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ABSTRACT

As the average maternal age advances with increasing concurrent cardiovascular disease risk factors, more women are entering pregnancy with or at risk for various
cardiovascular conditions. Although rare, pregnant patients may require various cardiac interventions in the catheterization laboratory. An understanding of in-
dications for intervention in pregnant patients with conditions such as myocardial infarction, severe valvular disease, and cardiogenic shock is critical to optimizing
both fetal and maternal outcomes. This document highlights the most common cardiovascular conditions that may be encountered during pregnancy that may require
intervention and highlights indications for intervention and periprocedural considerations to facilitate favorable maternal and fetal outcomes.

Introduction

Maternal mortality and morbidity continue to increase, with cardio-
vascular disease as the leading cause of adverse maternal outcomes.' The
reasons for these trends are multifaceted; however, advancing maternal age,
socioeconomic disparities, and coexistent cardiovascular risk factors
contribute to such adverse outcomes. During pregnancy, alterations in the
hormonal state, coagulation, and maternal hemodynamics increase the risk
for various maternal cardiovascular conditions (Figure 1). Acute conditions
such as acute decompensated heart failure, cardiogenic shock (CS), acute
coronary syndromes, and severe valvular disease contribute to these unfa-
vorable outcomes and may require interventional cardiology expertise as
part of cardio-obstetrics interdisciplinary care. With advancing technology,
including hemodynamic support devices and percutaneous interventions
for valvular conditions, a growing array of therapies may be available

during pregnancy. However, consideration for intervention during preg-
nancy is complex in light of elevated maternal and fetal risk. This article
discusses broad considerations for pregnant patients with acute cardiovas-
cular conditions in whom percutaneous or surgical intervention is being
considered. Although preconception counseling and delivery planning are
of the utmost importance, these issues will not be addressed here, and
readers should refer to the Journal of the American College of Cardiology Focus
Seminar series on Cardio-Obstetrics.>>

Material changes in pregnancy and associated cardiovascular
disease risk

Pregnancy is associated with a significant change in cardiovascular
hemodynamics, including increases in heart rate with associated
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percutaneous coronary intervention; PPCM, peripartum cardiomyopathy; P-SCAD, pregnancy-associated spontaneous coronary artery dissection; SCAD, spontaneous
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Figure 1. Maternal changes in pregnancy and risk of CV conditions. Significant changes during pregnancy can increase the risk of various cardiovascular
conditions. AS, aortic stenosis; CV, cardiovascular; MS, mitral stenosis; PE, pulmonary embolism; PPCM, peripartum cardiomyopathy; SCAD, spontaneous coronary

artery dissection.

increase in cardiac output up to 50% and a decline in systemic vascular
resistance. Although these changes are intended to support a growing
fetus, such changes can contribute to the development of new cardio-
vascular conditions or exacerbate existing conditions such as volume
overload in patients with existing cardiomyopathy or decompensation
in patients with left-sided valvular lesions. Such hemodynamic changes
may unmask the previously undiagnosed cardiovascular conditions and
lead to adverse outcomes for both the mother and fetus. Several risk
classification schemes can be used to assess cardiovascular risk in
pregnant patients, including the modified World Health Organization,
ZAHARA (Zwangerschap bij Aangeboren HARtAfwijking [Pregnancy in
Women With Congenital Heart Disease]), and CARPREG II (Cardiac
Disease in Pregnancy Study) classifications that are the most commonly
used in clinical practice.? Such risk assessment methods should be
combined with patient-specific clinical history and parameters to guide
preconception planning, follow-up during pregnancy, and delivery
management.

General considerations for pregnant patients when cardiac
intervention is being considered

Interventional cardio-obstetrics team care

Core representation on the cardio-obstetrics team should be
multidisciplinary across levels of care, including cardio-obstetrics
specialists, interventional cardiology and cardiothoracic surgery,
obstetrics/maternal-fetal medicine, nursing, neonatology and obstet-
ric and cardiac anesthesiology (Central Illustration). Team members
should be easily identified and consulted for emergent cases. For
elective cases, a plan should be formulated, broadly communicated,
and shared in the electronic medical record with contingencies for
emergent care. Membership of the team should be tailored to the
specific requirements of each patient, with representation from sub-
specialties within the core fields. Within nursing, representation from
labor and delivery nursing is critical, as is input from cardiac intensive
care and cardiac catheterization staff. Representation from obstetric
anesthesiology is often needed in combination with input from
cardiothoracic anesthesiology. In cases where open cardiac surgery
may be considered, careful assessment with the heart team/-
cardiothoracic surgery is critical as there is a significant risk of fetal
loss associated with cardiac surgery in pregnancy.>®

Radiation exposure

Fetal radiation exposure is a concern when considering interventional
procedures. However, most interventions can be performed with exposure
of <50 mGy; at this threshold, no reported fetal anomalies have been noted
(Table 1).”® The potential for fetal malformation correlates with gesta-
tional age, such that exposure during the first trimester, the period of
organogenesis, is associated with the highest risk, with declining risk as
gestational age advances. If possible, consideration for intervention should
take into account gestational age and be deferred until after the first
trimester. However, the concern for fetal radiation exposure should not
preclude maternal intervention, particularly as preserving maternal health
is key to maintaining fetal health. Every effort should still be made to
reduce radiation exposure with the recommendations outlined in Figure 2.
Such measures include collimation, the use of fluorosave features, and
ultrasound-guided access.

Medications and imaging agents

Medications commonly used in the cardiac catheterization laboratory
setting are compatible with pregnancy, including heparin, metoprolol,
verapamil, and nitroglycerin.® Low-dose aspirin is safe and preferred over
higher doses that may lead to hemorrhage and teratogenic effects.’
Although experience in human pregnancy is limited, clopidogrel has not
been associated with adverse effects in animal models, and maternal use
should be individualized based on risk assessment and benefit through
shared decision-making.’ The safety of other antiplatelet agents such as
prasugrel, ticagrelor, and cangrelor is unknown. Intravenous heparin is the
preferred anticoagulant for pregnant patients in the catheterization labo-
ratory with a standard assessment of ACTs per protocol to allow real-time
procedural adjustment. Specific dose adjustment of intravenous heparin
during pregnancy is not required, but careful attention should be paid to
maintaining therapeutic ACTs in the setting of known hypercoagulable
state during pregnancy. Intravenous or arterial iodinated contrast media
may cross the placenta and enter the amniotic fluid and fetal circulation
with potential for fetal thyroid function suppression.'® However, its use
should not be withheld if indicated for the procedure. Excretion of iodin-
ated contrast into breastmilk is exceedingly low, and the American College
of Obstetricians and Gynecologists recommends no alteration in breast-
feeding.s’11 Anticoagulation and dual antiplatelet therapy have implica-
tions for the choice of regional techniques (spinal or epidural) for labor
analgesia or cesarean delivery. Neuraxial anesthesia is generally preferred
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Central Illustration. Components of an interventional cardio-obstetrics team. Interdisciplinary team care across various levels of clinical care and expertise is critical
in treating pregnant patients with cardiovascular disease. HF, heart failure; L&D, labor and delivery; OB, obstetrics.

over general anesthesia. However, this is associated with an increased risk
of spinal epidural hematoma if the patient was recently on antiplatelet or
anticoagulant therapy and may necessitate cesarean delivery under gen-
eral anesthesia.’ A team approach with obstetric anesthesiology, obstet-
rics, or maternal-fetal medicine is needed for optimal delivery planning.'?

Periprocedural considerations

There are unique aspects to planning cardiac interventions for a preg-
nant patient (Table 2). Sedatives and opioids can be administered if needed,

with caution, as sleep-disordered breathing is more common in high-risk
pregnant patients, and appropriate reversal agents and experienced anes-
thesiology teams should be readily available.'® The maternal upper airway
is hyperemic and edematous, and highly skilled clinicians are needed for
airway management, particularly in patients at risk of respiratory decom-
pensation while recumbent. Fetal monitoring should occur before and after
intervention by Doppler ultrasound and during the procedure where
possible, although initiating monitoring should not necessarily delay the
indicated procedure in the event of an emergent situation. In the event that a
premature delivery would be considered, the administration of steroids for
fetal lung maturation should be given in consultation with obstetrics or

Table 1. In utero fetal radiation effects and average radiation exposure during interventional procedures.

Summary of suspected in utero-induced deterministic radiation effects

Gestational age (wks) <50 mGy 50-100 mGy >100 mGy

0-2 None None None

3-4 None Probably none Possible spontaneous abortion

5-10 None Scientifically uncertain and probably too subtle to be clinically detectable Possible malformation risk increases with increasing dose
11-17 None Scientifically uncertain and probably too subtle to be clinically detectable Risk of diminished IQ increases with increasing dose
18-27 None None 1Q deficits not detectable at diagnostic doses

>27 None None None applicable to diagnostic medicine

Average radiation exposure for interventional procedures: 3-20 mGy?®

Diagnostic angiography, percutaneous coronary intervention, balloon aortic valvuloplasty, mitral valvuloplasty, hemodynamic support insertion, catheter-directed thrombolysis/

thrombectomy

2 Of note, these are average rates of exposure and do not account for complex interventions when indicated.
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Measures to reduce maternal
risk
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smaller Fr catheters, lower output on
automated power injectors

* For intermediate coronary artery
stenoses, preference for non-hyperemic
intracoronary physiology (avoids
potential for bradycardia, hypotension,
bronchospasm associated with
adenosine)

Figure 2. Measures to reduce maternal and fetal risk during coronary angiography and percutaneous coronary intervention. Procedural considerations to
reduce maternal and fetal risk during cardiac catheterization and intervention are noted here.

maternal-fetal medicine. Neonatology should be available in the event of
urgent delivery for supportive care for the neonate as indicated.

Although infrequent, cardiac arrest during pregnancy has significant
implications given coexistent maternal and fetal considerations. Beyond 20
weeks of gestation, due to uterine aortocaval compression, manual left
uterine displacement is mandatory to ensure adequate venous return. Thus,
the patient should be placed in a slightly left-sided tilt position, if possible, to
relieve the pressure on venous return through the inferior vena cava. The
same basic life support and advanced cardiovascular life support principles
apply to pregnant patients as to nonpregnant patients. Maternal defibrilla-
tion is safe for the fetus, and defibrillation pads should be positioned in the
front and back.'* When performing procedures in patients beyond 20 weeks
of gestation (or fundal height at or above the level of the umbilicus), a ce-
sarean delivery tray should be readily available in the rare case of intra-
procedural hemodynamic collapse and advanced cardiovascular life
support, as the return of maternal circulation should occur within 5 minutes
or the uterus should be evacuated.' The initiation of perimortem cesarean
section should begin at 4 minutes into advanced cardiovascular life support
but may occur earlier if maternal resuscitation is felt to be futile.

Acute cardiovascular conditions that may require interventional
expertise

Myocardial infarction during pregnancy

Acute myocardial infarction (MI) is an uncommon complication re-
ported in 2.8 to 8.1 per 100,000 pregnancies.1 518 Pregnant patientsare ata
3- to 4-fold greater risk of MI than nonpregnant, reproductive-aged pa-
tients.'® Risk factors for MI in pregnancy include older maternal age, Black

Table 2. Periprocedural maternal and fetal considerations in the
catheterization laboratory.

Maternal considerations
Avoid excessive sedation
Adequate anticoagulation
Left lateral recumbent positioning
BLS/ACLS - manual left uterine displacement
Anesthesia support for airway management
Fetal considerations
Measures to limit in utero radiation
MFM present at the time of the procedure
Neonatology consultation
Fetal monitoring
Consideration for preemptive steroids in discussion with MFM
C-section tray readily available

ACLS, advanced cardiovascular life support; BLS, basic life support; MFM,
maternal-fetal medicine.

race, tobacco use, and traditional cardiovascular risk factors, including
hypertension, hyperlipidemia, and diabetes mellitus.>'7-'° Approximately
20% of pregnancy-associated MI occur antepartum, approximately 25%
occur during hospitalization for labor and delivery, and approximately 55%
occur postpartum.’® The outcomes of pregnancy-associated MI are poor,
with 5% in-hospital maternal mortality.'”*'® Pregnancy-associated MI may
be caused by flow-limiting, obstructive coronary artery disease, or in
approximately 10% of cases, MI without obstructive coronary arteries at the
time of coronary angiography.'®2° The mechanisms of MI during pregnancy
can include atherosclerotic coronary artery disease and plaque rupture,
plaque erosion and thrombosis, spontaneous coronary artery dissection
(SCAD), coronary artery spasm, or coronary embolism.!*?5?? Although
mechanistically distinct from MI, Takotsubo syndrome, myocarditis, and
pulmonary embolism during pregnancy can mimic acute MI and should be
considered in the differential diagnosis.

Spontaneous coronary artery dissection, a separation of the layers of
the coronary artery wall due to intramural hematoma, with or without an
intimal tear, is the most common cause of pregnancy-associated MI, re-
ported in approximately 40% of cases.'® By definition, SCAD occurs
independently of atherosclerosis, iatrogenic causes, or trauma. Although
the exact mechanisms are unknown, SCAD is associated with fibromus-
cular dysplasia and other arteriopathies, and changes in sex hormones
during pregnancy are postulated to play a role in SCAD pathogenesis.”>
Pregnancy-associated SCAD (P-SCAD) occurs most commonly in the first
month postpartum and is associated with high-risk features, including
left main and multivessel involvement and presentation with ST-segment
elevation MI, compared with patients with nonpregnancy-associated
SCAD.***

Atherosclerotic coronary artery disease with plaque disruption is
identified in 30% of pregnancy-associated acute ML '® As in nonpregnant
adults, the rupture of a thin fibrous cap overlying a lipid-rich atheroma
can expose the necrotic core and initiate thrombus formation. Plaque
erosion, defined by thrombus formation in an area of disrupted endo-
thelium with exposed smooth muscle cells and proteoglycans in the
absence of lipid-rich plaque, can also occur. Coronary spasm is infre-
quently reported, but given its dynamic nature, the prevalence of spasm
in pregnancy may be underreported as a cause of MIL'°

Given the risks of maternal mortality, prompt management of MI in
pregnancy is indicated, and invasive coronary angiography should be
considered unless the risks outweigh the anticipated benefits. An
ischemia-guided management strategy without routine invasive coro-
nary angiography may be appropriate for low-risk patients with resolved
symptoms, mildly elevated cardiac biomarkers, and normal ventricular
function.’® However, in patients with higher-risk MI features, ongoing
symptoms, or evidence of ST-segment elevation MI, urgent invasive
angiography should be performed (Figure 3). An invasive management
approach does carry some risks, such as iatrogenic coronary dissection,
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Figure 3. Management of MI in pregnancy. Suggested algorithm to guide assessment and management of MI in pregnancy. ECG, electrocardiography; GRACE,
Global Registry of Acute Coronary Events; MI, myocardial infarction; NSTEMI, non-ST-elevation myocardial infarction; SCAD, spontaneous coronary artery dissection;

STEMI, ST-elevation myocardial infarction.

which is more common in pregnancy.'® Measures to reduce maternal and
fetal risk during coronary angiography and percutaneous coronary
intervention (PCI), such as efforts to reduce radiation exposure and
minimize the risk of iatrogenic coronary dissection, are listed in Figure 2.
Although the management of pregnancy-associated MI is challenging and
a multidisciplinary cardio-obstetrics team should guide decision-making,
invasive management should not be delayed in patients with hemody-
namic instability or ST-segment elevation MI. Cardio-obstetrics team
management is also essential to discuss subsequent plans for delivery
both with regard to timing and mode of delivery based on hemodynamic
factors, need for antiplatelet therapy as discussed previously, and other
patient-specific factors. Consideration for termination in cases with acute
coronary syndrome is exceedingly rare, but discussion may occur in the

. Diagnostic

procedural
considerations

v

Medical
management

Suspected

[=

PCI

P-SCAD

CABG

| 2

setting of excessive fetal radiation exposure or associated severe ischemic
cardiomyopathy.

Considerations for medical therapy in MI during pregnancy. The
initiation of medical therapy depends on the etiology and timing of MI
with respect to delivery. Aspirin may be safely administered during
pregnancy. Heparin is the preferred anticoagulant because it does not
cross the placenta, is short-acting, and has an excellent safety profile in
pregnancy.?” When dual antiplatelet therapy is indicated, clopidogrel is
the preferred P2Y12 inhibitor. Beta blockers and nitroglycerin are
generally considered safe in pregnancy, whereas angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers are contraindicated
because of risks to the developing fetus.?’>

-Meticulous coronary angiography
-Measures to reduce radiation

-Preserved TIMI 3 flow
-Hemodynamically stable

-Only if unstable or with high risk features
-Intravascular imaging to confirm true lumen
-Consider long stents

-Cutting balloon fenestration may be
considered

-LM/Multi-vessel P-SCAD
-Cardiogenic shock

Figure 4. Management of suspected P-SCAD. Pregnant patients with suspected P-SCAD should be carefully managed with close attention to procedural techniques
for diagnostic angiography and intervention with either PCI or surgery, as noted here. CABG, coronary artery bypass graft surgery; LM, left main; PCI, percutaneous
coronary intervention; P-SCAD, pregnancy-associated spontaneous coronary artery dissection; TIMI, thrombolysis in myocardial infarction.
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General management
* Early recognition and initiation of therapies
e Transfer for tertiary care
¢ Consideration for RHC to assess hemodynamics
* Inotropic support for less severe cases of CS
e In patients with elevated SVR, avoid nitroprusside (risk of
fetal thiocyanate toxicity) and preference for nitroglycerin

Management of Severe Cardiogenic Shock
e Considerations for choice of temporary support
device include:
¢ Hemodynamics, need for oxygenation,
anticipated duration of support, need for
anticoagulation, local expertise

Figure 5. Evaluation and management of CS in pregnancy. Management of cardiogenic shock in pregnancy should involve the interdisciplinary cardio-obstetrics
team with an indication for hemodynamic support based on patient-specific characteristics and institutional expertise. CS, cardiogenic shock; HF, heart failure; LVEF,
left ventricular ejection fraction; PPCM, peripartum cardiomyopathy; RHC, right heart catheterization; SVR, systemic vascular resistance.

Considerations for PCI in non-SCAD MI in pregnancy. If an athero-
sclerotic lesion is present, then PCI should be performed according to
standard revascularization guidelines.’® When coronary stent place-
ment is indicated, drug-eluting stents should be preferred to ensure low
restenosis rates and long-term coronary patency. This is particularly
important in pregnant patients who are younger than the population
typically undergoing revascularization. The short duration of dual an-
tiplatelet therapy after drug-eluting stent placement is feasible with
second and third-generation platforms, with rates of ischemic events
comparable with those of bare-metal stents.?>>° The timing of delivery
is important after stent implantation because dual antiplatelet therapy
increases bleeding risks, particularly in the context of neuraxial anes-
thesia and the risk of epidural hematoma.?’ Therefore, clopidogrel
should be discontinued 7 days before planned delivery, if appropriate,
and consideration for bridging with intravenous antiplatelet or anti-
coagulant agents should be discussed with the cardio-obstetrics team
and interventionalist. Individualized bleeding risk at the time of de-
livery should be weighed against the risk of stent thrombosis with
cessation of dual antiplatelet therapy based on patient-specific PCI
outcomes on a case-by-case basis. Patients who present with acute MI
secondary to coronary thrombus in the absence of a significant
atherosclerotic lesion can be managed with balloon dilatation and
aspiration thrombectomy without stent implantation if coronary flow is
restored.>!

Considerations for PCI in P-SCAD. The optimal treatment strategy for
SCAD remains controversial, although conservative therapy is generally
the preferred strategy, particularly for stable patients with no further
evidence of ischemia. Considerations for diagnostic angiography and
management of suspected P-SCAD are highlighted in Figure 4. PCI should
be avoided in stable patients with P-SCAD to reduce the propagation of
dissection and intramural hematoma, which can further compromise
flow.?>32 Revascularization is typically pursued in unstable patients with
ongoing ischemia, hemodynamic instability, or left main involve-
ment.>>** Patients with P-SCAD tend to have an increased risk of left
main, proximal left anterior descending, or multivessel involvement
along with larger troponin elevations and infarct sizes, lower left

ventricular ejection fractions, and more often present with CS than
nonpregnant patients with SCAD.2*2>3%3¢ A]] these factors increase the
likelihood that patients with P-SCAD will need revascularization with
PCI or coronary artery bypass grafting rather than conservative
management.>’

When PCI is required in patients with P-SCAD, there are specific
considerations to maximize the chances of a successful outcome and
minimize risk (Figure 4). The approach to P-SCAD PCI should be similar
to that in nonpregnant patients with SCAD.>® The coronary vasculature in
SCAD is fragile and prone to iatrogenic dissection; therefore, catheter
manipulation should be minimized.>° Intracoronary imaging is impor-
tant to confirm wire positioning within the true lumen along with the
consideration of implantation of longer stents to avoid further propaga-
tion of subintimal hematoma and dissection. Cutting balloon fenestration
may also be considered.*’

Management of CS in pregnancy

Although CS in the pregnant patient can arise from a number of
possible etiologies, a chief consideration should be peripartum cardio-
myopathy (PPCM). PPCM is present in more than half of all CS cases
involving pregnant or recently pregnant patients and accounts for >80%
of postpartum cases.*! Recommendations for the evaluation and man-
agement of CS in pregnancy are shown in Figure 5.*°** The key to
management of CS in pregnancy is rapid identification and early initia-
tion of therapies. In less severe cases of CS, inotropic support can be used;
however, such interventions have not been demonstrated to improve
outcomes, and the currently available literature regarding the use of
inotropic support is limited by ascertainment bias and a focus on PPCM
rather than overt CS.*>*

More severe cases of CS should be managed with temporary me-
chanical circulatory support (tMCS) and/or extracorporeal life support,
including extracorporeal membrane oxygenation (ECMO), as in the
nonpregnant population. Pregnant patients with CS who survive to
discharge are more likely to have received early support from an
intraaortic balloon pump, percutaneous ventricular assist device, or
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Table 3. Indications for medical management and/or percutaneous treatment by valve condition.

Valvular lesion Risk stratification

Management options

Mitral stenosis Moderate Mild (area >1.5 cm?) Beta blockers/diuretics
risk Consider anticoagulation®
Consider limiting activity
High risk Moderate to severe (area <1.5 cm?) Beta blockers/diuretics
Consider anticoagulation®
Limit activity
Percutaneous mitral valvuloplasty for severe heart failure/pulmonary
pressures >50 mm Hg and acceptable anatomy”
Aortic stenosis Moderate Severe asymptomatic Beta blockers/diuretics/limit exercise and activity
risk
High risk Severe symptomatic and/or LV dysfunction Aortic valvuloplasty if acceptable anatomy or consider TAVR
Mitral regurgitation Moderate Moderate to severe with normal LV function Diuretics/afterload reduction
risk
High risk Acute severe Diuretics/afterload reduction
Severe with LV dysfunction Refractory symptoms consider percutaneous mitral clip vs surgical repair/
Symptomatic replacement
Aortic regurgitation Moderate Moderate to severe with normal LV function Diuretics/afterload reduction
risk
High risk Acute severe Diuretics/afterload reduction
Severe with LV dysfunction Consider TAVR vs surgical replacement if refractory symptoms
Tricuspid regurgitation Low risk Moderate to severe with normal PA pressures and RV Diuretics
function
High risk Severe/torrential with impaired RV function and/or Diuretics/inotropic support
severe pulmonary hypertension
Pulmonary stenosis Low risk Severe asymptomatic Diuretics
Moderate Severe symptomatic Diuretics
risk RV dysfunction Consider percutaneous balloon valvuloplasty or percutaneous pulmonary
valve replacement for refractory symptoms
Pulmonary Low risk Severe asymptomatic Diuretics
regurgitation
Moderate Severe symptomatic Diuretics
risk RV dysfunction Consider percutaneous pulmonary valve replacement for refractory symptoms
Bioprosthetic valve Low risk Regurgitation, asymptomatic with normal LV function Beta blockers/diuretics
dysfunction High risk Stenosis with LV dysfunction and/or symptoms Consider percutaneous valve-in-valve procedure vs surgical valve

replacement

LV, left ventricular; PA, pulmonary artery; RV, right ventricular; TAVR, transcatheter aortic valve replacement.

@ Anticoagulation for mitral stenosis in pregnancy is recommended for patients with atrial fibrillation, left atrial thrombus, prior embolism, severe mitral stenosis,
spontaneous echo contrast in the left atrium, left atrial volume index of >60 mL/m?, or heart failure.

b Wilkins score of <8; for poor anatomy, consider surgical commissurotomy; more than mild insufficiency would be poor anatomy for valvuloplasty.

ECMO than nonsurvivors. Furthermore, early tMCS, defined as within 6
days from the onset of CS, has been associated with lower mortality.
Overall, survival associated with tMCS in this population is >80%,
suggesting safety and efficacy, although overall data are limited.*! The
decision to proceed with tMCS should be based on the degree of CS,
needs, and duration of hemodynamic support, and with the guidance of
a multidisciplinary team in the context of institutional expertise as
intra-aortic balloon pumps, percutaneous ventricular assist devices, and
ECMO have all been described in the literature.*! Consideration for
potential complications such as bleeding, limb ischemia, and adverse
neurologic events should also be weighed carefully. Additionally,
invasive hemodynamic data can not only guide this and other man-
agement strategies but also have been demonstrated to improve out-
comes across patients with CS.*® Anticoagulation considerations need
to be discussed with the cardio-obstetrics team to carefully assess the
risk and benefits based on tMCS used. A recent systematic review and
meta-analysis of the use of extracorporeal life support in pregnancy for
respiratory and cardiac decompensation assessed approximately 350
patients with 75% maternal survival at 30 days and 74% at 1 year with
venoarterial ECMO specifically associated with 72% maternal survival.
Fetal survival was 65%. The most common maternal complication was
bleeding, ranging from mild to moderate (18%) to severe (1 3%).* The
use of bromocriptine with prolonged treatment of several weeks may be
considered in cases of PPCM-associated CS per the European Society of
Cardiology guidelines.?® However, because of the risk of thrombosis,
anticoagulation should be concomitantly used while administering
bromocriptine.

Valvular heart disease intervention during pregnancy

Regurgitant valvular lesions are generally well-tolerated during
pregnancy in asymptomatic patients with normal exercise tolerance,
preserved ejection fraction, and normal pulmonary artery pressures.
However, asymptomatic patients may present with acute volume
overload in the first week postpartum.® Higher risks of complications
during pregnancy occur in the setting of underlying ventricular
dysfunction, heart failure symptoms prior to conception, and/or pul-
monary hypertension.>*° Stenotic lesions are generally poorly toler-
ated during pregnancy. As cardiac output increases during pregnancy,
pressure gradients across fixed obstructive valve lesions also increase
and often precipitate heart failure in the late second to early third
trimester.® Although pulmonary stenosis is typically well-tolerated
during pregnancy, left-sided obstructive lesions pose a significant risk
of maternal morbidity.> Labor and delivery may be associated with
cardiovascular complications due to acute reduction in preload due to
postpartum hemorrhage or acute volume overload following the “au-
totransfusion” of blood from the placenta and uterus with delivery and
relief of inferior vena cava obstruction.? The discussion here will focus
on the most commonly encountered significant valvular lesions of
aortic and mitral valve stenosis with a general discussion of regurgitant
lesions. Table 3 discusses indications for medical management and/or
percutaneous treatment by valve condition. If open surgical replace-
ment is considered, elevated risk of fetal loss up to 19% and 29% in
various studies should be discussed as part of a heart team approach and
shared decision-making with the patient and family.>°
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Figure 6. Management of PE in pregnancy and considerations for intervention. Suggested algorithm to guide the management of PE and indications for potential
intervention. ECMO, extracorporeal membrane oxygenation; LV, left ventricle; PE, pulmonary embolism; PERT, pulmonary embolism response team; RV, right
ventricle; SBP, systolic blood pressure; sPESI, simplified Pulmonary Embolism Severity Index.

Aortic stenosis. Severe aortic stenosis may be poorly tolerated with the
hemodynamic changes of pregnancy leading to heart failure, arrhythmias,
and syncope, and symptomatic patients should strongly be considered for
treatment before pregnancy.®’ Considering the high-risk nature of such
patients, if early in pregnancy, termination is recommended, particularly
in patients with left ventricular dysfunction, as this is considered modified
WHO (mWHO) class IV. However, decisions regarding the continuation of
pregnancy versus termination should be made in conjunction with a heart
team with shared decision-making between patient, family, and clinicians.
If late in pregnancy, early delivery followed by surgical aortic valve
replacement may be considered. Most patients who develop symptoms can
be medically managed with exercise restriction, beta-blockade, and di-
uretics. However, as native valve aortic stenosis is commonly congenital
(bicuspid) or related to rheumatic heart disease, percutaneous balloon
aortic valvuloplasty (pBAV) is a reasonable option for treatment if symp-
toms remain refractory to medical therapy. pBAV has been reported in
limited cases in select patients with severe aortic stenosis during preg-
nancy°>°® and can be performed with minimal radiation exposure at
experienced centers. As pBAV may lead to aortic insufficiency, a “mini-
malistic” approach to valvuloplasty should be considered, with smaller
diameter balloons used to avoid this risk. In patients with impaired left
ventricular function, or if rapid ventricular pacing needs to be avoided, a
valvuloplasty balloon with an inner lumen to allow continued cardiac
output during inflation may be considered. Transcatheter valve replace-
ment (TAVR) is an additional treatment option, in particular in patients
with poor pBAV anatomy, concomitant aortic regurgitation, or bio-
prosthetic valve dysfunction. Both native TAVR and valve-in-valve TAVR
have been reported with successful outcomes, but data are limited.>*°°
However, the long-term durability of TAVR in young patients with
bicuspid aortic valve disease is unknown, and the associated potential risk
for permanent pacing should be weighed carefully when considering an
approach to intervention. If TAVR is pursued, planning requires computed
tomography imaging with intravenous contrast of the chest, abdomen,
and pelvis for procedural planning, but interventional procedures can be
performed without general anesthesia and with limited additional
contrast and fluoroscopy time. Valve-in-valve TAVR without computed

tomography may be considered in patients who are otherwise at low risk
of peripheral arterial disease. In patients with concomitant dilation of the
aorta, surgical intervention should be considered to address both aortic
stenosis and aneurysm repair. The timing of surgery in patients with aortic
dilation in addition to aortic stenosis should be individualized based on
gestational age and rate of progression of aortic dilation, as well as
symptoms and valve hemodynamics and left ventricular dysfunction.
Progressive aortic dilation of >5 mm or dimension of >50 mm should
prompt the consideration of cesarean delivery followed by ascending
aorta and valve surgery soon after delivery.

Mitral stenosis. Severe mitral stenosis is most commonly the result of
rheumatic fever and is a frequently encountered valve lesion during
pregnancy worldwide.?® Patients with severe mitral stenosis may become
symptomatic with heart failure, arrhythmias, and pulmonary hyperten-
sion during pregnancy.”’ Symptom-based interventions, including exer-
cise restriction, beta-blockade, and diuresis, are often successful, and
intervention israrely needed. However, should refractory symptoms occur
despite medical management, percutaneous balloon valvuloplasty has
been widely used to address mitral stenosis,*® has successfully been per-
formed during pregnancy,> and is the procedure of choice for those with
suitable anatomy. Anatomy unsuitable for valvuloplasty would include
the presence of severe mitral regurgitation, and caution is advised in
valves with valvular or subvalvular thickening, calcification, or restricted
leaflet mobility, and a Wilkins score of >8.°° Decisions regarding the
surgical or percutaneous treatment of severe mitral stenosis should be
made in conjunction with the heart team approach considering anatomic
and clinical considerations for both mother and fetus and fetal risk with
cardiac surgery. If the patient is not a candidate for valvuloplasty, consider
cesarean delivery if symptomatic heart failure and/or very severe mitral
stenosis with surgical valve intervention occuring shortly after delivery. If
the decision is made to proceed with valvuloplasty, a cardiac surgeon and
mechanical circulatory support should be on standby. For patients with
bioprosthetic mitral valve stenosis, valve-in-valve transcatheter mitral
valve replacement may be considered in discussion with cardiothoracic
surgery based on individualized patient characteristics and anatomy.
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Anticoagulation during the procedure should be titrated appropriately for
the hypercoagulable state during pregnancy, particularly when inter-
ventional equipment is present in the left atrium.

Regurgitant lesions. As mentioned earlier and noted in Table 3,
regurgitant lesions are generally well-tolerated in pregnancy because of a
decrease in afterload in the setting of peripheral vasodilation. If symp-
toms of volume overload occur and remain refractory despite afterload
reduction and diuresis, transcatheter options such as transcatheter edge-
to-edge repair for mitral regurgitation and TAVR for aortic regurgitation
can be considered. However, there are no systematic data assessing the
short- or long-term outcomes of such interventions with TAVR and no
reported cases of transcatheter mitral valve repair in the literature. Heart
team discussion with cardiothoracic surgery is critical in assessing the
best course of action for these patients, with consideration for fetal
outcomes should surgery be considered, as mentioned previously.

Pulmonary embolism

Venous thromboembolism is the fourth leading cause of pregnancy-
related mortality, with the primary mechanism of acute mortality
being a right ventricular failure.®’ Pregnancy is associated with an
elevated risk of venous thromboembolism because of a combination of
stasis and hypercoagulability and vascular trauma during delivery in
particular.®>%® Overall risk begins during the first trimester, peaking in
the immediate postpartum period, and then tapering off 6 weeks after
delivery.®* The gold standard for the diagnosis of pulmonary embolism
remains computed tomographic pulmonary angiography.

The European Society of Cardiology 2019 guideline divides patients
into 4 major risk categories.®> Treatment strategies are guided by the
clinical, laboratory, and echocardiographic parameters, with particular
attention to bleeding and radiation risks in pregnancy (Figure 6). Medical
therapy is sufficient for low-risk patients with anticoagulation with either
low-molecular-weight heparin or intravenous heparin.®® Intermediate- to
high-risk patients should be considered for advanced therapies,
depending on clinical stability, echocardiography parameters, risk/be-
nefit relative to radiation exposure, and bleeding risk (Figure 6). He-
modynamic parameters, oxygenation status, right ventricular
dysfunction and dimensions (right ventricle/left ventricle ratio of >1 and
tricuspid annular plane excursion of <16 mm being most predictive of
adverse outcomes), and cardiac biomarkers should be assessed for risk
stratification. Additionally, the simplified Pulmonary Embolism Severity
Index is a useful risk assessment tool for 30-day outcomes, albeit this has
not been specifically validated in pregnancy. The simplified Pulmonary
Embolism Severity Index includes an age of >80 years, history of ma-
lignancy, history of cardiopulmonary disease, heart rate of >110
beats/min, systolic blood pressure of <100 mm Hg, and oxygen satura-
tion of <90%. Fibrinolytic therapy has an inherent bleeding risk to the
mother, and fetus and should be used judiciously.®” Catheter-based
thrombectomy or thrombolysis procedures have not been studied in
pregnancy, and the literature on this population is limited to case reports.
Where available, pulmonary embolism response teams should assist in
the complex decision-making process for these high-risk patients in
conjunction with a cardio-obstetrics team.® Consideration for
catheter-based therapies will rely on an interdisciplinary team and
patient-centered decision-making and operator and institutional experi-
ence and expertise but should generally be reserved for those with in-
termediate to high risk.

Conclusion

Acute conditions requiring intervention in the catheterization
laboratory are rare, but such conditions are associated with
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elevated morbidity and mortality for both mother and baby. The
treatment of conditions such as MI, CS, valvular disease, and pul-
monary embolism during pregnancy requires careful discussion of
maternal and fetal risks and benefits. Cardio-obstetrics teams,
including interdisciplinary team care, should be involved to indi-
vidualize treatment decisions relevant to local expertise and shared
decision-making.
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