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The scope of obstetric anesthesia practice ranges far beyond the delivery of care to women

for vaginal and cesarean deliveries. Increasingly, obstetric anesthesiologists are involved in

the management of anesthetics for new procedures and for new indications. Anesthesia is

frequently needed for maternal procedures, as well as fetal procedures, and at varying

times in the intrapartum period. Maternal-specific procedures include cerclage, external

cephalic version (ECV), postpartum bilateral tubal ligation (BTL), and dilation and evacua-

tion (D and E). Fetus-specific procedures include fetoscopic laser photocoagulation and ex-

utero intrapartum treatment (EXIT). This review will not include discussion of the

anesthetic management of non-obstetric surgery during pregnancy, such as appendectomy

or cholecystectomy.

& 2014 Elsevier Inc. All rights reserved.
Cerclage

Obstetric anesthesiologists often provide anesthesia for cerc-
lage in patients with cervical insufficiency. At our institution,
cerclage is traditionally performed through a transvaginal
approach, although transabdominal cerclage may be used in
certain circumstances or at other centers around the country.
The anesthetic choices for cerclage placement include spinal,
epidural, or general anesthesia. To our knowledge, there have
been no large, randomized controlled trials comparing gen-
eral with regional anesthesia for cerclage. One small study of
37 patients compared spinal with general anesthesia for
women scheduled for elective cervical cerclage placement
during the second trimester. While systolic blood pressure
was significantly lower postoperatively in the spinal group
compared to the general group, there were no differences in
postoperative oxytocin levels, fetal loss before 20 weeks
gestation, or preterm delivery rates.1
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Spinal anesthesia is usually preferred to general anesthesia
in pregnancy for well-established maternal and fetal rea-
sons.2 In our experience, most of the women who present for
cerclage wish to avoid general anesthesia anyway. Often,
they are also concerned about drug effects on the developing
fetus, although there is no clear evidence for teratogenicity in
humans.3 Spinal anesthesia has the benefit of being relatively
easy to perform (in most patients), while providing reliable,
rapid, and dense surgical anesthesia. The operation is usually
of short duration, so an epidural catheter, which allows for
repeated dosing is not necessary. Since there are additional
risks with epidural catheter placement, including accidental
dural puncture and post-dural puncture headache, and prob-
ably an increased incidence of inadequate block, this techni-
que is only used in very specific situations or for specific
indications.
Because, at most, a T10 sensory level is necessary for

cervical anesthesia, it is reasonable to decrease the dose of
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local anesthetic compared to that used for cesarean delivery,
where a T4 level is recommended. Similar to practice for
cesarean anesthesia, most anesthesiologists add 5–20 mg of
fentanyl to the local anesthetic in order to augment the
degree of sensory blockade, which works especially well for
“visceral” stimulation from manipulation of the cervix, with-
out concern for negative effects on the mother or fetus. And,
since cerclage is typically an outpatient procedure, both the
patient and hospital benefit from a decreased stay in recov-
ery, as a lower dose of local anesthetic may recede more
rapidly. Historically, lidocaine was the short-acting drug of
choice for outpatient spinal anesthesia, but since the mid-
1990s it has been associated with transient neurologic symp-
toms (TNS), especially in patients placed in lithotomy
position.4,5

TNS can result in significant postoperative morbidity, with
pain in the buttocks or legs. Bupivacaine is generally consid-
ered a long-acting local anesthetic, but it is associated with
less risk of TNS than lidocaine and has been shown to have
similar efficacy when used in relatively low doses for cerclage
placement.6 For this reason, we utilize bupivacaine 5–10 mg
for anesthesia for cerclage.
Not only is a lower dermatomal level required for cervical

cerclage compared to cesarean delivery but also the same
dose of local anesthetic administered intrathecally to women
in the second trimester of pregnancy provides a higher
dermatomal level compared to non-pregnant women. One
study showed that the maximum number of dermatomes
blocked was greater by three levels.7 There is evidence that
this increase in spinal anesthesia level or effect occurs during
the second trimester. When divided into early second trimes-
ter (mean ¼ 13 weeks of gestation) and late second trimester
(mean ¼ 22 weeks of gestation), the same dose of spinal
bupivacaine provided a significantly higher dermatomal level
for cerclage performed in the late second trimester.8 This
phenomenon conveniently allows a lower dose of bupiva-
caine to be administered to these patients, which thereby
reduces its side effects and may also facilitate its regression.
The importance of regression time in this setting, though,
may be less important anyway since most women having
cerclage typically undergo somewhat prolonged fetal
monitoring.
Unlike women undergoing cesarean delivery at or near

term, it is uncommon for women undergoing cerclage with
low-dose spinal anesthesia to require vasopressor support.6

When cerclage is performed within the typical time frame of
12–18 weeks of gestation, the uterus tends to be small enough
that significant compression of the inferior vena cava does
not occur, making the supine, lithotomy position acceptable.
A single intravenous catheter is sufficient for access, and
standard monitors—electrocardiogram, blood pressure cuff,
and pulse oximeter—are all that are needed in routine
patients. Patients should fast for 6–8 h prior to elective
procedures, and gastric acid aspiration prophylaxis (clear oral
antacid), although not absolutely necessary, should be con-
sidered, especially if the gestational age is beyond 18–
20 weeks.
Occasionally, cervical cerclage is performed in a more

emergent setting when the cervix is dilated and the fetal
membranes are bulging. In this setting, it is important to
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prevent an increase in both intra-abdominal and intrauterine
pressure that could lead to premature rupture of membranes.
Consideration should be given to the administration of
general anesthesia because the halogenated inhalation anes-
thetics relax uterine smooth muscle, which thereby
decreases intrauterine pressure. However, general anesthesia
requires placement of an endotracheal tube, which can lead
to coughing on emergence. This can increase intrauterine
pressure, as well as cause higher rates of postoperative
nausea and vomiting, which ultimately leads to the same.
Unfortunately, there are no recent studies to support better
fetal outcomes based on the type of anesthetic in these
circumstances; because of this, the choice is left to the
anesthesiologist and patient.1 Regional anesthesia with judi-
cious administration of nitroglycerin to relax the uterus
during cervical manipulation is a common strategy at Colum-
bia University Medical Center (CUMC).
A transcervical cerclage is usually removed at 37–38 weeks

of gestation without the use of neuraxial anesthesia. Some
patients, however, are unable to tolerate the cerclage removal
without anesthesia. In our practice, we favor spinal anesthe-
sia, usually with hyperbaric bupivacaine, for patients who are
not in labor and for whom the likelihood of going into labor is
low. For those patients who are in labor or who have had
rupture of membranes and require cerclage removal, either
an epidural or combined spinal–epidural (CSE) technique is
used at the discretion of the anesthesiologist. This allows the
surgical anesthetic to regress, yet provides a means for
initiating labor analgesia without having to perform another
neuraxial procedure.
External cephalic version

Singleton breech presentation occurs in 3–4% of term preg-
nancies. It would seem inappropriate to discuss any aspect of
ECV without reference to the Term Breech Trial.9 Since the
publication of this study, obstetric opinion and practice has
maintained that breech vaginal delivery is associated with
increased risk of injury to the neonate compared to elective
cesarean delivery. Despite much harsh criticism of its meth-
odological and clinical design,10 the Term Breech Trial has
been responsible for a dramatic change in obstetric practice.
Although the American College of Obstetricians and Gynecol-
ogists (ACOG) currently recommends that ECV be offered and
performed whenever possible,11 the majority of fetuses in
breech presentations in the United States are delivered by
cesarean section.12 This is only one of several reasons for the
increase in cesarean deliveries over time, yet it highlights the
need to consider ECV as an alternative. It is well recognized
that the risk for abnormal placentation and peripartum
hemorrhage substantially increases with each additional
cesarean delivery,13,14 which is equally concerning for obste-
tricians and anesthesiologists.
If the common goal is to decrease the number of cesarean

deliveries, then the role of the obstetric anesthesiologist is to
contribute to an environment that will facilitate this
endeavor. According to several studies, factors found to be
associated with successful ECV are multiparity, posterior
location of the placenta, and a greater amount of amniotic
ncil from ClinicalKey.com by Elsevier on March 22, 2021.
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fluid.15–17 Other studies suggest that a non-engaged fetus,
lack of uterine tension, the ability to palpate the fetal head,
and lower maternal weight also increase the likelihood of
conversion to cephalic presentation.18

However, even when favorable conditions exist, one of the
most common reasons an attempt at ECV is terminated is
maternal intolerance.19 Maternal discomfort during ECV is
significant and is directly related to the difficulty of the
procedure. A failed ECV may be due to the obstetrician using
less force when patients are uncomfortable, although some
obstetricians argue that using excessive force may increase
perinatal morbidity and mortality.20 For this reason, many
people have sought to answer some important questions
about the use of anesthesia for ECV—whether neuraxial
blockade will not only decrease patient discomfort but also
improve the chance of ECV being successful, and/or whether
neuraxial blockade could actually lead to increased compli-
cation rates and worse outcomes.
Early reports of using epidural anesthesia for ECV involved

patients who had already had a failed ECV without anesthesia
who then consented to a second attempt, but this time with
epidural anesthesia. One prospective non-randomized study
of 68 patients had an overall success rate of 40%, but with two
complications [post-dural puncture headache (PDPH) and
vaginal bleeding].21 A similar study reported that in 16 of 33
women who underwent unsuccessful ECV, but then agreed to
a second ECV with epidural anesthesia, 56% were successful.22

The idea of using epidural anesthesia for ECV, however, was
(and is) not universally accepted, perhaps because there were
also reports of epidural anesthesia/analgesia not making a
difference in terms of success of ECV. One study that random-
ized 102 parturients to receive spinal analgesia (bupivacaine
2.5 mg with sufentanil 10 mg) or no anesthesia found no
difference in the overall ECV success rate.23 Of note, this dose
of local anesthetic plus opioid is analgesic, not anesthetic—a
distinction that has more recently been felt to be particularly
important to the ECV success rate.24

There have now been several studies that have concluded
that neuraxial blockade is indeed associated with a greater
chance of achieving the desired outcome, version of the fetus
to the vertex position. Weiniger et al. performed a randomized
controlled trial of 64 multiparous women who consented to
ECV with or without spinal anesthesia. They used a spinal
dose of 7.5-mg bupivacaine and found that 87% of those
patients had a successful ECV compared to only 57% of the
patients without anesthesia. They also found that the patients
with anesthesia were more comfortable during the procedure
but did experience more hypotension, which was easily
treated with ephedrine.25 Three recent meta-analyses have
all concluded that neuraxial blockade significantly improves
the success of ECV.24,26,27 It is important to note, however, that
none of these studies are blinded; the presence of anesthesia
is of course obvious to both the patient and the obstetrician.
Controversy still exists regarding which technique (spinal,

epidural, or CSE), drug, and dose will best increase ECV
success. Although the answers to these questions are not
completely understood, studies fairly consistently suggest
that analgesic doses are probably not sufficient to have much
of an effect on the success of ECV, rather, local anesthetics in
anesthetic or “near-anesthetic” doses are what can make the
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difference.24,28 Anesthetic doses are presumably more effica-
cious because they generate a degree of motor block, which
leads to maternal abdominal muscle relaxation and prevents
involuntary abdominal tensing. For this reason, the specific
neuraxial technique and medication is probably less impor-
tant than the drug dose and effect. This also explains why
regional anesthesia is beneficial even when tocolytics are
administered.26 One meta-analysis found that the number
needed to treat with anesthesia is only five and that adverse
outcomes associated with anesthesia and ECV are rare.26

An advantage that epidural anesthesia has over spinal
anesthesia is the ability to facilitate operating conditions for
emergency cesarean delivery in the event of either non-
reassuring fetal heart rate or maternal hemorrhage. This
may, therefore, obviate the need for emergent general anes-
thesia in those rare episodes of apparent fetal compromise
during the attempted version. The epidural catheter placed
during an epidural or CSE anesthetic for version can also be
used if ECV is successful in order to provide labor analgesia if
an immediate induction is to ensue. The disadvantages of
neuraxial anesthesia for ECV are complications associated
with the procedure, including hypotension, pruritus, PDPH, as
well as longer recovery and delayed hospital discharge.24

At CUMC, we currently perform ECVs in the Labor and Delivery
unit's recovery room (PACU). Since the anesthetic dose and level
of neuraxial blockade is somewhere between those used for
labor analgesia and cesarean anesthesia, there is a need for
appropriate monitoring and treatment. After obtaining IV access,
we most commonly establish anesthesia with a CSE procedure
and a spinal dose of medication; a typical spinal dose consists of
hyperbaric bupivacaine 7.5mg and fentanyl 10–15 mg. A phenyl-
ephrine infusion, which is what we utilize to treat hypotension
during cesarean deliveries, is available to treat hypotension in all
patients if it occurs. In addition, other emergency medications
and airway equipment are readily available. All patients are
monitored with an electrocardiogram, a non-invasive blood
pressure cuff, and pulse oximetry as standard monitors. If we
believe the patient is at higher than normal risk for complica-
tions or the possible need for urgent delivery, we perform the
anesthetic and ECV in the operating room.
Bilateral tubal ligation

Obstetricians and anesthesiologists alike are encouraged to
consider postpartum BTL—a common method of sterilization—
to be a necessary (even “urgent,” vide infra) procedure, and for
this reason, it is usually performed on the Labor and Delivery
unit following either vaginal or cesarean delivery. As long as a
patient underwent uncomplicated labor and delivery and is
hemodynamically stable, BTL can be performed safely very early
in the postpartum period. However, in the setting of a large
estimated blood loss, maternal fever, chorioamnionitis, or pro-
longed rupture of membranes where there is a risk of infection,
sepsis, or hemodynamic instability, it may be prudent to delay
the BTL until a time when the patient is more stable.29

While BTL done during cesarean delivery only adds a few
minutes of surgical time, a BTL done after vaginal delivery
requires transfer to an operating room from a labor room or
postpartum unit as well as initiation of anesthesia, either by
ouncil from ClinicalKey.com by Elsevier on March 22, 2021.
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converting from labor analgesia or initiating a new anesthetic in
the operating room. The postpartum uterus remains an abdomi-
nal organ, which allows the obstetrician to perform the BTL
through a small, periumbilical incision. Neuraxial anesthesia is
usually preferred over general anesthesia in parturients, and
since women who are newly postpartum are still “physiologi-
cally pregnant,” both epidural and spinal anesthesia are best
used for this type of postpartum BTL.30 Unlike open BTL,
laparoscopic BTL is usually performed at least 6 weeks post-
partum when the physiologic changes of pregnancy have
resolved. Likemost laparoscopic procedures in the United States,
these procedures are generally done under general anesthesia.
Because most of the physiologic changes of pregnancy are

still present during the immediate postpartum period, patients
undergoing BTL are probably at somewhat increased risk of
regurgitation and aspiration of gastric contents. According to
the American Society of Anesthesiologists (ASA) Practice Guide-
lines for Obstetric Anesthesia,30 these patients should not have
anything to eat or drink for 6–8 h prior to the procedure; at the
same time, gastric acid prophylaxis should be considered
before the administration of anesthesia. When deciding on
the timing of postpartum BTL, which is a completely elective
procedure, it is important to remember that considerationmust
be given to additional aspects of patient care on a busy Labor
and Delivery unit so as not to compromise the safety of other
patients, while keeping in mind the recent ACOG Committee
opinion that suggests regarding these procedures as “urgent.”31

The use of epidural anesthesia is usually most appropriate
in postpartum patients with an indwelling epidural catheter
initially placed for labor analgesia. A T4 level is needed to
block the visceral pain associated with exposure and manip-
ulation of the fallopian tubes,32 which in theory, can be
achieved by dosing the epidural catheter with a local anes-
thetic that will provide operating conditions. At our institution,
where resident physicians uniformly perform or participate in
the procedure, we generally dose for BTL with 2% lidocaine,
although even shorter-acting 3% chloroprocaine will provide
an adequate depth of anesthesia and likely an appropriate
duration of action in a non-academic setting. Moreover, 0.5%
bupivacaine will also provide surgical anesthesia but has a
slower onset as well as a longer duration of action than either
lidocaine or 3% chloroprocaine. The addition of fentanyl to any
epidural or spinal anesthetic is probably warranted for intra-
abdominal surgery since the opioid does tend to diminish
“visceral” discomfort. Modest amounts of an intravenous
sedative, such as midazolam, can also be given for anxiolysis.
At some institutions, epidural catheters are routinely left in

place for postpartum BTL, even when the plan is to reactivate
the catheter the following day. However, the longer the post-
delivery interval, the higher the chance the labor epidural will
fail for intraoperative anesthesia.30 At our institution, the
majority of laboring patients request an epidural catheter for
labor analgesia, and most of our anesthesiologists will at
least attempt to dose them for BTL, but only if within an hour
or two of delivery. While most epidural catheters do work for
BTL, the time from placement to postpartum BTL is impor-
tant. One study reported an overall 74% success when using
in situ labor epidurals for postpartum BTL anesthesia, with
the success highest if BTL occurred within 4 h of delivery.33

Others have reported higher overall success rates (87–92%)
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but with similar reliance on shorter delivery to BTL
intervals.34,35

Spinal anesthesia usually provides the fastest and
most reliable surgical conditions, which is why it is most
often chosen for cerclage placement as well. It is simpler to
perform than epidural anesthesia, has a much more
rapid onset, and provides both a denser sensory and motor
block. The fact that spinal anesthesia results in a denser block
is especially important during intra-abdominal surgery where
there can be discomfort from manipulation of tissue and
viscera even when an anesthetic block has been achieved.
Although postpartum BTL is performed through a small

incision and is relatively non-invasive, at least compared with
cesarean delivery, patients often appear uncomfortable with
skin testing despite the presence of an easily placed spinal
anesthetic and an adequate level to pinprick.36 For this reason,
postpartum BTL can actually present the obstetric anesthesi-
ologist with a challenge. Studies have shown that local anes-
thetic requirements are decreased during pregnancy. The
decreased requirement for local anesthetic in the neuraxis of
pregnant patients is a long-accepted phenomenon, which can
be explained by increased sensitivity of nerves to local anes-
thetics, in combination with compression of the inferior vena
cava (IVC) and re-direction of blood flow through the azygous
venous system that results in a decrease in cerebrospinal fluid
and epidural space volume, as well as anatomically higher
spread of local anesthetic in the spinal fluid or epidural
space.37,38 While many of the physiologic changes of pregnancy
do not resolve for several weeks postpartum, it is possible that
the sensitivity to local anesthetic may resolve within hours of
delivery. In fact, BTL patients seem to require higher doses of
local anesthetic than needed for cesarean section.
It is not entirely clear why women undergoing BTL in the

immediate postpartum period require more local anesthetic to
achieve the same level of anesthesia compared to pregnant
women undergoing cesarean delivery.39 Because delivery of the
fetus dramatically reduces the size of the uterus, thereby
minimizing compression of the IVC, the cerebrospinal volume
may return to normal rather quickly.40 In one study, Aboule-
ish40 found that women needed 30% more bupivacaine 8–24 h
postpartum to achieve the same dermatomal level compared
to pregnant patients. There has also been some suggestion that
a decrease in progesterone levels plays a role in how much
local anesthetic is needed to perform postpartum BTL.41 Most
of the studies suggest that local anesthetic requirements return
to pre-pregnancy levels by 36–48 h after delivery.41 In our
practice, we often see that these patients have a dense motor
block after 12 mg of hyperbaric bupivacaine (a traditional dose
for cesarean delivery), yet they have pain with application of an
Allis clamp at the level of the umbilicus. What is interesting,
though, is that if the obstetrician gives local anesthetic to the
skin, the patient has no discomfort during exposure and
manipulation of the fallopian tubes. Why there is sometimes
this noticeable “skin sparing” is an unanswered question.
Dilation and evacuation

One of the more complicated situations that obstetric anes-
thesiologists face on the Labor and Delivery unit is
ncil from ClinicalKey.com by Elsevier on March 22, 2021.
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management of patients with intrauterine fetal death or
inevitable abortion during the late second trimester. In
1977, Grimes et al.42 published data to support that dilation
and evacuation (D and E) is superior to saline instillation. As
recently as 2011, Bryant et al.43 showed that D and E is
significantly safer and more effective than labor induction for
second-trimester abortion for fetal indications.
At our institution, women in the mid-trimester who expe-

rience complications such as significant bleeding, chorioam-
nionitis, coagulopathy, or any degree of hemodynamic
instability immediately undergo D and E on the Labor and
Delivery unit, which is separated from the main operating
rooms by several city blocks. This is done so as not to put
patients at risk of clinically significant deterioration during
transport. What often makes these situations so complicated,
especially since they are emergent, is the highly charged
emotional component that accompanies D and E, as well as
the potential for life-threatening maternal conditions, such
as hemorrhage or sepsis, to develop.
For many women who undergo D and E, it is in the context of

a highly desired pregnancy, and because of this, many patients,
at least in our practice, request general anesthesia. The idea of
being awake at all is a source of fear and anxiety in an already
distressing situation. With this in mind, and so long as the
patient has a favorable airway, general anesthesia is a reasonable
and safe choice for D and E. Since hemodynamically significant
hemorrhage is a well-known complication of the procedure, it
can be useful to have the benefit of a protected airway, along
with control of oxygenation and ventilation, as well as the depth
of anesthesia. With general anesthesia, however, there is also the
possibility of uterine atony to consider, as volatile anesthetics
cause relaxation of uterine smooth muscle. In practice, smaller
doses of volatile agent (0.5 MAC or less) and the addition of
nitrous oxide to the anesthetic make clinically significant uterine
smooth muscle relaxation of less concern.
If, on the other hand, the patient has an unfavorable airway

or strongly desires avoiding general anesthesia, a neuraxial
technique is appropriate, assuming that there are no contra-
indications such as sepsis, coagulopathy, or massive hemor-
rhage. In some cases, for example in a patient who meets
fasting guidelines, a neuraxial technique with intravenous
sedation is also acceptable. If the cervix is already dilated, it is
also possible to have the obstetrician perform a paracervical
block and to administer intravenous sedation. Because there
is no risk to the fetus in these cases, there is little downside to
titrating intravenous sedatives/anxiolytics to the desired
effect. Whatever the choice for anesthetic management, it
is important to establish good intravenous access and have
both uterotonic agents and cross-matched blood readily
available should they become necessary.
Laser ablation procedures

As complex intrapartum procedures aimed at treating fetal
disorders become progressively more widespread, the need for
anesthetic management follows. Fetoscopic laser photocoagu-
lation for monochorionic multiple gestation pregnancies
complicated by twin–twin transfusion syndrome (TTTS) and
radio-frequency umbilical cord ablation for management of
Downloaded for Anonymous User (n/a) at Stockholm County C
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twin reversed arterial perfusion (TRAP), for example, are
considered by most experts to be the best treatment strat-
egies.44 In 2004, the Eurofetus trial established the superiority
of laser therapy over amnioreduction.45 More recently, Baud
et al.46 published data to support the use of laser therapy for
TTTS at o17 or 426 weeks of gestation, which may also
increase the number of pregnant patients who require anes-
thesia care in the intrapartum period. Therefore, at large
academic centers like ours, where high-risk patients are
referred and managed, it is clear that anesthetic care is no
longer limited to pregnant women who present in labor or for
cesarean delivery.
Because laser photocoagulation is usually performed using

an endoscope passed through the abdominal wall and into
the uterus, we believe dense anesthesia is ideal. Neuraxial
anesthesia is a way to achieve this goal and, at the same
time, precludes the need for general anesthesia, which is
really unnecessary since laparotomy is no longer used to
access the uterus in these cases. Moreover, the complications
associated with the use of general anesthesia in pregnant
patients are avoided, including difficulty securing the airway
and relaxation of uterine smooth muscle relaxation when
volatile agents are used. Cooley et al.,47 however, report
successful fetoscopic laser coagulation using local anesthe-
sia; of note, all study participants received fairly aggressive
premedication with oral diazepam 10 mg, rectal diclofenac
100 mg, and intramuscular pethidine 75–100 mg.
Ex-utero intrapartum treatment (EXIT)

Perhaps even more challenging in terms of anesthetic man-
agement for fetal indications is the ex-utero intrapartum
treatment (EXIT) procedure. The EXIT procedure is used in
order to secure a fetal airway while gas exchange continues
via the placenta. This prevents neonatal asphyxia when
severe airway anomalies, such as cystic hygromas, lymphan-
giomas, cervical teratomas, or congenital syndromes are
diagnosed antenatally and are thought to obscure normal
airway landmarks and/or compromise respiratory function.
The number of indications for the EXIT procedure is increas-
ing, creating yet another increase in the number of pregnant
patients who will require anesthesia care outside of the realm
of labor and delivery. Current indications for the EXIT
procedure include lung or mediastinal tumors, congenital
high airway obstruction syndrome, and EXIT to extracorpor-
eal membrane oxygenation (ECMO).48 Like few other proce-
dures performed during the intrapartum period, it requires
careful coordination of care among multiple specialties,
including obstetrics, maternal–fetal medicine, obstetric and
pediatric anesthesiology, neonatology, and pediatric surgery
well in advance of the expected delivery date.
As is the case with delivery of all anesthetics performed

during pregnancy, maternal as well as fetal well-being must
be considered. The most dramatic difference in terms of
anesthetic goals during EXIT compared to almost all other
obstetric anesthetics given for delivery is the need for
profound uterine relaxation, which is otherwise usually
avoided because of the risk of atony and maternal blood
loss.49 Historically, EXIT was described using general
ouncil from ClinicalKey.com by Elsevier on March 22, 2021.
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anesthesia with high end-tidal concentrations of volatile
anesthetic agents, which if not treated with vasopressor
support would result in hypotension and insufficient utero-
placental blood flow. Alternatively, EXIT procedures can be
performed using neuraxial anesthesia with intravenous
nitroglycerin to achieve uterine relaxation.50,51 Nitroglycerin
is easily titrated to effect with boluses of 50–100 mg plus a
continuous infusion of 15–20 mg/kg/min.52 The advantage of
using nitroglycerin is that the usual risks of general anes-
thesia in parturients are avoided; the disadvantage is that the
fetus will require more analgesia and possible paralysis
which can be accomplished with intramuscular medications.
Other tocolytic agents may play a role in the EXIT procedure if
necessary, such as β-adrenergic agonists, magnesium, and
indomethacin.52 More recently, there have been reports of
different combinations of anesthetic agents used for the EXIT
procedure, including propofol and remifentanil infusions,
which allows for a lower dose of inhalation agent53 as well
as combined spinal–epidural anesthesia with remifentanil
and nitroglycerin infusions.54 There are many possible suc-
cessful strategies to use in this regard, but they must adhere
to the same principles and goals.
After adequate uterine relaxation has been achieved, and

uterine incision made, a stapling device is used to prevent
bleeding at the uterine incision edges. The fetal head and
shoulders are delivered, and the fetus is monitored with a pulse
oximeter on the hand. To maintain uterine volume, warmed
fluids are infused, which helps to preserve uteroplacental blood
flow. The umbilical cord is not cut until the airway is secured or
the surgical procedure is complete, which can vary from a few
minutes to several hours. At this point, the uterus needs to
contract, so oxytocin (and often other uterotonics) is adminis-
tered, and either nitroglycerin or volatile agent is discontinued.55

These goals of the EXIT procedure are not simple to
accomplish. Providing profound uterine relaxation and avoid-
ing placental separation but still maintaining hemostasis and
normal maternal blood pressure is challenging. If general
anesthesia is chosen, a common approach is to perform a
rapid sequence induction and intubation followed by the use
of desflurane. Desflurane has the most rapid recovery profile
of the volatile anesthetics and is therefore useful when
uterine relaxation needs to be reversed after delivery and
neonatal airway management is complete. The amount of
desflurane (or other volatile anesthetic) is increased to 2–3
MAC (much higher than concentrations used for almost any
other surgical procedure, in obstetrics or elsewhere), and if
necessary, nitroglycerin can be added as well.48 This often
necessitates the use of a vasopressor (phenylephrine or
norepinephrine) to maintain maternal blood pressure and
uterine perfusion pressure. If a neuraxial anesthetic is used, a
CSE procedure allows for further titration of epidural medi-
cation should the procedure take longer than the time a
spinal alone allows. A phenylephrine infusion is frequently
used to increase systemic vascular resistance that is other-
wise decreased with a spinal anesthetic. Large-bore intra-
venous access and an arterial catheter are recommended for
volume resuscitation and blood pressure monitoring, respec-
tively. Prior to beginning the procedure, cross-matched blood
as well as uterotonic agents (methylergonovine and prosta-
glandins) should be available.49
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For the parturient, the main risks of the EXIT procedure
include bleeding, the need for blood transfusion, hypoten-
sion, and possible hysterectomy if irreversible uterine
atony occurs.48 There are numerous published case reports
and case series of successful EXIT procedures done with
good maternal and fetal outcomes. One early retrospective
chart review of 31 women reported two cases of maternal
complications—one with bleeding at the hysterotomy site
and one with dehiscence of the old hysterotomy scar at a
subsequent cesarean section. In the same chart review, they
found the average maternal blood loss to be 850 mL.56

There are reports, however, of massive hemorrhage, some
resulting in early termination of the procedure.57

When fetal viability depends on compromising maternal
safety in this way, these cases present complex ethical
situations.
Regardless of the procedure—maternal or fetal—it is clear

that modern obstetric anesthesia, particularly at high-risk
centers, extends well beyond care to women for vaginal and
cesarean deliveries. While management of labor analgesia
and anesthesia for cesarean delivery, of course, continues to
represent the majority of care given by anesthesiologists on
most Labor and Delivery units, there exists a wide spectrum
of procedures that could not be performed without an
anesthesiologist present. The need for anesthesia care
throughout the intrapartum period makes for an interesting
practice and rewarding collaboration with our obstetric col-
leagues. As many of these types of procedures continue to
advance, it will no doubt be exciting for obstetric anesthesi-
ologists to remain involved in the care of parturients with
non-routine or complicated pregnancies.
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