103
Page 1

the

< American Society of
" Anesthesiologists’ AN EST H ESIOLOGY

annual meeting

Labor Analgesia: How Can I Improve my Practice?

Ronald B. George, MD FRCPC Toronto, ON, Canada

We have not quite reached the asymptote of the labor analgesia dose response curve. Childbirth is one of the most
painful experiences a patient can undergo. The degree of pain experienced, and the quality of pain relief affect
patients’ satisfaction with childbirth and may have long-term emotional and psychological effects. The quality of
neuraxial analgesia has exceeded parenteral opioids, nitrous oxide, and nonpharmacologic measures, with limited
effect on the mode of delivery and maternal and neonatal outcomes. Despite new techniques for labor epidural
analgesia (LEA) initiation such as the Dural Puncture Epidural (DPE) or how we deliver epidural medications with
Programmed Intermittent Epidural Bolus (PIEB) variance in patient response eludes perfection. In the past decade
the evolution of LEA has targeted an enhanced labor experience and successful cesarean anesthesia. This refresher
course lecture will provide a detailed review of the evidence to help clinicians provide our patients with a more ideal
labor pain experience.

Initiation of Labor Analgesia

Neuraxial analgesia is the gold standard for childbirth pain management. Epidural bolus (EpB) and combined spinal
epidural (CSE) technique is the most widely used methods for initiating LEA. In the past the primary form of LEA
initiation was a loading EpB. An EpB provides a gradual onset of analgesia with larger volume, low concentrations
of local anesthesia with or without opioids. This can be advantageous in cases where large hemodynamic changes
may be detrimental. Even with modern low concentrations epidural solutions (e.g. bupivacaine 0.0625%) initiation
of analgesia can be slow and motor blockade more dense than is desirable.

In 1989, when LEA was not as widely used Dr. Leighton et al. hypothesized that a combination of intrathecal (IT)
morphine and fentanyl might provide a more satisfactory analgesia. The combination of the two did provide a more
reasonable analgesia with only a few women then requesting an epidural - this was a jumpstart on the use of IT
opioids as part of labor analgesia. In a typical CSE technique, after the epidural space is identified, a spinal needle
passed through the epidural needle to puncture the dura-arachnoid membrane and enter the subarachnoid space.
Through the spinal needle, a local anesthetic agent, opioid, or both are administered to initiate labor analgesia. A
catheter is then inserted through the epidural needle into the epidural space to provide continuous LEA. A CSE
exploits the IT space providing fast, reliable lumbosacral analgesia followed by titration of the epidural component.
CSE has always represented an elegant, rapid, reliable, and selective childbirth pain management option. Labor
progress and obstetric outcomes are similar among patients receiving either CSE or EpB analgesia initiation. The
common and most discussed side effects of a CSE are similar to those observed with EpB LEA initiation -
hypotension and transient fetal heart rate abnormalities. The administration of IT analgesia has been associated with
uterine tachysystole and subsequent fetal bradycardia, but so has EpB — we’ll get to the details. The likely
determining factor is a decrease in tocolytic-like effects of catecholamine levels with LEA initiation leads to
unopposed increase in uterine tone, decreased placental blood flow and eventual fetal bradycardia.

The DPE technique is the latest development in the evolution of LEA initiation. Like a CSE, the DPE passes a spinal
needle through the epidural needle to create a dural puncture. However, with a DPE no medications are administered
through the spinal needle. After a EpB a small amount of epidural medication flows into the IT space. This
“translocation” is thought to be responsible for the possible benefits of the DPE technique. With no medications
directly administered into the IT space in contrast to a CSE, the DPE is postulated to reduce the side-effects
associated with a CSE. Compared with EpB the DPE technique may have a median time to adequate analgesia less
than or equal to EpB. A systematic review showed substantial heterogeneity in results of research comparing DPE to
EpB, suggesting inconsistencies in analgesic outcomes, limited differences related to catheter replacement and
manipulation, and insufficient evidence to draw conclusions related to headaches and fetal heart rate abnormalities.
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Maintenance of Labor Analgesia

LEA regimens in North America and Europe consist of a local anesthetic in combination with an opioid. These
solutions are delivered via continuous epidural infusion (CEI) with or without patient-controlled epidural analgesia
(PCEA) boluses. There has been an evolution of labor analgesia, rather than delivering the local anesthetic
continuously, small regularly spaced intermittent boluses may lead to a more extensive spread of local anesthetic in
the epidural space. The same dose of local anesthetic given via a PIEB may provide improved analgesia. PIEB uses
a programmed infusion pump to administer intermittent boluses of epidural solution to maintain analgesia.
Systematic reviews have shown that the use of PIEB is associated with several clinically important outcomes such as
improved patient satisfaction, reduced local anesthetic consumption and possibly the need for decreased
interventions for inadequate analgesia.

Multiple studies compared intermittent epidural boluses to traditional CEI there are no significant differences in
mode of delivery between PIEB and CEI. However, there have not been large enough randomized trials between
PIEB and CEI to really understand if they equally have little impact on childbirth other than analgesia. The results
of RCTs on PIEB are generalizable to parous women and the PIEB regimen has to recognize the more rapid and
potentially more painful labor of parous women. PIEB requires many dosing parameters be set which include the
interval in which the first bolus is delivered, the bolus interval for the maintenance of labour analgesia and the
amount of local anesthetic solution to deliver. There has been limited evidence available to guide the permutations
of dose or interval for PIEB for any given local anesthetic solution. The optimal regimen for PIEB eludes us
however, one can glean from the series of research what might be an evidence informed set of PIEB variable to
safely deliver labor analgesia with modern low-concentration local anesthetic solutions.
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Anesthesia for Cesarean Delivery

Ruthi Landau New York, NY

Summary:

There are 385,000 births every day around the world, of which 21% will be achieved via cesarean delivery (WHO
data), meaningthat over 80,000 pregnant people receive anesthesia forcesarean delivery around the world every day.
The safe provision of anesthesia for cesarean delivery to the many pregnant people who planned or did not planto a
havea cesarean delivery remains a challenge. Preventing pain during cesarean delivery and the optimalmanagement
of pain after cesarean delivery are key to ensure enhanced recovery after cesarean (ERAC) and avoid traumatic
experiences. Finally, tackling healthcare disparities is essential to reducing the unacceptably high maternalmorbidity
and mortality rates in the United States

Objectives:

Review the epidemiology of cesarean delivery and associated maternal morbidity and mortality.

Describe anesthetic modalities for cesarean delivery and appraise issues related to general anesthesia.

Identify select strategies ensuring optimal cesarean delivery neuraxial anesthesia.

Assess strategies promoting enhanced recovery and opioid-sparing analgesia after cesarean delivery.
Summarize current and future priorities focused on maternal health.

NE W=

1) Epidemiology of cesarean delivery

Despite global approachesto reduce the cesarean delivery rate worldwide including recommendations to increase the
use of elective inductions of labor and promote trials of laborafter previous cesarean delivery, the projected cesarean
delivery rates by 2030 will continue to increase, with an estimated 28.5% worldwide [1].

Striking the ideal balance between a reduction in the overall cesarean delivery rate without increasing the odds for
urgent/emergent cesarean deliveries is complex, with clinical obstetric decisions potentially resulting in unplanned
scenarios that could significantly impact anesthetic options. If delivery becomes emergent, the odds for general
anesthesia increase, and safe provision of any anesthetic becomes more challenging. For anesthesiologists, predicting
and preventingemergent situations is a constant concern driven by the desire to provide anesthesia in the safest manner
to facilitate timely delivery of the neonate, while ensuring a positive experience for the patient and family.

Though controversial, the decision-to-delivery interval remainsa common auditingtool and hasbeen deemed key to
ensure optimal maternal and neonatal outcomes. Obstetric anesthesia practice has significantly evolved, and
contemporary approaches forthe provision of safe anesthesia in urgent circumstances include (1) neuraxialanesthesia,
(2) appropriate communication between obstetricians, perinatologists and anesthesiologists, and (3) ongoing training
including drills and simulation. A recent study evaluating the implementation of standardized team communication
and processes to improve outcomes during unscheduled cesarean deliveries reported a significant decrease in decision
to incision time intervals post-implementation [2].

With the common use of neuraxial anesthesia in obstetrics, and the corresponding decrease in use of general
anesthesia, the risks associated with the latterhave decreased over time, as has anesthesia -related maternal mortality.
The availability of improved anesthesia devices and monitoring as well as the establishment of clinical
recommendations for anesthesia management of obstetric patients are believed to explain the decrease in morbidity
and mortality associated with generalanesthesia. Nonetheless, therole of general anesthesia forcesarean delivery has
been revisited [3], because despite recent devices facilitating endotrachealintubation and clinical algorithms guiding
anesthesiologists facing challenging scenarios, risks and complications of general anesthesia at the time of delivery
for both mother and neonate(s) remain significant.

2) Concerns with general anesthesia
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Circumstances where general anesthesia is ‘unavoidable and necessary,” including obstetrical (e.g. postpartum
hemorrhage) and matemal indications (e.g, patient refusal to receive neuraxial anesthesia, anticoagulation or
coagulopathy)will continue to occur; however unnecessary general anesthesia should be avoided whenever possible,
as it is associated with a significantly increased risk of anesthesia complications, severe complications, surgical site
infection, and venous thromboembolism, but not of death or cardiac arrest [4]. The Society for Obstetric Anesthesia
and Perinatology (SOAP) in its Centers of Excellence (COE) benchmark metrics considers that the overall rate of
general anesthesia for cesarean deliveries should be lower than 5% [5], and the Royal College of Anaesthetists
recommend a rate lower than 1% for elective cesareans and less than 5% for those classified as emergent [6].

- Securing maternal airway

The avoidance of risks inherent to airway manipulation, namely aspiration and ‘cannot intubate, cannot ventilate,
cannot oxygenate’ scenarios, has contributed to the widespread use of neuraxial techniques. Although aspiration
remains a serious complication of general anesthesia, becauseit is so rare, reevaluation of fastinginstructions for the
pregnant patient undergoing cesarean delivery is occurring in the nascent ERAC protocols [7]. A recent multi-center
observationalstudy in the United Kingdom of over 2500 cesarean deliveries reported the incidence of failed intubation
to be 1:312. The investigators defined ‘difficult airway’ as either lack of success to intubate the trachea, more than 2
attempts by a senior anesthetist or written documentation of difficult intubation as entered by the provider in the
medicalrecord [8]. Ina large, multicenter, contemporary study of more than 14,000 general anesthetics for cesarean
delivery from the Multicenter Perioperative Outcomes Group (MPOG) database in the United States, the overall risk
of difficult intubation was 1:49 with a risk of failed intubation of 1:808 (failed intubation was defined as any attempt
at intubation without successful endotracheal tube placement), demonstrating that difficult intubation in obstetrics
remains an ongoing concern [9].

- Intraoperative awareness

Intraoperative awareness during general anesthesia for cesarean delivery remains a risk as anesthesiologists aim to
limit maternal-fetaldrug transmission and uterine atony with judicious administration of hypnotic drugs and volatile
anesthetics. Data from England (the DREAMY study)reported an incidence of accidentalawareness during cesarean
delivery of 1:212 [10]. Though rare, consequences of intraoperative awareness can be catastrophic, including post-
traumatic stress disorder, sleep disturbances, and interference with activities of daily living.

- Post-cesarean pain and maternal health after general anesthesia

Post-cesarean pain may be more significant (worse) and more difficult to treat in patients who had a cesarean delivery
under general compared to neuraxialanesthesia. Neuraxial, compared with systemic opioid analgesia, has been found
to be the superior approach to analgesia. Beyond the analgesia itself, neura xial analgesia is associated with earlier
return of bowel function, earlier ambulation and shorter lengths of stay than parenteral analgesia [11].

Long term psychological outcomes may be associated with having general anesthesia for cesarean delivery. Several
studies show an association between general anesthesia forcesarean delivery and persistent pain beyond the expected
healing time [12]. Although controversial, a recent retrospective study using the New York State inpatient database
suggested that general anesthesia for cesarean delivery is associated with severe postpartum depression requiring
hospitalization as well as self-harm and suicidal ideation [13].

- Neonatal outcomes with general anesthesia

For urgent and emergent cesarean deliveries due to fetalconcerns, general anesthesia can be seen asthe technique of
choice to facilitate an expedited delivery. However, general anesthesia for emergent cesarean delivery is associated
with lower neonatal Apgar scores, assisted ventilation and admission to the neonatal intensive care unit [14]. Of
importance as well, and less often reported, failed maternalintubation is associated with increased neonatalintensive
careunit admissions [15, 16]. Therefore, even though general anesthesia may appearto be savingtime, maternalrisks
and neonatal outcomes may not justify such choice [17]. A retrospective study of over 9000 patients undergoing
emergent cesarean delivery evaluated operating room-to-incision intervals for general anesthesia, spinal, labor
epidural analgesia conversion to anesthesia and combined spinal-epidural (CSE) anesthesia. Despite general
anesthesia beingassociated with shorter times to delivery (6 versus 13, 11 and 24 minutes, respectively), poorneonatal
outcomes, defined as lower Apgar scores at 5-minute were more frequent in the general anesthesia cohort [18]. In a
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2019 meta-analysis of 46 studies which compared neuraxial (spinal, epidural and CSE) with general anesthesia,
neonates born to mothers who were under general anesthesia had a lower umbilical vein pH and higher rate of Apgar
scores below 6 at 1 minute [19]. In fact, the time needed to initiate the anesthetic technique may not be the principal
timing issue in question. One of the major factors associated with prolonged delivery time in emergent situations is
transporting the patient to the operating room [20]. In a prospective study of 163 patients undergoing urgent cesarean
delivery, decision-to-operating room time was 21.6 (£ 19.8) minutes [21].

In emergent scenarios, whether for maternal, obstetric or fetal indications, the perceived lack of time to place a
neuraxial block or achieve the required sensory level may be the reason for a general anesthetic to be selected [22].
Despite affording the shortest operating room to incision interval time, general anesthesia, even in urgent cesarean
deliveries, is notassociated with improved neonataloutcomes [18]. Unequivocally, multiple studies evidence worse
neonatal outcomes among babies born to mothers receiving general anesthesia for cesarean delivery, even when
deemed urgent [14, 23]. Of relevance, all these publications reported on retrospective data.

When time is of the essence, a standard spinal anesthetic approach can be transformed into a rapid sequence spinal
(RSS) for urgent cesarean deliveries. This technique, first described in 2003, simplifies the process aiming to avoid
the potential risks of general anesthesia [24]. Steps that are not indispensable for spinal anesthesia placement are
omitted, which allows rapid delivery of surgical anesthesia with skin incision allowed asthe anestheticis achieving a
T4 dermatomal block. In a retrospective review of 25 cases in which an RSS was utilized, the median time for
anesthesia, after excluding cases with an identified delay or a prior epidural block, was 8 (6-8) minutes [25].

Breastfeeding success rates have been noted to be affected by mode of anesthesia. Breastfeeding in neonates born to
mothers who received general anesthesia for cesarean delivery is more likely to be unsuccessful (longer time to first
feeding, increased number of attempts before success, decreased likelihood of breast feeding at six months) [26].

Itshould be noted that while maternalexposure to general anesthesia hasraised concerns about the possibility of fetal
neurotoxicity and short and long-term neurodevelopmental delays [27], there is still no robust evidence that the
neonate born to a mother undergoing cesarean delivery under general anesthesia may be negatively impacted [28].

3) Neuraxial Anesthesia

Neuraxial anesthesia for cesarean delivery has been, and continues to be, the gold-standard anesthetic for cesarean
delivery [29].

- Conversion of epidural analgesia to cesarean delivery anesthesia

The successful and safe conversion of intrapartum epiduralanalgesia to cesarean delivery anesthesia requires active
management of epidural analgesia during the process of labor and the recognition of the possible failing epidural
catheter [30]. The SOAP COE designation emphasizes the importance of adequate (and expert) staffing, and neuraxial
labor analgesia replacement to avoid the need for conversion to general anesthesia. Reported rates for epidural
conversion failure range between 0-21%, and risk factors include maternal characteristics (younger age, high body
mass index) as well as anesthetic factors (standard epidural rather than CSE initiating labor analgesia) and multiple
epiduraltop-up administration [31]. If intrapartum neuraxiallaboranalgesia is suboptimal,a de novo single shot spinal
anesthetic orthe placement of a newepidural catheteris a preferable approach to attemptingto dose the in situ epidural
catheterand hope for a good outcome. Understanding the risk, though low, of a high neuraxialblock with a de novo
spinal anesthetic provided immediately after dosing an epidural catheteris crucial and was reported in the SOAP
serious complication repository (SCORE) project [32].

- Spinal anesthesia

The SOAP ERAC Consensus Statement identified 25 components (pre-intra- and post-operatively) [33], of which the
mostrelevant are (1) preventing and managing spinal-induced hypotension, (2) preventing and managingnausea and
vomiting, (3) maintaining normothermia, (4) optimizing uterotonics, and (5) initiating opioid-sparing multimodal
analgesia. I would add to that, preventing and managing shivering and neuraxial-opioid side effects.

There has been an abundance of clinical trials evaluating the 3 pillars to prevent and manage maternal hypotension
following spinal anesthesia forcesareandelivery: (1) fluid administration, (2) maternalpositioningand (3) vasopressor
administration, with numerous systematic reviews and network meta -analysis [34-36]. Understanding that matemal

Refresher Course Lectures Anesthesiology 2022 © American Society of Anesthesiologists. All rights reserved. Note: This
publication contains material copyrighted by others. Individual refresher course lectures are reprinted by ASA with permission.
Reprinting or using individual refresher course lectures contained herein is strictly prohibited without permission from the
authors/copyright holders.



TBD
Page 4

the

4 _ .
American Society of
" Anesthesiologists’ AN EST HESIOLOGY.

annual meeting

hypotension is primarily driven by a decrease in sympathetic tone in the arterial system secondary to the sympathetic
block that occurs with neuraxial anesthesia (not by a reduction in central venous pressure due to increased venous
capacitance) and that a marked reduction in systemic vascular resistance, only partially mitigated by an increase in
maternalcardiac output, heart rate and stroke volume, is key to the prevention and management of hypotension that
occurs in over 90% of cases. Identifyingthe best approach(es)should target not only maternalblood pressure but also
maternalcardiac output, fetal perfusion, and neonataloutcomes (umbilicalarterial pH and base excess are the usually
reported markers of neonatal wellbeing). Certain dogmas, such as the ‘maternal tilt’ to reduce aorto-caval
compression, have been revisited [37,38]; but it remainsthatup to 8-10% of pregnant patients will experience supine
hypotension and that tilting until delivery of the baby may be necessary, no matter how much coloading and
vasopressors occur, and tilting should be considered a therapeutic maneuver.

The most recent recommendations are to (1) provide crystalloid co-loading, (2) start phenylephrine infusion at the
time of spinal injection, and (3) provide initial maternal 15° left tilt, until it is established that vasopressor
administration is maintaining the maternal blood pressure within 10% of baseline value [39]. Ephedrine, due to its
significant transplacental transfer, hasrepeatedly been shown to increase fetalmetabolism and neonatalacidosis and
should be abandoned (at least prior to delivery) [40]. Norepinephrine has been proposed (since 2105) as a possible
strategy to reduce the likelihood of maternalbradycardia that may occurin the setting of phenylephrine administration
[41-43]. However, safe administration of norepinephrine for mothers and in the setting of non-planned cesarean
deliveries for fetal compromise remains to be confirmed [44, 45]. In low-resource settings, context-specific
management accounting for the availability of experienced staff, medication (vasopressor of choice may not be
available or pumps or electrical syringes for continued infusions) and monitoring should be made [46].

- Pain during cesarean delivery under neuraxial anesthesia

Inadequate neuraxialanesthesia with intraoperative pain is a serious concern that should ideally prevented, but if not
prevented, appropriate measures are needed to avoid persistent pain, postpartum depression, and post-traumatic stress
syndrome, and to alleviate the traumatic birth experience [47]. Suboptimal pain management during a cesarean
delivery is an important cause formalpractice lawsuits in obstetric anesthesia [48]. Dermatomallevel testing to light
touch (rather than cold) at T5 appears to provide a more reliable assessment and better reflect the adequacy of the
surgical block and careful testing before allowing the surgery to proceed is of course key [49]. Two recent practice
guidelines shed light on the need to prevent, recognize and manage the failed block [50-52]. Both emphasize the
importance of (1) adequate communication with the obstetricians on the degree of urgency, (2) adequate
communication with patients, (3) optimal assessment of the block, (4) recognition and adequate management of
discomfort or pain during cesarean delivery, (5) debriefing and documentation, and (6) follow-up of all patients
experiencing pain during cesarean delivery.

The use of adjuvants analgesia (intravenous medication, nitrous oxide, unexpected epidural medication) to manage
intraoperative pain underneuraxialanesthesia hasbeen reported to occur in up to 15% of cases [53], and may include
fentanyl, morphine, ketamine, or dexmedetomidine [54, 55]. Anxiolytics should not be given to manage intra-
operative pain, as has been highlighted in the recent clinical recommendations [50, 52].

- Management of complications associated with neuraxial anesthesia and opioids

Neuraxialmorphine is recommended for opioid-sparingmultimodalanalgesia at cesareandelivery in the United States
and is increasingly used aspartof ERAC protocols [33]. Common side effects of neuraxialmorphine include nausea
and vomiting, pruritus, respiratory depression, and sedation. The 2019 SOAP monitoring recommendations for
preventing and detecting respiratory depression associated with neuraxial morphine provide an excellent guide
allowing the safe administration of tailored doses [56].

The occurrence of hypothermia andshiveringremains an issue and the importance of adequate temperature monitoring
in patients receiving neuraxial anesthesia for cesarean delivery has been addressed, and although several modalities
to prevent intraoperative hypothermia havebeen tested, the best strategy remains unclear [57]. Shivering is commonly
observed intra and post-operatively can be extremely unpleasant. The prophylactic administration of intravenous
dexmedetomidine (10mcg)is effective in reducing shivering [58]. While hypothermia does occur with neuraxiallocal
anesthetic alone due to vasodilation and radiant heat loss, the addition of neuraxial opioids has been reported to
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exacerbate this effect. There have been several reports of a distinct syndrome of intrathecal morphine-induced
symptomatic hypothermia with temperatures less than 35°C, subjective warmth, profuse sweating, nausea, vomiting,
and pruritus, and the use of intravenous nalbuphine (5mg) was shown to rapidly reverse these symptoms [59].

4) Opioid-sparing multimodal analgesia and special circumstances

Much has been published about optimal post-cesarean pain management to reduce opioid use during delivery
hospitalizations and after discharge. The 2021 PROSPECT guidelines reviewed approaches for scheduled cesarean
deliveries [60]; however most cesarean deliveries are not scheduled, and patient-specific approaches are key [61].

Stepwise opioid-sparing multimodal analgesia involves neuraxial opioid use, and standard use of non-opioid
analgesics (acetaminophen and non-steroidal anti-inflammatory drugs) [62]. For patients with a history of chronic
pain or opioid-tolerance (e.g. opioid use disorder, chronic opioid use), management may require prolonged neuraxial
analgesia, the use of clonidine or dexmedetomidine, ketamine or gabapentin, although robust data to guide
managementis still lacking.[63-65]. The most recent SOAP Consensus statement on the antepartum, peripartum and
postpartum management of obstetric patients with OUD (currently in press) will be presented as it relates to cesarean
delivery management.

A systematic review and network meta-analysis on the use of truncal block techniques, found that transversus
abdominalplane (TAP) and quadratus lumborum (QL) blocks are superior to control in the absence of spinalmorphine
but provide limited additional benefit when spinal morphine is used [66]. Another systematic review and network
meta-analysis compared the postoperative analgesic efficacy of TAP blocks with that of wound infiltration for
cesarean delivery without neuraxial opioid administration and found both to be equally effective [67].

5) Maternal health priorities

In the latest CDC statistics, more than 1200 women died last year in the United States from pregnancy-related
complications, affectingblack women 3-4 times more than white women. Racialand ethnic disparities affect neuraxial
labor analgesia rates, general anesthesia rates for cesarean delivery, with poorer intraoperative and post-cesarean pain
management, thought to be due to implicit bias, structural racism and lack of workforce diversity [68]. Health equity
research is needed to better understand the drivers for such disparities in maternal outcomes and identify effective
countermeasures [69]. Maternaland reproductive healthcare isa public health emergency in the changing medicaland
legal landscape in the United States, and evidence-based, ethical, and equitable healthcare policies are critically needed
[70].
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Postpartum Hemorrhage: How to Prepare for It, How to Prevent It,
and What to Do When Blood is Pooling on the Floor

Alexander Butwick MBBS, FRCA, MS Stanford, California
Postpartum hemorrhage: A leading cause of maternal mortality and morbidity.

Postpartum hemorrhage (PPH) is excessive bleeding after delivery and can result in major maternal morbidity and
mortality. PPH is responsible for 27% of all maternal deaths worldwide.! Compared to developing countries, the
proportion of maternal deaths due to PPH is substantially lower in developed countries.? In the United States, 777
maternal deaths occurred in 2018, of which 38 (4.6%) were due to hemorrhage.® The majority of deaths from PPH
are potentially preventable,* 3 with a major contributory factor being suboptimal care. Examples of suboptimal care
include a delayed response to clinical warning signs, ineffective first-line treatment without care escalation, and
inadequate blood product use.’

PPH can also cause major complications including organ failure from hypoperfusion, disseminated
intravascular coagulation (DIC), intensive care admission, severe anemia, and hysterectomy.®® Transfusion, an
indicator of severe PPH, impacts 83% of US women who experience severe maternal morbidity (defined as major
complications related to labor and delivery).'? Other observational data indicate that PPH accounts for nearly half of
all cases of severe maternal morbidity.!!

In the US, the PPH rate has increased significantly over time, from 2.7% in 2000 to 4.3% in 2019 (an
average annual percent change of 2.6%).!? Patient-level risk factors do not fully account for the increase in PPH over
time. Given the extent of PPH-related maternal morbidity and the rising rate of PPH, a national maternal health
priority is to improve how providers prevent and manage severe PPH.

Standardizing PPH management with bundles and protocols

Standardization of multidisciplinary PPH care has become a national maternal health priority.'* Accumulating
evidence indicates that the use of a comprehensive PPH protocol is associated with reduced rates of hemorrhage-
related morbidity.'*'® Across a healthcare system of 29 delivery units, Shields et al. reported, that over 10 months, a
standardized protocol was associated with a 26% reduction in blood product use and a non-significant reduction
(15%) in the hysterectomy rate compared with a 2-month pre-implementation period.'> At a state level,
implementation of a quality improvement hemorrhage toolkit ! across 99 California hospitals was associated with a
20% reduction in the rate of severe maternal morbidity. !4

Benefits from these initiatives led to the foundation of the National Partnership for Maternal Safety
(NPMS) Consensus Bundle for Obstetric Hemorrhage.? 2! The bundle comprises 4 action domains: Readiness,
Recognition and Prevention, Response, and Reporting, and Systems Learning. More recently, the Joint Commission
has mandated that hospitals meet specific standards for reducing ‘harm related to maternal hemorrhage’. These
standards include PPH risk assessment, stage-based management for PPH treatment, access to a hemorrhage cart,
staff education programs, conducting drills, review of hemorrhage cases, and educating postpartum women about
PPH warning signs after hospital discharge.?? However, implementing an institution-specific PPH bundle may not,
in itself, result in improved outcomes. For example, in a study evaluating adherence to PPH guidelines in 16 Dutch
hospitals, key aspects of care were frequently not performed e.g., HR and BP monitoring during active bleeding and
urgent blood product orders.?? Therefore, lead clinicians should continually assess bundle effectiveness and identify
deficiencies in the implementation, acceptability, and sustainability of each bundle element.?* 2° Further research is
awaited to determine whether simulation training leads to sustained improvements in care and maternal outcomes.?¢

PPH risk assessment

Identifying women at risk for PPH is a central aspect of risk management. Patients with abnormal placentation
(placenta previa; placenta accreta spectrum disorder) are at very high risk for severe PPH and massive transfusion.?’
28 Among patients without abnormal placentation, other patient-level risk factors have been identified (Table 1).2% 3
Variables yet to be conclusively linked to an increased or decreased risk of PPH include maternal age, body mass
index, educational level; grand multiparity, and fetal presentation [cephalic vs. breech or other].?
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Table 1. Established determinants of severe PPH Because externally validated PPH prediction tools are

Obstetrical Intrapartum not available for clinical use, risk assessment tqol§
developed by the CMQCC, AWHONN (Association of

Previous cesarean or PPH Instrumental de]ivery Women’s Health, Obstetric and Neonatal Nurses, and

Multiple pregnancies Cesarean delivery NYSBOH (New York Safety Bundle for Obstetric

Abnormal placentation Retained placenta Hemorrhage) are based solely on expert opinion'®-3! 32,

Pre-eclampsia Uterine exploration These tools have suboptimal predictive ability and fail

Polyhydramnios Cervical injury to identify up to 40% of women who experience PPH.3*

Diabetes mellitus Gestational age between 41- Further, PPH risk profiles can vary according to

: : 42 weeks delivery mode.>* 3 Despite these limitations, risk

Uterine fibroids Prolonged labor assessment tools may still have utility as cognitive aids.

Uterine rupture Chorioamnionitis

Macrosomia Labor augmentation with How important is blood loss measurement?

oxytocin
Placental abruption Labor induction Blood loss assessment after delivery is entrenched in

obstetric practice, with blood loss volume the most
commonly used metric for defining PPH. In 2017, the American College of Obstetricians and Gynecologists
(ACOG) revised how PPH is defined: cumulative blood loss >1,000 mL or blood loss accompanied by signs or
symptoms of hypovolemia within 24 hours after vaginal or cesarean delivery (includes intrapartum loss).*

Blood loss can be assessed in several ways - visual estimation, weighing blood-soaked laps or sponges
(gravimetric assessment) or measuring the volume of blood in volumetric drapes after vaginal delivery, or suction
canisters during cesarean delivery (volumetric assessment).?” Clinical and simulation studies have shown that
quantitative blood loss (QBL), calculated by adding the gravimetric and the volumetric values, is more accurate than
visual estimates, especially as up to 30% of actual blood loss is underestimated with visual estimation.?840 A
commonly held belief is that performing a QBL can lead to an accurate PPH diagnosis and treatment based on the
extent of blood loss. However, this theory has been refuted by a large randomized trial that compared the use of
blood collection bags to visual estimation in 25,381 vaginal deliveries; similar rates of severe PPH were observed in
each group (1.7% vs. 2.1%, respectively).*' A possible reason for this finding is that the accurate measurement of
blood loss may not change how clinicians manage PPH. Because blood loss quantification may occur after the arrest
of postpartum bleeding and not during active bleeding, research is needed to evaluate the timing of initiation of QBL
measurement and how this relates to the timing of interventions for PPH management.*?

New approaches to blood loss measurement have been investigated, such as colorimetric approaches.
Large prospective trials are needed to determine whether this or other approaches result in more timely PPH
detection and clinically meaningful improvements in short- and long-term maternal outcomes.*’ In the meantime,
clinicians should not rely solely on QBL or arbitrary blood loss cut-offs to decide if and when to call for help,
transfuse blood products, or escalate care.*® Continuous evaluation of vital signs, estimated rate and magnitude of
blood loss, and clinical responses to early treatment measures should also be performed. Lastly, patients with occult
PPH can develop bleeding in the retroperitoneum or pelvis,*® thus external bleeding may not occur. Clinicians
should have a high index of suspicion for an occult PPH in postpartum patients with evidence of hemodynamic
disturbance, lower than expected hemoglobin values, hemostatic derangement, and/or worsening acid-base profiles,
especially after cesarean delivery. When occult PPH is suspected, a low threshold for obtaining obstetric input,
surgical re-exploration, or urgent abdominal imaging (CT) is advised.

43-46

Uterine atony: prophylaxis and treatment

Uterine atony is the most common cause of PPH (>70% of cases in the United States).” Other causes include; genital
tract lacerations, retained placenta, abnormal placentation, coagulation disturbance, and uterine inversion.’

Uterine atony prophylaxis: Active management of the third stage of labor (comprising a uterotonic, early cord
clamping, and controlled cord traction) was originally introduced to prevent PPH. Data from multiple studies show
that severe blood loss is reduced by nearly 70% with active management; anemia, transfusion, and the need for
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additional uterotonics are also less likely.>® A uterotonic is the most important component because early cord
clamping may be harmful and controlled cord traction is of little benefit.>!

Oxytocin is the first-line drug for uterine atony prophylaxis for vaginal and cesarean deliveries. Research
has shown that a small iv dose of oxytocin (0.35 — 1 u) can initiate adequate uterine tone in healthy women
undergoing elective and uncomplicated cesarean delivery. 3.5 Based on data from 2 studies, the ED90 for an
oxytocin infission in the same setting was low, ranging between 0.27-0.29 u/min.>* *> Due to oxytocin receptor
desensitization related to labor and intrapartum oxytocin exposure, higher oxytocin doses are needed to achieve
adequate uterine tone in women undergoing intrapartum cesarean delivery (ED90 bolus: 2.99 u (95% CI=2.3-3.7u);
EDY0 infusion=0.74 u/min (95% CI=0.56-0.93u/min).>> 3 Carbetocin, a synthetic oxytocin analog, is licensed for
use outside of the United States. Due to its long half-life (40 min), it is typically administered as a bolus. The
recommended dose is 100 mcg. The ED90 doses for healthy women undergoing elective and intrapartum cesarean
delivery are 14.8 mcg and 121 mcg, respectively.’-> Although the ED90 for elective cesarean delivery is low, a
prior study found that 20 mcg was not non-inferior to the recommended 100 mcg dose.®® An expert consensus group
has published recommendations for oxytocin and carbetocin dosing for elective and non-elective cesarean delivery
(Table 2).5! A recent meta-analysis suggested that carbetocin may be the most effective prophylactic uterotonic
agent, but the reduction in blood loss compared to oxytocin was not clinically meaningful (-55ml).%?

Table 2. Oxytocin and carbetocin dosing recommendations °!
Elective Intrapartum
cesarean section cesarean section
Oxytocin bolus for initiating adequate uterine 1 unit 3 units
tone
Oxytocin infusion for maintenance of adequate 2.5-7.5u/hr 7.5—-15u/hr
uterine tone (0.04 — 0.125 u/min) (0.125 — 0.25 u/min)
Carbetocin 100 mcg >30 s (smaller doses 100 meg >30 s (max dose =100
possible; max dose =100 mcg) mcg)

Oxytocin has important cardiovascular dose-dependent side-effects: peripheral vasodilatation,
hypotension, increased cardiac output (from compensatory tachycardia and stroke volume), and ST depression. ® In
women with hypovolemia from severe atonic PPH, a high-rate, high-concentration oxytocin infusion may further
compromise any hemodynamic instability. Carbetocin has similar cardiovascular side effects. A 25% reduction in
mean arterial pressure occurs after 5 u oxytocin and 100 mcg carbetocin.®

Uterine atony treatment: A second-line uterotonic should be considered when the uterus fails to adequately
contract in response to oxytocin. Second-line uterotonic use is not rare; in an observational study of over 2.1 million
US women, the hospital-specific frequency of second-line uterotonic use was 7% (95% CI=1.7%-25%).%°> The most
common second-line uterotonics are methylergonovine (methergine), 15-methyl prostaglandin F2a, and misoprostol.
Dosing, contraindications, and side-effects of each agent are presented in Table 3.

Table 3. Second-line uterotonic dosing, contraindications, and side-effects

Drug Dose Contraindications Side-effects

Methylergonovine | IM: 0.2 mg (IV is not Hypertension, preeclampsia, Nausea, vomiting, severe
recommended); every 2-4 | cardiovascular disease, drug hypertension, especially after IV use
hr hypersensitivity

Carboprost IM: 0.25 mg (IV not Asthma, relative contraindication | Nausea, vomiting, diarrhea, fever
recommended); every 15- | to hypertension, active hepatic, (transient), headache, chills, shivering,
90 min, eight dose max pulmonary, or cardiac disease hypertension, bronchospasm

Misoprostol 600-1000 mcg oral, Rare, hypersensitivity to Nausea, vomiting, diarrhea, shivering,
sublingual, or rectal; 1 medication or prostaglandins fever, headache.
dose

Because clinical criteria are lacking, the author recommends a second-line uterotonic if there is no or poor uterine
tone after a cumulative dose of at least 6 u oxytocin (3 x 2 u boluses) in the presence of an oxytocin infusion. This
scenario may occur during an intrapartum cesarean delivery after a prolonged or induced labor, chorioamnionitis, or
oxytocin augmentation.3% 66-68
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Guidelines are silent regarding preferences or ranking for second-line uterotonics. A prior observational
study reported that, among women who underwent cesarean delivery, the risk of major hemorrhage-related
morbidity was higher for women who received carboprost than methergine (16% vs 9.2%; RR=1.7; 95% CI=1.2-
2.6) after propensity-score matching.®

For PPH treatment, oxytocin is more effective and has fewer side effects than misoprostol. In a 2020
Cochrane network meta-analysis,’’ compared with oxytocin, misoprostol was associated with an increased risk of
blood transfusion (RR=1.47; 95% CI=1.02-2.14) and additional blood loss of > 1000 ml (RR=2.57; 95% CI=1.00-
6.64). The risk of side effects may be increased with misoprostol, including vomiting (RR=2.47; 95% CI=1.37-1.47)
and fever (RR=3.43; 95% CI=0.65-18.18). A combination of oxytocin and misoprostol was not associated with a
reduced risk of using an additional uterotonic or a blood transfusion compared with oxytocin monotherapy. Similar
trends have been reported in a study of 1,721 women comparing atony prophylaxis with oxytocin alone vs. a
misoprostol-oxytocin combination (PPH rate=8.3% vs 8.4%; P=0.98)"! Severe hyperthermia (core
temperature>40°C) and shivering associated with misoprostol is well-reported yet underappreciated,’” ’* with
hyperthermic encephalopathy a potential concern.” 7> Furthermore, sublingual, vaginal, and rectal misoprostol has a
slow onset of action (11, 20, and 100 mins, respectively), and a longer duration (3, 4, and 11 hrs, respectively).”
The slow onset time and poor effect relative to oxytocin limits its clinical utility as a treatment for acute severe
atonic PPH and likely explains the delayed presentation of hyperthermia. Given the current evidence, the author
ranks methylergonovine and carboprost as 1% and 2™ choice second-line uterotonics and does not recommend
misoprostol as a second-line uterotonic (except when other agents are contraindicated or not available).

Medical and surgical interventions: Several medical and surgical interventions can be considered for treating major
or life-threatening PPH. These include: uterine balloon tamponade, interventional radiology, and surgical
approaches (uterine compression sutures, vessel ligation, and hysterectomy).”®

Transfusion management and hemostatic support

Massive transfusion protocol: When the rate and magnitude of blood loss outpace the time required to prepare and
transport crossmatched blood products, activation of a massive transfusion protocol (MTP) ensures timely delivery
of sufficient types and volumes of blood products to the primary care team.””7® The Stanford MTP includes 6 units
of uncrossmatched, blood group O or type-specific RBCs, 4 units of plasma (thawed or liquid), and 1 apheresis
platelet unit.”” 7 Blood products are transported to the labor and delivery unit or operating room in coolers within 5-
10 minutes. After establishing surgical and hemostatic control of bleeding, the care team deactivates the MTP and
transitions to cross-matched compatible RBCs. The decision to activate an MTP depends on the rate and magnitude
of blood loss, PPH etiology, the response to interventions to control bleeding, and maternal hemodynamics.

Formulaic vs goal-directed approaches to transfusion: Based on evidence from the trauma literature, ACOG
guidelines recommend formulaic or fixed ratios of RBCs, FFP, and platelets (PLTs).”® However, no high-quality
trial data exist in obstetrics to substantiate this recommendation. Furthermore, marked differences exist between the
obstetric and trauma populations in baseline physiology and pathophysiology of coagulopathy related to
hemorrhage.?’ Nonetheless, high FFP use has been reported in a retrospective study of 1495 French patients with
severe PPH, in which 69% of transfused patients received FFP.®!

It is unclear whether early FFP transfusion leads to improved maternal outcomes. In an observational study
of 1216 women with persistent PPH (defined as >1000 ml blood loss refractory to first-line intervention), FFP
transfused within 60 minutes of persistent PPH onset was not associated with reduced severe hemorrhage-related
morbidity (defined as death, hysterectomy, or arterial embolization) compared with no or later FFP transfusion. %
Furthermore, the majority of women with severe atonic PPH (up to 3-4L blood loss) typically have normal
coagulation profiles and platelet counts when blood products are administered.?*-%¢ Given the fibrinogen
concentration of FFP (median concentration=2mg/ml; range 0.8-3 mg/ml)¥’, FFP may paradoxically lower plasma
fibrinogen levels in patients who have moderate PPH and normal coagulation indices. Other potential
complications associated with high-volume FFP use include hypervolemia, transfusion-associated circulatory
overload, and transfusion-related acute lung injury (the commonest cause of transfusion-related death in the US).%
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Any decision to transfuse PLTs warrants careful consideration. A retrospective study of 347 women with
moderate-to-severe PPH reported a low overall incidence of PLT transfusion (3.4%), with a PLT count less than 75x
10%/L recorded in only 2% of women.”® PLT transfusion was more likely in women with thrombocytopenia before
PPH onset or consumptive coagulopathies from amniotic fluid embolism or placental abruption. Women with an
overall blood loss <5000ml due to uterine atony or trauma were not associated with having a postpartum PLT count
less than 75 x 10%/L. In other observational studies, the incidence of thrombocytopenia (PLTs<50 - 75 x 10°/L)
among women with massive PPH or receiving massive transfusion was less than 16%.°": 2 Therefore, a fixed ratio
approach may expose women with PLT counts above a threshold level of 75 x 10°/L to unnecessary PLT
transfusion. The author advises that physicians maintain a PLT count greater than 50 x 10°/L during active PPH.

Superstat laboratory tests (+/ROTEM or TEG assays) should be sent at regular intervals (every 20-30
minutes) during active bleeding. Although ‘real-time’ results are not possible, laboratory and TEG/ROTEM indices
still provide valuable trend data to assess the effectiveness of transfusion decision-making, confirm adequate
hemostasis after the surgical arrest of bleeding, and can be used to rule in or out coagulopathy.®® ** New cartridge-
based point-of-care devices (TEG 6S; ROTEM sigma), overall, have similar accuracy to older generation devices
and allow for quicker turnaround times for assessing information about clot formation and lysis.* %

The presence and extent of coagulation disturbance can vary according to PPH etiology. Compared with
other PPH etiologies, women with placental abruption can experience the largest fall in platelet count during
massive transfusion,’’ the highest rate of platelet transfusion during severe PPH,* and significantly lower ROTEM
FIBTEM AS5 and prolonged EXTEM CT times.”® The author recommends close hemostatic monitoring of all women
with suspected placental abruption for possible consumptive coagulopathy.

Fibrinogen supplementation and tranexamic acid: During the early phase of postpartum bleeding, a Clauss
fibrinogen level <200 mg.dl is an important risk factor for progression to severe hemorrhage and increased blood
product requirement.33 8% %% 19 Baged on expert opinion and guidelines from the International Society for
Thrombosis and Hemostasis, The Royal College of Obstetricians and Gynecologists (United Kingdom), and the
Association of Anaesthetists of Great Britain and Ireland, a target fibrinogen level of at least 200 mg/dl has been
recommended during active obstetric bleeding, even if the PT and APTT indices are normal. 8- 8 101-104

Several studies have evaluated the impact of fibrinogen supplementation with fibrinogen concentrate in
women with severe PPH. In a randomized trial of 249 women with early PPH, Wikkelso et al. compared a2 g
fibrinogen concentrate versus saline as a pre-emptive treatment.!®> The frequency of RBC transfusion use did not
differ statistically between the fibrinogen concentrate vs. saline groups (20% vs. 22%; P=0.88). The lack of effect
may be because a few women (2.2%) had a baseline fibrinogen concentration <200 mg/dl.!% Using ROTEM,
Collins et al. performed a multi-center study to compare the number of RBC units transfused among 55 women with
PPH and a FIBTEM A5<15 mm randomized to fibrinogen concentrate versus placebo. ! Rates of transfusion did
not significantly differ between groups (median [IQR] RBC units=1 (0-2) vs. 1[0-2]; fibrinogen concentrate vs.
placebo, respectively). A prespecified subgroup analysis suggested that a FIBTEM A5>12 mm or a fibrinogen level
>200 mg/dl may be adequate for hemostasis and not require fibrinogen supplementation. A French trial of 437
patients with persistent PPH after vaginal delivery reported no difference in the rate of hemorrhage-related
morbidity (>4 g/dl Hb decrease and/or > 2 unit RBC transfusion) in women randomized to 3 g fibrinogen
concentrate versus placebo.!”” However, several observational studies from single obstetric centers suggest
fibrinogen concentrate use is associated with higher plasma fibrinogen levels, lower blood loss values, and reduced
FFP usage.'% % If time permits, it is preferable to identify significant hypofibrinogenemia or reduced fibrinogen
contribution to clot formation (with TEG or ROTEM) before administering fibrinogen concentrate.

Recent evidence suggests that tranexamic acid (TXA), an antifibrinolytic agent that competitively inhibits
plasminogen activation, has clinical utility. The World Maternal Antifibrinolytic (WOMAN) trial was a pragmatic,
international, double-blind, placebo-controlled, multicenter study in which 20,060 women with PPH were
randomized to receive 1-2 g intravenous TXA vs. placebo in addition to usual care.!'” The main findings indicated a
small reduction in the risk of death from exsanguination in women assigned TXA vs placebo (1.5% vs. 1.9%,
relative risk=0.81, 95% CI=0.65-1.0; P=0.045). Treatment benefit appeared to be strongest if TXA is administered
within 3 hours of birth. Based on these findings, the World Health Organization recommends that all women with
PPH receive TXA within 3 hours of birth.'!! Because the majority of study sites were in low-income countries, the
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generalizability of the findings for high-income countries is uncertain. Moreover, the death rate from exsanguination
among women with PPH is substantially lower in the United States (approximately 38 per 100,000 PPH events)'!?
than in the placebo group in the WOMAN trial, a nearly 40-fold difference. The effect of TXA on mortality
reduction was of borderline statistical significance,!!3 with a number needed to treat of 250. TXA was not associated
with a reduction in hysterectomy, intrauterine tamponade, embolization, or arterial ligation). Further, rates of
transfusion (54% in both groups) and the mean number of blood units transfused did not significantly differ between
groups. Therefore, the potential impact of TXA in reducing maternal morbidity among in hospitals in the developed
world is unclear.!''* 5 High doses (>2g) may increase the risk of renal cortical necrosis in hypoperfused patients.''s
Three high-quality multicenter RCTs investigated the potential utility of TXA for PPH prophylaxis for
vaginal and cesarean delivery. The TRAAP1 study examined whether prophylactic TXA reduces the risk of PPH
after vaginal delivery compared with placebo in 3891 patients. PPH was defined as at least 500 ml blood loss. The
PPH risk did not differ between groups (TXA=8.1% vs. placebo=9.8%; risk ratio=0.83; 95% CI= 0.68-1.01;
P=0.07).!'® The TRAAP2 study examined 4431 women undergoing cesarean delivery. In this study, the risk of PPH
(defined as a calculated blood loss > 1000 ml or an RBC transfusion) was lower in the TXA group vs placebo group
(26.7% vs. 31.6%,; adjusted risk ratio 0.84; 0.75 — 0.94; P=0.003).!'7 However, no significant between-group
differences were observed in measured blood loss. In a US study of 11,000 patients undergoing cesarean delivery
randomized to 1g TXA versus placebo, the risk of PPH-related morbidity (death or blood transfusion) was not
different (3.6% vs. 4.3%; RR = 0.91; 95% CI: 0.79 — 1.05)."'® No between-group difference was observed in of
thromboembolic even rates in these studies. Based upon this evidence, prophylactic TXA should not be used.
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HELLP! How to keep Mothers with Preeclampsia safe!
Clemens M. Ortner, MD, MS, DESA Palo Alto / CA

Epidemiology

Hypertension is the most common medical disorder of pregnancy, affecting 6% to 10% of pregnancies.'? It is a leading
cause of maternal mortality and together with hemorrhage it accounts for about one-half of all maternal deaths
worldwide.® Furthermore hypertensive disorders of pregnancy play a major cause for maternal morbidity and ICU
admission with 60% adverse outcome being preventable with early diagnosis and appropriate medical management.*

Diagnostic criteria
Hypertensive disorders of pregnancy encompass a range of conditions—chronic hypertension, gestational
hypertension, preeclampsia, preeclampsia superimposed on chronic hypertension, and eclampsia.

a) Gestational hypertension presents as elevated blood pressure after 20 weeks’ gestation without proteinuria
(in the absence of chronic hypertension or systemic manifestations of preeclampsia) that resolves by 12 weeks
postpartum.>6

b) Preeclampsia is defined as the new onset of hypertension and proteinuria after 20 weeks’ gestation. The
diagnosis of preeclampsia should also be considered in the absence of proteinuria when any of the following
signs or symptoms of end-organ involvement are present: (1) persistent epigastric or right upper quadrant
pain, (2) persistent cerebral symptoms, (3) fetal growth restriction, (4) thrombocytopenia, or (5) elevated
serum liver enzymes.!

c) The term eclampsia is used when central nervous system (CNS) involvement results in the new onset of
seizures in a woman with preeclampsia.

d) HELLP syndrome refers to the development of hemolysis, elevated liver enzymes, and low platelet count in
a woman with preeclampsia. This condition may be a variant of severe preeclampsia, but this classification
is controversial because the disease may represent a pathophysiologic distinct entity.

e) Chronic hypertension involves either (1) systolic blood pressure of 140 mm Hg or higher and/or diastolic
blood pressure of 90 mm Hg or higher presenting before pregnancy or before 20 weeks’ gestation or (2)
elevated blood pressure that fails to resolve after delivery.

f)  Chronic hypertension with superimposed preeclampsia occurs when preeclampsia develops in a woman with
chronic hypertension before pregnancy. The diagnosis is made in the presence of new onset of proteinuria or
when other manifestations of severe preeclampsia appear.

Pathophysiology

Preeclampsia is a complex multisystem disease currently conceptualized as a two-staged disease (figure 1).7 It is
characterized by diffuse endothelial dysfunction associated with poor placental perfusion, maternal endothelial
dysfunction and signs of systemic inflammatory response leading to maternal and neonatal complications. Maternal
complications include placental abruption, pulmonary edema, acute renal failure, liver failure, and stroke. Neonatal
complications include preterm delivery, fetal growth restriction, hypoxic-ischemic neurologic injury, and perinatal
death.” Although significant advances have been made in the understanding of the pathophysiology of the disease, the
specific proximal cause remains unknown. Management is supportive and delivery of the infant and placenta remains
the only definitive cure.
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Cardiopulmonary function

Cardiopulmonary function in women diagnosed with preeclampsia is complex. Patients may present in different
hemodynamic states depending on underlying risk factors such as patient age, parity status, history of chronic
hypertension, patient BMI, or gestational age.® Studies assessing cardiopulmonary status using a pulmonary catheter
have shown that most women present in a normo- to hyperdynamic state when untreated. After initiation of
antihypertensive treatment and seizure prophylaxis, some women develop decreased cardiopulmonary function.
Echocardiographic studies reconfirmed earlier Swan-Ganz studies and describe preeclampsia as an ‘ino-
vasoconstricted state” with increased systemic vascular resistance, preserved systolic function and increased cardiac
output.>*° Depending on the study, diastolic dysfunction with raised left ventricular end-diastolic pressures (LVEDP)
have been described to be found in 5-20% of preeclamptic women putting them at risk to develop pulmonary edema.!
Studies using pulmonary ultrasound identified occurrence of symmetric ‘comet tail artifacts’ indicating interstitial
pulmonary syndrome and increased extravascular lung water (EVLW) in up to 25% of women.23 Combining
pulmonary ultrasound with transthoracic echocardiography showed an association between interstitial pulmonary
ultrasound and increased LVEDPs and suggest using pulmonary ultrasound to predict diastolic dysfunction.
Nevertheless, development of clinical pulmonary edema may result as a combination of diastolic dysfunction, low
colloid oncotic pressures and endothelial damage at the level of vascular glycocalyx.

Fluid management

Preeclampsia is associated with increased LVEDP, low colloid osmotic pressures and increased capillary permeability
rendering the patient at risk to suffer from tissue and pulmonary edema. As a leading cause for ICU admission, 3% of
preeclamptic women suffer from pulmonary edema which in 70% of cases occurs in the postpartum period.** With
excess fluid administration being main risk factor, guidelines suggest restrictive fluid management limiting fluid
maintenance to 80ml/hr unless there are other ongoing fluid losses.*>A fluid pre- or co-load when placing CSE or
labor epidural should be avoided, and patients diuresed with furosemide as needed.
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Renal function

Renal manifestations of preeclampsia include persistent proteinuria, changes in the glomerular filtration rate, and
hyperuricemia. The presence of proteinuria is a defining element of preeclampsia but is no longer considered essential
for diagnosis if other evidence of end-organ injury is present. The characteristic renal histologic lesion of preeclampsia
is glomerular capillary endotheliosis, which manifests as glomerular enlargement and endothelial and mesangial cell
swelling. % During normal pregnancy, the glomerular filtration rate (GFR) increases by 40% to 60% during the first
trimester, 118 with a resulting decrease in the serum markers of renal clearance, including blood urea nitrogen (BUN),
creatinine, and uric acid. In preeclampsia, this increase in GFR is blunted compared with normal pregnancy.!® Oliguria
is a possible late manifestation of severe preeclampsia and parallels the severity of disease. Persistent oliguria requires
immediate assessment of intravascular volume status. Progression to renal failure is a rare but serious complication of
severe preeclampsia and HELLP syndrome.'® The true incidence remains unknown. Acute renal failure is divided into
three categories: (1) prerenal, which refers to renal hypoperfusion; (2) intrarenal, which suggests intrinsic renal
parenchymal damage; and (3) postrenal, which implies obstructive uropathy. The majority of cases (83% to 90%) of
acute renal failure in preeclampsia result from prerenal and intrarenal pathologic processes (most commonly acute
tubular necrosis) and resolve completely after delivery.?2% In contrast, bilateral renal cortical necrosis is a rare and
serious condition associated with considerable maternal and perinatal morbidity and mortality. It occurs most
commonly in association with known renal parenchymal disease, chronic hypertension with superimposed
preeclampsia, placental abruption, DIC, HELLP syndrome, sepsis, or fetal death. 2223

Management of hypertensive emergency

Confidential Enquiry into Maternal and Child health 2006-2008 in the United Kingdom described 19 deaths secondary
to preeclampsia/eclampsia and stroke with failure to control for blood pressures in all cases. Another review on
preeclampsia related strokes identified systolic blood pressures > 155mmHg present in 100% of 28 cases described
(with 16 cases occurring in the postpartum period!).?* Preeclampsia causing a loss in cerebral autoregulation and
conferring to a markedly increased risk of intracerebral hemorrhage, guidelines consider occurrence of systolic blood
pressures of greater or equal to 155-160 mmHg persisting over 15 minutes as hypertensive emergency requiring
prompt treatment within 30 minutes. Though choice of antihypertensive treatment should depend on the physician’s
individual experience and preference, common guidelines suggest labetalol, hydralazine and nifedipine as first-line
agents, and nicardipine, sodium nitroprusside and esmolol as second line agents.?® Independent of the agent chosen,
in order to avoid utero-placental hypoperfusion leading to fetal compromise and need for emergent delivery, blood
pressure should be aimed to no more than 15-20% reductions from baseline. Decreasing uterine tone leading to
postpartum hemorrhage, nitroglycerine should be avoided around time of delivery, and methylergonovine
exaggerating hypertension is considered contraindicated as uterotonic.

Eclampsia

In the untreated disease, eclamptic seizures may occur in 2-10% of preeclamptic women, pathophysiologic as a
consequence endothelial disease leading to microemboli causing cerebral vasogenic and cytotoxic edema. Seizure
prophylaxis using Magnesium sulfate (MgSO.) is considered standard of care. Eclamptic seizures are a significant
cause for maternal mortality with severe and acute headaches, visual disturbances, acute mental status changes or
temporary blindness as typical warning symptoms. However, 20-38% of eclamptic seizures have been described
without classic signs of preeclampsia occurring before, during or after delivery.

Management of eclamptic seizure includes maintenance of airway, breathing and circulation, and seizure control with
a loading bolus of 6 g MgSO;4 as first line agent (or 2g if patient on MgSO4 maintenance). Recurrent seizures require
additional 2 g MgSQOs-bolus, and consideration of alternative treatments (Benzodiazepines), broaden differential
diagnosis and neurology consult. In general, eclamptic seizures are not an absolute indication for endotracheal
intubation or delivery, which must be decided depending on success of seizure control, maternal and fetal stabilization.

Anesthesia Management
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A) Regional Anesthesia

Epidural analgesia is generally well tolerated decreasing mean arterial pressures and systemic vascular resistance,
keeping central venous and pulmonary pressures unchanged.?® Helping blood pressure control and decreasing uterine
artery resistance, studies indicate potential beneficial effects when placing epidural analgesia. Main contraindications
for neuraxial analgesia remain coagulopathy and thrombocytopenia, but epidural or spinal anesthesia is considered
acceptable, and the risk of epidural hematoma is exceptionally low, if platelet counts are > 70 x 10°/L, platelet level
is stable and function stable, no other coagulopathy is present and patients are on no other antiplatelet or anticoagulant
therapy.?’

For preeclamptic patients undergoing Cesarean delivery (CD), spinal anesthesia (SPA) ist the method of choice
provided there is no indwelling epidural catheter present, contraindication to neuraxial anesthesia and left ventricular
systolic function is preserved.?® Compared to the healthy pregnant patient, there is modest afterload reduction leading
to less hypotension. Fifty percent of patients will still require some vasopressor for blood pressure control to be chosen
following maternal hemodynamic goals independent of fetal heart tracing. 2°3°

B) General Anesthesia

General anesthesia is less desirable than neuraxial anesthesia but may be indicated in the presence of coagulopathy
with contraindication for neuraxial anesthesia, pulmonary edema with dyspnea not allowing patient to lie flat,
eclampsia leading to decreased mental status, or sustained fetal bradycardia. In patients with preserved systolic
function, anesthesia management is similar to none preeclamptic patients, but providers must be prepared for difficult
intubation and severe hypertensive response with intubation putting the patient at risk for intracranial hemorrhage.3*
In order to blunt blood pressure response with intubation general recommendations include intravenous administration
of esmolol 1.5mg/kg in patients with normal heart rate, nitroglycerine 2 mcg/kg in patients with lower heart rates, or
remifentanil in a dose of 1-1.5mcg/kg.*

In patients with pulmonary edema a more careful titration of induction medications is recommended balancing the
risks of aspiration and hypoxemia with acute hypotension. Significant diastolic dysfunction causing pulmonary edema
may warrant more judicious blood pressure management, whereas systolic dysfunction as underlying cause will
necessitate increasing inotropy.

Consideration for monitoring

Invasive monitoring may be considered in preeclamptic women with poorly controlled hypertension, renal failure,
pulmonary edema or hemorrhage. Mode of invasive monitoring depend on providers preferences based on individual
physicians experience. A possible approach to choose may be placement of arterial line +/- minimal invasive cardiac
output monitoring in the spontaneous breathing patient, placement of a central line in the hemorrhaging patient or
patient needing vasopressors, and measurement of stroke/pulse pressure variation in the invasively ventilated
patient.3® 3* The use of point-of-care transthoracic cardiopulmonary ultrasound is recommended as long as expertise
is available.3
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Maternal Cardiac Disease: Peripartum Planning
Marie-Louise Meng, MD Durham, North Carolina

Introduction

Maternal cardiac disease is a leading cause of maternal morbidity and mortality in the United States as the numbers
of patients with acquired and repaired congenital heart disease have increased over the last three decades.
Obstetricians routinely turn to anesthesiologists to help with the planning and management of the delivery and
termination care of these patients. This lecture reviews maternal cardiac lesions, physiologic concerns, anesthetic
options, and provides a practical framework for how anesthesiologists should assess these patients and plan delivery
care needs.

Hemodynamic changes of pregnancy, peri delivery and postpartum

During pregnancy several changes happen to the cardiovascular system to accommodate the increased blood volume
required to grow the fetal placental unit. Beginning in the first trimester, plasma blood volume increases and to
accommodate this volume, systemic vascular resistance and pulmonary vascular resistance decrease. The heart rate
increases allowing cardiac output to increase. Cardiac output increases 30-50% through pregnancy. During delivery,
cardiac output often increases to 15-20% above the pre-labor value. When a woman arrives at labor and delivery, the
pain from contractions causes a release of catecholamines. These catecholamines can cause tachycardia and in some
patients precipitate arrythmias. Uterine contractions cause a fluctuation or increase of approximately 300ml of
preload. This auto-transfusion, as well as the autotransfusion that occurs after delivery with the relief of aortocaval
compression, may not be tolerated by all women with cardiac disease. The blood loss at delivery may not be
tolerated by all patients, nor the corresponding required resuscitation well tolerated. Through the whole process of
labor and delivery, there is an increased maternal oxygen consumption. The diagram below is useful to
conceptualize the hemodynamic changes peri-delivery and the issues they may cause, and the plans anesthesiologists
can make to mitigate the issues.

Figure 1: Hemodynamic changes peri-delivery
Blood Pressure = Cardiac Output  * Systemic Vascular Resistance

Heart Rate  * Stroke Volume  Afterload & RBC viscosity

¥

Rate & Rhythm Contractility & Preload

ISSUES:

1 Catecholamines - 1 Tachycardia & arrhythmias

| Systemic vascular resistance - | Coronary perfusion = A,D - LVEDP
1 Cardiac output (preload changes) - 1 Heart failure

1 Pulmonary blood flow +| Pulmonary vascular resistance —> 1 Pulmonary pressure

| Oncotic pressure - 1 Pulmonary edema

PLAN:

Avoid sudden alterations in heart rate & rhythm - Neuraxial anesthesia for pain control
Control sudden decreases in afterload (SVR) -> Vasopressors

Support the myocardium -> Inotropes (and mechanical support)

Maintain preload (control sudden changes in blood volume) > Diuresis and pulmonary vasodilators

Heart failure Warning Signs

The most common complication peridelivery in women with heart disease is heart failure. This is due to an inability
to augment contractility to accommodate the increases in preload with autotransfusion peri-delivery or postpartum.
It is important to remember that pregnant patients are usually volume up, whether the volume is in the forms of
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edema and/or intravascular volume. This fluid needs to leave the maternal body after delivery and patients with
decreased contractile function may experience heart failure in the postpartum process of physiologically returning to
a pre-pregnancy volume state. Main EK et al. examined pregnancy related deaths in California and determined that
those due to cardiovascular causes were largely preventable.(1) Delayed responses to clinical warning signs and
ineffective care were the main contributing factors. Anesthesiologists should have a high suspicion for heart failure
if there are any change in maternal symptoms such as new or worsening tachycardia, arrhythmia, hypotension,
hypoxemia (new O2 requirement in an obstetric patient is never normal and warrants a workup), decreased urine
output or decompensation of fetal tracing. Often an augmentation of maternal heart rate is a physiologic response to
increase cardiac output in a heart that is struggling to increase contractility.

Framework for planning care of the cardio-obstetric patient
A useful framework for how to approach the anesthesiology care of a pregnant patient with heart disease is
presented below and adapted from the references in Circulation and Anesthesiology.(2,3)

WHO: Who is the patient and who is on the Pregnancy Heart Team?

Patient: Cardiovascular disease is a broad term encompassing lesions ranging in type (valvular, shunts, arrythmias,
complex congenital, myocardial dysfunction, vascular/aortopathy) and severity. Anesthesiologists should use the
specific disease and the patient’s current functional condition for risk stratification. The most useful tools for risk
stratification currently are the modified WHO risk classification and CARPREG II risk score.(4,5) Additionally, the
Registry Of Pregnancy And Cardiac disease (ROPAC) a 'Special' registry within the European Society of
Cardiology has multiple publications to guide risk stratification, care and management of cardio-obstetric patients.
Below is a revised version on the modified WHO risk stratification table:

Table 1: Modified World Health Organization Classification of Cardiovascular Disease in Pregnancy(2,4)

Risk classification

Cardiac lesions

Class I: No detectable
increased risk of maternal
mortality and no or minimal
increase in maternal morbidity

» Uncomplicated mild pulmonary stenosis

+ Mitral valve prolapse with no more than trivial mitral regurgitation

* Successfully repaired simple lesions (atrial or ventricular septal defect, patent ductus arteriosus,
anomalous pulmonary venous drainage)

* Isolated ventricular extra-systoles and atrial ectopic beats

Class II: Small increased risk
of maternal mortality or
moderate increase in morbidity

* Unrepaired atrial or ventricular septal defect
Repaired tetralogy of Fallot
* Most arrhythmias

Class II/IIT: Moderate
increased risk of maternal
mortality or morbidity

Hypertrophic cardiomyopathy

Native or tissue valvular heart disease not considered Modified World Health organization I or IV
Repaired coarctation

Marfan syndrome without aortic dilatation

Bicuspid valve with aorta <45 mm

Mild ventricular impairment

Heart transplantation

Coronary artery disease

Class III: Significantly
increased risk of maternal
mortality or severe morbidity,
and expert cardiac and
obstetric pre-pregnancy,
antenatal, and postnatal care
are required

Mechanical valve

Systemic right ventricle

Fontan circulation

Unrepaired cyanotic heart disease

Other complex congenital heart disease
Marfan syndrome with aorta 4045 mm
Bicuspid aortic valve with aorta 45-50 mm

Class IV: Pregnancy is highly
discouraged, termination of
pregnancy is advised

Pulmonary hypertension

Eisenmenger syndrome

Systemic ventricular ejection fraction <30%

Systemic ventricular dysfunction with New York Heart Association class III-IV

Severe mitral stenosis or symptomatic aortic stenosis

Marfan syndrome with aorta >45 mm

Bicuspid aortic valve with aorta >50 mm

» Native severe coarctation

* Previous peripartum cardiomyopathy with any residual impairment of ventricular function
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Assessment of pre-pregnancy functional status using the New York Heart Association (NYHA) Functional
Classification, changes to NYHA classification through pregnancy and current function status are useful to
determine if the patient is compensating well or not and can guide necessary testing and termination or delivery
planning. Symptoms of heart failure overlap with common symptoms in pregnancy (dyspnea, orthopnea, fatigue);
therefore, when these symptoms are present, it is useful to send an NT-proBNP level to rule out cardiac causes of
these symptoms. NT-proBNP has high negative predictive value, that is, if it is normal, the chance of a cardiac cause
being the source of the symptoms is low.(6-9) An elevated NT-proBNP level should prompt further cardiac
evaluation with echocardiography and electrocardiography. Anesthesiologists comfortable with performing
cardiac POCUS may utilize this skill to obtain a quick assessment of myocardial function while the team is waiting
for an official transthoracic echocardiogram.

Pregnancy Heart Team (PHT): It is useful for centers who care for many patients with cardiovascular disease to
form official Pregnancy Heart Teams, a multidisciplinary group of subspecialists that are dedicated to formulating
and executing appropriate plans for cardio-obstetric patients during pregnancy, delivery and postpartum. The team
may choose to meet monthly to review the list of cardio-obstetric patients and update plans. Often the PHT will
require representation from the following medical and nursing subspecialties: Anesthesiologist (Obstetric and
Cardiothoracic), Cardiologist, Neonatologist, Hematologist, Cardiothoracic surgeon, ECMO surgeon, Perfusionist,
intensivist, Critical Care Obstetric Nurse, Critical Care Nurse). It may be useful to keep an electronic list of high-
risk patients and the plans made for them so that providers can easily review the PHT’s recommendations when
patients arrive to L&D.(10,11)

WHAT: What does the patient need, a termination, vaginal delivery or cesarean delivery?

Vaginal delivery with good neuraxial anesthesia is usually the preferred mode of delivery for patients with
cardiovascular disease, unless there is a maternal, obstetric or fetal indication for cesarean delivery. Early analgesia
can aid in minimizing tachycardia due to catecholamine release with painful contractions, this may help in avoiding
arrhythmias. The anesthesiologist can help with assessing volume status and guiding fluid management through
labor. With every uterine contraction the preload to the heart increase by about 300ml, examining the maternal
hemodynamic response to this fluid shift with bedside exams and cardiac POCUS may be useful to determine how
well the patient’s cardiovascular system is tolerating labor.

The second stage of labor defined as the time from full cervical dilation to the delivery of the fetus. It may be useful
to allow time in the second stage for passive descent of the fetus before initiating the active, ‘pushing’ second
stage. The benefit of a prolonged passive second stage is that this passive descent of the fetus may result in the
patient spending less time pushing. The mechanic stages of the Valsalva maneuver are the following:
e Stage 1: Onset of straining- Intrathoracic pressure increases and there is an increase in blood pressure,
heart rate does not change
e Stage 2: Continued straining- There is a decrease in venous return resulting in a decrease in pulse pressure
and stroke volume, blood pressure decreases a bit and heart rate increases
e Stage 3: Release of straining- Intrathoracic pressure decreases and venous blood volume returns to the
pulmonary vasculature, blood pressure decreases further since there is less preload in the left side of the
heart, heart rate remains stably increased
e Stage 4: Continued release of Valsalva- venous return increases such that there is now adequate volume in
the left heart to improve stroke volume, ejection and blood pressure increases well above previous stage 3
values and heart rate can decrease.
There are two risky changes during the Valsalva maneuver to consider, (1) the acute changes in preload and (2) the
large swing in blood pressure from Stage 3 to Stage 4 that can be detrimental to patients with aortic pathology that
may not tolerate changes in aortic sheer stress. Therefore, there are some patients for whom an assisted second stage
may be recommended (preload dependent lesions, severe aortopathy), yet most patients with cardiac conditions can
handle the repeated Valsalva maneuver necessary in the active second stage. The concern with assisted second stage
(forceps delivery) is that there is a risk of increased blood loss and 3™ and 4 degree lacerations and consequent
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morbidity with recovery from the forceps delivery; therefore, current recommendations have shifted towards
allowing more patients to participate in an active second stage if it is hemodynamically tolerated.(12-15)

The third stage of labor is the time from the delivery of the fetus until delivery of the placenta. The goal after
delivery is to ensure placental removal and uterine contraction to prevent postpartum hemorrhage. If there is no
contraindication to oxytocin, it should be dosed as usual at this time. Some patients may have contraindications
to one or several uterotonics. Hemabate (carboprost) should be avoided in patients with pulmonary pathology,
asthma, pulmonary edema, pulmonary hypertension. Methergine should be avoided in patients with hypertension or
coronary vascular disease.(2)

There are few cardiovascular indications for performing a cesarean delivery rather than allowing a trial of labor.
Indications for cesarean delivery include recent Warfarin use (for fetal indication: cannot determine fetal
coagulation status), some high degree aortopathies (follow ESC 2018 guidelines based on etiology of aortic disease
and vessel size), critical valvular stenosis, decompensated heart failure or severe decompensated pulmonary
hypertension.(4,16,17) Maternal or fetal decompensation for any reason may require expedited delivery via
cesarean. When cesarean delivery is performed in high risk patients (high pulmonary artery pressure, right heart
dysfunction), it may be prudent to avoid uterine exteriorization so as to prevent micro air emboli. (2)

WHEN: When should termination or delivery occur?

The goal is to wait until a pregnancy reaches term to deliver the fetus; however, maternal decompensation may
prompt termination or preterm delivery. The urgency of the procedure is usually determined by the obstetric team;
however, anesthesiologists can be useful partners in decision making when there is concern for maternal
hemodynamic intolerance to pregnancy.

WHERE: Where is the appropriate medical center and location within a hospital for a patient to deliver?

To facilitate providing appropriate care for patient with high-risk maternal or fetal conditions, the American College
of Obstetricians and Gynecologists (ACOG) created Maternal Levels of Care designations.(18) This system
standardizes integrated systems of perinatal regionalization, provides risk-appropriate maternal care, aids in
facilitating transfers of care when necessary and creates a guide for systematic improvement across centers.(18) The
classification system establishes four levels of maternal care. Anesthesiologists should be aware of what level of
care is available at their center and facilitate transfer of care or acceptance of patients when necessary.

Labor and delivery are usually best done on the labor and delivery suite as the personnel, resources, knowledge ,and
response times are available and appropriate to most obstetric patients; however, there may be occasions where
delivery is best done in another location in the hospital such as a main operating room or cardiothoracic operating
room. In patients with mWHO class III or IV disease where cardiothoracic surgery or ECMO backup are needed, the
team may opt to perform a scheduled cesarean delivery in a cardiothoracic or main operating room to be closer to
the personnel and resources to employ ECMO quickly. Often, a vaginal delivery in a high-risk patient may benefit
from cardiothoracic anesthesiologist or intensivist coming to the labor floor to assist the obstetric anesthesiologist
with cardiac POCUS or medication titration. Providing an intensive care nurse on labor and delivery to collaborate
with a labor and delivery nurse may also be beneficial in certain cases. It is important to remember that the cardio-
obstetric patient is at risk for the usual obstetric issues such as need for intrapartum cesarean delivery or hemorrhage
care, which are best managed in the labor and delivery suit as these events and their management are routine for the
obstetric care teams. Moving patients to have vaginal deliveries off the labor floor in an intensive care unit may not
be advisable as usual maternal care may be compromised (i.e. lack of obstetric anesthesiology presence 24/7, delay
in transfer to an operating room for intrapartum cesarean delivery) in these alternative locations.
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HOW: How do we plan our anesthesia and hemodynamic support peri-termination or delivery?

Intrapartum plan

Access and monitoring: Good intravenous access for volume resuscitation should be obtained with central access
reserved for patients who may require norepinephrine or prolonged inotropic support. Arterial pressure monitoring
can be very useful for patients in whom stable arterial pressure is crucial (left sided stenotic lesions, ventricular
dysfunction, pulmonary hypertension). Pulmonary artery catheters should be considered for patients with pulmonary
hypertension to monitor response to pulmonary vasodilator medications or for patients with severe ventricular
dysfunction to monitor left atrial pressure. Cardiac POCUS is often very useful to determine volume status,
myocardial function and response to interventions such as addition of inotropic support.

Hemodynamic support: The anesthesiologist should determine the appropriate hemodynamic goals and greatest
peripartum risks to each individual patient and formulate plans accordingly. When multiple conditions are present
with competing hemodynamic goals, it may be prudent to use the more severe cardiovascular condition to determine
a hemodynamic care plan. The anesthesiologist should ensure that appropriate vasopressor, inotropic and pulmonary
vasodilator medications are available.

Anesthetic plan: Usually, neuraxial anesthesia is preferred for both vaginal and cesarean delivery. General
anesthesia may be necessary for the usual indications (maternal preference, emergency with no in situ neuraxial nor
time for de novo neuraxial anesthesia, or any need for endotracheal intubation).

Postpartum hemorrhage management: There is generally no contraindication to oxytocin infusions so this
medication should be employed as usual to facilitate rapid uterine contraction and prevent postpartum hemorrhage.
Hemabate (carboprost) should be avoided in patients with pulmonary pathology, asthma, pulmonary edema,
pulmonary hypertension. Methergine should be avoided in patients with hypertension or coronary vascular
disease.(2) Other options for management of uterine atony include compression sutures during cesarean delivery and
Bakri balloon placement for both vaginal and cesarean deliveries.

Postpartum care

Location of recovery: The location of recovery should be determined based on the current patient status, needs of
the patient and capacity of the unit. The most common postpartum issue, regardless of cardiac disease, is
hemorrhage. Specific to patients with cardiovascular disease are the concerns for fluid shifts and resulting heart
failure or arrythmias that can be identified early with frequent examinations and telemetry.(5) Should strict ins and
outs monitoring, or telemetry not be possible in the labor and delivery unit, it may be useful to recover patients with
cardiovascular disease in an intensive care unit.

Recovery goals: The usual postpartum goals of hemorrhage prevention and pain control are central to the care of all
obstetric patients. The nursing team should continue to monitor uterine fundal tone and vaginal bleeding as usual,
regardless of whether the patient recovers on the labor and delivery unit or in an intensive care unit. These exams are
important not only to improve uterine tone with mechanical force but also to identify early signs of uterine atony or
ongoing bleeding. Once hemorrhage is controlled, the next goal is to ensure that the fluid accumulated through
pregnancy and delivery can safely leave the maternal third space and vasculature. This is usually accomplished with
the natural postpartum maternal auto diuresis but patients with cardiovascular disease may benefit from medical
diuresis and sodium restriction to avoid reaccumulating fluid. Stool softeners are useful as opioid pain
medications, and the manipulation of surgery can lead to constipation. Softening of stool is crucial to prevent
repeated Valsalva in the restroom during bowel movements (similar hemodynamic danger as that seen with maternal
pushing). Patients with low flow states, pulmonary hypertension, Fontan physiology or other hypercoagulable states
may benefit from re-initiation or initiation of anticoagulation.

Conclusion: Anesthesiologists have the potential to assist obstetricians in reducing maternal morbidity due to
cardiovascular disease across labor floors in America. Anesthesiologists can identify patients at high risk of heart
failure peridelivery and augment care to prevent decompensation. Anesthesiologists may also have a role in assisting
in the postpartum recovery care of women at high risk of cardiovascular complications, working with obstetricians
to reduce morbidity.
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Maternal Cardiac Disease Delivery Planning Algorithm/Framework

1. WHO: (patient and medical team)
A. Patient:

*  Medical, surgical, obstetric, anesthetic history, medications (anticoagulation), allergies

*  Modified WHO scale (mWHO II-1IL, III, IV consider transfer to referral hospital)

* CARPREG II Risk score (CARPREG >1 consider transfer to referral hospital)

*  NYHA Class I-IV

e Other data: NT-proBNP, ECG, TTE, CT, MRI
B. Team:

*  Obstetrician/Maternal Fetal Medicine

*  Anesthesiologist (Obstetric and Cardiothoracic)

*  Cardiologist

*  Neonatologist

*  Hematologist

*  Cardiothoracic surgeon/ECMO surgeon/Perfusionist

* Intensivist

*  Critical Care Obstetric Nurse/Critical Care Nurse

2. WHAT: Vaginal v. cesarean delivery v. termination
3. WHEN: Target induction/delivery/procedure date (gestational weeks/days):

4. WHERE: (Type of medical center and location within medical center)
*  Local v. Referral hospital
* L&D suite labor room, L&D operating room, cardiothoracic operating room, intensive care unit

5. HOW:
Peripartum plan
A. Hemodynamic goals:
B. Peripartum risks:
C. Medications:
*  Vasopressors: phenylephrine, norepinephrine, vasopressin
* Inotropes: dobutamine, dopamine, milrinone, epinephrine
*  Anti-pulmonary HTN: oxygen, calcium channel blockers, prostacyclin agonists, PDE-5 inhibitors,
endothelin antagonists, nitric oxide-cyclic guanosine monophosphate enhancers, nitric oxide
D. Anesthesia: spinal, combined spinal epidural, epidural, general
E. Monitoring: non-invasive blood pressure, arterial line, telemetry, central venous pressure, pulmonary artery
catheter, cardiac POCUS, transthoracic echocardiogram, transesophageal echocardiogram
F. Venous access: peripheral or central
G. ECMO: VV or VA, back-up, place wires, place sheaths, place cannulas
H. Hemorrhage prevention/management:
»  Uterotonics: oxytocin, methergine (avoid in HTN), carboprost (avoid in lung disease), misoprostol (less
effective)
e Procedures: compression, suture, Bakri balloon, uterine artery embolization, hysterectomy
Postpartum care
A. Recovery location: (ICU or high-risk maternal unit or post-partum unit)
B. Treatment goals:
*  Diuresis for arrhythmia and heart failure prevention with sodium restriction to prevent fluid reaccumulation
*  Anticoagulation for thrombosis prevention
«  Stool softeners for prevention of Valsalva
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Maternal Morbidity and Mortality — An Anesthesiologist’s Role and Perspective
Rachel M. Kacmar, MD Aurora, Colorado

Introduction and Definitions

Maternal mortality is defined as a death within 1 year of pregnancy that is caused by a pregnancy complication, the
result of a condition initiated by pregnancy or worsening of a chronic condition from physiologic changes of
pregnancy.! “Maternal death” is a death during pregnancy up to 42 days postpartum while “pregnancy-related death”
reflects deaths during pregnancy up to 365 days postpartum.? Maternal morbidity definitions vary but in general
include unintended outcomes or complications of pregnancy, labor, and/or delivery that have significant short- and/or
long-term maternal health consequences.>* A list of morbidity diagnosis criteria are shown in Table 1.

In the United States (US), approximately 900 women die annually during pregnancy and in the postpartum
period. This equates to a maternal mortality ratio (MMR) of approximately 22 per 100,000 live births, which is the
highest of any high-resource country.® In addition, there is concern that the MMR in the US is up-trending (from 17.5
to 26.4/100,000 live births from 1990-2015 in one study® and 18.8- 23.8/100,000 from 2000 - 2014 in another”)
despite a worldwide reduction. A recent CDC report listed the US MMR at 32.9 deaths/100,000 live births in 2021.
The incidence of moderate to severe maternal morbidity (SMM) is orders of magnitude higher than mortality. Almost
half the cases of mortality and SMM are preventable and there is intense scrutiny to identify causes and contributing
factors, preventative measures that can be employed, and why the US lags behind other high-resource countries.

Etiologies and Contributing Factors for Morbidity and Mortality
Why has MMR in the US continued to rise despite worldwide down-trending, or at least stability? One reason may be
evolving and improved reporting and surveillance methods including the implementation of the International
Classification of Disease 10" Revision (ICD-10) which includes 4 additional codes for maternal death compared to
ICD-9 as well as a “pregnancy check-box” on death certificates (implemented in 2003).%° The Center for Disease
Control (CDC) started tracking maternal deaths in 1986'° and relies on ICD-10 codes and death certificate
information; however, unreliable recording and reporting of maternal deaths was common through the 1990s and the
use of a pregnancy status checkbox on death certificates was a voluntary decision by each state until 2015.!!
Patient-level factors associated with increased risk for SMM and maternal mortality include increased
average maternal age (especially > 40 years), maternal co-morbidities (e.g. pulmonary hypertension, PPH, cardiac
disease, preeclampsia (preE)), subfertility/ use of in-vitro fertilization and increased cesarean delivery rate.
Population- and hospital-level factors include higher prevalence of obesity, diabetes and high school non-completion,
proportion of Medicaid/ uninsured and non-white patients, and variable state adoption of the 2003 death certificate.'
13 Areas for improvement relate to providers (e.g. inappropriate/ delayed treatment, poor communication, lack of
education), patients (e.g. suboptimal control of chronic medical conditions, delay in seeking health care/ adhering to
medical advice, significant social conditions) and systems (e.g. policies/ procedures, delay in transfer to higher level
of care, communication).'* Racial and ethnic healthcare disparities also play a significant role and are discussed

below. The current leading causes of maternal morbidity and mortality are shown in Tables 1 and 2 below. 3!
Table 1. Indicators and leading causes of severe maternal morbidity
Acute myocardial infarction® Eclampsia® Pulmonary edema”
Acute renal failure® Heart failure during surgery” Sepsis/ severe infection”
Adult respiratory distress Hemorrhage™** Severe anesthesia complications”
syndrome” Hysterectomy” Shock”
Amniotic fluid embolism Intensive care unit admission Sickle cell crisis”
Aneurysm Internal injuries (thorax, abdomen, Temporary tracheostomy”
Blood transfusion (>/=4 U PRBC)"  pelvis)® Third/ fourth-degree perineal
Cardiac arrest/ VFib" Intracranial injuries laceration
Cardiomonitoring” Operation on heart/ pericardium” Thrombotic embolism”
Cardiomyopathy” Preeclampsial HELLP syndrome” Trauma/ violence”
Conversion of cardiac rhythm” Psychiatric disorder/ suicide attempt ~ Uterine rupture
DIC* Puerperal cerebrovascular disorders”  Ventilation (intubation)"

** Most common cause of maternal morbidity; “Racial/ ethnic disparities identified within this cause
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PRBC — packed red blood cells; VFib — ventricular fibrillation, DIC — disseminated intravascular coagulation;
HELLP — “hemolysis, elevated liver enzymes, low platelets”

Table 2. Leading causes of maternal mortality in the U.S.

Etiology % of maternal Cause-specific Trend 1987-2013
deaths MMR”* (1 versus |)
Cardiovascular disease 26.4" 4.2/100,000 i
Hemorrhage 11.4-14.0 1.8/100,000 —
Sepsis/ Infection 10.7-12.7 2.2/100,000 (UK) —>
Venous thromboembolism 84-93 1.5/100,000 l
Preeclampsia & eclampsia 74-94 1.5/100,000 l
Mental health conditions 7.0 i
Cerebrovascular accident 2.8-6.6 —
Amniotic Fluid Embolism (AFE) 42-55 1.2-6.6/100,000 ?
Anesthesia-related complication 02-23 1/1,000,000 l

“per n live births; “includes “cardiovascular conditions” and “‘cardiomyopathy”

Etiology and Contributing Factor Details

e  Peripartum hemorrhage (PPH): There continues to be a significant link between PPH and SMM and mortality.
Recent studies indicate the PPH rate is increasing due in large part to increased incidence of uterine atony. An
increased incidence of peripartum blood transfusion accompanies the observed increase in PPH, and one study
found that massive transfusion was strongly associated with in-hospital maternal death.!'®

e  Preeclampsia/ Hypertensive disorders of pregnancy: Hypertension-related SMM and maternal mortality is
potentially preventable, and early, aggressive blood pressure treatment is paramount. Women with chronic
hypertension (HTN) and superimposed preeclampsia have the highest risk for SMM. The leading cause of
death in women with preE and eclampsia is intracranial hemorrhage.!® Use of a HTN management protocol can
significantly reduce preE-related SMM and mortality.'® 20

e Cardiovascular Disease: As the number of women with congenital heart disease and maternal co-morbid
conditions that convey risk for cardiac complications increase, authors have suggested a triad of broad
cardiovascular screening, patient education (including preconception counseling) and multidisciplinary team
planning.?! Many serious cardiac events (66%) in parturients occur during the antepartum period and almost
half are preventable, emphasizing the need for an aggressive approach.?? A cardio-obstetrics team can provide
coordinated care from the antepartum through postpartum periods and women with the most severe cardiac
disease should be cared for in centers with both high level obstetrics and cardiac services.?

e  Sepsis: Between 1999 -2006, 15% (22/151) of pregnancy-related deaths in Michigan were directly due to sepsis
and sepsis contributed to another 8/151 deaths, leading to an overall MMR of 2.9 per 100,000 live births.
Delay(s) in appropriate care were identified in over 70% of maternal deaths due to sepsis and sepsis-
contributing deaths.?* Specifically, delayed antibiotic administration more than doubled the mortality rate.

e  Obesity: Prepregnancy obesity is associated with increased SMM as well as with other causes of SMM
including preeclampsia and infection/ sepsis.?’ High gestational weight gain may increase risk of SMM.

e Cesarean delivery (CD): The rate of both SMM and mortality is significantly higher for women undergoing
C/D compared to vaginal delivery (VD). Reducing primary CD to decrease repeat CD and its associated risk
for SMM (e.g. uterine rupture, invasive placentation, hysterectomy) is a nationwide priority. As a result, there
has been a decrease in the primary CD rate, however, this is accompanied by increased instrumental VD,
increased incidence of 3™ and 4" degree perineal lacerations and longer labors,?® which carry potential
implications for epidural utilization and even anesthesiology staffing on labor and delivery.

e SARS-CoV-2 (COVID): Parturients with COVID are at increased risk for composite morbidity.?” COVID +
parturients were over 5 and 1.5 times more likely to be admitted to the hospital and ICU respectively compared
to non-pregnant COVID + women. Pregnant patients had higher risk of receiving mechanical ventilation but
there was no difference in risk for death based on pregnancy status.?® Based on available data it appears severe-
critical COVID symptoms carry the highest risk of perinatal complications but all pregnant and recently
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postpartum individuals with COVID have increased risk for composite SMM and mortality. Vaccination has
been safe and effecting during pregnancy and breastfeeding and should be encouraged.?

o Anesthesia-related complications: Thankfully, SMM and maternal mortality related to anesthesia complications
remains low and is decreasing. The most significant risk factors for adverse maternal outcomes related to
anesthesia are airway management, high neuraxial blockade and dural puncture. !¢

Unconventional and Emerging Causes of Severe Maternal Morbidity and Mortality

Trauma/ Homicide: A review of the Pennsylvania Trauma Outcome Study showed a 1.6-fold higher rate of mortality
in pregnant trauma victims compared to nonpregnant women. Pregnant trauma victims were more likely to be dead on
arrival and more likely to die during the hospital course. This was true for both violent and non-violent trauma,
however violent trauma in pregnancy was associated with a 3.14-fold higher mortality compared to non-violent
trauma.>® Pregnant patients are 5 times more likely to die by homicide than nonpregnant peers who died by violent
means. Twelve percent of pregnancy associated deaths in [llinois from 2002-2013 were due to homicide. Gunshot
wound was the cause of death in 50% of maternal homicide deaths from 2008-2013.3!

Self-harm: A significant number of deaths in women of childbearing age are due to suicide/ overdose, however, until
recently many analyses of maternal mortality did not include deaths due to self-harm. Thirty percent of maternal
deaths in Colorado from 2004-2012 were the result of self-harm; the most common etiology in the study period. The
vast majority occurred postpartum and while 54% of women had a prior psychiatric diagnosis documented, nearly half
of patients who were on psychopharmacotherapy at conception discontinued medication during pregnancy.? In
Ontario, Canada from 1990-2015, over 45% of maternal deaths due to injury were further classified as secondary to
intentional self-harm or accidental overdose.?® Risk factors for maternal death due to self-harm include depression,
lack of psychopharmacologic medications, prior hospitalization for psychiatric indication, and disengagement from
postpartum treatment.>* Anxiety, depression and other psychiatric symptoms during pregnancy may be more prevalent
now due to the COVID pandemic.®
e Suicide: In both the US and United Kingdom, experts suspect that maternal suicides have been underreported
or miscategorized, leading to a suicide-related MMR that far underestimates reality. In Colorado from 2004-
2012, suicide was associated with an MMR of 4.6 per 100,000 live births; 10% of patients who ultimately
died from self-harm had a prior suicide attempt.?? In Ohio, firearm (45%) and hanging (31%) were the most
common mechanisms of suicide during or within 1 year of pregnancy.3¢
e QOverdose: Opioid use, misuse, and opioid-related death during pregnancy and the postpartum period is
consistently rising in the US.3* Maternal mortality ratio from overdose was 5 per 100,000 live births in the
above review of Colorado maternal deaths. Of the total deaths, 17% had a known substance abuse disorder
and in cases when toxicology testing was performed, opioids were the most common substance identified.??
Drug overdose was the second leading cause of maternal death (11.6%) in Texas from 2011-2012 following
cardiovascular disease and again opioids were the most common substance identified.?’

Disparities in Maternal Morbidity and Mortality

Racial and Ethnic Disparities

Non-Hispanic black women are significantly more likely to die from pregnancy-related causes compared to non-
Hispanic white women.! In one study the MMR for black women was 2.4 - 3.3 times higher v. white women for preE,
eclampsia, placental abruption, placenta previa, and postpartum hemorrhage.?® Others reported significantly increased
MMR related to cardiomyopathy (relative risk (RR) 4.6), hemorrhage (RR 4.9), respiratory conditions (RR 6.1),%
hypertension (adjusted RR (aRR) 8.5) and hemorrhage (aRR 4.7)* in black women compared to white women. The
proportion of maternal deaths that are preventable may be higher in black women (46-59% of deaths) v. white women
(9-33% of deaths).*"- > Preventability is similar between lower and higher level birth facilities.*?

Maternal mortality rates are also elevated (compared to white women) in women identifying as Native
American/ Alaskan, Asian/ Pacific Islander and certain subgroups of Hispanic women.! Hispanic women were found
to have a 3-fold higher risk of pregnancy-related death due to hypertensive disease compared to white women*® while
another study noted a 6.1 and 3.7 times increased chance to die from a diagnosis of pregnancy-induced HTN and
hemorrhage respectively.*

Racial and ethnic disparities extend to severe maternal morbidity. Black women have a greater than 2-fold
higher risk for SMM compared to white women.** Non-Hispanic black women have the highest rates for 22 of 25 of
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the CDC indicators for severe morbidity (Table 1) and are most likely to have severe disease when SMM is secondary
to peripartum cardiomyopathy and cerebrovascular events® . Black women are also more likely to undergo C/D and
experience longer hospital stays versus white women.*¢ Compared to white women, Asian/ Pacific Islanders have a
higher rate of diabetes (adjusted odds ratio (aOR) of 2.05), postpartum hemorrhage (aOR 1.19 — 1.51), severe
postpartum infection (aOR 1.45) and 3™ or 4™ degree perineal lacerations (aOR 2.06)3

There is widespread emphasis on reducing peripartum racial and ethnic disparities, especially as they relate
to SMM and maternal mortality.** 4’ Factors contributing to the disparities noted above include an increased rate of
chronic (i.e. chronic HTN, asthma, diabetes, blood disorders) and pregnancy-related (i.e. preE, gestational diabetes)
comorbidities, decreased access to primary and prenatal care due to both insurance status and financial inability to
miss work, language/ communication barriers, community factors (i.e. crime, housing, social support, delivery
hospital), systemic and institutionalized racism, institutional and clinician implicit bias, lower educational attainment/
health literacy and lower socioeconomic status. 44"

Facility-based Disparities

Delivery hospital is implicated in maternal health disparities. Several studies demonstrated significantly higher SMM
in hospitals that disproportionately care for black women, and black women are more likely to deliver in hospitals
with higher SMM rates.! Black and Hispanic women are significantly more likely to deliver in hospitals with a poor
quality rating compared to white women.* The rate of SMM at low-volume centers (<1000 deliveries/ year) is also
increasing at a concerning rate. Teaching hospitals with <1000 deliveries/ year had increased risk for SMM compared
to non-teaching, low volume centers.>® Rural residents had a 9% greater probability for SMM and maternal mortality
compared to urban residents, have decreased access to care®! and increased risk for ICU admission.>

Recognition Leads to Prevention

Delayed recognition of conditions is significantly associated with SMM and mortality. Data from 2017-2019 from 36
showed 84% of pregnancy-related deaths were preventable.>® The density of maternal fetal medicine (MFM)
physicians is significantly and inversely associated with MMR>*. Health systems with poor maternal outcomes should
prioritize expanding access for not only MFM services but also subspecialty consultation for medically complex
parturients. The concept of an obstetric “hospitalist” or “laborist” is promoted to allow immediate availability for
bedside assessment to improve early recognition of at-risk women and allow rapid intervention. Because they work
frequently in a single setting, these obstetricians understand specific hospital resources and protocols and can initiate
diagnostic and therapeutic steps even while the patient’s primary provider is being called.'

Several maternal mortality risk prediction models have been proposed although no single model has
sufficient discrimination for individual patient clinical decision making.>> Bateman and colleagues created an obstetric
comorbidity index (OCI) which includes pregnancy-specific conditions*® and has been validated as a tool to
summarize burden of comorbid illness.>” Multiple recent studies have correlated increased OCI score with increased
SMM.3% % Higher OCI score may also correlate with preventability of SMM.>° Other authors recently explored OCI
scoring with the ICD-10 system which heavily weights comorbidities such as placenta accreta® and whether pre-
pregnancy health can predict risk for adverse maternal outcomes.®!

Unfortunately, even when performed, risk stratification is not always effective. A significant number of
women who suffered SMM?>° or died during hospital care had no identifiable risk factors for cause of maternal death
and a significant percentage of the deaths occurred at a tertiary care center.®> However, when high risk patients are
identified early, multidisciplinary planning can start even before pregnancy. Teams can systematically create detailed
ante- and peripartum care plans, anticipate and prepare for complications and communicate regularly with all care
team members.%

Maternal Early Warning Criteria (MEWC):

The goal of MEWC is early identification of women at risk of a condition associated with SMM and/ or mortality
allowing prompt bedside assessment and early diagnostic and therapeutic intervention to prevent progression to SMM
or death. The criteria do not depend on existing risk factors and instead are abnormal vital sign parameters which
account for physiologic changes of pregnancy and, when met, trigger the above process. Recent studies have shown
that a MEWS prioritizes high sensitivity over specificity, demonstrates superb negative predictive value for severe
maternal morbidity,** %5 may help predict survival in patients admitted to the ICU for reasons related to pregnancy®
and can significantly decrease the rate of severe maternal morbidity.®” Automated, EMR-based systems may be used
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to augment nursing-driven MEWS to detect additional at-risk women.%® Automated pathways for risk assessment for
both hemorrhage and hypertensive disorders are not part of a traditional MEWS but should be implemented and
incorporated into EMRs to promote earlier diagnosis and treatment.

Addressing Maternal Morbidity and Mortality: Where do we go from here?

Alliance for Innovation on Maternal Health (AIM, saferbirth.org)

Formerly the Council on Patient Safety in Women’s Healthcare, since 2015 organizations invested in maternal care,
including the ASA and the Society for Obstetric Anesthesia and Perinatology (SOAP) have created 12 safety bundles
to aid facilities in promoting Readiness, Recognition and Prevention, Response, and Reporting/ Systems Learning for
many factors contributing to SMM and maternal mortality including obstetric hemorrhage, severe hypertension in
pregnancy, safe reduction of primary cesarean birth, maternal venous thromboembolism and maternal mental health.
There are also resources related to MEWS implementation and review of SMM events. Ideally, each bundle would be
fully implemented in every obstetric unit nationwide. However, even partial implementation can significantly decrease
risk for severe maternal morbidity.® 7° and a diverse group of hospitals in California successfully adopted the
majority of the hemorrhage bundle, demonstrating applicability outside large, tertiary centers.”! Since July 1, 2020
The Joint Commission considers 13 elements of performance (7 for PPH and 6 for hypertensive disorders) during
hospital accreditation reviews, most of which are based on bundle components.” Anesthesiologists should participate
in their facility’s efforts to implement the safety bundles and associated tools.

Now run by AOCG, AIM is a collaborative to help states and birthing facilities with evidence-based safety
and quality improvement resources based on case reviews of SMM and maternal mortality. '° Participating hospitals
have personal support for safety bundle implementation and the ability to track and benchmark quality performance
following implementation through the AIM national data center, providing another opportunity to address state-wide
system issues that are barriers for improved maternal outcomes and to coordinate and expand efforts.

Maternal Mortality Review Committees (MMRC) and Perinatal Quality Collaboratives (PQC)

Intra-institutional review of SMM and mortality cases via confidential, standardized, multidisciplinary approach
allows identification of contributing provider and system issues to improve quality of care and promote a culture of
safety. There is tremendous emphasis on larger scale systematic tracking of SMM and mortality by state and regional
perinatal quality care collaboratives.!® The MMRCs’ in-depth analysis of contributing factors and personal/medical
circumstances of each death may provide more detailed and accurate data on maternal deaths.'° Modern data analytic
techniques may also improve recognition and review of pregnancy associated deaths.”?

Forty-four states currently have established MMRC?4, and most others (including the District of Columbia
and Puerto Rico) have either legislation pending to create an MMRC or are in the implementation process.” Illinois
has a second statewide MMRC (MMRC-V) for deaths due to violence, homicide, suicide and substance abuse.’' A
majority of states either have or are developing a PQC which work to identify areas for improvement in maternal and
fetal health care processes and quickly implement widespread change to promote quality perinatal care.”® A national
network of PQC now exists’® and some advocate for a national MMRC, modeled after other high-resource nations, to
produce evidence-based plans of action to reduce MMR nationwide.’

Introduced in December 2015, “Building U.S. Capacity to Review and Prevent Maternal Deaths™ is an
initiative working to remove barriers to fully functioning MMRCs and to promote inter-MMRC collaboration. This
program created the Maternal Mortality Review Information Application (MMRIA) that allows MMRCs to abstract
and analyze data, document committee decisions and share data across MMRCs. Early work has provided insight into
maternal mortality that was not possible by individual MMRC working in silos. An example is the identification of
system-level (i.e. lack of access to primary care, mental health providers and obstetricians) and community-level
factors (lack of access to transportation, affordable groceries and recreation/ fitness public spaces) that contribute to
maternal deaths.>7” Resources and ongoing opportunities from the effort can be found at www.ReviewtoAction.org.

The Preventing Maternal Deaths Act of 2018 (H.R.1318) called for all states and Indian tribes/ tribal
organizations to establish confidential, multidisciplinary MMRC:s that allow for voluntary case reporting of
pregnancy-associated and pregnancy-related deaths by family members of the deceased and other appropriate
individuals. To accomplish these goals, a yearly budget of $58 million for 2019 — 2023 was established.”

Other Pending Legislation Related to Maternal Morbidity and Mortality (Introduced 2018-2020)
The “Maternal CARE Act” would provide grants to health professional training programs to address implicit bias and
reduce adverse outcomes and racial disparities in obstetrics. The “MOMMIES Act” would extend postpartum care of
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women who received Medicaid for pregnancy and delivery from 60 to 365 days. The “Rural MOMS Act” includes
provisions to improve care for pregnant and postpartum women in rural settings. The “Mothers and Newborns Success
Act” focuses on addressing racial, ethnic and geographical inequities in maternal health. The “Black Maternal Health
Momnibus” comprehensively addresses Black maternal health issues. Finally, in December 2020 the Surgeon General
issued a call to action to improve maternal health that was released concurrently with the Department for Health and
Human Services “Action Plan to Improve Maternal Health”. Unfortunately, the rise of anti-abortion legislation has
been associated with an increase in maternal mortality.”

Response by Physicians, Hospitals, Health Systems and Beyond
Moving forward, we must leverage the focus on this topic to improve early recognition and intervention of at-risk
women and eliminate preventable SMM and maternal deaths. Regular surveillance of pregnant and postpartum
patients is critical. Maternal EWS should be widely implemented, and vital sign parameters should balance high
sensitivity with alarm fatigue for bedside providers. Surveillance should also include screening for and treating
nonconventional causes of SMM and maternal mortality such as trauma (especially violent) and risk for self-harm
including suicide and accidental overdose.>® This should start with preconception and prenatal care and continue to the
“4' trimester” after delivery as this can be an especially vulnerable time.*>3* Approximately 1/3 of all pregnancy-
related deaths occur outside a medical facility, further demonstrating need for community surveillance.® The
importance of acting on voiced concerns from patients and family members is emphasized by several campaigns
including “Every Mother Counts™®' and “Hear Her” aimed at safe care and reducing preventable SMM and deaths.

Small volume delivery facilities should focus on awareness of when to seek consultation from and potential
transfer to tertiary centers and improve early, standardized, disease-specific treatment.®> #2. The Society for MFM and
ACOG Levels of Maternal Care outlines recommendations for center capabilities and where patients with specific risk
factors should deliver. Level 1 centers are best suited for “Basic Care” and Level IV are “Regional Perinatal Health
Care Centers”.®* One goal of this initiative is to pair lower level facilities with Level I1I/ IV centers to facilitate that
consultation and transfer of patients that as needed. The requirements for Level II-IV centers designate “anesthesia
services available at all times” and Level III/IV requires an obstetrician onsite at all times and a board-certified
anesthesiologist with special training in obstetrics in charge of obstetric anesthesia services.®

We must also improve obstetric critical care. Currently there is no ACGME requirement for critical care
training during OB-GYN residency, however an ICU rotation is mandatory for MFM fellows.!® We should encourage
intensivist participation in multidisciplinary teams, even potentially a “virtual ICU” where the majority of planning is
done ahead of time for potential peripartum complications and/or ICU admission.% The Maternal Levels of Care
Level III centers require at a minimum an ICU that accepts pregnant patients and Level IV facilities require active
ICU collaboration with MFM care team in the management of complex parturients.®®

By supporting national, state-wide and system-level quality and process improvement efforts directed at
maternal health*® we can build a culture of safety and equity.! We need to realize 100% of state participation in
multidisciplinary MMRC and encourage those committees to work with underperforming communities and individual
hospitals to improve quality of care. Finally, we must set the ideal of access to early, reliable, equitable and high-
quality reproductive care for all women**® We need to openly measure, report upon and discuss racial and ethnic
maternal health disparity and use this data to make meaningful changes to maternal outcomes.**

The Anesthesiologist’s Specific Role in Decreasing Maternal Morbidity and Mortality

Be part of the team and embrace the role of peripartum physician! Similar to our identity as perioperative physicians,
we should be involved in the care of women throughout pregnancy, during labor and delivery and into the postpartum
period. Specifically, we should encourage early antepartum anesthesia consultation for medically complex parturients,
participate in multidisciplinary team care planning and coordination, serve on hospital, state and regional MMRC, be
part of the effort to implement maternal safety bundles (start with hypertension and hemorrhage, and be aggressive!),
use a combination of risk prediction models and MEWC to identify at-risk patients, help with the diagnostic and
treatment processes for acute events on labor and delivery and recognize that we likely have the most expertise on the
labor and deliver unit when it comes to critical care, transfusion medicine and cardiopulmonary resuscitation. Our
involvement and expertise will improve maternal outcomes and it is our responsibility to help lead the many ongoing
efforts to reduce severe maternal morbidity and mortality.
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Anesthesia for Non-obstetric Surgery During Pregnancy

Hans Sviggum, M.D. Rochester/Minnesota

Introduction

Surgery during pregnancy is unique because of the need to consider the requirements of two patients. There is
difficulty conducting randomized clinical trials in this population, leading to a paucity of data to allow for specific
recommendations. Despite the lack of clear evidence, outcomes are generally favorable for both mother and fetus.
Coordinated multidisciplinary care allows for safe and effective care of pregnant patients undergoing surgical
procedures. It is important to obtain an obstetric consultation before performing non-obstetric surgery because
obstetricians are uniquely qualified to determine gestational age of the fetus, discuss the risks, benefits and
alternatives of proceeding with surgery during pregnancy, and discuss aspects of maternal anatomy and physiology
that may affect intraoperative outcomes of mother and fetus. Ultimately, each case warrants a team approach with
input from providers from surgery, anesthesia, obstetrics, and pediatrics to optimize safety for the woman and her
fetus.

Timing and Types of Surgery

Approximately 1% of pregnant women will undergo surgery during their pregnancy, which equates to roughly
100,000 women undergoing non-obstetric surgery in the United States each year. Although nearly every type of
surgical operation has been performed during pregnancy, the most common conditions that result in non-obstetric
surgeries are appendicitis, cholecystitis, trauma, bowel obstruction, and diseases involving the cervix, ovaries, or
breasts. A pregnant woman should never be denied medically necessary surgery or have that surgery delayed
because this can adversely affect the pregnant woman and her fetus. However, because of the potential for adverse
events including spontaneous abortion, preterm labor and/or delivery, and fetal drug exposure, elective surgery
should be delayed until after the woman delivers. Surgery is ideally performed in the second trimester when the risk
of spontaneous abortion is lower than the first trimester and the incidence of pre-term labor and delivery is lower
than the third trimester. Laparoscopic surgery can be performed safely during pregnancy; the specific surgical
approach should be based on surgeon preference and potential patient benefits.

Anesthetic Considerations

Physiologic changes of pregnancy

Nearly every organ system is affected by pregnancy. Early changes are hormonally driven, while mechanical effects
of the enlarging uterus, increased metabolic demands of the fetus, and the low resistance of placental circulation
create further physiologic alterations later in pregnancy. Particularly noteworthy changes occur in the respiratory
system, where a 20-30% decrease in functional residual capacity along with an increase in oxygen consumption
contributes to rapid desaturation during periods of apnea. Additionally, pregnant patients have mildly increased
minute ventilation and lower resting PaCO». Increased tissue swelling and friability in the oropharynx reduces the
size of the glottis opening and decreases the volume of pharyngeal space. Although rates vary widely dependent on
circumstance and definition, the incidence of difficult intubation may be as much as ten times higher in a pregnant
patient at term compared to a non-pregnant patient. Loss of airway control is the most common cause of anesthesia-
related maternal mortality.

Blood volume increases 30-50% during pregnancy, while cardiac output steadily increases throughout pregnancy to
reach approximately130-50% of pre-pregnancy values by the late third trimester. The increase in cardiac output is
due to both an increase in heart rate and an increase in stroke volume (preload is increased from the rise in blood
volume while afterload is decreased due to a decline in vascular resistance). The growing uterus can obstruct venous
return, particularly after the 20" week of gestation and when the woman is in a supine position. Approximately 8-
10% of pregnant women experience significant hypotension in the supine position. While the precise impact on
uteroplacental perfusion is unknown, the supine position is best avoided in patients displaying a drop in blood
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pressure as this may signify reduced cardiac output and uteroplacental perfusion. If possible for the specific surgery
being performed, the preponderance of evidence and clinical experience suggests that left uterine displacement
reduces the chance for maternal hypotension and reduced cardiac output, and thus should be employed. MRI studies
have shown that there is very little caval compression with 30 degrees of left lateral tilt. However, many operations
cannot be performed effectively that position. After about 20 weeks’ gestation some degree of left lateral tilt (at least
15 degrees) should be applied. If there is maternal or fetal hemodynamic instability, further increase in tilt may be
necessary. Left uterine displacement is preferentially performed by placing a wedge under the patient’s right hip.
Alternatively, the operating room table can be tilted.

Despite gastric emptying and acid secretion being normal during pregnancy, there is reduced lower esophageal
sphincter tone due to hormonal changes, mechanical alterations, and increased intraabdominal pressure. These
factors increase the risk of gastroesophageal reflux. Although the true risk and rates of aspiration at the time of
anesthesia is difficult to ascertain, it seems wise to consider the pregnant patient as having a higher risk for
aspiration compared to a non-pregnant patient beginning at about 16-18 weeks gestation. This is true particularly
for women with a higher BMI and those with symptomatic reflux disease. Despite this concern, rates of aspiration
are very low and are on par with the general population for specific types of surgery.

Type of anesthesia

The anesthetic plan should consider the type of surgery, the mother’s underlying medical condition, the effects of
anesthesia on both the patient and the fetus, and the relative preferences of the patient, surgeon, and anesthesiologist.
There is no data supporting differences in neonatal outcome based on anesthetic type. Regional anesthesia is
preferred when it is practical to avoid unnecessary fetal exposure to medications and to reduce the need to
instrument the maternal airway. However, because most non-obstetric surgeries in pregnancy are abdominal
procedures where muscle relaxation is advantageous, general anesthesia is most often employed. Regardless of
anesthetic technique, maintaining normal maternal physiology to optimize uteroplacental blood flow is of paramount
importance.

ASA fasting guidelines are applicable. Although no specific method of aspiration prophylaxis has been shown to
reduce aspiration risk, many providers provide H2 receptor antagonists, sodium bicitrate, and/or metoclopramide
based on personal and institutional preferences.

Antibiotic prophylaxis is administered based on the procedure, with avoidance of aminoglycosides (e.g.intravenous
gentamicin, tobramycin, amikacin streptomycin or neomycin) if possible based on a small risk of fetal ototoxicity
and nephrotoxicity. There is no proven benefit to routine prophylactic perioperative tocolytic therapy, and these
agents should not be used in the absence of uterine contractions and obstetric recommendations.

Pregnant patients can safely undergo sedation as part of “monitored anesthesia care” for indicated procedures. The
most used medications are propofol for sedation, fentanyl for analgesia, and midazolam for anxiolysis. All have a
long history of safe and effective use. Sedation doses tend to be on the lower end of dosing spectrum to decrease risk
for loss of airway reflexes, hypoventilation induced respiratory acidosis, and due to patient request. Although many
providers use rapid sequence intubation in all pregnant patients, there is no good evidence that this is beneficial. The
incidence of aspiration at induction of anesthesia is low and on par with non-pregnant patients unless they are at
higher risk for other reasons such as inadequate fasting times. Preoxygenation is important as apnea leads to a more
rapid desaturation in pregnant versus non pregnant patients primarily due to reduced functional residual capacity.

Standard induction and neuromuscular agents should be chosen based on the clinical situation. Pregnancy reduces
the minimum alveolar concentration for volatile inhalation agents but appears to have little impact on the dosing of
induction agents, which should be titrated to effect. For otherwise healthy patients, propofol is the induction agent of
choice. Most providers use succinylcholine to facilitate endotracheal intubation, and there are varying opinions on
the use of rapid sequence induction/intubation practices. The choice of maintenance anesthetics should be based on
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usual considerations. Pregnancy is associated with an increased sensitivity to opioids as well as volatile anesthetics.
Patients may be more sensitive to neuromuscular blocking agents, accentuating the need to monitor neuromuscular
block depth in these patients (e.g. train-of-four). While the safe administration of neostigmine for neuromuscular
blockade reversal has been well-established, some providers prefer to co-administer atropine instead of
glycopyrrolate because atropine more readily crosses the placenta and can mitigate any effect of neostigmine on
fetal heart rate. However, a long history of using glycopyrrolate in combination with neostigmine for fetal surgery
has shown no untoward effects on fetal heart rate, thus either anticholinergic is safe. There is not enough data on the
use of sugammadex in pregnancy to draw meaningful conclusions at this time, but the Society of Obstetric
Anesthesiology and Perinatology currently recommends against its routine use in pregnant women. Levels of
pseudocholinesterase are reduced in pregnancy. Though the duration of action of succinylcholine can be prolonged,
this is almost never of any clinical significance. Pregnancy is also associated with decreased protein binding,
increased volume of distribution, and changes in hepatic/renal elimination that may contribute to minor changes in
drug effects and metabolism of some drugs.

The lower limit for acceptable maternal blood pressure is not known and is likely patient dependent. Vasopressor
use in pregnancy has generally been studied at the time of cesarean delivery. Phenylephrine is generally preferred
due to the tendency of ephedrine to lead to progression of fetal academia. Many anesthesiologists primarily use
phenylephrine to support the blood pressure while using ephedrine to keep the heart rate above 60 beats per minute
to optimize cardiac output. Norepinephrine is gaining more traction for optimizing cardiac output at cesarean
delivery and is a possible alternative to the solely alpha-receptor acting phenylephrine. Controlled hypotension may
be hazardous to uteroplacental blood flow and should not be used routinely. Mechanical ventilation should be
adjusted to maintain the normal physiologic chronic respiratory alkalosis of pregnancy, usually an ETCO; of around
30-32 mmHg. The PaCO;to EtCO; gradient decreases during pregnancy due to better ventilation-perfusion
matching. Carbon dioxide rapidly crosses the placenta, and higher levels may lead to acidosis and myocardial
depression in the fetus. On the flip side, severe respiratory alkalosis can compromise uterine blood flow from uterine
artery vasoconstriction. Inspired oxygenation of 50 percent or more should be used to optimize maternal PaO, and
help mitigate against fetal hypoxia. Previous concerns of maternal hyperoxygenation causing free radical
production or retinopathy of prematurity in the fetus appear unfounded, as the fetal PaO, does not exceed
approximately 60 mmHg regardless of maternal PaO,. Some anesthesiologists send arterial blood samples during
mechanical ventilation during pregnancy to be sure that the normal physiologic acid base state of pregnancy is
maintained.

As mentioned above, airway management can be more difficult in pregnant patients. Both mask ventilation and
intubation have decreased success rates when compared to a non-pregnant population. Appropriate preparation for
difficult airway management should be undertaken. The improvements and increased utilization of indirect video
laryngoscopy have improved airway management in recent years. Interestingly, a review of maternal mortality in a
two-decade period in Michigan showed that while no maternal deaths occurred during induction or maintenance of
anesthesia, several deaths occurred from hypoventilation or airway obstruction during extubation or recovery.

To minimize airway management and limit fetal drug exposure, regional anesthesia should be used as the primary
anesthetic technique when feasible. Epidural, spinal, and peripheral block techniques are all used successfully. The
spread of local anesthetic within the epidural space is greater in pregnancy, and there is also an increased sensitivity
to local anesthetics; doses can be slightly reduced for spinal and epidural anesthesia later in pregnancy. Reduced
protein binding in pregnancy can increase the risk for local anesthetic toxicity. In addition to surgical anesthesia,
these modalities can aid in postoperative pain control, which is important for preventing preterm labor amongst
other usual benefits. Many of these women may be on thromboprophylaxis due to elevated risk for
thromboembolism so it is important to take a careful history of such prior to proceeding with regional anesthesia.
Outside of regional techniques, acetaminophen and opioids provide the bulk of postoperative analgesia.
Nonsteroidal anti-inflammatory drugs are best avoided, particularly after 32 weeks because they can cause
premature closure of the fetal ductus arteriosus. Isolated doses of ketorolac in mid-pregnancy are likely safe, but
there is little evidence on this either way.
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Fetal Considerations

Fetal Monitoring

At a minimum, all patients should have a fetal heart rate (FHR) documented before and after surgery, regardless of
gestational age. For fetuses considered viable, a tocodynamometer should be used postoperatively to monitor for
uterine contractions (which may signify preterm labor) along with electronic FHR monitoring. Intraoperative FHR
monitoring can be done continuously or intermittently using Doppler ultrasound. Sometimes transvaginal ultrasound
is used when the surgical procedure does not allow access to the abdomen. Intraoperative fetal heart rate monitoring
is only of benefit if it is physically possible to perform based on patient characteristics and the nature of the
operation. Continuous FHR monitoring is feasible beginning around 18-22 weeks gestation. If intraoperative FHR is
used, there needs to be a qualified person readily available to interpret fetal heart rate patterns. It is not always easy
to distinguish whether changes in FHR tracing are due to anesthetic agents or fetal hypoxia. While fetal bradycardia
reliably indicates fetal compromise, changes in FHR baseline and variability could have multiple causes. FHR
typically displays reduced variability with GA, and baseline FHR may also decrease (but stays in the normal range
of 120-160). It is best practice to make sure that an obstetric provider capable of performing cesarean delivery is
informed of the case and readily available if needed. If the fetus is viable and intraoperative monitoring is used,
there should be a plan in place regarding whether emergency cesarean delivery will be performed in the event of
fetal deterioration. This potential scenario should be discussed amongst the surgeon, obstetrician, and patient. The
institution should also have neonatal services to care for a potentially compromised pre-term neonate in the event of
delivery. Even when there is no plan to deliver the fetus, FHR monitoring can assist in maternal positioning and
cardiorespiratory management. In the setting of deterioration in FHR status, intratuterine fetal resuscitation (e.g.
repositioning, maternal hemodynamic support, oxygenation optimization, etc.) should be attempted. The ultimate
decision on whether to use intraoperative FHR monitoring should be individualized based on gestational age, type of
surgery, and available facilities. A 2010 survey of obstetricians reported that 43% routinely used intraoperative FHR
monitoring, and there appears to be wide variation in practice across the United States.

Fetal Effects

Possible fetal risks of maternal surgery include: teratogenicity of anesthetic agents or other drugs administered,
decreases of uteroplacental perfusion and/or fetal oxygenation, and subsequent preterm delivery or fetal demise.
Because fetal hemoglobin has a high affinity for oxygen, mild to moderate decreases in maternal PaO2 are tolerated
well. Severe persistent maternal hypoxemia is a threat to fetal life. Although some have speculated that maternal
hyperoxia could have potential negative effects such as free radical production and uteroplacental vasoconstriction,
this has not been shown to occur clinically. Additionally, because the PaO2 of the fetus never gets above 60 mm Hg
there is little concern for causing intrauterine retrolental fibroplasia and/or premature closure of the ductus arteriosis.
As mentioned above, maternal PaCO2 should be kept in a normal range for pregnancy because hypoventilation can
lead to fetal acidosis while hyperventilation can impair fetal oxygenation and reduce uterine blood flow. There is
some evidence in animal models that suggest high-dose volatile anesthetics can lead to fetal acidosis and decreased
cardiac function. It is unknown if total intravenous anesthesia may preserve fetal cardiac status more so than volatile
anesthesia. If a fetus needs to be delivered during non-obstetric surgery, ventilator support may be needed due to the
depressant effects of opioids and other anesthetic agents. These effects are transient until the medications wear off.
Potent inhalational anesthetics decrease uterine tone. This is advantageous in inhibiting labor during the operative
procedure. In the event of emergent delivery, increased number and/or amounts of utertonic agents may be required
to restore uterine tone.

Teratogenicity

No currently used anesthetic agents have been shown to have any teratogenic effects in humans when using standard
doses for an isolated surgical procedure at any gestational age. Although data from animal studies is mixed, multiple
large retrospective studies have shown no increase in congenital defects in children born to mothers who underwent

surgery and anesthesia while pregnant. The use of nitrous oxide and benzodiazepines in the perioperative period has

long been controversial. Exposure to high concentrations of nitrous oxide during organogenesis has been shown to
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have deleterious effects in animal studies. Nitrous oxide inhibits methionine synthetase, a key enzyme in DNA
production. However, no adverse fetal effects have been noted when administered as part of a pregnant woman’s
anesthetic. Similarly, preoperative use of benzodiazepines has not been associated with any adverse fetal outcome.
Thus, there is no compelling evidence that any specific anesthetic agents should be avoided during pregnancy. Still,
it seems prudent to avoid nitrous oxide in the first trimester as there are almost always reasonable alternatives.

Fetal brain development

The effect of anesthetic agents on the developing fetal brain is an area of current research. All general anesthetic
drugs readily cross the placenta except for neuromuscular blocking drugs. The potential for commonly used
anesthetic agents to modify neuronal apoptosis and other neurodegenerative changes in the developing brain has
been evident in animal studies for nearly two decades. The very rapid development of the fetal brain, particularly
starting in the 3™ trimester makes this patient group vulnerable. Several studies of fetal anesthetic exposure in
rodents, sheep, and non-human primates have shown neuroapoptosis and other neurodegenerative changes with
exposure to ketamine, propofol, volatile inhalational agents, and benzodiazepines. Some problems with fetal animal
studies include a lack of surgical stimulation in most studies, interspecies differences in brain development, and
insufficient data about relative dose, duration, and numbers of exposures. Because of their mechanism of action (at
the GABA and NMDA receptors), and interactions with normal neurotransmission, it is plausible to consider that
anesthetic agents could have effects on neural development in the rapidly developing immature human brain.
Clinical studies in humans have shown mixed results and have typically involved anesthesia in young children.
Retrospective studies have shown an association between exposure to general anesthesia as an infant and later
neurobehavioral problems in childhood — particularly for prolonged or repeated exposures. However, other studies
have reported no association between anesthesia exposure as a child and subsequent neurodevelopmental outcomes.
It is virtually impossible to separate the effects of anesthesia from the effects of surgery or the underlying condition
requiring intervention itself. Both retrospective and recent prospective studies in infants/children suggest that a
single, brief exposure to anesthesia does not increase the risk of neurotoxicity. One retrospective study looking at
childhood outcomes after being exposed to anesthesia prenatally during maternal non-obstetric surgery showed an
increased association with exposure and worse behavioral scores, but no difference in cognitive, motor, or other
outcomes. In December 2016, the Food and Drug Administration communicated a warning that “repeated or lengthy
(>3hours) us of general anesthetic and/or sedation drugs during surgeries or procedures in children younger than 3
years or in pregnant women during their third trimester may affect the development of children’s brains”. This
warning clearly has implications for non-obstetric surgery in pregnant patients. This issue of potential anesthetic
neurotoxicity has a greater urgency with the FDA warning. However, the degree of risk remains unclear. One small
study found that children exposed to general anesthesia in utero displayed increased behavioral deficits but no
difference in learning or intelligence when compared to non-exposed children. More research is needed looking at
the effects of prolonged repeated exposure, variability among drug and combinations of drugs, and patient factors
that may confer vulnerability. Until such data is available, it seems prudent to minimize exposure to medications
during pregnancy if possible.

Dexmedetomidine is a sedative agent that is a highly selective agonist for alpha-2 receptors in the central nervous
system and has no interaction with GABA or NMDA. In fetal rat models, dexmedetomidine exposure shows no
increase in neuroapoptosis. When dexmedetomidine was added to isoflurane, there was a dose-dependent reduction
in neruoapoptotic changes. Similar results were shown when the rats were tested later in life for memory and spatial
orientation — namely that dexmedetomidine attenuated with decrement in performance seen in the rats exposed to
isoflurane alone. Current literature supports the idea that dexmedetomidine does not cause neurodegenerative
changes and has potential to be neuroprotective. Opioids, specifically remifentanil, have not been demonstrated to
cause neuroapoptosis, so a combination of these two drugs represents a plausible approach to providing
anesthesia/analgesia while limiting potential fetal neurotoxic effects.

Outcomes
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Maternal outcomes after non-obstetric surgery are the same as non-pregnant patients undergoing like procedures.
Mortality and morbidity do not appear to be increased based on pregnancy status. Studies analyzing data from the
American College of Surgeons National Surgical Quality Improvement Program database for pregnant women
undergoing surgery showed that the rate of major complications was approximately 7%, which was not different
from the rate in non-pregnant women. It is unclear the exact extent to which pregnancy outcomes are affected by
undergoing non-obstetric surgery. The overall miscarriage rate has been shown to be like the general obstetrical
population, and there is no increased rate of birth defects in those who underwent non-obstetric surgery while
pregnant as previously mentioned. One of the main risks of surgery during pregnancy is preterm labor and delivery,
particularly for surgery performed in the third trimester. The rate of fetal delivery related to surgery was about 3.5%
in one study. Additionally, the rate of low birthweight infants and early neonatal death were increased in women
who had surgery (due to prematurity and growth restriction). recent review looking at over 47,000 surgeries in
pregnant patients reported that in every 287 procedures there was one additional stillbirth, every 31 surgeries were
associated with one additional preterm birth, every 39 surgeries were associated with one additional low-birth
weight infant, and every 25 surgeries were associated with one additional cesarean delivery. Risks are increased
with higher risk surgery such as cardiac surgery with cardiopulmonary bypass, where a recent meta-analysis showed
maternal death was 11% and pregnancy loss was 33%. Importantly, it is not clear whether this increase resulted
from the procedure itself or from an effect of the underlying medical condition necessitating surgery. Because
delaying non-elective procedures is dangerous for a woman’s health, indicated surgery should proceed efficiently.
Surgical delay has been associated with worse outcomes, particularly for infectious indications. Undergoing surgery
during pregnancy does not impact subsequent type of delivery, which is based upon standard obstetrical indications.
Even patients with recent abdominal incisions can undergo labor and vaginal delivery in most cases.

Conclusion

While elective surgery should be postponed until after delivery, a pregnant patient should not be delayed necessary
surgery because delaying such surgery will result in increased morbidity and mortality compared to proceeding with
surgery. Anesthetic management of pregnant patients necessitates maternal and fetal considerations. Physiologic and
anatomic changes related to pregnancy may require adaptations of surgical and anesthetic technique. No anesthetic
agent has been shown to be teratogenic at clinical concentrations and doses; however, it is prudent to minimize fetal
drug exposure. Each individual case warrants a team approach with input surgery, anesthesia, and obstetrical teams.
Maintenance of maternal oxygenation, acid-base status, and uteroplacental perfusion will assure the best outcome
for the fetus.
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