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ABSTRACT

Cardiovascular disease is the leading cause of maternal mortality in much of the developed world. Risk stratification models can
predict which patients are at greatest risk for maternal or fetal morbidity or mortality. Particular cardiac diseases hold significant
risk of mortality during pregnancy including pulmonary hypertension, aortic aneurysm, left-ventricular outflow tract obstruction,
and severe cardiomyopathy. High-risk patients should deliver at high-resource hospitals under the care of experts in cardiology,
obstetrics, perinatology, neonatology and anesthesiology. The obstetric anesthesiologist should formulate delivery plans for car-
diac monitoring, labor analgesia, cesarean anesthesia, postpartum monitoring, as well as plans for obstetric or cardiac emergen-
cies. Carefully co-ordinated multidisciplinary care of pregnant women with cardiac disease can result in successful outcomes.

© 2018 Elsevier Ltd. All rights reserved.
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Introduction

The number of pregnant women with cardiovascular
disease is steadily growing because of improved survival
among children born with congenital heart disease
(CHD), as well as the increasing frequency of cardiovas-
cular risk factors among women of childbearing age.' *
At present, cardiovascular disease is the leading cause of
maternal mortality in much of the developed world.” ’
To reverse this trend, a multidisciplinary team of cardi-
ologists, obstetricians, perinatologists, neonatologists
and anesthesiologists must work together to manage
these complex patients.© ®

Risk stratification

Cardiovascular risk during pregnancy and the postpar-
tum period is heterogeneous, depending on the underly-
ing anatomy and physiology. While some patients with
simple defects such as restrictive ventricular septal
defect, closed patent ductus arteriosus, or mild pul-
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monary stenosis have no detectable risk above the gen-
eral population, other conditions pose a serious threat
to life in the setting of pregnancy.” Thus, patients with
pre-existing cardiac conditions should undergo risk
stratification, preferably pre-conceptually, to allow for
adequate counseling and delivery planning." %!’

Since high-risk patients may require significant exper-
tise, clinicians can use risk stratification models to justify
the transfer of high-risk parturients from low-resource
to high-resource hospitals. Several risk stratification
models are currently available (Tables 1-4). The CAR-
PREG I, CARPREG II and ZAHARA risk scores iden-
tify individual maternal risk factors that are used to
calculate a risk score.'' '* The risk score correlates with
an estimated likelihood of a major adverse cardiovascu-
lar event. The World Health Organization (WHO) risk
stratification model uses cumulative knowledge of
lesion-specific risk to divide patients into four risk
groups:’

e | — risk no greater than general population

e II - small increased risk of maternal death/
complications

e III — significant risk of maternal death/complications;
requires expert cardiovascular and obstetric care

e IV — pregnancy contraindicated due to very high risk
of maternal death or complications
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Table 1 CARPREG I risk score

Risk factors Points

Prior cardiac event or arrhythmia 1

NYHA class >II or cyanosis 1

Left heart obstruction 1

Systemic ventricular dysfunction (EF <40%) 1

Total score Risk of cardiac complications
0 points 5%

1 point 27%

>2 points 75%

NYHA: New York Heart Association; EF: ejection fraction; From: Siu SC, Sermer M, Colman JM, et al. Prospective multicenter study of
pregnancy outcomes in women with heart disease. Circulation 2001; 104: 515-21.

Table 2 CARPREG II risk score

Risk factors Points
Prior cardiac event or arrhythmia 3
NYHA class >II or cyanosis 3
Mechanical valve 3
Ventricular dysfunction 2
High-risk left-sided valve disease/ 2
LVOT obstruction
Pulmonary hypertension 2
Coronary artery disease 2
High-risk aortopathy 2
No prior cardiac intervention 1
Late pregnancy assessment 1
Total score Risk of cardiac complications
0-1 points 5%
2 point 10%
3 points 15%
4 points 22%
>4 points 41%

NYHA: New York Heart Association; LVOT: left ventricular outflow tract; From: Silverside CK, Grewal JM, Mason J, et al. Pregnancy outcomes
in women with heart disease: the CARPREG II study. J Am Coll Cardiol 2018;71:2419-30.

Table 3 ZAHARA risk score

Risk factors Points
Mechanical valve prosthesis 4.25
Left heart obstruction 2.5
History of arrhythmia 1.5
Cardiac medication prior to pregnancy 1.5
Cyanotic heart disease (corrected or uncorrected) 1.0
NYHA class > 11 0.75
Systemic atrioventricular valve regurgitation >mild 0.75
Pulmonic atrioventricular valve regurgitation >mild 0.75
Total score Risk of cardiac complications
0-0.5 points 2.9%
0.51-1.5 points 7.5%
1.51-2.5 points 17.5%
2.51-3.5 points 43.1%
>3.51 points 70%

NYHA: New York Heart Association; From: Drenthen W, Boersma E, Balci A, et al. Predictors of pregnancy complications in women with

congenital heart disease. Eur Heart J 2010; 31: 2124-32.
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Table 4 WHO classification for pregnancy

Risk classification Cardiac lesions

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

- Uncomplicated mild pulmonary stenosis
- Ventricular septal defect
- Patent ductus arteriosus

- 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 extrasystoles and atrial ectopic beats

IT — Small increased risk of maternal
mortality or moderate increase in
morbidity

II-1III — Depending on patient

- Unoperated atrial or ventricular septal defect
- Repaired tetralogy of Fallot
- Most arrhythmias

- Hypertrophic cardiomyopathy

- Native or tissue valvular heart disease not considered WHO I or IV
- Repaired coarctation

- Marfan syndrome without aortic dilatation

- Bicuspid valve with aorta <45 mm

- Mild ventricular impairment

- Heart transplantation

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

- Systemic RV

- Mechanical valve

- Fontan circulation

- Unrepaired cyanotic heart disease

- Other complex congenital heart disease
- Marfan syndrome with aorta 40-45 mm

- Bicuspid aortic valve with aorta 45-50 mm

IV — Pregnancy is contraindicated

- Pulmonary hypertension

- Eisenmenger syndrome

- Systemic ventricular EF <30%

- Systemic ventricular dysfunction with NYHA class III-1V

- Severe mitral stenosis

- Severe symptomatic aortic stenosis

- Marfan syndrome with aorta >45 mm

- Bicuspid aortic valve with aorta >50 mm

- Native severe coarctation

- Prior peripartum cardiomyopathy with any residual impairment of ventricular function

WHO: World Health Organization; EF: ejection fraction; NYHA: New York Heart Association; RV: right ventricle; From: Thorne S, MacGregor
A, Nelson-Piercy C. Risks of contraception and pregnancy in heart disease.

In a validation study of CARPREG I, ZAHARA
and the WHO risk stratification model it was identified
that while none of these models is ideal, the WHO clas-
sification model performed the best at predicting mater-
nal complications.'* The CARPREG II was not
included because it was only recently published and
has not yet undergone comparison to the other
models."”

Fortunately, with expert multidisciplinary care, most
women with cardiovascular disease can experience a safe
pregnancy and delivery. However, certain cardiovascu-
lar conditions are associated with a high risk of maternal
morbidity and mortality, and pregnancy should be dis-
couraged in women with these conditions.'” In these
patients, if pregnancy is achieved and termination is
declined, they should be managed as WHO class III
patients with expert multidisciplinary care in the
highest-resource hospital possible with careful monitor-
ing for clinical decompensation during and in the first
72 hours after delivery.

High risk cardiac conditions

Pulmonary arterial hypertension (PAH) is associated
with a 30-56% risk of maternal mortality."” The risk is
greater in patients with more severely elevated pulmonary
arterial pressures and pulmonary vascular resistance,
worse functional class, and pre-existing right ventricular
dysfunction. Pulmonary vasodilators including phospho-
diesterase (PDE-5) inhibitors, prostacyclins, calcium
channel blockers, and nitric oxide should be continued
during pregnancy or promptly initiated in appropriate
patients if the diagnosis is made during pregnancy.'® '
Endothelin receptor antagonists (e.g. ambrisentan,
bosentan or macitentan) are teratogenic and should be
discontinued upon discovery of pregnancy.' !’
Pregnancy is also associated with excessive maternal
morbidity and mortality in women with aortic
aneurysms, particularly when associated with heritable
aortopathies such as Marfan Syndrome, Loeys-Dietz
Syndrome, or Ehlers-Danlos Syndrome.'””" There is
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about a 10% risk of aortic dissection during pregnancy
or the peripartum period in patients with a maximal aor-
tic diameter exceeding 40 mm, rapid dilation, or prior
dissection, in patients with Marfan Syndrome.”’
Patients with Ehlers-Danlos Type IV are at risk for
dissection even in the absence of dilatation.' Patients
with bicuspid aortic valve associated aortopathy seem
to be at lower risk of aortic dissection, and pregnancy
is considered reasonable up to an aortic diameter of
50 mm.' Beta-blockers are recommended during preg-
nancy and the peripartum period in women with aor-
topathy, to reduce the risk of dissection.’

Left-sided obstructive heart disease, including coarc-
tation of the aorta and aortic and mitral valve stenosis,
is associated with significant maternal morbidity when
severe and symptomatic." As cardiac output increases
throughout pregnancy and during delivery, the pressure
gradient across the fixed stenotic lesion will increase.”' >
This predisposes the patient to pulmonary vascular con-
gestion, pulmonary hypertension, and atrial arrhyth-
mias." Such patients are also at risk for myocardial
ischemia in the setting of acute decreases in systemic vas-
cular resistance. Patients with severe symptoms refrac-
tory to medical management may be considered for
balloon valvuloplasty during pregnancy, if their anat-
omy is favorable.’

Pregnancy carries an excessive maternal risk in
patients with severe cardiomyopathy (systemic ventricu-
lar ejection fraction <30% or New York Heart Associa-
tion Class III-1V) or those diagnosed with peripartum
cardiomyopathy in a prior pregnancy with residual left
ventricular dysfunction (ejection fraction <50%).” Women
with dilated cardiomyopathy are at increased risk of
symptomatic heart failure during the third trimester
and postpartum periods.” Patients with a history of
peripartum cardiomyopathy and residual left ventricular
dysfunction carry about a 50% risk of recurrent heart
failure symptoms and about a 25% risk of mortality.”*
*° Angiotensin converting-enzyme inhibitors, angioten-
sin receptor blockers, and aldosterone antagonists are
potentially teratogenic and should be discontinued on
discovery of pregnancy.”*?’ Afterload reduction can be
achieved with hydralazine during pregnancy.”” Beta-
blockers including carvedilol and metoprolol are gener-
ally safe during pregnancy and should be continued in
women with pre-existing cardiomyopathy.”**’

Delivery planning

Multidisciplinary delivery planning is necessary for
patients at high risk of cardiovascular complications.'
Coordinated care requires input from anesthesiologists,
obstetricians, cardiologists, and neonatologists with
experience in the management of these complex
patients.® The predicted effects of pregnancy on various
cardiac lesions and the resultant anesthetic goals are

reviewed in Table 5. Regarding obstetric management,
for the majority of cardiac patients, vaginal delivery
remains the safest option, barring obstetric indications
for cesarean delivery.'“** Vaginal delivery is associated
with less blood loss, reduced infection rates, and reduced
thrombosis risk.'”* However, planned cesarean delivery
may be preferred in the highest risk patients, as it avoids
the need for emergent delivery and permits the atten-
dance of all relevant consultants.

Cesarean delivery is typically recommended in
patients with Marfan or Loeys-Dietz syndrome with an
aortic diameter >4.5 cm, bicuspid aortopathy with aortic
diameter >5.0 cm, and all patients with Ehlers-Danlos
Type 1V regardless of aortic diameter. Likely, labor will
not be well tolerated by women with intractable heart
failure symptoms, and cesarean delivery should be con-
sidered.' Other high-risk conditions including severe pul-
monary hypertension and severe left-sided obstructive
lesions may also be considered for cesarean delivery.'
Patients who have recently taken oral vitamin K antago-
nists should also undergo cesarean delivery to reduce the
risk of fetal hemorrhagic complications.’

An alternative delivery approach to spontaneous
vaginal delivery is sometimes termed a “‘cardiac vaginal
delivery.”?’* In this type of delivery, when complete cer-
vical dilation is achieved, the parturient does not push.
Instead, the uterus continues to contract as it did during
the first stage of labor, and the uterus “labors down” the
fetus. When the fetal head becomes low enough, the
obstetrician performs a low-outlet forceps or vacuum-
assisted delivery.®*® There is debate whether a cardiac
vaginal delivery is appropriate among parturients with
heart disease.”” While some believe avoidance of Val-
salva maneuvers is hemodynamically favorable for some
patients, others feel that the prolongation of the passive
(non-pushing) second stage as well as the instrumented
delivery can lead to obstetric and neonatal complica-
tions.”” Of note, prolonged and intense Valsalva maneu-
vers may be poorly tolerated in women with certain
cardiac conditions due to the reduction in preload and
increase in afterload that occurs during the Valsalva
and the overshoot in cardiac output that occurs upon
release.’’* In particular, women with pulmonary hyper-
tension, fixed stenotic lesions, ventricular dysfunction,
single ventricles, and moderate degrees of aortic dilation
may be candidates for a cardiac vaginal delivery.®

Cardiac monitoring

Appropriate cardiac monitoring during labor can pre-
dict and prevent maternal cardiac or obstetric events.
Pulse oximetry with a visible photoelectric plethysmo-
graphic waveform during labor allows care providers
to determine the accuracy of the pulse oximetry reading.
Therefore, cardiac parturients may require two pulse
oximeters—one that is attached to the tocodynamome-
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Table 5

Pregnancy effects and anesthetic goals for cardiovascular disease in pregnancy

Physiologic Effects of
Pregnancy and Delivery

Anesthetic Goals

(-) The decreased SVR of pregnancy can
result in lesser coronary perfusion to the
myocardium.

(-) The increase in HR during pregnancy
can result in decreased coronary filling N

(-) Cardiac work can increase
significantly during labor, especially
painful labor

Coronary Artery Disease

Normal heart rate (avoid tachycardia)
—  Excellent labor analgesia
— Continue beta blockade through labor and delivery
— Avoid beta agonist agents (e.g. terbutaline)
Maintain afterload
a Consider intra-arterial blood pressure monitoring
time — Phenylephrine is vasopressor of choice
—  Careful titration of onset of neuraxial anesthetic for labor or CD
— Consider phenylephrine infusion for CD
— Titrate oxytocin carefully
Monitor for and avoid ischemia
—  5-lead ECG monitoring for CD or labor
—  Avoid methylergonovine
Postpartum monitoring
— Monitor for postpartum ischemia or heart failure

(-) The increase in cardiac output and
blood volume during pregnancy can
result in heart failure/pulmonary edema

during pregnancy can result in greater N
risk for pulmonary edema N

(-) Angiotensive converting enzyme
inhibitors must be stopped during
pregnancy secondary to teratogenicity

(-) Patients with a prior episode of
peripartum cardiomyopathy are at risk
for further deterioration in LV function

with subsequent pregnancies

Normal heart rate (avoid bradycardia)
— Treat bradycardia with ephedrine or glycopyrrolate
Maintain afterload (avoid hypertension or hypotension)
— Consider intra-arterial blood pressure monitoring
(-) The decrease in oncotic pressure —  Excellent labor analgesia
Careful titration of onset of regional anesthetic for labor or CD
Treat hypotension with ephedrine or norepinephrine as needed.
— Titrate oxytocin carefully
Maintain contractility
— Ephedrine is vasopressor of choice
— If low cardiac output syndrome develops consider milrinone or
dobutamine with the addition of epinephrine or norepinephrine to
maintain blood pressure
Maintain normovolemia
—  Strict monitoring of fluid balance
Prevent/ Monitor for pulmonary edema
—  Careful fluid balance
—  Continuous pulse oximetry throughout labor and peripartum
(including postpartum)

Severe LV Dysfunction
(e.g. dilated or peripartum cardiomyopathy)

Manage pulmonary edema

—  Consider diuresis

—  Administer supplemental oxygen

— If'necessary, consider intubation with PEEP and controlled ventilation
Manage AICD if present

—  Keep anti-tachyarrhythmia function of AICD active in labor

—  Assure preparations to suspend this function in the event of emergent

CD

Minimize pulmonary vascular resistance

—  Administer supplemental oxygen throughout labor and delivery
—  Avoid over-sedation
—  Assure well-controlled ventilation if intubated
— Avoid carboprost
Postpartum monitoring
— Monitor for postpartum heart failure

ter machine to detect concurrence of the measured fetal
and maternal heart rate, as well as one attached to a sep-
arate maternal monitor which displays the pulse oxime-
try wave form. Closely monitored pulse oximetry is
important for all cardiac patients, but especially for
any patient with a shunt lesion. Drops in systemic vascu-
lar resistance in patients with a shunt may be accompa-
nied by a decrease in oxygenation. The pulse oximetry
waveform allows the provider to more quickly
determine if unusual electrical activity displayed on the

(continued on next page)

5-lead electrocardiographic telemetry is artifact or pulse-
less arrhythmic event. In the former, the waveform will
continue to display normally, in the latter the waveform
will be absent indicating no pulse.

Maternal 5-lead electrocardiographic (ECG) teleme-
try should be considered for any patient who is at risk
for arrhythmia or ischemia during labor. Non-invasive
blood pressure (NIBP) monitoring should be performed
at regular intervals, and consideration given to arterial
line placement for parturients at high risk of decompen-
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Table 5 (continued)

Pulmonary Hypertension

(-) The increased cardiac output of
pregnancy may not be accommodated
by the fixed pulmonary vasculature
resulting in right heart failure and death

(-) The decreased SVR of pregnancy can
decrease coronary filling to a dilating
and failing right ventricle

(-) The hypercoagulable state of
pregnancy can result in pulmonary
emboli which are especially lethal in
patients with pulmonary hypertension

Minimize pulmonary vascular resistance
— Administer supplemental oxygen throughout labor and delivery
— Avoid over-sedation
—  Assure well-controlled ventilation if intubated
— Avoid carboprost
Maintain adequate blood volume and venous return
—  Strict monitoring of fluid balance
Avoid myocardial depressants
—  Avoid beta blockade if possible
— 5-lead ECG monitoring for CD or labor
Maintain afterload
—  Consider intra-arterial blood pressure monitoring
— Careful titration of onset of neuraxial anesthetic for labor or CD
— Phenylephrine is vasopressor of choice
— Titrate oxytocin carefully
Invasive pulmonary artery catheter monitoring as well as vasoactive agents may
be necessary
—  Consider partnership with cardiovascular anesthesiologist
Postpartum monitoring
— Monitor for postpartum right heart failure

Unstable Arrhythmia

History

(-) Pregnancy, labor and delivery can
trigger tachyarrhythmias

Identify arrhythmias early

—  S-lead ECG monitoring during CD or vaginal delivery and postpartum

—  Nursing staff must be qualified to monitor cardiac telemetry
Cardiovert unstable arrhythmias rapidly

— Cardioversion can be performed in pregnancy

— In tachyarrhythmia, consider fetal distress indication for cardioversion
Manage pacemaker/AICD if present

—  Keep anti-tachyarrhythmia function of AICD active in labor

—  Assure preparations to suspend AICD function and initiate VOO mode

in the event of emergent CD

Postpartum monitoring

— Monitor for postpartum arrhythmia

Aortopathy
(e.g. Marfan syndrome)

(-) Pregnancy, labor and delivery may
increase dilation of aortic root

(-) Pregnancy, labor and delivery
increases the risk of aortic rupture in
women with Marfan syndrome

Minimize aortic wall tension
—  Excellent labor analgesia
— Continue beta blockade through labor and delivery
— CD or no Valsalva during second stage labor may be recommended by
OB/CV
Minimize hemodynamic swings
—  Careful titration of onset of neuraxial anesthetic for labor or CD
— Consider intra-arterial blood pressure monitoring
— Avoid methylergonovine and carboprost
— Titrate oxytocin carefully
Postpartum monitoring
— Monitor for postpartum hemodynamic instability

Valvular Lesions

Mechanical
Prosthetic Valve

(-) Hypercoagulable state of pregnancy
increases risk of valve thrombosis

(-) Vitamin K antagonists (most
effective way to prevent valvular clot
formation) are teratogenic often
resulting in suboptimal
anticoagulation regimens during
pregnancy

Balance risk of anticoagulation therapy and anesthesia technique
—  Perform general anesthesia for CD in patients who are anticoagulated
Recognize anticoagulation also increases risk of intrapartum and postpartum
hemorrhage
—  Select and/or titrate uterotonics carefully depending on underlying
cardiac disease recognizing that oxytocin decreases SVR,
methylergonovine behaves as an adrenergic alpha agonist and
carboprost increases pulmonary vascular resistance significantly
Postpartum monitoring
— Monitor for postpartum valvular clotting or obstetric bleeding

(continued on next page)

sating with hypo- or hypertension. The arterial line can
facilitate blood pressure management during an unex-
pected cardiac or obstetric event. For example, if the
need arises to induce general anesthesia rapidly for fetal
or maternal distress, the anesthesia team can use the

arterial line to determine the beat-to-beat blood pressure
and thereby titrate a rapid induction to allow for hemo-
dynamic stability. Likewise, if an epidural needs to be
rapidly dosed for cesarean delivery, the anesthesia team
can titrate a vasopressor to beat-to-beat blood pressure
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Table 5 (continued)

(-) Because of relatively fixed preload | Normal heart rate (avoid tachycardia)
to the LV, the heart may not be able —  Excellent labor analgesia
to generate increased cardiac output — Continue beta blockade through labor and delivery
and pulmonary edema will develop —  S-lead ECG monitoring for CD or labor
— Avoid beta agonist agents (e.g. terbutaline)
(-) Decreased oncotic pressure further | Avoid Atrial fibrillation
increases risk of pulmonary edema — In new atrial fibrillation, cardioversion should be considered
a (-)The increase in blood volume and — In failed cardioversion and in cases with chronic atrial fibrillation,
= . g decrease rapid ventricular rate with medical treatment
5 hea.irt rate in pregnancy increases l_eft Maintain normovolemia
(E ;tglr?lllg triesrfl;rrf dandl may leadéo atrial —  Strict monitoring of fluid balance
8 0 puimonary edema Prevent/ Monitor for pulmonary edema
= —  Careful fluid balance
= —  Continuous pulse oximetry throughout labor and peripartum
(including postpartum)
Manage pulmonary edema
—  Consider diuresis
—  Administer supplemental oxygen
— If'necessary, consider intubation with PEEP and controlled ventilation
Postpartum monitoring
— Monitor for postpartum pulmonary edema
(-)The decreased SVR of pregnancy Maintain afterload (avoid hypotension)
can result in lesser coronary perfusion —  Consider intra-arterial blood pressure monitoring
pressure to the thickened LV —  Careful titration of onset of neuraxial anesthetic for labor or CD
> myocardium — Treat hypotension with phenylephrine
'g . ) — Avoid beta agonist agents (e.g. terbutaline)
£ Ei-) Becaqse of LV diastolic — Titrate oxytocin carefully
> ysfunction, excess volume can lead t0 | Normal heart rate (avoid tachycardia)
) pulmonary edema —  Excellent labor analgesia
E Monitor for ischemia
2 —  5-lead ECG monitoring for CD or labor
Maintain normovolemia
—  Strict monitoring of fluid balance
Postpartum monitoring
— Monitor for postpartum hypotension or ischemia
(+)The decreased SVR results in a Avoid increases in SVR and decreases in contractility
o lesser regurgitant volume —  Excellent labor analgesia
‘E 5% _ Avoid bradycardia
2 .§ El_)l P.regnancy can worsen ventricular —  Careful titration of vasopressors (e.g. phenylephrine) with spinal for
R 1lation CD
= % Maintain sinus rhythm
E 2 —  Excellent labor analgesia
> = Consider afterload reduction
— Neuraxial analgesia/anesthesia typically well tolerated if preserved
ventricular function

measurements. Further, intra-arterial blood pressure
monitoring along with a pulse oximeter waveform can
be used to determine if any arrhythmic events compro-
mise perfusion.

Because laboring women often move, breathe sponta-
neously and sometimes push, the measurement of a cen-
tral venous pressure (CVP) is difficult to interpret.
Likewise, in laboring women, pulmonary arterial cathe-
ter (PAC) monitoring is typically not useful. Notably,
there are unique circumstances for which CVP or PAC
monitoring is indicated, such as a laboring patient with
severe pulmonary hypertension who requires a continu-
ous infusion of pulmonary vasodilatory medications.

Most cardiac parturients should have baseline
transthoracic echocardiography (TTE) performed prior

(continued on next page)

to presenting to labor and delivery. Clinical changes
from baseline during labor, such as a decrease in oxy-
genation or blood pressure, can be evaluated with
TTE monitoring. Of note, obtaining TTE images in
labor may be difficult or impossible secondary to lack
of equipment, lack of TTE training amongst staff, lack
of patient co-operation in labor, or lack of time in the
case of an emergency. In the event a patient is under
general anesthesia, transesophageal echocardiography
(TEE) is an option. In the future, non-invasive cardiac
output monitoring via arterial waveform monitoring
techniques such as PiCCO™, LiDCO®™, or FloTrac™
may prove clinically useful in the laboring cardiac par-
turient. At this time, for most cardiac parturients in
labor, pulse oximetry with a visible plethysmographic
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Table 5 (continued)

Shunt Lesions
(-)The decrease in SVR increases Avoid decreases in afterload, which can lead to episodes of cyanosis
right-to-left shunting and possible —  Continuous pulse oximetry throughout labor and peripartum
cyanosis (including postpartum)
— Treat cyanotic episodes with phenylephrine
(H)In unrepaired TOF and normal RV — Consider intra-arterial blood pressure monitoring
function, the increase in blood volume —  Careful titration of onset of neuraxial anesthetic for labor or CD
is beneﬁ_cial because ade_quate RV — Titrate oxytocin carefully
preload is necessary to eject blood past | Minimize pulmonary vascular resistance
2 the outflow obstruction and increase —  Administer supplemental oxygen throughout labor and delivery
& pulmonary blood flow —  Avoid over-sedation
= %D *CCHD, Eisenmenger’s and all - Asst{re well-controlled ventilation if intubated
2 g pulmonary vascular hypertensive e Avoid carboprost
% 5 diseases, carry a high mortality rate in Maintain adgquate l?loqd volumef* and venous return
- pregnancy, labor, delivery and the - Stri C.[ m 0”.'[0" mng .Q.fﬂ uid balance
g ) postpartum. Full pregnancy = Avoid supine position . .
x O implications and anesthetic Avoid myocardial depressagts, because any decrease in RV contractility can
= management is beyond this table decrease pulmonary circulation
o0 —  Avoid beta blockade if possible
L — 5-lead ECG monitoring for CD or labor
If pulmonary vascular disease is present, invasive pulmonary artery catheter
monitoring as well as vasoactive agents may be necessary
— Consider partnership with cardiovascular anesthesiologist
Avoid paradoxical embolism
—  Place filters on intravenous lines
— Perform epidural loss of resistance technique with saline and not air
Postpartum monitoring
— Monitor for postpartum cyanosis
(+)The decrease in SVR decreases the | Avoid excessive fluid administration, over-transfusion, and Trendelenburg
a left-to-right shunting position.
= % —  Strict monitoring of fluid balance
_g » (-)The increase in blood volume can Avoid increases in afterload
v ° precipitate failure because the patient —  Excellent labor analgesia
f-: 9) is in a state of compensatory Avoid paradoxical embolism
> hypervolemia — Place filters on intravenous lines
= ;)'9 —  Perform epidural loss of resistance technique with saline and not air
N

SVR, systemic vascular resistance; HR, heart rate; CD, cesarean delivery; LV, left ventricle; RV, right ventricle; PEEP, positive end
expiratory pressure; AICD, automatic implantable cardioverter defibrillator; CCHD, cyanotic congenital heart disease; ECG, elec-
trocardiogram; VOO, asynchronous ventricular pacing; OB, obstetric; CV, cardiovascular; TOF, tetralogy of Fallot; VSD, ventricular

septal defect; ASD, atrial septal defect.

waveform, 5-lead ECG monitoring, and regular NIBP
measurements with consideration for intra-arterial
blood pressure monitoring is adequate.

Analgesia for vaginal delivery

Effective labor analgesia results in greater cardiopul-
monary and hemodynamic stability during labor.”* *°
Painful labor provokes catecholamine release which
results in tachycardia, hypertension, hyperventilation,
increased cardiac output and increased cardiac oxygen
demand.”® These changes can be detrimental for patients
who are at risk for cardiac ischemia, arrhythmias, or
rupture of an aneurysm. Therefore, for laboring cardiac
patients, most anesthesiologists initiate epidural labor
analgesia as early as possible. This may be immediately
at the onset of discomfort in spontaneous labor, or at
the first sensation of contractions for induced labor.

As previously discussed some obstetricians and cardi-
ologists may recommend a ‘“‘cardiac vaginal delivery”
which involves little to no maternal pushing. As women
progress through labor and the cervix dilates, the swings
in cardiac output become greater.”’ In order for this type
of delivery to successfully limit hemodynamic fluctua-
tions, the labor analgesia technique must provide excel-
lent perineal coverage. Techniques to improve analgesia
efficacy and sacral nerve root coverage should be consid-
ered. Either epidural-only or combined spinal-epidural
(CSE) techniques can be performed. An intrathecal-
opioid-only CSE technique may provide a slower onset
of sympathectomy and thereby a slower decrease in sys-
temic vascular resistance (SVR). A dural puncture epidu-
ral (DPE) technique may provide better quality epidural
analgesia with more successful sacral nerve root cover-
age.’®* Whatever the technique, active labor analgesia
management with early replacement of ineffective neu-
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raxial catheters is important. Further, assuring analgesic
efficacy of the epidural catheter during labor may avert
the need for a rapid induction of general anesthesia in
the event of an emergent cesarean delivery.”’

Because patients with intra- or extra-cardiac shunts
are at risk for paradoxical air embolism, consideration
should be given to an epidural loss-of-resistance tech-
nique with saline rather than air in the event the epidural
needle is inadvertently placed into an epidural vein.*'-**
Further, careful thought should be given to “‘test dos-
ing” the epidural catheter. If it is thought that the intra-
venous injection of epinephrine could cause significant
harm, then consideration could be given to a local
anesthetic-only test dose. Conversely, a catheter inad-
vertently placed in the intrathecal or intravascular space,
not identified, and dosed as an epidural, could be catas-
trophic for a high-risk cardiac patient.

Anesthesia for cesarean delivery

Neuraxial anesthesia for most patients with cardiac dis-
ease undergoing cesarean delivery should be consid-
ered.* Spinal, epidural, or CSE anesthesia provide the
opportunity for the mother to be awake for the birth
of her child and for avoidance of the risks of general
anesthesia and positive pressure ventilation. The hemo-
dynamic changes associated with neuraxial anesthesia
techniques for cesarean delivery are reviewed else-
where.** In brief, the onset of neuraxial anesthesia
results in a decrease in venous tone (preload) and a
decrease in SVR often resulting in hypotension.
Intrathecal local anesthetic provides a more rapid block
onset than epidural local anesthetic. Therefore, if a rapid
decrease in SVR could cause cardiopulmonary decom-
pensation for a patient, then an epidural would provide
a more gradual onset of the hemodynamic changes.
Epidurals, on the other hand, may not provide the den-
sity, symmetry or consistency of spinals. Therefore, if an
anesthesiologist believes a patient could tolerate a spinal,
he or she may proceed with a spinal anesthetic with intra-
arterial beat-to-beat blood pressure monitoring and a
prophylactic phenylephrine infusion. Some anesthesiolo-
gists prefer a sequential CSE technique for cardiac
patients, believing that it combines the reliability and
symmetry of a spinal with the gradual onset of an epidural
anesthetic.”> In this technique, intrathecal hyperbaric
bupivacaine 2.5-5 mg and fentanyl 15-25 pg is followed
by 2-3 mL epidural boluses of plain 0.5% bupivacaine
or 2% lidocaine over 15 and 30 min after the intrathecal
injection. Carefully titrated spinal catheter anesthesia
has also been described in cardiac cesarean deliveries.*°
There are clinical scenarios in which neuraxial anesthe-
sia is not advised. Many cardiac patients are maintained
on anticoagulation therapy throughout their pregnancy.
Because pregnancy is a pro-coagulant state, patients with
a history of deep vein thrombosis, pulmonary emboli,

mechanical valves, low ejection fractions, or those who
would significantly decompensate from pulmonary
emboli (e.g. Fontan circulation) may be anticoagulated
with subcutaneous prophylactic or therapeutic unfrac-
tionated or low molecular weight heparin.*’ Because
mechanical valves in pregnancy carry significant throm-
botic and thereby mortality risk,” occasionally such
patients will be maintained on warfarin anticoagulation
in pregnancy.' Multiple international and national neu-
raxial anesthesia associations provide guidance for the
performance of neuraxial anesthetic techniques in the
presence of anticoagulation therapy.*” ** A recently pub-
lished consensus statement on the obstetric anesthetic
management of patients receiving anticoagulation ther-
apy discusses this clinical conundrum.” In the end, if an
anticoagulated patient requires an emergent cesarean
delivery and the anticoagulation cannot be reversed, the
risk of epidural hematoma from neuraxial anesthesia
may outweigh the risks of general anesthesia.

Besides anticoagulation concerns, general anesthesia
may be necessary for patients who are unable to lie flat
or require mechanical ventilation because of pulmonary
edema from heart failure. Further, general anesthesia
may be necessary for unstable patients requiring
mechanical ventilation for critical illness, for pulmonary
vasodilation with inhaled nitric oxide, or for those who
are at risk of a hemodynamic disaster such as patients
with ongoing myocardial ischemia or a dissecting aorta.
In such unstable cases, the obstetric anesthesiology team
should consider consulting a cardiac anesthesiology
team as early as possible. Alerting the cardiac anesthesia
team prior to deterioration can allow this team time to
co-ordinate resources such as extracorporeal membrane
oxygenation (ECMO) or cardiopulmonary bypass.

Induction of general anesthesia for cesarean delivery in
most healthy patients is typically rapid sequence with no
premedication. The concerns for administering fentanyl
and lidocaine prior to induction include increasing the
risks of newborn sedation and maternal aspiration. For
the cardiac parturient, many anesthesiologists believe
that it is reasonable to prioritize hemodynamic stability
over these risks. Therefore, premedication with opioids
or lidocaine and a slow titration of induction agents
may be reasonable. Some anesthesiologists may choose
premedication with remifentanil in the cardiac patient
undergoing cesarean delivery because at a dose of 1 pg/
kg it has been shown to attenuate the heart rate and blood
pressure elevation which can occur with induction, intu-
bation and incision.”® And, although remifentanil readily
crosses the placenta, in comparison to fentanyl it theoret-
ically causes less sedation of the newborn.”*”’ In high-
risk cardiac patients undergoing cesarean delivery with
an etomidate induction (0.1-0.3 mg/kg), remifentanil
can be administered either as a pre-induction infusion at
0.2-0.5pg/kg/min for 5-10 min, or as a single bolus at
the time of induction at a dose of 2-4 pg/kg.”®
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Whether the patient is undergoing neuraxial or gen-
eral anesthesia, consideration should be given to the
placement of an intra-arterial catheter for blood pres-
sure monitoring. Further, in patients who require gen-
eral anesthesia secondary to critical illness such as
severe pulmonary hypertension, heart failure, myocar-
dial ischemia, or coronary or aortic dissection, central
venous access and pulmonary artery catheter placement
may be appropriate. Transesophageal echocardiography
during cesarean delivery can also be helpful in the unsta-
ble patient under general anesthesia.

Postpartum monitoring

The postpartum period is one of the highest risk times
for maternal cardiac complications.'” Immediately fol-
lowing delivery, preload is significantly increased due
to relief of inferior vena cava obstruction by the gravid
uterus and an “‘auto-transfusion” of blood from the con-
tracting evacuated uterus.**®' This results in an increase
in cardiac output through increases in both stroke vol-
ume and heart rate.** Over the first several days postpar-
tum, extravascular fluid mobilizes into the intravascular
compartment, maintaining an elevated preload during
this time.'” Concurrently, cardiac output begins to
decrease, while the systemic vascular resistance contin-
ues to rise over the first few weeks.’' In predisposed
patients, these hemodynamic changes significantly
increase the risk for cardiovascular decompensation.

Many signs and symptoms of heart failure, such as
peripheral edema, can be present in normal pregnancy
or in the postpartum period.®” A careful history and
physical exam can help distinguish heart failure symp-
toms from normal pregnancy. Postpartum orthopnea,
paroxysmal nocturnal dyspnea and cough should raise
suspicion for intravascular volume overload. On exami-
nation, jugular venous distension, pulmonary rales, and
a prominent third heart sound are consistent with acute
heart failure. Pregnant and postpartum women should
have an oxygen saturation greater than 95% and any
oxygen requirements should be investigated.®® Clinical
biomarkers such as B-type natriuretic peptide (BNP)
or NT-proBNP can be useful for differentiating between
normal pregnancy physiology and clinical heart failure.
The BNP levels are normal in an uncomplicated
pregnancy, and BNP <100 pg/ml has a 100% negative
predictive value for cardiac events in women with
pre-existing structural heart disease.’**

Patients who are at risk for decompensation in the
postpartum period include those with pulmonary hyper-
tension, right or left heart failure, significant diastolic
dysfunction, and left ventricular outflow tract obstruc-
tion. In general, patients who are hemodynamically
unstable prior to delivery are likely to worsen in the
immediate postpartum period and should receive car-
diac monitoring in an intensive care environment.

Emergency preparedness

Emergency cesarean delivery in the patient with cardiac
disease can pose significant risk to the mother and her
fetus. Preparation for emergencies may influence how
an anesthesiologist manages a cardiac parturient in labor
even if she appears stable. For example, even if a patient
with severe aortic stenosis appears to have a stable heart
rate and blood pressure in labor, the anesthesiologist
may choose to place an intra-arterial catheter for beat-
to-beat blood pressure monitoring in the event that a
rapid induction of general or neuraxial anesthesia is nec-
essary for emergency cesarean delivery. Likewise, the
anesthesiologist may follow a labor epidural more clo-
sely and replace a poorly functioning epidural catheter
more readily to improve the odds of avoiding general
anesthesia for an emergent cesarean delivery.

Emergency cesarean delivery may be a result of fetal
distress. Terbutaline and ritodrine are tocolytic agents
which may be administered as a component of intra-
uterine fetal resuscitation.’®®” Although in the past,
these drugs were used as long-term tocolytic agents to
prolong pregnancy in preterm labor, they are now more
commonly administered intramuscularly or subcuta-
neously for acute myometrial relaxation in the presence
of uterine tachysystole.®® Terbutaline and ritodrine’s
beta, adrenergic effects cause inotropy, chronotropy
and significant peripheral vasodilation. Chest pain,
EKG ST depression, supraventricular tachycardia, sinus
tachycardia and right axis deviation have been described
in cardiac pregnant patients who received these medica-
tions.”® ® One could imagine a particularly devastating
outcome in a lesion such as hypertrophic obstructive car-
diomyopathy—the beta adrenergic effects could cause
infundibular spasm and outflow tract obstruction while
the peripheral vasodilation decreases coronary perfusion.

A plan for postpartum hemorrhage medical manage-
ment should be in place for every cardiac parturient.
Uterotonic drugs have significant cardiovascular effects.
Understanding the cardiovascular effects of these drugs
can allow the anesthesiologist to avoid particular agents
and counteract the effects of others. Oxytocin should be
titrated carefully as it can cause decreases in SVR.”" ”*
The decrease in SVR from oxytocin can be counteracted
with careful titration of a phenylephrine infusion. Of
note, there are reports of oxytocin administration in
5-10 unit bolus doses causing hypotension, tachycardia,
ECG ST depression, and even death.””’*

Another uterotonic agent, carboprost tromethamine
(prostaglandin F2-alpha), can cause significant increase
in pulmonary arterial pressures’>’° and should be
avoided in patients with shunt lesions, pulmonary
hypertension, right heart dysfunction of any sort, or
reactive airway disease. Likewise, methylergonovine is
an ergot alkaloid that, along with increasing the con-
traction strength of myometrial smooth muscle, can
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cause vascular smooth muscle contraction resulting in
coronary vasospasm, myocardial ischemia,’” and acute
pulmonary hypertension.”*”’ Like carboprost, methyl-
ergonovine should be used with extreme caution in most
cardiac parturients. Misoprostol is a prostaglandin El
analogue that is often used for induction of labor.
Although it is considered one of the weakest uterotonic
agents for the prevention or treatment of postpartum
hemorrhage,” it has no cardiovascular side effects. Of
note, recent studies have not found its prophylactic
use effective in preventing postpartum hemorrhage.®’
Therefore, in postpartum hemorrhage, careful titration
of an oxytocin infusion as well as rectal or buccal
misoprostol are reasonable treatments for the cardiac
parturient. In most situations, carboprost and methyler-
gonovine should be avoided.

Women with a history of arrhythmias are at risk for
recurrence during pregnancy, labor and delivery.®
When a pregnant patient has an arrhythmic event, a
fetal heart rate monitor should be applied immediately.
The fetal status should be considered when deciding
whether the arrhythmia is stable. The guidelines for
supraventricular tachycardia (SVT) in pregnancy are
reviewed elsewhere®’ and are summarized as follows:

e Vagal maneuvers (carotid massage or ice to the face)
and adenosine treatment are considered first-line
treatment for SVT in pregnancy.

e If these are unsuccessful, stable SVT can be treated
with intravenous metoprolol or propranolol.

e If beta blockade is unsuccessful, verapamil and/or
procainamide can be used.

e Amiodarone should be considered in pregnancy only
if other therapies have failed and if the SVT is life
threatening.

e For unstable patients, electrical cardioversion should
be performed immediately with the electrode pads
positioned normally on the chest being careful to
avoid misplacement (i.e. the energy trajectory should
not pass through the uterus).

e For bradyarrythmias, temporary external pacing or
esophageal pacing is considered safe.

e A fetal scalp electrode lead should be removed prior
to electrical cardioversion or pacing.

Guidelines for the management of cardiac arrest in
pregnancy are reviewed in depth elsewhere.***° Basic
and advanced cardiac life support (ACLS) in pregnancy
differ from non-pregnant resuscitation in the following
ways:

e Code team members should be familiar with caring
for pregnant women and should involve a team ded-
icated to neonatal resuscitation.

e Pulseless pregnant women should be placed supine
with a manual left-uterine-displacement maneuver
performed in one of two ways: A two-handed tech-

nique with the operator standing on the left side of
the patient pulling toward themselves, or a one-
handed technique with the operator standing on the
right side of the patient pushing away.

e If the uterine fundal height is above the level of the
umbilicus, manual uterine displacement should be
performed, and a resuscitative hysterotomy (also
called perimortem cesarean delivery) should be initi-
ated after four to five minutes from the onset of car-
diac arrest at the location that the arrest occurred.®

e The recommended ACLS chest compression tech-
nique and defibrillation protocol is no different from
the non-pregnant guidelines. If a fetal scalp electrode
is present, this should be removed prior to defibrilla-
tion if possible.

¢ Intravenous access should be obtained above the dia-
phragm if possible.

e Epinephrine is preferred over vasopressin. Otherwise,
ACLS drugs, including amiodarone, should be
administered without modification.

Conclusion

Obstetric anesthesiologists can use validated risk strati-
fication systems and knowledge about high-risk cardiac
disease to ensure high-risk pregnant women deliver in
high-resource hospitals with expert care. Plans for car-
diac monitoring, labor analgesia and cesarean anesthe-
sia should be formulated carefully and the
anesthesiologist should be prepared for both obstetric
and cardiac emergencies. Coordinated, multidisciplinary
care of pregnant women with cardiac disease can result
in successful outcomes.
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