidural boluses
(PIEB)—have the potential to dramatically reduce motor block [78]. In such a
setting, unilateral foot drop in women with prolonged labor might be a warning sign
of lumbosacral plexopathy.
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Fig. 20.4 Pelvic nerves possibly affected by delivery. Scheme of the pelvic nerves possibly
affected by child birth. The most important are shown in yellow. These are: lateral femoral
cutaneous nerve, femoral nerve, obturator nerve and lumbosacral plexus. The L5 root of the
lumbosacral plexus is highlighted

20.3.2.2 Obturator Nerve

Again, compression by the fetal head is the origin of this neuropathy. Symptoms
include hypesthesia over the upper inner thigh and weakness of hip adduction and
rotation [57]. The latter might present itself in an abnormal gait [64].
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20.3.2.3 Femoral Nerve

Causes of femoral nerve neuropathy are identical to neurology of the lumbar trunk:
direct compression of the femoral nerve by the fetal head [57]. The lesion is caused
by a stretch injury of the intrapelvic segment [64]. The leading clinical sign is the
absence of patellar reflex and hypesthesia over the inner region of the thigh and
medial lower limb. Postpartum femoral nerve neuropathy leads to a weakness in hip
flexion and knee extension [64].

20.3.3 Therapy and Prognosis

Physiotherapy and patience are the most important therapies. Neurological
complications associated with labor and delivery generally have a good prognosis.
In most patients, symptoms resolve after a median duration of 6-8 weeks to a
couple of months [64]. Neurophysiological investigations can shed more light on
the extent of the neuronal damage and can be helpful for individual prognosis.

References

—

. Davies JM, Posner KL, Lee LA et al (2009) Liability associated with obstetric anesthesia: a
closed claims analysis. Anesthesiology 110:131-139
2. Stella CL, Jodicke CD, How HY et al (2007) Postpartum headache: is your work-up complete?
Am J Obstet Gynecol 196:318.e1-318.e7
. Reynolds F (1993) Dural puncture and headache. BMJ 306:874-876
4. Gaiser RR (2013) Postdural puncture headache: a headache for the patient and a headache for
the anesthesiologist. Curr Opin Anaesthesiol 26:296-303
5. Russell IF (2012) A prospective controlled study of continuous spinal analgesia versus repeat
epidural analgesia after accidental dural puncture in labour. Int J Obstet Anesth 21:7-16
6. Van de Velde M, Schepers R, Berends N et al (2008) Ten years of experience with accidental
dural puncture and post-dural puncture headache in a tertiary obstetric anaesthesia department.
Int J Obstet Anesth 17:329-335
7. Choi PT, Galinski SE, Takeuchi L et al (2003) PDPH is a common complication of neuraxial
blockade in parturients: a meta-analysis of obstetrical studies. Can J Anaesth 50:460—469
8. Sprigge JS, Harper SJ (2008) Accidental dural puncture and post dural puncture headache in
obstetric anaesthesia: presentation and management: a 23-year survey in a district general
hospital. Anaesthesia 63:36-43
9. Darvish B, Gupta A, Alahuhta S et al (2011) Management of accidental dural puncture
and post-dural puncture headache after labour: a Nordic survey. Acta Anaesthesiol Scand
55:46-53
10. Turnbull J, Bell R (2014) Obstetric anaesthesia and peripartum management. Best Pract Res
Clin Obstet Gynaecol 28:593-605
11. Amorim JA, Gomes de Barros MV, Valenga MM (2012) Post-dural (post-lumbar) puncture
headache: risk factors and clinical features. Cephalalgia 32:916-923
12. Paech MJ (2012) Iatrogenic headaches: giving everyone a sore head. Int J Obstet Anesth 21:1-3.
doi:10.1016/j.ijoa.2011.11.004
13. Turnbull DK, Shepherd DB (2003) Post-dural puncture headache: pathogenesis, prevention
and treatment. Br J Anaesth 91:718-729
14. Weir E (2000) The sharp end of the dural puncture. BMJ 320:127

(95}


http://dx.doi.org/10.1016/j.ijoa.2011.11.004

282

15.

16.
17.
18.
19.
20.

21.

22.

23.

24.
25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

T. Girard et al.

van Zundert AAJ, Reina MA, Lee RA (2013) Prevention of post-dural puncture headache
(PDPH) in parturients. Contributions from experimental research. Acta Anaesthesiol Scand
57:947-949

Jordan MJ (1993) Dural puncture. Rotating needle increases risk. BMJ 306:1339

Bromage PR (1995) Rotation of the epidural needle: a caution. Anesth Analg 81:209-210
Scavone BM, Wong CA, Sullivan JT et al (2004) Efficacy of a prophylactic epidural blood
patch in preventing post dural puncture headache in parturients after inadvertent dural punc-
ture. Anesthesiology 101:1422-1427

Angle P, Thompson D, Halpern S, Wilson DB (1999) Second stage pushing correlates with
headache after unintentional dural puncture in parturients. Can J Anaesth 46:861-866
International Headache Society Classification ICHD-II. http://www.ihs-classification.
orgenklassifikationteil.nonvascular.html. Accessed 7 Sept 2014

Headache Classification Committee of the International Headache Society (IHS) (2013) The
international classification of headache disorders, 3rd edn (beta version). Cephalalgia 33:629—
808

Loures V, Savoldelli G, Kern K, Haller G (2014) Atypical headache following dural puncture
in obstetrics. Int J Obstet Anesth 23:246-252

Rucklidge MW (2014) All patients with a postdural puncture headache should receive an
epidural blood patch. Int J Obstet Anesth 23:171-174

Douglas KA, Redman CW (1994) Eclampsia in the United Kingdom. BMJ 309:1395-1400
Hampl KF, Stotz G, Schneider MC (1994) Postoperative transient hemihypaesthesia and
severe headache associated with caffeine withdrawal. Anaesthesia 49:266-267

Jungmann V, Werner R, Bergmann J et al (2009) Postpartum cerebral venous sinus thrombosis
after epidural anaesthesia. Anaesthesist 58:268-272

Stocks GM, Wooller DJ, Young JM, Fernando R (2000) Postpartum headache after epidural
blood patch: investigation and diagnosis. Br J Anaesth 84:407—410

Schmidt A, Nolte H (1992) Subdurale und epidurale Himatome nach riickenmarknahen
Regionalanisthesien. Eine Literaturiibersicht. Anaesthesist 41:276-284

Agerson AN, Scavone BM (2012) Prophylactic epidural blood patch after unintentional dural
puncture for the prevention of postdural puncture headache in parturients. Anesth Analg
115:133-136

Apfel CC, Saxena A, Cakmakkaya OS et al (2010) Prevention of postdural puncture headache
after accidental dural puncture: a quantitative systematic review. Br J Anaesth 105:255-263
Boonmak P, Boonmak S (2010) Epidural blood patching for preventing and treating post-dural
puncture headache. Cochrane Database Syst Rev. 20(1):CD001791. doi: 10.1002/14651858.
CD001791.pub2

Al-metwalli RR (2008) Epidural morphine injections for prevention of post dural puncture
headache. Anaesthesia 63:847-850

Hakim SM (2010) Cosyntropin for prophylaxis against postdural puncture headache after
accidental dural puncture. Anesthesiology 113:413—420

Arevalo-Rodriguez I, Ciapponi A, Munoz L et al (2013) Posture and fluids for preventing post-
dural puncture headache. Cochrane Database Syst Rev 7:CD009199

Dieterich M, Brandt T (1988) Incidence of post-lumbar puncture headache is independent of
daily fluid intake. Eur Arch Psychiatry Neurol Sci 237:194-196

Choi A, Laurito CE, Cunningham FE (1996) Pharmacologic management of postdural punc-
ture headache. Ann Pharmacother 30:831-839

Halker RB, Demaerschalk BM, Wellik KE et al (2007) Caffeine for the prevention and
treatment of postdural puncture headache: debunking the myth. Neurologist 13:323-327
Basurto Ona X, Uriona Tuma SM, Martinez Garcia L et al (2013) Drug therapy for preventing
post-dural puncture headache. Cochrane Database Syst Rev 2:CD001792

Hodgson C, Roitberg-Henry A (1997) The use of sumatriptan in the treatment of postdural
puncture headache. Anaesthesia 52:808


http://www.ihs-classification.orgenklassifikationteil.nonvascular.html/
http://www.ihs-classification.orgenklassifikationteil.nonvascular.html/
http://dx.doi.org/10.1002/14651858.CD001791.pub2
http://dx.doi.org/10.1002/14651858.CD001791.pub2

20

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Complications of Neuraxial Analgesia 283

Connelly NR, Parker RK, Rahimi A, Gibson CS (2000) Sumatriptan in patients with postdural
puncture headache. Headache 40:316-319

Baysinger CL, Pope JE, Lockhart EM, Mercaldo ND (2011) The management of accidental
dural puncture and postdural puncture headache: a North American survey. J Clin Anesth
23:349-360

Malhotra S (2014) All patients with a postdural puncture headache should receive an epidural
blood patch. Int J Obstet Anesth 23:168—170

Banks S, Paech M, Gurrin L (2001) An audit of epidural blood patch after accidental dural
puncture with a Tuohy needle in obstetric patients. Int J Obstet Anesth 10:172-176
Williams EJ, Beaulieu P, Fawcett WJ, Jenkins JG (1999) Efficacy of epidural blood patch in
the obstetric population. Int J Obstet Anesth 8:105-109

Paech MJ, Wong CA, Doherty DA et al (2011) The volume of blood for epidural blood patch in
obstetrics: a randomized, blinded clinical trial. Anesth Analg 113:126-133

Safa-Tisseront V, Thormann F, Malassiné P et al (2001) Effectiveness of epidural blood patch
in the management of post-dural puncture headache. Anesthesiology 95:334-339

Pratt SD, Kaczka DW, Hess PE (2014) Observational study of changes in epidural pressure and
elastance during epidural blood patch in obstetric patients. Int J Obstet Anesth 23:144—150
Martin R, Jourdain S, Clairoux M, Tétrault JP (1994) Duration of decubitus position after
epidural blood patch. Can J Anaesth 41:23-25

Kokki M, Sjovall S, Keindnen M, Kokki H (2013) The influence of timing on the effectiveness
of epidural blood patches in parturients. Int J Obstet Anesth 22:303-309

Vassal O, Baud MC, Bolandard F et al (2013) Epidural injection of hydroxyethyl starch in the
management of postdural puncture headache. Int J Obstet Anesth 22:153-155

Rucklidge MWM, Yentis SM, Paech MJ (2004) Synacthen depot for the treatment of postdural
puncture headache. Anaesthesia 59:138-141

Ayad S, Demian Y, Narouze SN, Tetzlaff JE (2003) Subarachnoid catheter placement after wet
tap for analgesia in labor: influence on the risk of headache in obstetric patients. Reg Anesth
Pain Med 28:512-515

Heesen M, Klohr S, Rossaint R et al (2013) Insertion of an intrathecal catheter following
accidental dural puncture: a meta-analysis. Int J Obstet Anesth 22:26-30

Cook TM, Counsell D, Wildsmith JAW, Royal College of Anaesthetists Third National Audit
Project (2009) Major complications of central neuraxial block: report on the Third National
Audit Project of the Royal College of Anaesthetists. Br J Anaesth 102:179-190

Moen V, Dahlgren N, Irestedt L (2004) Severe neurological complications after central
neuraxial blockades in Sweden 1990-1999. Anesthesiology 101:950-959

Ruppen W, Derry S, McQuay H, Moore RA (2006) Incidence of epidural hematoma, infection,
and neurologic injury in obstetric patients with epidural analgesia/anesthesia. Anesthesiology
105:394-399

Loo CC, Dahlgren G, Irestedt L (2000) Neurological complications in obstetric regional
anaesthesia. Int J Obstet Anesth 9:99-124

Ioscovich A, Davidson EM, Orbach-Zinger S et al (2014) Performance of aseptic technique
during neuraxial analgesia for labor before and after the publication of international guidelines
on aseptic technique. Isr J Health Policy Res 3:9

McKenzie AG, Darragh K (2011) A national survey of prevention of infection in obstetric
central neuraxial blockade in the UK. Anaesthesia 66:497-502

Association of Anaesthetists of Great Britain and Ireland (2010) Best practice in the manage-
ment of epidural analgesia in the hospital setting. Royal College of Anaesthetists, pp. 1-15.
Churchill House, London

American Society of Anesthesiologists Task Force on Infectious Complications Associated
with Neuraxial Techniques (2010) Practice advisory for the prevention, diagnosis, and man-
agement of infectious complications associated with neuraxial techniques: a report by the
American Society of Anesthesiologists Task Force on infectious complications associated with
neuraxial techniques. Anesthesiology 112:530-545



284

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

T. Girard et al.

Hebl JR (2006) The importance and implications of aseptic techniques during regional
anesthesia. Reg Anesth Pain Med 31:311-323

Grewal S, Hocking G, Wildsmith JAW (2006) Epidural abscesses. Br J Anaesth 96:292-302
Wong CA (2010) Nerve injuries after neuraxial anaesthesia and their medicolegal
implications. Best Pract Res Clin Obstet Gynaecol 24:367-381

Abramovitz S, Beilin Y (2003) Thrombocytopenia, low molecular weight heparin, and obstet-
ric anesthesia. Anesthesiol Clin North America 21:99-109

Gogarten W, Vandermeulen E, Van Aken H et al (2010) Regional anaesthesia and
antithrombotic agents: recommendations of the European society of anaesthesiology. Eur J
Anaesthesiol 27:999-1015

Horlocker T, Kopp S (2013) Epidural hematoma after epidural blockade in the United States.
Anesth Analg 116:1195-1197

Working Party: Association of Anaesthetists of Great Britain & Ireland, Obstetric
Anaesthetists’ Association, Regional Anaesthesia UK (2013) Regional anaesthesia and
patients with abnormalities of coagulation: the Association of Anaesthetists of Great Britain
& Ireland The Obstetric Anaesthetists’ Association Regional Anaesthesia UK. Anaesthesia
68:966-972

Moen V, Irestedt L (2008) Neurological complications following central neuraxial blockades
in obstetrics. Curr Opin Anaesthesiol 21:275-280

Zeidan A, Farhat O, Maaliki H, Baraka A (2006) Does postdural puncture headache left
untreated lead to subdural hematoma? Case report and review of the literature. Int J Obstet
Anesth 15:50-58

Fiala A, Furgler G, Baumgartner E, Paal P (2012) Delayed subdural haematoma complicated
by abducens nerve palsy and cortical vein thrombosis after obstetric epidural anaesthesia. Br J
Anaesth 108:705-706

Borum SE, Naul LG, McLeskey CH (1997) Postpartum dural venous sinus thrombosis after
postdural puncture headache and epidural blood patch. Anesthesiology 86:487—490
Broadbent CR, Maxwell WB, Ferrie R et al (2000) Ability of anaesthetists to identify a marked
lumbar interspace. Anaesthesia 55:1122-1126

Srinivasan KK, Deighan M, Crowley L, McKeating K (2014) Spinal anaesthesia for caesarean
section: an ultrasound comparison of two different landmark techniques. Int J Obstet Anesth
23:206-212

Bunch K, Hope E (2014) An uncommon case of bilateral peroneal nerve palsy following
delivery: a case report and review of the literature. Case Rep Obstet Gynecol 2014:1-4. doi:10.
1155/2014/746480

Besmer I, Schiipfer G, Hodel D, Johr M (2001) Postpartum neurologic complications
following delivery with peridural analgesia. Case report with literature review. Anaesthesist
50:852-855

Katirji B, Wilbourn AJ, Scarberry SL, Preston DC (2002) Intrapartum maternal lumbosacral
plexopathy. Muscle Nerve 26:340-347

Capogna GG, Camorcia MM, Stirparo SS, Farcomeni AA (2011) Programmed intermittent
epidural bolus versus continuous epidural infusion for labor analgesia: the effects on maternal
motor function and labor outcome. A randomized double-blind study in nulliparous women.
Anesth Analg 113:826-831


http://dx.doi.org/10.1155/2014/746480
http://dx.doi.org/10.1155/2014/746480

Stephen H. Halpern and Rahul Garg

21.1 Introduction

Since biblical times, the labor process has been recognized as being one of the most
painful human experiences. Early treatments varied widely, according to the cul-
tural and religious practices of the time. In the middle ages, treatments such as
amulets, magic girdles, and readings from the Christian liturgy were considered to
be appropriate treatment. More invasive pharmacologic treatments such as the use
of soporific sponges (a mixture of biologically active plants, inhaled or ingested)
were sufficiently potent to cause unconsciousness. Of interest, bloodletting was
used until the middle of the nineteenth century to cause swooning and thus pain
relief [1].

Physicians and midwives that wished to relieve labor pain had to overcome a
number of obstacles. Pain, although severe, was known to be self-limited and was
not thought to be inherently dangerous to the health of the mother and newborn. In
contrast, many treatments of the day carried significant risks to both. It is small
wonder that a non- interventional approach was preferred.

Over the last 100 years, pain relief options have become safer and more
effective. It became clear that medications that are given to the mother may
influence the course of labor and may depress the baby at the time of delivery.
Regional analgesia became an important method of providing effective pain relief.
However, questions persisted about the effect on the progress of labor and subtle
changes in the newborn. Often, fears of harm are based on poorly designed studies
that were more likely to demonstrate the researchers’ biases than truth.
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In this chapter, we will review the evidence base for providing labor analgesia.
We will begin with a definition of “evidence-based medicine.” We will then discuss
how to formulate a clinical question and to formulate a plan for best practice.
Finally, we will discuss some of the topics that have a clear evidence base and areas
for future research.

21.2 Evidence-Based Medicine
21.2.1 Definition

Evidence-based medicine is “the conscientious, explicit, and judicious use of
current best evidence in making decisions about the care of individual patients”
[2]. This approach must take the available clinical expertise and experience into
account. In addition, patient preferences and expectations must be integrated into
the process.

21.2.2 How to Use an Evidence-Based Approach

This approach can be broken down into four well-defined steps.

21.2.2.1 Ask a Clinical Question

Often, one is faced with a patient with a clinical condition that requires treatment.
When considering labor analgesia, one is faced with a number of choices each with
different advantages and disadvantages depending on the patient’s expectations,
skills, and preferences of the healthcare providers, resources available and other
considerations. The “PICO” format is often used as a template to help formulate the
question. When considering labor analgesia, the Population must be considered.
Are the subjects nulliparous, multiparous, or mixed? Are they healthy or are there
obstetric or medical factors that place the patients at risk for adverse outcome? The
setting (private vs. public, academic vs. community) should also be considered. The
Intervention is usually the experimental treatment. Examples might be method of
initiation of analgesia (combined spinal/epidural, epidural alone), timing of the
analgesia (early in labor or later), or drug used (ropivacaine, bupivacaine). The
Comparator is the control. It is rare for placebo to be used as a comparator in this
setting except for some non- pharmacologic treatments such as transcutaneous
electrical nerve stimulation (TENS) or intradermal sterile water injections [3, 4].
In other trials, the control is almost always at least thought to be active. It could be
parenteral opioid analgesia, a different form of regional block, or a different mode
of maintaining analgesia. The main Outcomes should be clearly defined. Often,
when drugs are compared, the main outcome is a measure of quality of analgesia.
Sometimes, the main outcome is a particular side effect (operative delivery, motor
block, nausea) or benefit (cord pH, maternal satisfaction). An example of how the
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Table 21.1 The table illustrates how to use the “PICO” format to answer a clinical question

Item Example (from Wong et al. [5])

Population Healthy nulliparous patients requesting epidural analgesia for pain relief

Intervention Intrathecal fentanyl, followed by an epidural test dose before 4 cm dilation.
Standard epidural infusion and patient controlled bolus maintenance

Comparison Parenteral opioid before 4 cm dilation, followed by epidural analgesia with

group standard infusion and patient controlled bolus maintenance

Outcome Incidence of cesarean section

(primary)

The question in this case is: Is there harm in initiating epidural analgesia early in labor?

PICO format could be used to help formulate a treatment plan is shown in
Table 21.1.

When designing a clinical trial, the best type of study (randomized controlled
trial, cohort study, etc.) will depend on the clinical question and feasibility. There-
fore, the “PICOT” format (with the “T” for Type of study) is often used to formulate
research questions.

21.2.2.2 Search for the Best Evidence

Once the clinical question has been formulated, the next step is to search for the
most reliable information available. A hierarchy of evidence has been formulated,
with information at the highest level being (theoretically) the least susceptible to
bias. In general, the hierarchy of evidence is shown in Table 21.2.

The type of information available will depend on the exact question. For
example, the question posed in Table 21.1 describes two treatments (early vs. late
epidural analgesia) and asks about common treatment harms (cesarean section). In
that case, the most reliable information, as shown in Table 21.2, is a systematic
review of randomized controlled trials. However, questions concerning diagnostic
tests (e.g. will a test dose before epidural labor analgesia prevent harm?), or
prognosis (e.g. what is the natural history of dural puncture headache with a large
gauge needle?), may require other types of information. A summary of the hierar-
chy of evidence, depending on the clinical question, has recently been published
[7]. However, the hierarchy in Table 21.2 pertains to the most common issues in
labor analgesia therapy.

21.2.2.3 Critically Appraise and Combine the Evidence

Fortunately, clinicians rarely have to rely on individual studies to formulate a
treatment plan. Many topics related to pain relief in labor have recently been
systematically reviewed and are available in evidence-based guidelines
[8, 9]. These are examples of guidelines that were created using recognized
methodology by experts in the field and tested for validity by clinicians. In addition
to making recommendations, the strength of the recommendations, using a modifi-
cation of Table 21.2, is also reported. These guidelines are updated periodically to
take into account new information.
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Table 21.2 The hierarchy of evidence (adapted from [6])

Level Type of information

la A systematic review of well-designed, homogeneous randomized controlled trials
1b Single large randomized controlled trial

Ic All or none trial

2a A systematic review of homogeneous cohort studies
2b Individual cohort study or low quality RCT

2c Outcome studies

3a Systematic review of case controlled studies

3b Individual case controlled studies

4 Case series or seriously flawed studies of other designs
5 Expert opinion

6 Nonhuman (animal/in vitro) studies

21.2.2.4 Determine the Best Treatment for Your Patient

While randomized controlled trials and systematic reviews can often be used as a
guide to treatment, they do not give the whole picture. Factors such as the expertise
of the clinician, expectations of the patient, and the resources available must also be
considered when treating individual patients. For example, epidural analgesia
initiated with a low concentration of local anesthetic may reduce the incidence of
instrumental vaginal delivery [10], but it may not be the best treatment for a patient
with rapidly progressing labor.

21.3 Topics in Analgesia for Labor with Systematic Review or
Large RCT Support (Level 1)

There have been many randomized controlled trials that help guide practice in
providing labor analgesia for our patients. Some are quite large and definitive, while
others are small and yield a less precise estimate of effect. Taken together in a
systematic review, a consistent pattern often emerges. Table 21.3 summarizes some
of the questions that have been thoroughly studied and have level 1 evidence to
support recommendations.

21.4 Conclusions

The optimal provision of analgesia in labor requires application of evidence-based
medicine, “the conscientious, explicit, and judicious use of current best evidence in
making decisions about the care of individual patients.” This involves four steps:

(1) Asking a clinical question; the “PICO” format can be used as a template where
the clinician considers the Population, the Intervention, the Comparator, and
the Outcomes when formulating a question.
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Table 21.3 Topics in analgesia for labor

Reference
Clinical question #
Compared to other [11] 1A
forms of analgesia,
how does epidural
analgesia affect the
progress of labor?

Compared to opioid | [12] 1A
analgesia, what is

the efficacy of

epidural analgesia

and incidence of

major side effects?

Does administration [13] 1A
of epidural analgesia

early in labor

increase the

incidence of

cesarean section or

operative vaginal

delivery compared

to later

administration?

Level of
evidence

Best evidence

— No effect on
cesarean section
rate

— May increase the
risk of operative
vaginal delivery
rate

— No effect on
length of first
stage of labor

— Prolongation of
second stage of
labor by about
13 min

— Epidural analgesia
provided superior
analgesia during
the first and
second stages of
labor and superior
maternal
satisfaction with
analgesia

— There was no
difference in the
incidence of long
term back pain

— There was a higher
incidence of
maternal fever and
hypotension in the
epidural group

— There was a higher
incidence of
naloxone use and
low 1 min Apgar
scores in the
opioid group

There was no

difference in the

incidence of
cesarean section or
operative vaginal
delivery when
epidural analgesia
was administered in
the latent phase of
labor compared to
the active phase of
labor

289

Recommendation

— Epidural analgesia
provides the most
effective analgesia
compared to other
forms

— Fear of an
increased
incidence of
cesarean section is
unfounded

— There may be an
increased
incidence of
operative vaginal
delivery

There is no need to
delay epidural
analgesia until the
active phase of labor

(continued)
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Table 21.3 (continued)

Clinical question
What are the effects
of higher
concentrations
(>0.1 %
bupivacaine) of
local anesthetic
compared to lower
concentrations
(<£0.1 %
bupivacaine) when
used for
maintenance of
epidural labor
analgesia?

What are the
advantages and
disadvantages of
combined spinal—
epidural compared
to an epidural alone
for initiation of
labor analgesia?

How does patient-
controlled epidural
analgesia (PCEA)
compare with
continuous epidural
infusion alone for
maintenance of
analgesia?

What is the best
strategy for
maintaining

Reference
#

[10]

[14]

[15]

[8, 16]

Level of
evidence

1A

1A

1A

1A

S.H. Halpern and R. Garg

Best evidence

— No difference in
maternal pain
scores, maternal
nausea,
hypotension, or
fetal heart rate
abnormalities

— No effect on
cesarean section
rate

— Higher operative
vaginal delivery
rate

— Increased

incidence of lower

limb motor block,
with fewer
patients able to
ambulate

— Increased
incidence of
urinary retention

— Prolonged second
stage of labor

— CSE has a faster
onset of analgesia
(~3 min), but
increases the risk
of pruritis

— No differences in
maternal
satisfaction,
hypotension,
mode of delivery,
or neonatal
outcome

Patient controlled
analgesia required
fewer unscheduled
clinician
interventions, used
less local anesthetic,
and caused less
lower limb muscle
weakness than
continuous infusion
— The addition of a
continuous
infusion to PCEA

Recommendation

— Low
concentrations of
local anesthetic
are equally
effective but cause
fewer adverse
effects than higher
concentrations

— Initial
concentrations of
bupivacaine
should be less
than 0.1 %

Overall there is little
difference between
the two methods of
initiation of
analgesia, and it is
not possible to
recommend either
method as superior

Where possible,
patient controlled
analgesia is
preferred for
maintenance of
labor analgesia
compared to
continuous infusion
alone

A continuous
infusion should be

(continued)
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Table 21.3 (continued)

Reference
Clinical question #

epidural analgesia
with PCEA?

What is the efficacy [17] 1A
of intermittent

mandatory boluses

and PCEA

compared to

continuous

background infusion

and PCEA for

maintenance of

analgesia?

Are there clinically [18, 19] 1A
important 1B
differences between

the use of

bupivacaine or

ropivacaine for

epidural analgesia?

Level of
evidence

Best evidence

provides better
analgesia and
reduces clinician
workload
compared to
PCEA alone
There are a large
number of
regimens that
specify different
bolus doses,
lockout intervals,
and infusion rates,
but there is
insufficient
evidence to show
one is superior

Intermittent
mandatory boluses
may reduce the
dose of local
anesthetic, reduce
second stage of
labor duration,
and increase
maternal
satisfaction

Too few patients
studied to
determine effect
on clinician
workload and
other outcomes

Low
concentrations of
both local
anesthetics
provide effective
labor analgesia
Bupivacaine has a
higher incidence
of motor block
compared to
ropivacaine after
prolonged usage
There is no
significant
difference
between the two
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Recommendation

added to PCEA
regimens

This is a new and
promising mode of
maintenance of
epidural labor
analgesia, but more
studies are required
to make definitive
recommendations
on its use

There is insufficient
information to
recommend either
ropivacaine or
bupivacaine as
superior for routine
labor analgesia

(continued)
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Table 21.3 (continued)

Clinical question

What is the effect of
systemic opioids for
labor analgesia?

Compared to no
analgesia or placebo
what is the effect of
nitrous oxide on
labor pain, progress
of labor, and
maternal side
effects?

Reference

#

[20, 21]

[22]

Level of
evidence

1A
1B

1A

Best evidence
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Recommendation

agents in maternal
satisfaction, mode
of delivery, or

neonatal outcomes

Currently,
ropivacaine is
more costly than
bupivacaine
Overall there is
little difference
between the two
agents in
clinically used

concentrations for
epidural analgesia

Systemic opioids
provide minimal

analgesia for labor

They are
associated with
maternal nausea,
vomiting, and
sedation

There is
insufficient
evidence for the
superiority of
particular opioids
in terms of
analgesia
Pethidine is
associated with a
higher incidence

— Systemic opioids
are less effective
than regional
techniques and are
associated with
adverse maternal
effects

— They may be
considered if
regional
techniques are
contraindicated

of drowsiness and

nausea compared
to other opioids

Nitrous oxide
provides some
pain relief during
the first and
second stages of
labor

There was no
effect on the
progress of labor,
incidence of
cesarean section,
or incidence of
operative vaginal
delivery

Nitrous oxide is a
reasonable
alternative for labor
analgesia in
institutions
equipped to limit
exposure to
healthcare personnel

(continued)
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Table 21.3 (continued)

Reference

Clinical question #

What is the effect of | [23]
transcutaneous

electrical nerve

stimulation (TENS)
compared to placebo

or standard care for

the treatment of

labor analgesia?

What is the effect of | [24]
sterile water papule
injections compared

to placebo or

standard care for the
treatment of labor
analgesia?

What is the effect of | [25]
acupuncture or

acupressure

compared to placebo

or standard care for

the treatment of

labor analgesia?

Level of
evidence

1A

1A

1A

Best evidence

— There is an
increased
incidence of
nausea, vomiting,
drowsiness, and
dizziness

— TENS does not
reduce the severity
of labor pain or
increase
satisfaction with
labor pain
management

— No difference in
the incidence of
cesarean section
or operative
vaginal delivery

— No difference in
neonatal outcomes

— No evidence of
analgesic efficacy
— No significant
adverse effects or
differences in
maternal or
neonatal outcomes
— Some pain
reduction reported
compared to
placebo, standard
care, Or no
treatment
May reduce the
need for
pharmacologic
intervention
— No significant
adverse effects
reported
— There were no
studies in the
analysis that had a
low probability of
bias
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Recommendation

TENS has a limited
role to play in
treatment of labor
analgesia

Further study is
required to
determine whether
or not intradermal
sterile water papules
are effective for
labor analgesia
Insufficient data to
determine the role of
acupuncture or
acupressure in the
treatment of labor
pain
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(2) Searching for the best evidence; this will depend on the exact question
formulated. There are established hierarchies of evidence based on study design
which guide clinicians in determining the most suitable evidence base.

(3) Critically appraising and combining the evidence; systematic reviews, meta-
analyses, and evidence-based guidelines can provide clinicians with useful
combined results and recommendations from a broad evidence base.

(4) Determining the best treatment for specific patients taking into consideration
their unique characteristics or clinical situations.

There are a number of topics in labor analgesia which have been extensively
studied, with high level evidence available to support clinical practice. Neuraxial
regional analgesia remains the most effective available modality for labor pain
relief. Epidural analgesia does not increase the risk of cesarean delivery, although
the second stage of labor may be prolonged, and there may be an increased risk of
instrumental delivery. Epidural analgesia may be provided early in labor without
affecting labor outcome. Although systemic opioids and nitrous oxide have some
analgesic efficacy and may be considered if neuraxial techniques are
contraindicated, they are less effective and can cause significant maternal adverse
effects. There is little evidence to suggest that non- pharmacological techniques of
analgesia (e.g., TENS, acupuncture, sterile water injections) are efficacious.

When initiating neuraxial analgesia, there is little difference between a com-
bined spinal-epidural technique and epidural technique alone. Low concentrations
of local anesthetic (e.g., <0.1 % bupivacaine) should be used for maintenance of
analgesia to reduce the risks of motor block and instrumental delivery. Either
ropivacaine or bupivacaine used at low concentrations can be safely and effectively
used for epidural analgesia. PCEA along with background infusion is an effective
and safe maintenance strategy. There is developing evidence that intermittent
mandatory boluses may be superior to continuous infusion when combined with
PCEA for maintenance of epidural analgesia; however, further research is required
in this area.
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Maria Casado and Lydia Buisan

22.1 Introduction

The possibilities of pain control that are now within the reach of medicine allow
analgesia in childbirth, i.e., they offer the chance of giving birth painlessly, thus
overcoming the Biblical curse par excellence “I will greatly increase your pain in
childbirth” (Genesis 3:16), and today this option is available to many women,
although it should be recalled that the aforementioned biblical sentence was the
guideline for conduct which passed from generation to generation right up to the
mid-nineteenth century. Despite the weight of this cultural tradition, the use of
anesthetics in childbirth was introduced at the request of women but was received
with great reluctance by the medical community. Doctors were forced to offer it to
their patients while questioning whether the benefits justified the potential risks.
Aside from the cultural atavism, scientific arguments still persisted since there were
unresolved issues especially regarding the effects of the drugs on newborns as well
as the relationship between pain and labor [1].

In our opinion, all this raises several significant bioethical issues which will be
dealt with in the following sections and focus on two main points: the woman’s
personal choice of option in this respect and justice in accessing this, both in the
context of protecting the future newborn as a general ethical and legal duty, and the
professional obligation of healthcare staff that fits into the principles of
non-maleficence and beneficence.
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22.2 About Pain and Suffering

Since it is clear that “pain is an unpleasant emotional experience,” interestingly, the
pains of childbirth have been presented as joyful and a condition to being a “true
mother” by linking this pain to the positive idea of bearing children, of giving life,
and opposing this productive (and therefore “justified” and “natural”) pain to other
forms of undesirable pain due to this being unproductive, which has been called
useless pain.

According to Lévinas [2], all suffering is brute datum of consciousness, which
carries a certain “psychological content,” as is the case with any feeling. However,
this can be considered as something unacceptable, not only because it is related to
the excessive intensity of a sensation that exceeds the measurement of sensitivity
and the means for capturing and apprehending, but one which penetrates as a
suffering that one undergoes by “disregarding physical and psychophysiological
conditions”; in its pure phenomenology, the passivity of suffering is passive in a
way that is deeper than our senses can perceive, which already becomes an activity
of acceptance, which turns all this into perception. . ./. .. In suffering, sensitivity is
vulnerability, and is more passive than acceptance; it is a test, and is more passive
than the experience, an evil to be exact. In fact evil cannot be described through
passivity, but instead suffering is understood based on evil. Suffering is pure pain,
extreme passivity, impotence, abandonment, and loneliness.! Here lies the funda-
mental ethical problem posed by “senseless” pain and the inevitable ethical prob-
lem and main priority of medication and analgesia appears as a duty. One considers
whether the evil of suffering is not also a form of integration within an order and a
sense, the possibility of giving life, producing positively and that is where the
notion of “useful suffering” and even happily suffering is anchored—such as “love
sickness”—or even a condition of demonstrating love itself and this creates a
possibility of demanding retribution for past ills for the happiness of others: the
child “owes” the mother not only his life but also the pain caused by his birth will
create a duty of gratitude and filial love for life.

22.3 Characteristics of Pain in Childbirth

The contractions of the uterus in the first phase of childbirth cause a sharp
characteristic cramping pain that increases in intensity as the contraction increases
and then decreases when the uterus relaxes. In the second phase, new sources of
pain appear in the sensitive structures of the pelvis and perineum distention [4].

! The International Association for the Study of Pain (IASP) defines pain as “an unpleasant sensory
and emotional experience with actual or potential tissue damage or described in terms of this
harm.” International Association for the Study of Pain, Subcommittee on Taxonomy [3] and size-
S221.
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The pain of uterine contractions is a pain similar to renal colic pain. But if
several women who had had renal colic pain cramps and had also given birth (with
wanted or unwanted pregnancy) were asked, it is likely that all would agree that the
worst pain is renal colic pain followed by the pain that accompanied childbirth after
an unwanted pregnancy and would consider the pain of childbirth from a wanted
pregnancy the least unpleasant. This is because experiencing pain is more tied to the
emotional and sensory experience than the intensity of pain. Not all people have the
same threshold of pain, and therefore, the experience of pain is personal and
nontransferable and very difficult to explain from a subjective viewpoint; thus, a
pain of identical intensity produces an unpleasant sensory and emotional experience
in some women and not in others.

22.4 Analgesia in Childbirth: Uncomplicated Versus
Complicated Delivery

Since the second half of the twentieth century in childbirth pathology or compli-
cated deliveries, one has always attempted to relieve the pain of the mother by
means of different types of analgesia/anesthesia available in each period. In
uncomplicated deliveries, a feeling of pain has been inherent to the evolution of
childbirth.

If we take as an example, among many other possible valid ones, the situation in
Spain’s public health system in the 1980s, uncomplicated deliveries were generally
attended by midwives and only if this became complicated, that is to say, if there
were signs of risk for the fetus or mother, only then did the obstetrician and medical
anesthesiologist become involved. Anesthesia was given to make patients fall
asleep using Penthotal in low doses and maintaining spontaneous ventilation in
vaginal birth or general anesthesia with mechanical ventilation if a C-section was
performed. In the previous decade, there were some pioneers of epidural analgesia
in labor,> but it was only at the end of the 1970s—with the arrival of
anesthesiologists who had fled the Uruguayan and Argentine dictatorships and
who were highly trained in this analgesic technique in childbirth—when it became
popular in our country, thus achieving a better analgesia during delivery with a
lower risk for the woman in labor. Thus, the use of “Pentothal” at birth was dropped
completely. In Catalonia, epidural analgesia was used in uncomplicated deliveries
in the public health system from the 1980s (Hospital Clinic, Hospital de Sant Pau,
Hospital de Granollers, Hospital de Matard, Hospital General de L Hospitalet, . . .),
but it only became widespread at the beginning of the following decade.

2 Dr. Fernando Vidal, as well as being a pioneer, was a master in techniques of local anesthesia for
several years in the training of specialists in Anesthesiology in Catalonia.
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The involvement of anesthesiologists in analgesia in childbirth led to obstetrics
specialists deciding on the optimal time to provide analgesia, and the anesthesiolo-
gist gave the minimal doses of local anesthetics needed to achieve adequate
analgesia which provided comfort to the mother during the process of childbirth
so as not to obstruct the process or affect the fetus. Currently, decisions are made
within the framework of a protocol agreed between the midwife, anesthesiologist,
and obstetrician.

In the private health sector, from the 1960s onward obstetricians started
controlling the evolution of childbirth in which the midwife took part and where
the analgesia/anesthesia was given by anesthesiologist as well as medical care
during delivery. The so-called modified Bedoya method was generally used and
was based on giving intravenous Penthotal with low concentrations during com-
plete dilation and during delivery could be associated with sodium hydroxybutyrate
(GammaOH) or not.

It is worth highlighting another major issue of bioethics, namely the existence of
frequent conflicts of interest arising when a doctor practiced medicine in private
and in public hospitals simultaneously, since if the epidural analgesia in childbirth
became widespread in public hospitals and since these same obstetricians also had
their private surgeries, they feared they might lose clientele as many women went to
a private obstetrician precisely to have “a painless delivery,” i.e., delivery with
analgesia. For many years now, the chance to receive analgesia in uncomplicated
deliveries has been included in the list of services provided to all women in labor in
the public health sector as another health benefit.

22,5 Autonomy? The Claim of Pain: From the Good Sufferer
to the Trend of Natural Childbirth

From the above, one can see that women who give birth are clearly excluded from
any discussion, and the patient’s right to informed consent yields, in practice, when
it comes up against technical criteria, probably due to separating women from their
own childbirth. Certain trends have arisen which assert the leading role of women in
this process as their own and as something natural so they demand that the
relationship and link between the mother and the newborn child be respected
from the first moment of life and not always dictated by technique.

There is surely some abuse felt in the modernization and coldness of the
operating room and in the sedation that leads the woman in labor to miss joyful
moments, moments of transcendence that are so important in life as the birth of a
child, yet this has led to opposition which, in our opinion, involves other serious
dangers: the myth of natural childbirth that is perfectly acceptable if no
complications arise, yet should they arise, safety criteria for the mother and the
future child must be applied. One must not forget the chilling figures of mortality in
childbirth in times and places when the assistance of qualified professionals is not
available. In contrast, according to the Spanish Society of Gynecology and
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Obstetrics, in 2013 maternal mortality in Spain reached 4.7 women per 100,000 live
births and perinatal mortality 8.3 deaths for every 1,000 births.”

However today, especially in high cultural and economic circles, many women
request the so-called “natural childbirth,” “home birth,” “birth under water,” and all
sorts of alternatives which can leave them completely defenseless and this can
clearly endanger both mother and infant should any complications arise. This trend
is part of a broader back-to-nature view, which also includes valuing alternative
medicines so that they are no longer considered purely supplementary. This can be
seen in many other areas of health relations in our societies, but it is quite striking in
the field of obstetrics, as it shares space with many other similar fashions or
contrary to these as the ones linked to biotechnology such as the proliferation of
private umbilical cord banks, etc.

In a different socioeconomic and cultural context, there has also been and there
are women who have considered suffering in childbirth as a duty and this compli-
ance carries both social recognition and obligations of affection from the child
[5]. This is the case of something called “the good sufferer” by Cafias Romero et al.,
in a study which investigated the reasons why epidural analgesia had not been used
in 15.4 % of births attended in the period analyzed. In this work, most of the
mothers interviewed had received primary school education, and although 90 % had
been informed about epidural analgesia, only in 18 % of the cases this information
had been provided by the anesthesiologist. 13 % of mothers did not want epidural
analgesia and, in addition, their opinion was reinforced for future births. The study
does not analyze the reason why epidural analgesia was rejected since it was not
designed specifically for this. Several reasons might explain this phenomenon.
Firstly, given their social level, there could be a lack of information or the
information was “not adequate” for pregnant women. Secondly, in accordance
with the authors’ opinion on the traditional concept of the good mother or good
sufferer, the influence received from their family environment must not be
overlooked when it comes to decision making, without forgetting that pain can
be, unconsciously at times, a strategy to obtain attention and recognition from
others.

22.6 Conclusions
The fundamental bioethical principles involved in analgesia in childbirth are:

(a) The principle of autonomy linked to women’s informed choice about whether
they want analgesic or not, which must be respected though not absolutely as
each condition of childbirth must be considered together with the safety and the
welfare of the future child.

3 According to the WHO, maternal mortality has been estimated between 2 and 15 % per 100,000
live births in developed countries.
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(b) The principle of justice since this option should be available to all women
regardless of their economic situation, which requires this be provided not only
in the private healthcare sector but also as part of the universal coverage in the
free public health sector.

(c) The principle of non-maleficence is shown in the aforementioned conflict of
interest which led to the nonuse of analgesic techniques for all women in labor
who requested it, causing a clearly avoidable and unnecessary prejudice.
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Lone Fuhrmann, Helle T. @stergaard, and Doris @stergaard

23.1 Introduction

Teaching and learning in anesthesiology is a demanding and complex task because
the majority of the teaching and learning takes place in clinical settings, where the
safety and comfort of the patient must be balanced against the responsibility for the
education of the trainee. Teaching and learning epidural for labor analgesia can be
especially demanding because the patient may be in severe pain and therefore be
unwilling to participate in a teaching encounter. Also, the clinical setting in a
delivery room where relatives are present may not be a comfortable environment
for teaching and learning. Epidural for labor analgesia can therefore be difficult to
teach and learn in a clinical setting and is a challenge to both the teacher and the
trainee [1, 2].

Simulation-based training seems to have a place in learning this advanced
clinical procedure before clinical training is initiated [2, 3]. Along with training
advanced clinical procedures simulation is the ideal place for training communica-
tion skills with the patient and with the inter-professional team. In addition,
simulation-based training can provide the opportunity for trainees to apply medical
expertise skills in context and train with the team.
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For optimal learning the trainee must focus on clear learning goals and be
willing to learn and be guided by feedback from the educator. The educator must
on the other hand be able to promote a positive learning climate with clear
learning goals and supportive feedback to facilitate the trainees’ self-directed
learning [2, 4, 5].

23.2 Trends in Medical Education

In this section, three major trends in medical education are described: the seven
physician roles, simulation-based training, patient safety and training of teams.

23.2.1 The Seven Roles

The approach to medical competence has changed over the last decade. Previously,
the focus was mainly on teaching trainees the required clinical knowledge and
procedural skills to practice as a specialist. Now it is generally accepted that
physicians must possess a defined body of knowledge, clinical skills, procedural
skills, and professional attitudes to ensure proficiency. One of the first attempts to
describe this is the CanMEDS competency framework [6]. It consists of seven
roles: Medical Expert, Communicator, Collaborator, Manager, Scholar, Profes-
sional, and Health Advocate. The framework has been adopted in Denmark, the
Netherlands, and Australia [7-9].

The medical domain has adapted another way of looking at competence from
aviation by dividing it into technical skills and nontechnical skills. Technical skills
are the skills related to the role of the medical expert. Nontechnical skills (NTS) can
be defined as “the cognitive, social, and personal resource skills that complement
the technical skills, and contribute to safe and efficient task performance” [10]. NTS
for anesthesiologists is described in the Anaesthetists’ NonTechnical Skills (ANTS)
[11]. NTS include skills in situation awareness, decision making, communication,
teamwork, leadership, and management of factors such as disturbances and stress.
Although NTS is a different framework than the CanMEDS, NTS can be seen as a
means to describe some of the roles (e.g., communicator, collaborator, manager,
and professional).

23.2.2 Simulation-Based Training

The technological evolution has made it possible to develop tools to be used at all
stages of professional development—from novice to expert level. Simulation-based
training ranges from basic skill trainers and simulated patients to advanced surgical
and patient simulators which can be used to train complex medical situations for
individuals or teams. The rationale for simulation-based training is to improve
patient safety (see below), to provide training opportunities that might not be
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available in the clinical setting, and to facilitate learning at the individual and team
level. Simulation provides the link between knowing and doing. Simulation-based
training is followed by debriefing. This combination seems to improve reflection
and improvement of competence of the individual [12].

23.2.3 Patient Safety: Training of Teams

Studies have documented that a range of adverse events occur in more than 10 % of
hospital admissions [13]. Research has established the link between NTS, perfor-
mance, and adverse events [14]. The role of communication in the operation room
has been studied extensively.

The good news is that many of these are preventable as NTS are trainable skills.
Neily et al. found that training of NTS (implementation of team training, introduc-
tion of briefing and debriefing) reduced the mortality rate by 11 % when compared
to a control group [15].

Most tasks are handled by teams, which might not have worked together
previously. We are trained in “silos of care” in the different professions and
specialities. In order to increase patient safety, team training activities should be
implemented in the organization as described by Neily et al. [15].

23.3 Setting Learning Goals for Labor Analgesia

To learn the theory and procedural skills in the placement of an epidural for labor
analgesia, the trainee first needs to understand the complexity of the task. Learning
to provide epidural labor analgesia is not just learning how to place the epidural but
a complex task that involves theoretical knowledge, technical skills, and NTS. A
precise description of the task and specific learning goals for the procedure must be
established before training can begin. The learning goals must include learning
goals on the theory, which is mandatory for the trainee to be accomplished before
practical training can begin.

The majority of learning goals can be taken directly from the curriculum, but
data from patient safety and quality databases can help focus on where to improve.
Furthermore questionnaires administered to the trainee can be used to identify the
difficult aspects of labor analgesia.

23.3.1 Learning the Medical Expertise Skills: Theory and Procedural
Skills

The learning goals addressing the theoretical knowledge must be clear and mean-
ingful in relation to the procedural skills, and it is mandatory for the trainee to have
a basic theoretical knowledge prior to training procedural skills. Examples of
learning goals are listed in Table 23.1.
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Table 23.1 Learning goals

Theoretical learning goals
Understand the anatomy
Know the risks and complications of epidural placement and how to manage these
Know the different local anesthetics and how to use these
Know dosing of local anesthetics
Know the contraindications for epidural placement
Learning goals for technical skills
Know the equipment
Use correct aseptic technique
Use a safe method for placing the epidural
Test the epidural for correct placement
Use correct medication
Learning goals for nontechnical skills
Leadership (take leadership, guide the team)
Communication (closed loop, information)
Team working (coordination, support)
Task management (plan, prepare, prioritize)
Situation awareness (recognize, understand)
Decision making (identify options, reevaluate)

23.3.2 NTS Training and Team Training

As described in Sect. 23.2, the seven roles of the physician are important to become
proficient in labor analgesia. It is important to understand that insertion of an epidural
catheter for labor analgesia is not only a procedural skill, but it also involves roles
other than that of the medical expert such as a communicator and collaborator [6].

NTS are critical for good anesthetic practice and must be addressed.

Communication with the parturient and the relatives is important. A specific
learning goal must be included to address this. Placing epidurals for labor analgesia
is inter-professional teamwork. The team players are the anesthetist, a midwife, and
sometimes students and a nurse. One can also see the parturient and her relatives as
part of the team. Good teamwork is essential if the procedure should be encountered
as a successful experience by the parturient. Therefore NTS must be trained for the
team to be successful and the tasks, roles, and mutual expectations must be known
by all team members. It is important for the trainee to learn how to manage this part
of the procedure, and the first step is to address the competencies in learning goals.
Examples can be seen in Table 23.1.

23.4 Methods for Learning Labor Analgesia

In this section the different methods to be used in the learning process will be
addressed, especially the methods used for procedural skill training and simulation-
based training will be discussed.
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23.4.1 Theoretical Knowledge

Lectures and educational sessions in the department are usually used to support the
trainee in the learning process. The trainee may be introduced to relevant reading
material and theoretical questions, and learning goals may be discussed with the
clinical teacher to facilitate learning before training of the procedural skills. This
may help to increase the confidence of the trainee in advance of skill training. An
e-learning programme can be developed, which makes it easier to plan and be more
flexible for the trainee. It provides an opportunity to repeat if necessary.

23.4.2 Training of Procedural Skills

To teach and learn the procedural skills in epidurals for labor analgesia is a
challenge in the clinical setting. Therefore, the trainee may benefit from basic
technical skill training in a simulator before training in the clinical environment
begins.

Several central neural blockade simulators exist from the simple “greengrocer’s”
model to lifelike high-fidelity devices [16, 17]. However, no simulator is
demonstrated to be superior in teaching technical skills. The important thing is
for the trainee to be able to train in the procedural skills—an epidural insertion
technique—in a safe environment without the risk of damaging the patient. Simu-
lation training of procedural skills is shown to improve knowledge and skills in both
simple procedures and more complex procedures such as laparo- and endoscopic
procedures [18]. A three-step teaching technique can be used where the educator
first shows the procedure in the simulator without explaining while the trainee
observes. Afterward the educator repeats the procedure and at the same time
explains all the steps systematically to the trainee. Finally the trainee does the
procedure explaining all the steps to the educator. The last step is repeated until the
trainee feels confident.

An important task in placement of an epidural is a correct aseptic technic, but
teaching epidural catheter placement tends to overlook this important step. Video-
assisted teaching where a teaching video highlights key steps of a thorough aseptic
technique is demonstrated to significantly improve aseptic practice and can be
recommended. It is likely that good aseptic technique habits taught early in training
may instill a higher level of practice over longer periods of time.

23.4.3 Training of NTS

Communication with parturient and relatives can be trained using simulated
patients and role-playing different scenarios with increasing difficulty from infor-
mation about inserting an epidural catheter to information about an adverse event.

Teamwork in relation to epidural insertion for labor analgesia is difficult to train
in a clinical setting. The parturient is in pain, the atmosphere may be tense, and
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training teamwork along with technical skills in this situation may not be acceptable
for the parturient. Several of the seven roles that physicians must possess to provide
effective patient-centered care can be trained using simulation-based training.
Furthermore simulation can provide a safe learning environment where patients
are not harmed and provides the possibility for repetitive practice. Simulation-
based training of applying the medical skills and of teamwork skills using a variety
of different scenarios seems to have proven to be effective for obstetric teams
[19]. Simulation-based training is educationally effective and can complement
medical education in patient care settings under the right conditions [20]. The
most important factor for learning is feedback [20].

A structured debriefing is a mandatory part of full-scale simulation and can be
directed by the learning goals [12]. Providing feedback is a complex process and a
structured approach is recommended. Often a three-phased structure is used
consisting of a description, an analysis, and an application phase [21]. Here the
trainees are asked to critically reflect on actions in the simulation and explore
alternatives and areas for development. Often the trainees are asked to write a
learning plan for future development in the clinical setting to improve transfer to the
clinical tasks.

23.4.4 Teaching and Learning in the Clinical Setting

Teaching and learning in the clinical setting is challenging, but a well-prepared
trainee will be able to handle the procedure. Throughout theoretical learning and
training in the simulator, the trainee may benefit from observing the teacher in the
clinical setting and be able to reflect. This may prepare the trainee for the transition
from the simulated to the clinical setting. After theoretical preparation and training
in a simulator, the trainee can begin training in the clinical setting. The educator
must supervise the trainee and training must be guided by the learning goals. In the
clinical setting it is vital to provide feedback, which is a cornerstone of effective
clinical teaching. With feedback the trainees’ strengths are reinforced and errors
can be corrected. It is also important to encourage reflection and self-directed
learning. Learning and success can be guided by CUSUM scoring and assessment
[22]. The trainee should be confident and skilled in all aspects before performing
the procedure alone.
The role of the educator is described in Sect. 23.6.

23.5 Evaluation/Assessment of Learning
Assessment of learning (or competence) is one aspect that does not get enough

attention in teaching labor analgesia. Often it is only a matter of counting how many
epidurals for labor analgesia the trainees have performed. Not all the trainees
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receive adequate training before performing their first labor epidural and seldom
formal assessment is performed [23].

Just as it is important to decide and describe which learning objectives to include
in postgraduate training (knowledge, skills, and attitudes), it is also important to
decide how these can be assessed. The first question to consider is “What is the
purpose of our assessment?” Is it a formative assessment designed to promote
further learning or a summative assessment aiming to evaluate whether the trainee
has the necessary competence to perform a given medical activity unsupervised.

Ideally both types of assessments should be used, formative assessment during
the specialist training to guide learning and summative assessment at specific time
points. This could be one of the milestones in the training [24].

Assessment plays a major role in how trainees learn. Assessment drives learning
[25, 26], which means that if both the role of the medical expert and the roles of the
communicator and collaborator are assessed, the trainee will focus on all aspects.

23.5.1 Assessment of Learning/Competence

The Miller’s pyramid is often used to illustrate the different layers of competence.
The attainment of each level assumes the attainment of the lower levels. The lowest
level of the pyramid (the base) is knowledge, the “knows” level. Competence at this
level can be tested using written exams such as multiple-choice questions (MCQ).
The next level of competence is “the knows how” level, where the ability to apply
knowledge can be assessed by case-based assessment. The third level is the
performance level, the “shows how” level. Here objective structured clinical
examinations (OSCE) and clinical exams are used as assessment methods. The
tip of the pyramid is the action, “the does” level. Assessment of competence in the
clinical setting is done using direct observation practical skills (DOPS) or compe-
tence cards where the clinical performance of the trainee is in focus [2, 27]. The
assessment of competence should include not only the role as medical expert but
also the roles of collaborator, communicator, manager, and professional. Ideally the
assessment of several roles should be included in one assessment of a work
situation. The assessment should include all three levels of competence: (1) knowl-
edge and skills, (2) ability to apply knowledge and skills, and (3) attitudes and
personal abilities.

Assessment in the clinical environment is quite challenging, but it is important in
order to secure patient care of high quality. Assessment should reflect what trainees/
doctors do in actual patient care. As mentioned, DOPS and other types of checklist
for systematic observation and assessment can be used to evaluate trainees’ skills in
labor analgesia. This should be used in combination with an experience log to
ensure a minimum number of procedures to obtain a given level of routine (experi-
ence). The most important aspect for the trainee, however, is to receive constructive
feedback in order to improve their skill. Feedback is found to be the cornerstone of
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clinical training; however, clinicians can be reluctant to give honest feedback and
the quality of feedback can be poor [28]. A set of clearly defined criteria makes it,
according to Norcini, easier to provide guidance based on observed performance
[25]. If the performance of the trainee is marginal, it is very important to develop a
plan of action to develop the trainees’ skills and reassess later.

23.5.2 Evaluation of Effect of Programs

Evaluation of the training program is compulsory. Kirkpatrick’s four-level model of
evaluations is a way to structure evaluation of a training program [29]. Level one,
the reaction level, measures the participants/trainees satisfaction with the training/
intervention. Level two, the learning level, describes the degree of change in the
trainee’s knowledge, skills, and attitudes. It is measured as described in the previ-
ous section of the Miller’s pyramid. There are several examples of the effect of
simulation-based training on knowledge and skills [30]. Level three is the
behavioral or organizational level that illustrates the impact on the clinical practice:
Do they follow the guidelines? Are there any changes of routines in the organiza-
tion? Finally, level four represents the patients’ outcome level. It describes the
benefit for the patients, such as a lower incidence of dural puncture. It is both
challenging and resource demanding to evaluate a program at all four levels. A
large study population is needed in order to show differences at the outcome level.
One example is the study of Draycott et al. showing improvement in perinatal
outcome after simulation-based team training [19].

23.6 The Educator and the Learning Environment
23.6.1 The Teacher and the Teaching Models

Teaching epidural labor analgesia is demanding and the educator must be more than
a medical expert to succeed. Nevertheless, many clinicians in teaching hospitals
have received no formal training in how to teach and base teaching on their own
learning experiences [35]. The roles of the medical teacher are described: (1) the
information provider, (2) the role model, (3) the facilitator, (4) the assessor, (5) the
curriculum course planner, and (6) the resource material creator [31]. For success-
ful teaching institutions need to provide support and training for their clinical
teachers. The skills that make the clinical teacher excellent are outlined in the
box below [32].
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Skills that Makes a Clinical Teacher Excellent

» Passion for teaching

» Clear, organized, accessible, supportive, and compassionate

» Able to establish rapport; provide direction and feedback; exhibit integrity
and respect for others

« Demonstrate clinical competence

 Utilize planning and orientation strategies

» Possesses a broad repertoire of teaching methods

» Engage in self-evaluation and reflection

» Draw upon multiple forms of knowledge; target teaching to the learners’
level of knowledge

In the following box a simple framework for daily teaching is described by
Neher [5]. To give feedback and facilitate learning the clinical teacher must be a
content expert and able to create a positive learning environment as mentioned in
step 1. Also, the teacher must have good listening skills with enthusiasm for
teaching and enthusiasm in general [33].

The educators’ most important task is to facilitate learning and stimulate the
trainees’ reflection on competence. The trainee needs to set new learning objectives
and continuously develop competence in order to achieve proficiency.

Another major issue is faculty development in order to train the use of the
assessment methods [35, 34]. Without faculty development the assessment of the
trainee in the simulated and the clinical setting is not likely to happen with sufficient
quality. In case of major deficiencies the action taken needs to be based on reliable
and valid assessments.

The Five Important Steps to Facilitate Learning

Step 1  Create a safe learning environment. Let the trainee manage and lead
the procedure

Step 2 Encourage the trainee to explain and speak out loud during the
procedure. Encourage or gently correct during the procedure

Step 3 Guide the trainee to learn and understand general rules

Step 4 Reinforce what I have done well

Step 5  Correct mistakes. Encourage self-assessment

23.7 Conclusion

In conclusion, a systematic approach to teaching and learning labor analgesia is
important. Clear learning goals addressing knowledge, skills, and attitudes within
the seven roles of a physician should be described. Practical skill training is
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valuable before a procedure is performed on a patient. Simulation-based training
seems to be valuable to train the team. The integration of the training into the
curriculum is important. Structured workplace-based learning and assessment is
recommended. Faculty development to ensure the quality of the assessment and the
feedback is of uttermost importance.

23.8 Recommendations

For optimal teaching and learning the following steps are recommended:

Description of clear learning objectives for knowledge, skills, and attitudes
within the seven roles of a physician

Practical skill training of procedures before the procedure is performed in the
clinical setting

Simulation-based training for the multi-professional team

Development of structured assessment tools to stimulate learning and reflection
Training of the faculty in providing feedback and assessing learning

Develop a safe learning environment.
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Giorgio Capogna

24.1 Introduction

On Saturday May 14, 1853, 1 month after the childbirth of Queen Victoria under
chloroform, the prestigious journal The Lancet [1], wrote: “intense astonishment,
therefore, has been excited throughout the profession by the rumour that Her
Majesty during her last labour was placed under the influence of chloroform, an
agent which has unquestionably caused instantaneous death in a considerable
number of cases. Doubts on this subject cannot exist. . . we could not imagine that
anyone had incurred the awful responsibility of advising the administration of
chloroform to Her Majesty during a perfectly natural labour with a seventh child.”

The thoughts of the age are better elucidated by the story of the visit of the Prime
Minister, Mr. Gladstone, to the Queen [2]. On this occasion, Gladstone
congratulated the Queen on the newly born, and then asked her how she liked
chloroform. The Queen replied “very well, Mr. Gladstone.” He replied “the bishops
are not pleased Madam.” “Then let the bishops have the babies, Mr. Gladstone!”
she answered.

Queen Victoria’s request for what we nowadays might call an “off-label inter-
vention” may be viewed as early evidence of maternal participation and choice in
medical decision making, one of the most important components of childbirth
humanization.
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24.2 Humanization of Childbirth

Childbirth is considered as one of the most important events in a woman’s life, and
it can, in turn, affect the rest of her life, both physically and emotionally.

Humanization of childbirth is an exclusive approach to make childbirth a
positive and satisfying experience for both the women, and their families as a
whole [3, 4]. This strategy is used to empower women and their care providers by
taking into consideration values such as the women’s emotional state, their values,
beliefs, and sense of dignity and autonomy during childbirth.

Humanized birth cannot perhaps be limited to a specific definition, nor can it be
seen as a long list of tasks that need to be performed. It is a process, a transition for
every woman, professional, person, and family: humanized care cannot be defined
as a specific action or methodology. In all cases it affects mother and family and it
continues after birth, and may be different, depending on the culture and place.

Humanization of childbirth includes: continuous emotional and psychological
care and support during pregnancy and postpartum, the avoidance of unnecessary
medical intervention, and the empowering of women by allowing them to actively
participate in the decision making with regard to their own experience [3]. The
literature describes the specific characteristics of a humanized birth as follows: one
which promotes the active participation of women regarding decision making, and
other aspects of their own care, one which takes advantage of the expertise of both
physicians and non-physicians, and allows them to work together as equals, and
one which involves the use of evidence-based technology and medical intervention
[3-6].

During the past decades, giving birth has involved increasingly medicalized
procedures in most countries [7, 8]. Pregnancy and birth were conceptualized as
pathological processes that require intensive monitoring and intervention by a
physician. Medical interventions in childbirth such as the use of electronic fetal
monitoring, amniotomy, induced labor, episiotomy, and elective cesarean section
deliveries continue to increase [9-11]. These procedures reinforce the perception of
the mother’s role as patient and can reduce her sense of control over her body [7, 8].

Epidural analgesia has usually been included in the list of these medical
interventions, due to its frequent association with painful, long, and dystocic labors,
usually requiring medical intervention. The inclusion of epidural analgesia in the
list of medical interventions reinforcing the perception of the mother’s role as a
patient rather than a laboring women may also be due to the typical side effects of
the “old fashioned” epidural, such as the occurrence of numbness of the legs,
difficulty to void, absence of the feeling of uterine contraction, the absence of the
feeling of the urge to push, nausea and pruritus, difficulties in ambulation. These
features occurred quite often in the past and were due to the common use of
relatively high concentrations of local anesthetic solutions given by continuous
epidural administration. With the introduction in clinical practice of the ultralow
local anesthetic solution and of the programmed intermittent analgesic techniques,
almost all the typical side effects of labor epidural observed in the past are now no
more an issue, since a painless but “spontaneous” vaginal delivery is now really
possible.
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Table 24.1 Barriers and facilitators in humanized childbirth
A. Barriers
1. Rules and regulations
Prevention from having a companion during labor, postpartum, in operation room
Banning of children from the mother’s room
2. Physical structure
Common labor and delivery room
Common postpartum room
3. Contingence factors
University-affiliated hospitals
Lack of midwifery autonomy
Malpractice litigation
Physician’s training and skills
Overcharge of work
B. Facilitators

—_

. Rules and regulations
Preventing unnecessary medical intervention
Getting the women’s consent
2. Physical structure
Labor and delivery room and other facilities
Contingence factors
Midwifery system

For this reason epidural analgesia, if performed with the new techniques and new
drugs, should no longer be included in the list of barriers to childbirth humaniza-
tion, but in the facilitators.

In addition, from the professionals’ point of view, humanized birth should not be
perceived as a restriction in using medical intervention, but as something that
involves all aspects of care that provide a good physical and psychological status
for the patient. Humanized birth can be married to medical intervention just by
explanation, by communication, and by maintaining confidence.

In Table 24.1 [12] some examples of the barriers and facilitators faced by the
humanized birth practice are reported: all the care provided around the time of birth
that promote the physical and psychological health of women and respect their
desires and needs can be defined as humanized care.

Humanized childbirth emphasizes the need for access to a continuous pool of
emotional and physical support during the pregnancy, labor, and postpartum stages.
The importance of a companion is prominent and the presence of family members
during childbirth experiences has been recommended by the WHO as one of the
main aspects of humanized care [13]. The benefits of continuous one-on-one
support by a companion during labor have also been noted by a Cochrane system-
atic review [14] and other research reviews in the past [15].



318 G. Capogna

24.3 Pain, Suffering, and Epidural Analgesia

After the health of mother and baby, labor pain is the greatest concern of women,
their partners, and their caregivers. Nurses and doctors promise little or no pain
when their medications are used, and they feel frustrated and disappointed if a
woman has pain. Most are also extremely uncomfortable with her expressions of
pain during labor such as moans, crying, tension, and frustration because they don’t
know how to help her, except to give her medication.

When staff believes that labor pain equals suffering, they communicate that
belief to the woman and her partner, and, instead of offering pain relief and support
and guidance for comfort, they offer pain medication only.

However, there is a distinction between pain and suffering.

Pain has been defined as “an unpleasant sensory or emotional experience
associated with actual or potential tissue damage” or described in terms of such
damage [16]. The emphasis is on the physical origins of pain. Suffering describes
negative emotional reactions [17] and includes any of the following factors:
perceived threat to body and/or psyche, helplessness and loss of control, distress,
inability to cope with the distressing situation, and fear of death of mother or baby.
Therefore, one can have pain without suffering and suffering without pain. There
are many occasions in life when we have been in pain but did not fear damage or
death to ourselves or others. This is because the person has enough knowledge,
attention to other matters or goals, companionship, reassurance, touch, self-help
measures, feelings of safety, and other positive factors to keep him/her from
interpreting the painful experience as suffering.

On the other hand, we can suffer without pain. Acute worry or anguish about
oneself or a loved one, death of a loved one, cruel or insensitive treatment, deep
shame, extreme fear, loneliness, depression, and other negative emotions do not
necessarily include real or potential physical damage but certainly cause suffering.
Therefore, all suffering is not caused by pain.

Unfortunately, very often the goal of anesthesiology has been to remove pain, on
the assumption that when there is little or no pain, there will be no suffering.

Caregivers who want to practice humanized childbirth must recognize that if a
parturient has an epidural, she still needs emotional support and assistance with
measures to enhance labor progress and effective pushing. The absence of pain,
usually accomplished so effectively by epidural analgesia, does not mean absence
of suffering. With the assumption that pain and suffering are the same, after the pain
is eliminated, the woman’s emotional needs are often neglected even if it has been
reported that the balance of coping and distress-related thought for women with
epidurals was virtually identical to that of women with no analgesia [18].

Even without pain women may be distressed [17] by many things, including the
length of labor, side effects such as itching and nausea, being left alone by
supporters when the woman was “comfortable,” helplessness, passivity, worries
over the baby’s well-being (e.g., with the sudden and dramatic reactions of staff on
the occurrence of fetal heart rate changes), or feeling incompetent, for example,
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when unable or afraid to push effectively despite clear instructions to push long
and hard.

The point is that women may suffer even if they have no pain, and their need for
continuing companionship, reassurance, kind treatment, assistance, and attention to
their discomforts and their emotional state remains as important to the satisfaction
and positive long-term memory of the woman independently of the presence of
epidural analgesia [19].

The lack of attention to a woman’s emotional needs when laboring with an
epidural is fixed in the erroneous and widespread assumption that pain equals
distress and that abolishing pain means a stress-free and positive birth experience
is ensured [20]. Furthermore, there is little systematic documentation of women’s
emotional responses when laboring with an epidural.

For some women who had desired a natural childbirth, the decision to have an
epidural is accompanied by disappointment in themselves or disillusionment over
being prepared for the degree of pain. Prenatal classes and appointments with the
caregiver should provide correct information and advice for flexibility, if needed.
Most women today, however, plan in advance to use an epidural, but often the staff
and anesthesiologist have control over when they may have it. If told it is too early
in labor for an epidural, or that the anesthesiologist is not immediately available, the
woman may be upset.

The time from when the decision is made until the woman has adequate pain
relief may be stressful, because the woman does not want to cope any longer, yet
she has no choice. The wait can seem quite long if the anesthesiologist is needed
elsewhere, or if the woman must undergo various procedures, such as admission,
obstetric examination, fetal monitoring, and administration of IV fluids, before the
epidural is given. The wait is short if the anesthesiologist is readily available and all
pre-anesthesia procedures are completed. The partner may feel ineffective and
frustrated, because the parturient does not want to continue using his comforting
techniques. The partner is further troubled by the distress of standing by watching
the woman he loves becoming progressively more distressed [21].

Antenatal childbirth classes or any other informal talk during the onset of labor
may be the place and the time to inform the couple about the difficulty of this period
and help them plan to continue with their coping techniques until the epidural takes
effect.

Administering the epidural anyway takes some minutes, depending on the skill
and experience of the anesthesiologist, the technical difficulties encountered during
the procedure, and the woman’s cooperation. The woman must lie or sit and
sometimes the position may be uncomfortable, especially during contractions.
She needs help to remain still and calm, acknowledgment that it is a difficult
position, and congratulation on how well she is doing. Not surprisingly, if the
epidural procedure takes several attempts or takes a long time, the woman and her
partner become frustrated or frightened.

Within minutes after the epidural is placed, the contraction pain begins to
subside and usually disappears within 15 min. The woman’s mood improves
markedly, and she is delighted that her pain has gone. She often becomes talkative,
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optimistic, and very grateful to the anesthesiologist. Of course, if pain relief is
incomplete, she is disappointed and becomes impatient for adjustments to correct
the problem. Her partner matches her relief, very grateful that she is comfortable
and acting more like the woman he knows. He now shifts his focus to his own needs
for a break, food, or sleep. Once the woman is comfortable, she no longer needs the
intense support and close physical contact she needed before the epidural. Never-
theless, she may feel suddenly unimportant when her partner turns on the TV, goes
to get a meal or takes a break. The dynamic in the room is almost as if she were not
in labor. It may surprise and disappoint her that her care team becomes less attentive
and less concerned about her emotional well-being. Although the nature of the
partner’s support changes as long as the woman is awake and alert, he/she should
converse with the woman and nurse, answer questions, and help her with grooming
and comfort, to ensure that the woman does not feel alone or less important. It is not
unusual for a situation requiring quick action to arise during an otherwise calm
period created by the epidural; or the doctor comes in to make a clinical decision
(e.g., to start oxytocin or rupture the membranes); or the midwife decides to
catheterize the woman or to have her change position.

Epidural analgesia may also affect the companion’s attitudes. In one study [22]
fathers whose partners did not receive epidural analgesia felt their presence as
troublesome and unnecessary while the presence of maternal epidural analgesia
increased paternal feelings of helpfulness threefold and was associated with a
greater involvement and less anxiety and stress.

With modern epidural analgesia the awareness of uterine contractions is not
usually lost, but this may not be the case should a more profound analgesia be
needed and/or provided, contractions can be no more perceived. In this situation the
partner or the midwife can encourage the women to feel her abdomen for
contractions and fetal movements and teach her about bearing-down efforts in the
second stage.

After the epidural takes effect, the woman, depending on the local clinical
practice, may stay in bed and wait until it is time to push, or, alternatively, may
be allowed to ambulate, see relatives, drink some fluids, and have an active
relationship with the partner. Nevertheless, she may feel bored or passive and
may begin to worry that the labor is taking a long time, or about how the baby is
tolerating the labor. The waiting is sometimes very challenging. The woman needs
distraction, conversation, and reassurance that the staff is monitoring the labor and
the baby.

Even though her pain is under good control, other discomforts may bother the
woman, especially if she is unprepared for them. If the anesthesiologist has used a
relatively high concentration of local anesthetic or a continuous infusion, she may
have a heavy, numb feeling in her legs and the disappearance of the painless feeling
of the uterine contractions.

Other common sensations during labor may be feeling too warm or too cold,
trembling, having a window of pain in the area covered by the epidural, the
so-called breakthrough pain, itching, if opioids have been used, nausea, or an
uncomfortable position.
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A sense of accomplishment and optimism arises when the woman reaches
complete dilation: a main goal been achieved. In some hospitals at this stage, the
epidural is turned down to give the woman painful sensations to guide her bearing-
down efforts. This very questionable option is often intolerable for the woman, and
she begs for a return of the epidural. She may feel weak or selfish for not being able
to handle the pain, which is actually greater than it might have been had she not had
the epidural.

In some hospitals the choice is the directed pushing, as soon as dilation is
complete. In this case, if the epidural analgesia is too intense, women may feel
unable to push effectively, and may find it difficult to follow directions, because
they get no feedback from their efforts. They need reassurance that they will push
more effectively as they continue. Sometimes, rather than being reassured, they are
constantly told to push harder or longer. They feel criticized and inadequate. It
seems to take a very long time and exhaustion and discouragement may arise. They
should be praised for their efforts and reminded that it takes time for the baby’s
head to mold or rotate. Resting through a contraction or two also gives a welcome
break.

A third option is to delay pushing until the baby is visible at the vaginal outlet or
she feels the urge to push. This is the easiest on the mother and baby, and results in
fewer instrumental deliveries, but it may lengthen the duration of the second
stage [23].

When it is time to push, the partner can provide very important feedback to the
woman, and give her incentive, for example by relaying the intensity readings from
the contraction monitor to her as she bears down. Feedback like this shows the
woman how well she is doing, and gives her a real sense of accomplishment that she
might otherwise not have. As the baby’s head presses on the rectum, reaches the
perineum, and distends the vaginal opening, the woman may feel it pleasantly if the
epidural analgesia is adequate; but on the contrary this may come as an unwelcome
shock after having been comfortable if the epidural analgesia has been withheld or
is inadequate at this stage.

Respecting women’s autonomy means to respect her ability to choose a desired
birthing position and/or to have a freestyle labor and delivery. Modern epidural
analgesia may provide adequate pain relief, maintaining the painless sensation of
bearing down and allowing the mother to assume any birthing position thanks to the
absence of motor block and therefore is perfectly compatible with any parturient’s
decision. The possibility of choosing a freestyle position, especially during the
second stage, may improve women’s confidence so improving the sense of control
and the feeling of having played a truly active role in the birth of their child [24].

24.4 Conclusion

Nowadays, almost all the typical side effects of labor epidural witnessed in the past
are now no longer observed, and, very frequently, a painless but “spontaneous”
vaginal delivery is now really possible.
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Epidural analgesia, if performed with the new techniques and new drugs, should
no longer be included in the list of barriers to childbirth humanization, but may be
included in the facilitators. Anesthesiologists who want to practice humanized
childbirth must be aware that if the parturient has an epidural, she still needs
emotional support and assistance, since the absence of pain, usually obtained so
effectively by epidural analgesia, does not mean absence of suffering.
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25.1 Introduction

Within surgical disciplines, obstetrics and anesthesia carry a greater risk of medi-
colegal liability although with improved monitoring and practice standards issued
by national scientific societies such as the American College of Obstetricians and
Gynecologists (ACOG) and the American Society of Anesthesiologists (ASA).
Pain relief is becoming an area of concern. Analgesia refers to the relief of pain
without the loss of consciousness. Modalities of analgesia during childbirth include
regional analgesia, systemic opioid analgesia, continuous labor support, pudendal
blocks, immersion in water during the first stage of labor, sterile water injections in
the lumbosacral spine, hypnosis, and acupuncture [1]. Even though there are
multiple options for labor pain management, women often experience pain during
childbirth in accordance with their expectations. The ASA Closed Claims database
[2] has shown that since the1990s the proportion of claims associated with general
anesthesia has progressively declined while the proportion associated with regional
analgesia has steadily increased although the majority of maternal injuries are
minor (e.g., headache, back pain, pain during analgesia, neuropsychological
consequences). In addition, [3] it reported that postnatal depression may be more
common when analgesia is not used and pain during labor has been correlated with
the development of posttraumatic stress disorder. Furthermore, men are also
affected by severe labor pain. A survey of first-time fathers showed that the men
whose partners received an epidural felt three times as helpful and involved during
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labor and delivery and had less anxiety and stress, as compared with men whose
partners did not receive an epidural [3]. All these situations may reflect unrealistic
expectations and dissatisfaction with parturient care, and litigation serves the
purpose not only of reparation of injury and deterrence of standard of care but
also of emotional vindication. This is especially true in Italy where labor analgesia
is becoming an important public health issue with its introduction free of charge in
SSN as LEA (Essential Levels of Assistance) (DPCM April 23, 2008, art. 37) but, at
the same time, it is not performed in all hospitals [4] due to lack of funding. The
problem is clear. Labor analgesia has to be considered an important aspect of the
obstetric anesthesia practice, and the provision of adequate pain relief and manage-
ment has foundation in the law of negligence. The law of medical negligence
emphasizes taking reasonable care in all aspects of patient management and, with
respect to this particular issue, doctors (the anesthetist as well as the obstetrician,
midwife, neonatologist, and labor and delivery nurses) may breach their standard of
care by failing to exchange information with the parturient and also with other
members of the woman’s family as well as with the obstetric team; by failing to
provide appropriate prenatal education and to acquire informed consent; by treating
the pain inadequately or by failing to counteract adverse reaction and eventually
perform acute resuscitation.

For all these reasons, in this chapter we intend to look at the above-mentioned
medicolegal issues by firstly exploring the meaning of the “informed” consent and,
secondarily, providing an overview of the concept of “standard of care” with
particular regard to its relationship with the clinical practice guidelines.

25.2 The Informed Consent
25.2.1 Ethical Meaning and Legal Requirements of Consent

With respect to other specialties, obstetric anesthesia presents unique challenges to
the process of informed consent because it involves several additional elements to
the basic elements of consent. This is primarily due to the particular suffering being
experienced by the parturient characterized by stress and discomfort, and often to
the lack of time available for the consideration of the risks and complications
consequent to the anesthesia. This circumstance has lead some to question the
capacity of the parturient in labor to really give consent to the anesthesia. Despite
the pain and the fatigue, many surveys have shown that parturients are capable of
giving consent [5, 6], if the particular circumstance does not affect the ability to
provide informed consent. Other surveys [7] show the same results even after the
administration of opioid analgesia.

To be a valid requirement and to have a judicial validity, the consent must be
correctly formulated and validly expressed. This implies correct information about
procedure, risks, benefits, and alternatives, providing the parturient with useful
indications for orienting herself to self-determine, making also a responsible
choice.
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25.2.2 The Information Requested by Patients Before Anesthesia

It should be clear and it has been demonstrated [8] that parturients want to know
about risks. Informational elements concern clearness in explaining information,
that is the information about the risks of the anaesthesia, above all when the consent
is requested for emergency cases, such as an urgent caesarean section.

With respect to the amount of information, as noted by Krzysztof and
Kuczkowski [9], several rules have been proposed. The “one percent rule” states
that the anaesthesiologist should inform the patient of complications that have an
incident greater than 1 %. In situations, where there is a serious risk of death and
because death represents the worst risk, the anesthesiologist may adopt the “death
rule” informing the parturient of the extreme risk of dying after anesthesia. How-
ever, the anesthesiologist can choose to inform the parturient of the possible risks
that a “reasonable” patient (reasonable rule) would want to be informed about. The
“all-risk rule” recommends informing the parturient of all the possible risks
resulting from anesthesia independently from their incidence. Finally, information
about the risks of anesthesia can be delivered pursuant to the “good judgement rule”
according to which the anesthesiologist should inform the parturient about the risks
without frightening her.

With regard to the disclosure itself, as noted by Hoehner [10] the parturient
should be advised about the procedures, the benefits, the potential risks, the
complications, and alternative options, when possible, without giving excessive
information during labor because this could generate more confusion and anxiety.

25.2.3 How to Obtain Consent for Obstetric Anesthesia

When possible all the information regarding labor should be given before the
procedure takes place, during the antenatal period, discussing techniques, risks,
complications, and the benefits of anesthesia and analgesia This can be easier for a
planned epidural anesthesia if chosen by the parturient. There are, however,
circumstances, like emergencies, that require the abbreviation of consent process:
when it is not possible to acquire the patient’s consent.

Understanding the contradictions and risks is fundamental to obtaining a valid
consent. In this regard it is important to highlight that a Cochrane review of 20 trials
involving a total of 6,534 women estimated that the relative risk of cesarean
delivery with epidural analgesia during labor as compared to other methods or
with no analgesia was 1.07 (95 % confidence interval, 0.93—1.23). Epidural analge-
sia does increase the duration of the second stage of labor by 15-30 min and may
increase the rate of instrument-assisted vaginal deliveries as well as that of oxytocin
administration. Equally, three randomized, controlled trials showed that early
initiation of epidural analgesia (cervical dilatation, <4 cm) does not increase the
rate of cesarean delivery among women with spontaneous or induced labor, as
compared to early initiation of analgesia with parenteral opioids.
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Another aspect is the higher risk of an increase vacuum- or forceps-assisted
vaginal delivery with regional analgesia in laboring patients (relative risk [RR] =
1.42; 95 % confidence interval [CI], 1.28-1.57; 23 trials; n=7,935) [11]: a meta-
analysis showed that there is no reduction statistically by discontinuing the epidural
analgesia late in the second stage of labor [12]. Conversely, discontinuing epidural
analgesia late in the second stage resulted in inadequate pain relief for 22 % of study
participants versus 6 % of participants reporting inadequate pain relief when the
epidural was continued throughout the second stage of labor (P < 0.05) [12].

Therefore, the use of a combination of epidural and spinal analgesia reduces the
need for instrumental vaginal deliveries (absolute risk reduction = 8.6 %; number
needed to treat = 12), but it may increase the likelihood of a newborn needing
resuscitation (absolute risk increase = 1.6 %; number needed to harm = 63) [13].

Finally, we retain its importance to stress that from the ethical and medicolegal
point of view analgesia options should be explored early in the prenatal period.
Encouraging patients’ participation in pain management may help reduce pain and
increase their satisfaction in the childbirth experience.

25.2.4 Pros and Cons to Written Consent in Labor Analgesia

As suggested in 2006 by the Association of Anaesthetists of Great Britain and
Ireland, [14] in many instances, verbal consent is sufficient. However, surveys
conducted by Gerancher [7] and White et al. [15] show that the written consent
may reinforce what has been said verbally. This improves the knowledge about
benefits, risks, and the complication of a labor anesthesia, so it is generally
perceived as helpful for the parturient and her partner. This increased comfort is
also due to the fact that parturients retain a copy of the consent they gave, so that
they can read it again. For this reason, the consent form should be concise and clear.

A written consent is also helpful in the case when the patient decision goes
against anesthetists’ advice (e.g., refusal to undergo anesthesia as a result of
religious obligations in an emergency situation).

25.3 The Concept of “Standard of Care”

The concept of standard of care is often discussed among physicians, and the legal
definition of this term is frequently not well understood sometime by those doctors
who are required by the judge, lawyer, or patient to give a technical opinion in cases
of medical litigation. Its relevance derives from the fact that to establish medical
negligence and successful litigation requires that three key criteria should be
satisfied. The claimant must first be owed a duty of care, established whenever a
patient undergoes treatment, and rarely contested. Secondly, a breach of that duty of
care by a failure to provide the required standard medical care must be established.
Thirdly, as a direct result of this breach of duty (causality), the claimant must have
suffered physical or psychological harm, or other tangible losses.
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Then, in medical litigation, a key step for the claimant is to prove that physicians
failed to meet the required “standard of care.” In Italy, due to the lack of a specific
law code for the physician—patient relationship, the meaning of this important
concept derives mainly from the Court of Cassation (Corte di Cassazione) jurispru-
dence. This Court represents the last resort for both the civil and the criminal
jurisdiction and has the power to correct a lower instance court’s interpretation or
application of the law. Traditionally, with regard to article n. 1176 of the Italian
civil code, the Court of Cassation states that “standard of care” means that any
physician has the legal duty to adhere to what any other physician with the some
professional preparation and training as well as scrupulous attention would have
reasonably done in the similar clinical and organizational conditions. The discrep-
ancy between the two conducts determines a negligent and/or imprudent and/or
unskillful behavior with consequences for the physician in both the civil and the
criminal jurisdictions."

Usually, the indication of what can be considered standard in a given clinical
situation is set by the medical doctor required to give a technical opinion as the
consultant in the court. In other words the consultant should give a balanced view of
what is currently the best practice and what is perhaps appropriate for the level of
skill and training of the doctor involved in the litigation also taking into consider-
ation the concrete availability of all instruments and the organization of the place
where the medical activity was performed. These physicians should know which
analgesia options are available at the delivering institution, the patient’s desire for
regional analgesia, the availability of continuous labor support, and the potential for
complications related to specific interventions. This is because it is common for the
expert’s opinion about what he would have done in the same circumstances to be
directly translated into a blame or culpability judgment although this judgment
should be determined by the courts. The expert opinion can make a difference in the
decision as to whether a given fact was due to mishap or negligence, but it must be
noted that to reflect on a particular event is very different from being analytical
during the course of such an event! Expert opinion is normally supported by
published articles and by personal experience.

Consequently, the strength of evidence to support an expert opinion on standard
of care is fundamental. A systematic review, for example, would have a higher
weighting than a case report. Few randomized controlled trials of the effects of
analgesia administered during labor are performed maybe due to the fact that it
would be considered unethical to randomly assign women to a placebo (no pain
relief) if epidural analgesia is available. Most trials have compared the use of
epidural analgesia with that of systemic narcotics [3]. There is strong evidence
showing the contraindication of analgesia during labor and delivery in cases of
coagulopathy (including ongoing thromboprophylaxis with low-molecular-weight

! In the Ttalian criminal code, the negligent injury is described as “an event that, even if it happened
against the intention, occurred due to negligence, imprudence, unskillfulness or failure to comply
with laws, regulations, orders and disciplines” (art. 43, Italian Criminal Code).
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or unfractionated heparins) or uncorrected maternal hypovolemia. There is evi-
dence that contraindicates labor analgesia if there is an infection at the needle-
puncture site or if there are clinical signs of increased intracranial pressure because
neuraxial techniques could lead to herniation if dural puncture occurred. These
conditions, as well as making arrangements for emergency equipment to be imme-
diately available to treat serious untoward reactions (hypotension, respiratory
compromise, and in rare cases, seizures and cardiac arrest) at the time of placement
of the nerve block, represent examples of “standard of care” for all the members of
the obstetric care team (anesthetist, obstetrician, midwife) which, of course, must
have adequate training or experience and must take care to communicate and
exchange information in the ever changing environment of labor and delivery.

A more objective measure to determine the legal ‘“standard of care” is
represented by the identification of clinical practice guidelines (CPG) although a
doctor cannot be considered responsible simply because he doesn’t follow them.
CPG are in fact not an absolute requirement. They cannot guarantee any specific
outcome and, in addition, require a period of time for dissemination and integration
into clinical practice (so-called learning curve). In other words, they are not a
“cookbook” and discretion lies at the heart of clinical judgment that needs to take
into account a number of individual circumstances. Furthermore, as has already
been mentioned, establishing medical responsibility also requires the satisfaction
that due to the breach of a given duty of care (causality) the claimant has suffered
physical or psychological harm or other tangible losses. Nevertheless, despite all
these arguments that support the fact that the CPG should not constitute a de facto
legal standard that is applied in all cases, in Italy future medicolegal cases may rely
increasingly on clinical guidelines to determine benchmarks for acceptable clinical
practice.

25.4 Clinical Practice Guidelines and the Standard of Care

A brief discussion on the use of CPG as defining the standard of care is warranted
due to their recent introduction into the Italian legal system by the law 189/2012.%
Literally, article 3 named “Responsibility of any health professional” states that
“Any health care professional that adheres to CPG and best practices accredited by
the science community is not liable for criminal negligence. In such cases, however,
it remains subject to the obligation referred to in article 2043 of the Civil Code. The
judge, also in the determination of damages, shall take due account of the conduct
referred to in the first period.” At present, only two cases have been under scrutiny
by the criminal court of Cassazione (Cassazione IV sezione 24 gennaio 2013
n. 11493 and Cassazione 29 gennaio 2013 n. 16237), and from both of them the
role of CPGs in defining “negligence” remains not completely clear for at least

2Le‘gge di conversione 8 novembre 2012, n. 189 e pubblicato in Gazzetta Ufficiale 10 novembre
2012, n. 263.
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three key points. May all guidelines influence clinical practice and support the
establishment of legal standards? What does best practice mean and how has it to
integrate guidelines? Who is required to distinguish between slight or gross fault
(“colpa grave o lieve”) considering that no legal definition is yet available? Exten-
sive reviews of this issue are available in the national medicolegal and legal
literature [16]. We emphasize only some aspects. Undoubtedly, clinical guidelines
are statements that have been systematically developed and which aim to assist
clinicians in making decisions about treatment for specific conditions. They are
meant to facilitate good medical practice, and their development is a structured
process by the techniques of evidence-based medicine. Among the several
limitations of clinical guidelines we want to focus on the fact that they are
elaborated by various authoritative bodies and that the scientific community does
not usually distinguish between national or international clinical guidelines (e.g.,
NICE, Clearinghouse, etc.) [17, 18]. The above-mentioned law 189/2012 also
requires that the conduct of any health professional has also to adhere to the “best
practice” that includes the guidelines as well as all the scientific information studied
at university and evidence of the literature. It is clear then that the intention of this
law was to anchor the evaluation of the “standard of care” to something objective
that is in conformity with customary practice endorsed by the responsible body of
medical opinion. However, it is realistic that in medical litigation it should be
possible for some guidelines to have greater status than others only on the basis of
the expert opinion required by the court. Thus, in order to contribute to the
provision of a framework for structured judicial decision-making physicians called
to respond for malpractice as clinicians and consultants in the legal context have to
be more prepared to justify the logical basis of their conduct/opinion in a specific
case by referring to the various clinical CPGs and documenting the reason for
deviating from them.
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