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and novel research from the published literature in

obstetric anesthesia, obstetric practice, and maternal
and perinatal health for the calendar year 2013. These top-
ics were recently addressed in the “What’s New in Obstetric
Anesthesia” lecture presented at the 46th Annual Society of
Obstetric Anesthesia & Perinatology Meeting in Toronto,
Ontario, Canada. This lectureship, which began in 1975, was
renamed in 1995 in honor of Dr. Gerald Ostheimer, a mas-
ter clinician and researcher in the field. Articles were cho-
sen based on their potential to impact future practice and
investigation, to highlight obstetric anesthesiologists’ role as
peridelivery physicians, and to improve multidisciplinary
coordination of care. The review begins with an assessment
of the major threats to maternal and fetal safety and well-
being, and the anesthesiologist’s role in mitigating them.
Current concepts in labor analgesia and intra- and postopera-
tive cesarean delivery anesthesia/analgesia are explored. An
annotated bibliography is included as Supplemental Digital
Content (http:/ /links.lww.com/AA /B86).

The aim of this review is to synthesize key concepts

MATERNAL OUTCOMES

Historically, the U.K. Centre for Maternal and Child
Enquiries provided in-depth analyses of maternal deaths
from nationally maintained, clinically detailed databases.
Using similar methodology, in 2013 a multidisciplinary
group of perinatal experts published their analysis of 660
maternal deaths in France, occurring between the years
1998 and 2007.! Despite an increase in risk factors, such
as advanced maternal age, obesity, and cesarean delivery,
the reported maternal mortality ratio was stable over the
time period, at 8 per 100,000 live births. The “direct” (i.e.,
pregnancy-related) causes of death were similar to those
in the United Kingdom and United States and included
hemorrhage (18%), hypertensive disorders of pregnancy
(10%), amniotic fluid embolus and thromboembolism (each
10%-12%), early pregnancy death (5.1%), and sepsis (3.0%).
Anesthesia-related deaths accounted for 1.8% of the “direct”
deaths. Cardiovascular disease was the primary “indirect”
cause of maternal death. Over half of the maternal deaths
were judged to be potentially avoidable, often due to delay
in or inadequate care delivered by obstetric and anesthesia
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providers. This deficiency was previously reported in sev-
eral other high-income countries.?

In the United States, investigation of severe maternal mor-
bidity and mortality is increasingly accomplished through
analyses of large administrative datasets, particularly in the
case of rare events.”® Using the Medicaid Analytic eXtract
dataset (years 2000 to 2007) and a cross validation technique,
Bateman et al” devised a simple measure to summarize the
burden of illness in the obstetric population. This obstetric risk
score, which performed better in the obstetric population than
previously developed non-obstetric indices, has applications
in epidemiologic, health services and comparative effective-
ness research. The odds of maternal end-organ injury or death
increased for each point increase in the comorbidity risk score
(odds ratio [OR], 1.37; 95% confidence interval [CI], 1.35-1.39).

Obstetric Hemorrhage
Obstetric hemorrhage is the primary cause of maternal death
worldwide. A 2013 retrospective review of the Nationwide
Inpatient Sample, the largest U.S. inpatient health care
utilization dataset representing approximately 20% of all
delivery admissions, reported a doubling of the postpartum
hemorrhage (PPH) rate (from 1.9 per 1000 deliveries in 1999
to 4.2 per 1000 deliveries in 2008, P value for yearly trend <
0. 0001), with increases in both severe atonic and nonatonic
hemorrhage.!” Many of the expected risk factors were pres-
ent in the affected patients, including advanced maternal
age (adjusted OR [aOR], 1.5; 95% CI, 1.5-1.6), multiple preg-
nancy (aOR, 2.8; 95% CI, 2.6-3.0), uterine fibroids (aOR, 2.0;
95% CI, 1.8-2.2), preeclampsia (aOR, 3.1; 95% CI, 2.9-3.3),
chorioamnionitis (aOR, 2.9; 95% ClI, 2.5-3.4), placenta previa
or abruption (aOR, 7.0; 95% CI, 6.6-7.3), cervical laceration
(aOR, 94.0; 95% CI, 87.3-101.2), uterine rupture (aOR, 11.6;
95% CI, 9.7-13.8), instrumented vaginal delivery (aOR, 1.5;
95% CI, 1.4-1.6), and cesarean delivery (aOR, 1.4; 95% CI,
1.3-1.5). However, changes in these risk factors explained
only 5.6% of the PPH increase. This administrative dataset
lacked the clinical detail necessary to explore other poten-
tially relevant changes in maternal status (e.g., obesity) and
obstetric practice (e.g., induction or augmentation of labor).
To address the hazards of PPH, obstetric hemorrhage treat-
ment protocols have been developed by multidisciplinary
teams around the world. The “New WHO Recommendations
on Prevention and Treatment of Postpartum Hemorrhage”
were released, outlining the strategic approach in low-income
countries."! Uterotonic drugs, ideally oxytocin, should be
used during the third stage of labor, and for intractable PPH.
Temporizing measures, including bimanual uterine compres-
sion, nonpneumatic antishock garments, and external aortic
compression, are indicated until further care is available." The
European Society of Anaesthesiology’s expert “Guidelines
for the Management of Severe Perioperative Bleeding” in
obstetric hemorrhage emphasizess the importance of initiat-
ing uterotonic therapy, but progressing to mechanical uterine
preservation maneuvers (i.e., B-Lynch or compression sutures
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or interventional radiologic techniques), with escalation to
hysterectomy, if needed and feasible.'? The guidelines stressed
the use of plasma fibrinogen concentration to predict impend-
ing PPH, specifically serum values <2.9 g/L in the setting of a
platelet count of 100 x 10° ™" or less at labor onset, or <2 g/Lin
a parturient with bleeding, and multidisciplinary planning for
known cases of placenta accreta. Data are lacking to guide spe-
cific transfusion triggers or hemoglobin concentration targets
for acute resuscitation during PPH. However, these experts
recommended balanced replacement with red blood cells,
fresh frozen plasma, platelet concentrates, and cryoprecipitate,
noting that baseline serum fibrinogen concentrations in preg-
nancy are higher than in the nonpregnant state. Tranexamic
acid use should be considered (e.g., for obstetric bleeding,
to reduce the duration of bleeding and transfusion needs),
although small studies have been unable to assess throm-
botic complications and mortality."”® The ongoing international
WOMAN (World Maternal Antifibrinolytic) double-blind ran-
domized control trial (RCT) of tranexamic acid administration
early in PPH, and its effect on reducing maternal mortality,
hysterectomy, and other negative outcomes, will provide more
definitive guidance in the future.!* Finally, the successful use
of cell salvage techniques was reflected in the guidelines and
other 2013 reports, although a single case of hemodynamic col-
lapse in a critically ill patient was described.!>1516

A hemorrhage management checklist was among the 12
surgical-crisis checklists that Arriaga et al.” hypothesized
would significantly improve adherence to best practices in
crisis situations. Key steps in this checklist were requests for
help, resuscitation with IV fluids, blood bank notification
within 5 minutes of unexpected significant blood loss, and
further resuscitation with blood products within the next
5 minutes. Chest compressions should be initiated within
1 minute of onset of ventricular fibrillation. In their RCT of
simulated crises with 17 multidisciplinary operating room
teams at 3 institutions, these investigators found that using
the hemorrhage and other checklists protected against failure
to adhere to critical steps (adjusted relative risk [aRR], 0.28;
95% CI, 0.18-0.42; P < 0.001). Ninety-seven percent of partici-
pants reported that they desired checklists in real-life events.

Hypertensive Disorders of Pregnancy/
Preeclampsia

Hypertensive disorders of pregnancy were a promi-
nent topic in 2013, featured in high-quality publications
in >20 journals. The American College of Obstetricians
and Gynecologists (ACOG) Task Force on Hypertension
in Pregnancy published a critical review of the literature.
Despite productive research in the field, there are still no
clinically applicable tests that can be used early in preg-
nancy to reliably predict the impending development of
preeclampsia.’® Given the 25% increase in preeclampsia
over the past 2 decades, with its associated considerable
morbidity and mortality, the 2002 definition of preeclampsia
was modified to promote early recognition and more stan-
dardized management of the disease (Table 1)." Proteinuria
was removed as an absolute requirement to avoid delay in
preeclampsia diagnosis. The term “mild preeclampsia” was
replaced with “preeclampsia without severe features” to
reflect the dynamic nature of the disease.

A high level of oversight and available resources to treat
these mothers and their developing fetuses was deemed
imperative. Serial maternal and fetal testing was recom-
mended for women with gestational hypertension or
preeclampsia without severe features. Delivery at 37 0/7
weeks’ gestational age was recommended for women with
preeclampsia without severe features. In stable patients
with severe preeclampsia at <34 0/7 weeks’ gestational
age, pregnancy should be continued “only at facilities with
adequate maternal and neonatal intensive care resources.”

The active ante-, intra- and postpartum management
of severe hypertension (i.e., blood pressure 2160/110 mm
Hg) was strongly advocated by the ACOG Task Force, as
substandard treatment of high maternal blood pressure in
patients with hypertensive disorders of pregnancy has been
implicated in many of the 14% of maternal deaths related
to stroke.? A 2013 Cochrane meta-analysis concluded that
there is no superior antihypertensive drug; therefore, medi-
cation choice should be based on the clinician’s familiarity
and experience.?!’ Nimodipine, diazoxide, ketanserin and
magnesium sulfate (as an antihypertensive agent) are best

Table 1. Diagnostic Criteria for Preeclampsia

High blood pressure® and
e 2140 mm Hg systolic or 290 mm Hg diastolic on 2 occasions

at least 4 hours apart after 20 weeks’ gestational age if

previously normal blood pressure
e >160 mm Hg systolic or 2110 mm Hg diastolic, confirmed

within a short interval

Proteinuria

>300 mg per 24-hour urine collection (or equivalent from a timed
collection) or

|| Protein/creatinine ratio >0.3 (mg/dL) or

Dipstick reading of 1+ (only if other quantitative methods unavailable)

or New onset of any of the following severe features:
New onset high blood pressure? and Thrombocytopenia
e 2140 mm Hg systolic or 290 mm Hg diastolic on 2 occasions e Platelet count <100,000/uL

at least 4 hours apart after 20 weeks’ gestational age Renal insufficiency

e 2160 mm Hg systolic or 2110 mm Hg diastolic, confirmed .
within a short interval *

Serum creatinine >1.1 mg/dL or

Doubling serum creatinine concentration in the absence of other renal

disease

Impaired liver function

« Doubling normal blood concentrations of liver transaminases and/or

* Severe persistent right upper quadrant or epigastric pain unresponsive
to medication and not due to an alternative diagnosis

Pulmonary edema

Cerebral or visual symptoms

2Severe features of preeclampsia are defined as having any =160 mm Hg systolic or =110 mm Hg diastolic or any of the other findings listed.
Source: American College of Obstetricians and Gynecologists Task Force on Hypertension.*®
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What's New in Obstetric Anesthesia: 2014 Ostheimer Lecture

avoided. In an acute hypertensive emergency, oral nife-
dipine achieved target blood pressure more quickly than
IV labetalol or placebo (median interquartile range [IQR],
40 minutes [20-60] vs 60 minutes [40-85]; P = 0.008), with-
out clinically significant overshoot hypotension, in a small
RCT of 60 pregnant women.”? Guidance for the obstetric
anesthesiologist on how to safely minimize maternal hemo-
dynamic changes during induction of general anesthesia
in preeclamptic patients was provided by Yoo et al.”® These
investigators determined that remifentanil (EDy; =1.34 pg/
kg) attenuated the blood pressure and heart rate response
to tracheal intubation in patients with severe preeclamp-
sia who were induced using 5 mg/kg of thiopental and 1.5
mg/kg of succinylcholine. Side effects included transient,
self-limited fetal respiratory depression.

The timing of preeclampsia onset was found to be cor-
related with the degree of maternal and fetal morbidity.
Early-onset preeclampsia (<34 0/7 weeks’ gestational age)
was associated with a substantially increased risk of peri-
natal death or severe neonatal morbidity (aOR, 16.4; 95%
CI, 14.5-18.6) and was more strongly associated with risk
factors such as chronic hypertension and African race com-
pared with later-onset disease (aOR, 2.0; 95% CI, 1.8-2.3).%¢
The maternal morbidity associated with hypertensive dis-
orders of pregnancy is more generalized than previously
thought. All pregnancy-related hypertension, including ges-
tational hypertension, was associated with increased risk for
future maternal cardiovascular and renal disease, ischemic
stroke, and fatal myocardial infarctions in a population-
based cohort study of >10,000 women with an average of 39
years of follow-up.” This study controlled for prepregnancy
risk factors (e.g., obesity and smoking), but not for the effect
of antihypertensive therapy or postpartum risk factors.

Maternal Sepsis

Bauer et al.* studied maternal sepsis (occurring in 1 per
3333 deliveries) and found that the odds of acquiring the
severe form with acute organ dysfunction, hypotension,
or hypoperfusion (occurring in 1 per 10,823 deliveries) and
sepsis-related death (occurring in 1 per 105,263 deliveries)
increased by 10% per year in the United States from 1998
to 2008. This analysis of Nationwide Inpatient Sample data
revealed that common infections and microorganisms are
responsible for maternal sepsis; pneumonia and genitouri-
nary infections each comprised 30%, and uterine infections,
another 25%. The most common pathogens were Escherichia
coli (27%), Staphylococcal (22%), and Streptococcal (20%) bac-
teria. Although risk factors for severe sepsis were identified,
including advanced maternal age, African race, Medicaid
insurance, retained products of conception, premature rup-
ture of membranes, multiple gestations, congestive heart
failure, systemic lupus erythematosus, and chronic renal or
liver disease, none had a population attributable risk frac-
tion of >6%. Thus, the onus is on the obstetric care provid-
ers to be vigilant and proactive in diagnosing impending
sepsis in patients who may otherwise appear to have a more
benign disease course.

Anesthesia-Related Morbidity and Mortality

Anesthesia-related maternal mortality has continued to
decrease, in part due to the pervasive and successful use

XXX 2015 e Volume XXX ¢ Number XXX

of neuraxial anesthesia.”” Failed tracheal intubation in
an obstetric general anesthetic is typically defined as the
inability to achieve intubation during a rapid sequence
induction, requiring a failed intubation drill. Recent
data confirm an event rate of 1 failed intubation per 244
successful intubations in obstetrics, which is approxi-
mately 10 times that in the general surgical population.?
Fortunately, in this series of failed and successful general
anesthetics in United Kingdom between 2008 and 2010,
there were no maternal deaths. The classic laryngeal mask
airway was successfully used as a rescue device in the
majority (68%) of the intubation failure cases. One of the
failed intubation patients required a surgical airway, and
4 had pulmonary aspiration of gastric contents, all with
good clinical outcomes. The risk of intubation failure was
increased when a junior anesthetist was caring for the
patient without a senior consultant present (OR, 2.42; 95%
CI, 1.06-5.52, P = 0.036) and in patients with advanced
maternal age (OR, 1.07; 95% CI, 1.01-1.14, P = 0.01). In
addition, there was a 7% increase in the risk of failed intu-
bation for each 1 kg/m? increase in the patient’s body
mass index (BMI) (kg/m?).

Postpartum respiratory compromise, particularly in
obese patients, is an important cause of anesthesia-related
maternal mortality® that was investigated in a retrospective
review of 5036 cesarean deliveries.** The mean BMI was 34
kg/m?, and the BMI was >40 kg/m? in 17% of the study
cohort. It is reassuring that the standard, post-cesarean
delivery multimodal pain regimen of spinal or epidural
morphine with oral oxycodone or nonsteroidal anti-inflam-
matory medications (NSAIDS) for breakthrough pain was
not associated with respiratory depression requiring nalox-
one therapy or rapid response team intervention. However,
minor oxygen desaturations and other measures of respira-
tory compromise were not recorded.

When maternal cardiac arrest occurs and resuscitation
does not return spontaneous circulation by 5 minutes,
perimortem cesarean delivery is indicated to improve
maternal and fetal outcome.® If the arrest occurs in the
labor room, then it is plausible that transferring the
patient to the operating room might be beneficial (e.g.,
to maximize sterility and optimize lighting and access to
supplies). To analyze this rare and critical event, Lipman
et al.®> measured the effect of simulated patient transfer
from the labor to operating room on the efficacy of chest
compressions. The percentage of correctly delivered com-
pressions (i.e., those with sufficient depth, correct sternal
hand placement, and without release/leaning) was sig-
nificantly degraded when the patient was moved from the
labor room to the operating room, even after arrival in the
operating room (median [IQR] correct compressions, 32%
[10-63] for the transport group versus 93% [58-100] for the
stationary group; P = 0.002). Interruptions in resuscitation
efforts were observed in virtually all (92%) of the trans-
port group and only 7% of the stationary group (P < 0.001)
drills. Tidal volume was also compromised in the trans-
port group compared with the stationary group (median
[IQR], 270 mL [166-430] vs 390 mL [232-513]; P = 0.03). As
chest compressions are critical to successful resuscitation,®
these results provide compelling support for performing
cesarean delivery at the site of the arrest.
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Fetal Outcomes

Several studies in 2013 provided insight into potential
threats to fetal well-being and the role obstetric and anes-
thetic care providers play to ameliorate them.

Preterm Labor and Delivery

Recognizing that preterm birth is a leading cause of death
in children under 5 years old,® several collaborative inter-
national initiatives set ambitious goals for decreasing the
preterm birth rate.* In their analysis of 39 United Nations
countries with high achievement in health, education, and
economic standards, Chang et al.® concluded that non-
medically indicated cesarean delivery and induction of
labor accounted for approximately 50% of the increase in
these countries (20% in the United States). Compared to
their European counterparts, the United States had a higher
preterm birth rate and a smaller fraction of identifiable and
modifiable causes. The authors estimated a 5% average
decrease in the preterm birth rate per country was realistic,
falling short of the overall 50% reduction by 2025 targeted by
the March of Dimes in their “Born Too Soon” goal. Although
resulting in only 58,000 fewer preterm births per year, this
5% estimated reduction would generate an annual savings
of $3 billion U.S. dollars. In a study of 1.6 million births in
Sweden, obese parturients were identified as being at par-
ticular risk for extremely preterm birth (2227 weeks’ gesta-
tional age).* Compared to women with normal BMI (18.5 to
<25kg/m?), overweight (BMI > 25 kg /m?), and grade 4 obese
(BMI = 40 kg/m?), pregnant women had an increased odds
of delivering extremely preterm neonates (aOR, 1.26; 95%
CI, 1.15-1.37 and aOR, 2.99; 95% CI, 2.28-3.92, respectively).

Some controversies surrounding the optimal manage-
ment of pregnant women with preterm labor or preterm
birth were resolved in 2013. Although a short course of
tocolytic therapy with beta-agonists or oxytocin antago-
nists transiently prolongs pregnancy,”* the Assessment of
Perinatal Outcome after Sustained Tocolysis in Early Labour
(APOSTEL)-II RCT of 400 women demonstrated no addi-
tional benefit of maintenance tocolysis with oral nifedipine
compared to placebo in reducing a composite measure of
chronic lung disease, neonatal sepsis, severe intraventricu-
lar hemorrhage, periventricular leukomalacia >grade 1,
necrotizing enterocolitis, or perinatal death relative risk
[RR], 0.87; 95% CI, 0.53-1.45; and risk difference, 1.8%; 95%
CI, —4.7% to 8.3%).” In contrast, a repeat course of mater-
nal steroid administration after 7 days in women with pre-
term labor who remain pregnant was shown to significantly
decrease respiratory distress syndrome (aRR, 0.83; 95% CI,
0.75-0.91) and a composite of serious fetal morbidity (death,
severe respiratory distress syndrome, and intraventricular
hemorrhage) (aRR, 0.84; 95% CI, 0.75-0.94) in fetuses <34
weeks.* There is also incremental value in receiving a par-
tial course of therapy if a full course is not feasible. A repeat
course is not, however, recommended for women with pre-
mature, preterm rupture of membranes,*! and the preferred
choice of corticosteroid remains unknown.*?

Conclusive data have been lacking to guide oxygen ther-
apy for extremely preterm newborns given the benefits (e.g.,
less periodic apnea and severe neonatal morbidity) and risks
(e.g., retinopathy of prematurity and bronchopulmonary
dysplasia) of exposure to high concentrations of inspired

4 www.anesthesia-analgesia.org

oxygen.” The international Benefits of Oxygen Saturation
Targeting (BOOST) II collaborative of 3 trials in 54 hospi-
tals randomized 2448 preterm babies (2228 weeks’ gesta-
tional age) to either low-target oxygen saturation of 85% to
89% or high-target oxygen saturation of 91% to 95%.* The
study was terminated prematurely after an interim analysis
revealed an alarming increase in fetal death in the low-target
oxygen saturation group (23.1% vs 15.9%; aRR, 1.45; 95% CI,
1.15-1.84; P = 0.002). In their accompanying editorial, Polin
and Bateman®® commended this rigorous investigation but
highlighted that the significant between-group difference in
mortality was found after a revision of the oxygen saturation
calibration algorithm at 2 sites. While awaiting the results
of a planned meta-analysis of these and other relevant tri-
als, they espoused targeting an oxygen saturation target
between 90% and 95% in these very preterm infants.

The American College of Obstetricians and Gynecologists
has concluded that a nonmedically indicated delivery at < 39
0/7 weeks’ gestational age are not appropriate.* Deliveries at
370/7 to 38 6/7 weeks’ gestational age that were previously
indicated, because of suspected macrosomia, documented
fetal lung maturity, or well-controlled gestational diabetes,
are no longer justifiable. By way of explanation, they have
cited a higher risk of adverse neonatal outcome (composite
of adverse respiratory outcomes, newborn sepsis, seizures, or
necrotizing enterocolitis) for neonates delivered at 37 0/7 to
6/7 weeks’ or 38 0/7 to 6/7 weeks’ gestational age (aOR, 1.5;
95% CI, 1.3-1.7 and aOR, 2.1; 95% CI, 1.7-2.5, respectively; P
value for trend <0.001) compared to those that delivered at 39
weeks’ gestational age.””

Mode of Delivery

Vaginal delivery (between 39 0/7 weeks” and 40 6/7 weeks’
gestational age) is considered to be superior to cesarean
delivery without maternal or fetal indications because it
causes less subsequent uterine rupture or placenta pre-
via or accreta, less neonatal respiratory morbidity, and
shorter maternal length of stay.*® ACOG recommends that
if a patient still desires a cesarean delivery on “maternal
request,” then it not be performed (a) before 39 weeks, (b)
because of inadequate pain control during labor, or (c) if
multiple children are desired.

Barrett et al.* challenged the perceived benefits of deliv-
ering twins (first twin in the cephalic position) between 32
0/7 and 38 6/7 weeks’ gestational age by cesarean delivery
by randomizing women to either cesarean delivery or vagi-
nal delivery with a cesarean only if it was deemed to be obstetri-
cally necessary at the time of delivery. Participating obstetricians
were proficient in vaginal breech deliveries. Neither mater-
nal nor fetal death, nor serious maternal or fetal morbidity,
was statistically different based on delivery mode. However,
44% of patients randomized to the vaginal delivery group
ultimately had cesarean deliveries, suggesting that cesarean
deliveries for these twins are likely to persist.

In Utero Exposures

Ondansetron is a widely prescribed antiemetic drug used
during pregnancy. Using propensity score matching of a
cohort of over 600,000 women who received ondansetron
versus other antiemetic medications for severe nausea and
vomiting, the safety of ondansetron use during pregnancy
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was confirmed.® There were no significantly increased peri-
natal risks for any major birth defect in the first trimester
(adjusted prevalence OR, 1.12; 95% CI, 0.69-1.82), or for
preterm delivery before 37 weeks’ gestational age (adjusted
prevalence OR, 0.90; 95% CI, 0.66-1.25). Similarly, there was
no increased risk for spontaneous abortion associated with
exposure during the first and second trimesters, or associ-
ated with exposures throughout pregnancy.

The consequences of in utero exposure to opioids were
critically examined in data from the Slone Epidemiology
Center Birth Defects Study.>' At 6 months postpartum, moth-
ers of 305 babies with neural tube defects, mothers of 13,405
babies with other malformations, and over 7000 normal con-
trols were queried retrospectively about sociodemographic
factors and exposures during pregnancy, including opioid
use (type and timing) within the 2 months after their last
menstrual period. There were 15 different opioids reported
for 7 categories of indications. The analysis showed a 2.2-fold
increase in neural tube defects (95% CI, 1.2-4.2) in opioid-
exposed babies after adjustment for confounders such as
race—ethnicity, maternal age, maternal comorbidities, and
other ingestions for a neural tube defect prevalence of 5.9
per 10,000 births. When codeine versus noncodeine opioid
exposures were compared, the overall ORs were essentially
unchanged, although the risk for spina bifida was increased in
the noncodeine group (aOR, 2.8; 95% CI, 1.3-6.3). These odds
of neural tube defects due to opioids were attenuated (aOR,
1.9;95% CI, 1.0-3.4) when the index cohort was compared the
mothers with babies who had other malformations (to mini-
mize the impact of recall bias). Proposed causal mechanisms
include the role of endogenous opioids in organogenesis and
the interference of exogenous opioids in these processes. The
lack of detail about opioid dosing and the potential for con-
founding by comorbidities and recall bias are limitations of
this study which call for additional research. However, given
the recent increase in opioid use and dependence during
pregnancy,” and previous reports associating in utero opi-
oid exposure in the first trimester with spina bifida and other
congenital birth defects,” alternative forms of analgesia or
anesthesia for pregnant women should be considered.

Fetal Monitoring

Despite widespread use of continuous, compared to intermit-
tent, fetal heart rate monitoring, a Cochrane meta-analysis of
13 RCTs or quasi-RCTs confirmed that neither the risk of fetal
cerebral palsy (aRR, 1.75; 95% CI, 0.84-3.63) nor fetal death
(aRR, 0.86; 95% CI: 0.59-1.23) was significantly decreased
with continuous monitoring.* The neonatal seizure risk
was decreased (aRR, 0.50; 95% CI, 0.31-0.80), although the
clinical significance of this finding is unclear. Either cesar-
ean delivery or assisted vaginal delivery was more likely
when continuous monitoring was used (aRR, 1.63; 95% CI,
1.29-2.07 and aRR, 1.15; 95% CI, 1.01-1.33, respectively). In
a population-based, retrospective study between 1990 and
2004, the authors associated the decrease in neonatal morbid-
ity and mortality rates with the temporal increase in the use
of continuous fetal heart rate monitoring.” This association
was likely confounded by concurrent changes in obstetrical
practice, including antenatal corticosteroid and surfactant
use, the adoption of ultrasound for accurate gestational age
estimation, and other unmeasured confounders.>*%”

XXX 2015 e Volume XXX ¢ Number XXX

Anesthetic Outcomes

Labor Analgesia

Guidance for maximizing the success of neuraxial labor anal-
gesia was enhanced by Thangamuthu et al.; they constructed
a standardized definition of epidural analgesia failure using
the Delphi method. This definition may be useful in clinical
practice, research, and quality improvement.®® In their subse-
quent single-center review of 1521 epidural anesthetics, these
investigators found an astonishing 23% of epidural analgesia
failed according to 1 or more of their criteria:

1. Inadequate analgesia at 45 minutes from the start of
the epidural procedure;

2. Catheter re-site required or technique abandoned;

3. Unintentional dural puncture;

4. Patient dissatisfied with epidural labor analgesia at
follow-up visit with obstetric provider.

The lowest failure rates were associated with catheter place-
ment by more senior trainees (25 years of experience), and
with epidural catheter insertions 5-5.9 cm into the epidural
space compared to <5 cm or >6 cm. Time of day, duration of
labor, cervical dilation, or patient position at time of place-
ment did not affect failure rate. The most common reason
for failure was inadequate analgesia at 45 minutes, suggest-
ing that routine patient checks after epidural analgesia ini-
tiation and timely and reliable catheter placement should be
a regular part of obstetric anesthesia practice.

Ultrasonography, typically with a low-frequency curved
array probe, was confirmed to be a useful tool for epidural
catheter placement and dural punctures in a 2013 meta-anal-
ysis.” Fourteen RCTs with mixed obstetric—surgical popula-
tions and with very low heterogeneity were analyzed; the
use of ultrasound reduced the risk of procedure failure com-
pared to the landmark palpation method (RR, 0.21; 95% CI,
0.10-0.43; P < 0.001). Traumatic procedures (RR, 0.27; 95%
CI, 0.11-0.67; P = 0.005), insertion attempts (mean differ-
ence, —0.44; 95% CI, —0.64 to —0.24; P < 0.001), and number
of needle redirections (mean difference, —1.00; 95% CI, —1.24
to —0.75; P < 0.001) also decreased. In a separate study of
60 obese parturients in whom epidural catheter failure rate
can be as high as 42%,% Sahota et al.®! showed that the dis-
tance from the skin to the epidural space can be accurately
estimated in either the paramedian sagittal oblique or the
transverse median ultrasound view, provided the tissue is
not compressed during the measurement. As most inves-
tigations of ultrasound use for neuraxial procedures have
been performed by a limited number of experienced clini-
cians, it remains to be seen whether widespread adoption of
this technology for all neuraxial anesthetic techniques will
occur and improve outcomes.

In a single-center RCT with 800 women in a private
practice setting, Gambling et al.®* investigated whether
combined spinal-epidural analgesia (CSE) provided supe-
rior labor analgesia to epidural analgesia. Patients in the
epidural group received 10 mL 0.125% bupivacaine with 2
pg/mL fentanyl through the epidural needle, and 5 mL of
the mixture through the epidural catheter. The CSE group
received 2.5 mL of the bupivacaine and fentanyl mixture
through a spinal needle before epidural catheter place-
ment. Both groups were maintained with patient-controlled

www.anesthesia-analgesia.org 5

Copyright © 2015 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



== SPECIAL ARTICLE

epidural analgesia (PCEA). Compared to the epidural
group, the CSE patients had statistically, but not necessar-
ily clinically, significantly lower pain scores in the first hour
(1.4 vs 1.9 using a 0-10 verbal pain scale; P < 0.001). The sec-
ond stage and delivery labor pain scores were equivalent.
Although there were fewer anesthesiologist top-up doses
needed in the CSE group, there were more side effects, spe-
cifically maternal pruritus and fetal bradycardia. The epi-
dural catheter failure rate was very low (1%—2%) and did
not differ significantly between groups. As highlighted in
the accompanying editorial, this study confirmed that both
CSE and epidural analgesia are excellent options for labor
pain management.®® Further studies are needed to investi-
gate whether epidural catheters placed as part of CSE tech-
niques are more likely to function as successful operative
anesthetics for cesarean deliveries compared with catheters
placed a part of a traditional epidural technique.

Labor epidural analgesia delivered by a timed intermit-
tent bolus (epidural pump programmed to deliver a bolus at
regular intervals) was shown to improve maternal satisfac-
tion (on a 100-mm visual analog scale; mean difference, 7.0
mm; 95% CI, 6.2-7.8; P < 0.0001) and moderately decrease
local anesthetic consumption when compared to continu-
ous infusion with or without PCEA (mean difference, —1.2
mg bupivacaine equivalent per hour; 95% CI, -2.2 to -0.3;
P <0.0001) in a systematic review of 9 RCTs with low risk of
bias.* Sia et al.*> varied the frequency of automated boluses
in response to the patient’s needs. One hundred and two
patients with CSE analgesia were randomized to either a
conventional or novel PCEA group with automated manda-
tory boluses administered 1 to 4 times per hour, depend-
ing on individual patients’ recent analgesic demand doses.
The automated mandatory bolus group had (a) greater
satisfaction, (b) a 4-fold decrease in the incidence of break-
through pain requiring anesthesiologist top-up doses (5.9%
vs 23.5%, P = 0.023), and (c) equivalent total anesthetic
consumption compared to the PCEA conventional group.
The authors speculated that the higher satisfaction might
have been because those patients received more machine
delivered boluses in advanced labor. It is reassuring that the
improved analgesia was not associated with a difference in
the duration of the second stage of labor, mode of delivery,
or neonatal outcomes, although the study was underpow-
ered to formally investigate these outcomes.

Postdural puncture headache (PDPH) remains one of
the most common complications of obstetric neuraxial
anesthesia.®® A recent Cochrane review of 10 RCTs found
the study populations (both obstetric and non-obstetric)
and study designs too heterogeneous for a meta-analysis to
assess whether prophylactic medical therapy successfully
reduced the number of participants affected by PDPH after
either intentional or unintentional dural puncture.” Results
from a single trial suggest that 1 dose of 1 mg IV cosyn-
tropin administered after delivery was the most promising
therapy for reducing the number of patients with PDPH
of any severity (aRR, 0.49; 95% CI, 0.31-0.79) and had a
more favorable side effect profile than epidural or spinal
morphine, oral caffeine, spinal fentanyl, oral caffeine, rec-
tal indomethacin, IV aminophylline, or IV dexamethasone.
However, a larger RCT that controls for baseline severity of
PDPH symptoms is needed to confirm this effect.

6 www.anesthesia-analgesia.org

Cesarean Delivery Anesthesia and Postoperative Pain
Management

An investigation of spinal anesthesia for cesarean delivery
of fetuses with compromised umbilical circulation lends
support to the safety of neuraxial anesthesia in women with
vulnerable fetuses.®® Forty patients with growth restricted
fetuses and impaired Doppler flow on umbilical artery
ultrasound were randomized to receive low-dose spinal
anesthesia (hyperbaric bupivacaine 8 mg with fentanyl
20 pg) or general anesthesia for cesarean delivery. The
umbilical artery base deficit, a primary measure of the fetal
metabolic condition at birth, was not significantly differ-
ent between the anesthetic groups, although the umbilical
artery pH was lower in the spinal versus the general anes-
thesia group (mean + SD, 7.23 + 0.06 vs 7.27 + 0.04; P = 0.01).
There were also no significant differences in Apgar scores
at 1 and 5 minutes or in the need for fetal resuscitation
between groups. Given the small sample size and the low
spinal bupivacaine dose, further investigation is needed to
generalize these results.

Persistent, inadequately treated postpartum pain is
associated with an increased risk of maternal depression
and adverse neonatal outcomes®; thus, investigators col-
laborated to identify patients at high risk for postpar-
tum pain and to expand the analgesic armamentarium.
Pan et al.”’ created a preoperative tool to predict the top
20th percentile of patients with post-cesarean delivery
pain scores based on patient (a) anxiety level, (b) antici-
pated pain, and (c) anticipated postoperative analgesic
needs assessed in the preoperative period. The model had
moderate correlation (r = 0.24-0.33; P < 0.001) with risk
for postpartum pain; patients in the top 20th percentile of
postoperative pain with movement tended to be younger,
less educated, and more often single than the remainder of
the cohort. In a separate investigation, the language used
to describe postoperative sensations was found to influ-
ence the report of pain and the request for pain medica-
tion, particularly when negative verbal suggestions were
used.”” Chooi et al. explored this nocebo effect in their
RCT of 300 women receiving neuraxial or general anes-
thesia for cesarean delivery. Patients who were asked post-
operatively about “comfort” and “healing” reported less
“bother” and other negative aspects of the surgery than
patients asked about “pain.” They were also less likely to
request additional pain medication. The limitations of this
study included the lack of long-term follow-up and the
assumption that “comfort” and “pain” scores were math-
ematically reciprocal (i.e., that on a scale from 1 to 10, a
pain score of “3” out of 10 corresponded to comfort score
of “7” out of 10).

Improving spinal analgesia for cesarean delivery was
the objective of the double-blind RCT of 80 patients con-
ducted by Subedi et al.”? These investigators reported that
adding 10 mg intrathecal tramadol versus 10 pg intrathe-
cal fentanyl to hyperbaric bupivacaine (10 mg) increased
the median (IQR) duration of postoperative analgesia (300
minutes (240-360) vs 260 minutes (233-300), respectively;
P = 0.02). The intrathecal tramadol group also had less
shivering (5% vs 43% incidence; P = 0.03), and there was
no negative impact on neonatal Apgar scores, fetal acid-
base status, or other neonatal scoring. However, adequate
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safety studies for intrathecal tramadol have not yet been
published. In another study, half (i.e., 1.5 mg) of the usual
3.0 mg epidural morphine dose was found to provide sat-
isfactory postoperative pain relief after cesarean delivery
while reducing the side effects.”> The median difference
between the 24-hour opioid (IV morphine-equivalent)
consumption between the 2 groups was 0 mg (1-sided
95% CI, 2.5 mg), clearly within the predetermined 3.33 mg
morphine-equivalent, noninferiority margin. There were
no significant differences between groups in pain scores
or in satisfaction, and there was less frequent pruritus and
nausea in the 1.5-mg group. Although these results sup-
port the use of the lower neuraxial opioid dose, subtle
differences in analgesic needs may have been underap-
preciated, as patients were unable to self-administer addi-
tional opioid and relied on their nurse to do so. Beatty
et al.” provided guidance for the use of intrathecal (preser-
vative-free) hydromorphone for postoperative analgesia
as an alternative to preservative-free morphine, which has
been intermittently unavailable in the past several years.
In their retrospective review, 38 patients who received 0.04
mg hydromorphone after elective cesarean delivery were
compared with 76 patients who received 0.1 mg morphine.
There were no significant differences in the frequency of
opioid-related complications (primary outcome), pain
scores, or additional opioid consumption.

Adding bilateral transversus abdominis plane (TAP)
blocks to the multimodal post-cesarean delivery pain
medication regimen of intrathecal morphine, NSAIDS or
acetaminophen plus opioids for breakthrough pain did not
confer long-lasting analgesic benefits in 2 RCTs.”>’® Pain
scores with movement at 24 hours were not significantly
different in a study that compared the effects of high-dose
(3.0 mg/kg of ropivacaine) and low-dose (1.5 mg/kg of
ropivacaine) TAP blocks performed immediately post-
operatively and a saline control group.” The lower pain
scores with movement at 6 and 12 hours in the high-dose
local anesthetic TAP group suggest transient analgesic
effects that did not outlast the local anesthetic duration
of action. Bilateral TAP blocks with an intermediate local
anesthetic concentration (20 mL of 0.5% ropivacaine in
51 patients versus saline) yielded similar results.” These
studies suggest that TAP blocks may be most beneficial in
patients with relative contraindications to neuraxial anes-
thesia/analgesia. When serum drug concentrations were
measured in parturients receiving TAP blocks (2.5 mg/kg
diluted in 40 mL saline) for post—cesarean delivery pain
management, the total Blasma concentrations of ropiva-
caine exceeded the potentially toxic threshold (2.2 mL
in 40% of the patients within the first hour.”” Several of
these patients were obese, and 3 had transient symptoms
of local anesthetic systemic toxicity (perioral/tongue par-
aesthesia, metallic taste, or slurred speech). This finding
suggests that choosing local anesthetics with a favorable
toxicity profile (e.g., ropivacaine) and a needle insertion
site that maximizes local anesthetic spread is particularly
important in these patients.

Effective neuraxial anesthesia can be used to increased
comfort and success of external cephalic version (ECV) for
nonvertex fetal presentation.”® Carvalho et al.” presented a
novel view of the way that obstetric anesthesiologists add

XXX 2015 e Volume XXX ¢ Number XXX
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value to ECV by calculating the potential cost savings when
neuraxial anesthesia is used. This analysis factored in the
likelihood of successful version and the relative cost of sub-
sequent vaginal versus cesarean delivery. Their conclusion
was that ECV with neuraxial anesthesia not only increases
the chances of a vaginal delivery but is also cost-effective
(average cost savings = $276 per delivery; 2.5th to 97.5th
prediction interval: -$720 to $112).7

CONCLUSIONS

This review highlights the broad range of influential work
published during 2013 aimed at better understanding
potentially modifiable threats to maternal and fetal safety
and the influence of the anesthesiologists’ peridelivery
care. Obstetric anesthesiologists have been the investiga-
tors in many of the significant advances in preeclampsia,
maternal morbidity and mortality, the basic science of preg-
nancy, anesthetic practice, and education during calendar
year 2013. This author would like to express her apprecia-
tion to all the colleagues who contributed to maternal and
fetal health in 2013, regardless of whether their studies were
included in this review, as we have benefited tremendously
from their contributions.
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