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Epidemiology

The number of reproductive age women with valvular heart disease (VHD) is rising given
advancements in medicine and surgery, especially within the congenital heart disease (CHD)
population.2:2 While only 1-2% of reproductive age women have VVHD, it accounts for 1/3
of all heart disease among pregnant women.1-3 The most common etiology for valvular
disease in the United States is CHD, however, rheumatic heart disease is most common
among immigrant women from developing countries and worldwide.2# Heart failure and
arrhythmia are frequent adverse maternal outcomes, depending on the type and severity of
valvular disease, as well other concurrent cardiac abnormalities.3:5:6

Collaborative care with a Maternal Fetal Medicine (MFM) subspecialist and Cardiologist is
recommended for women with valvular disease in pregnancy.* Preconception and baseline
cardiac function should be assessed prior to pregnancy, when possible, with transthoracic
echocardiogram, stress testing, or both, depending on the clinical situation. In general, due
to the hemodynamic and cardiovascular changes in pregnancy, repeat echocardiograms
should be performed to evaluate valvular and overall cardiac function in the first trimester as
well as at approximately 28-32 weeks when blood volume reaches its peak.

Evaluation of Valvular Heart Disease

Diagnosis of VHD should ideally occur prior to pregnancy with correction of severe,
symptomatic lesions, with shared decision making on the part of patient and physician, as
well as input of a heart team working together towards decreasing maternal and fetal risk. In
practice, women with untreated VHD and inadequate medical care may not come to
attention until they develop symptoms induced by the hemodynamic changes of pregnancy.
Symptoms associated with VHD are similar to those of normal pregnancy, such as exertional
dyspnea, limited exercise tolerance, fatigue, lightheadedness, syncope/pre-syncope or
palpitations. Transthoracic echocardiography (TTE) should be performed for women with
known VHD pre-conception or early in pregnant women with unexplained cardiac signs or
symptoms.*7 Severity of valvular lesions is graded by TTE, as a first line test. Of note, the
American Heart Association/American College of Cardiology guidelines use more
descriptive VHD categories.® Instead of mild, moderate or severe VHD, individuals are
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described at being at risk, having progressive VHD, with asymptomatic, severe or severe,
symptomatic VHD. The medical literature and European Society of Cardiology (ESC)
guidelines on VHD in pregnancy use mild, moderate, severe categories and we refer to this
classification henceforth.*

Serial imaging may be useful in progressive trimesters, as hemodynamics, intravascular
volume, physiologic anemia and systemic vascular resistance influence valve gradients.
Serial TTE is also used to measure pulmonary artery pressure and to detect decreased left
ventricular ejection fraction (LVEF). For aortic and mitral stenosis (AS and MS,
respectively), direct planimetry of the valve is a flow-independent measure of valve area.
However, planimetry is highly dependent on image quality which can be improved with
transesophageal echocardiography (TEE), if 2D TTE is limited (Fig. 1 A, B). Planimetry is
more accurate than flow-dependent measures in pregnancy, since higher cardiac output and
tachycardia will increase the measured gradient across the valve. Importantly, the calculated
valve area by the continuity equation will remain unaffected because of conservation of flow
and should be part of the evaluation of severity.

Left Sided Valvular Heart Disease

Left sided stenotic lesions, MS and AS, are usually more poorly tolerated in pregnancy as
compared to regurgitant ones (mitral and aortic regurgitation, MR and AR, respectively).
The risk of acute congestive heart failure (CHF) with either stenotic or regurgitant lesions is
worsened by increased plasma blood volume (which doubles in pregnancy) and increased
afterload, stemming from chronic or gestational hypertension or preeclampsia, for example.
Cardiac output, afterload, and preload change markedly peripartum, which makes women
with left sided lesions especially vulnerable to CHF in the first 1-3 days after delivery.?
Tachycardia is particularly problematic in MS because a longer diastolic filling period is
needed across the valve, while less problematic for AR, in which longer diastolic filling is
undesirable as it can overload the left ventricle. Pulmonary edema can result from severe
stenotic or regurgitant lesions, particularly when coupled with low LVEF and/or arrhythmia,
or acute valvular regurgitation, from a ruptured mitral valve chord with flail leaflet, for
example.

Mitral Stenosis

MS is the most common valvular lesion in pregnancy, largely due to rheumatic heart disease
in the developing world.10.11 The valve takes on a characteristic “fish mouth” appearance as
the anterior and posterior leaflets become scarred at the commissures (Fig. 1 A, B). Poor
leaflet mobility is also associated with MR for some. The gradient across the valve is highly
dependently on heart rate, with less severe gradients at a slower rate. Thus, the cornerstone
of medical management is rate control with beta blockers and volume management with
judicious use of diuretics when congestive symptoms are present.* While beta blockers and
diuretics can theoretically impact fetal growth and amniotic fluid volume status, maternal
benefits in preventing decompensation and mortality outweigh theoretical risks. Mild MS is
often well tolerated in pregnancy and vaginal delivery recommended. However, even mild
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MS has been associated with a risk of small for gestational age fetuses and premature birth.
12-14

Due to the physiologic changes of pregnancy, women with MS are at increased risk for both
maternal and fetal complications. Medical management is often inadequate for severe MS in
pregnancy. For women with severe MS, pregnancy should be avoided until the valve is
treated or replaced.* Maternal mortality has been reported as 0-2% and fetal mortality as 1-
4%, with roughly 35% of fetuses born pre-term, small for gestational age, and 50% low birth
weight.12-14 Data indicate that outcomes vary in severity by degree of MS.14 CHF is
frequent; nearly 50% experiencing this adverse outcome in severe MS, in some reports.12-14
Studies of women with mild MS demonstrate a 10-20% risk of arrhythmia (usually atrial
fibrillation or flutter) or heart failure/pulmonary edema and 4-10% risk of pre-term delivery
and small for gestational age.12-14 WWomen with moderate MS have up to a 45% chance of
arrhythmia or heart failure/pulmonary edema, 10-30% risk of preterm delivery and/or small
for gestational age.12-14 Lastly, women with severe MS have an up to 65% chance of
arrhythmia and heart failure/pulmonary edema and 20-40% chance of preterm delivery.12-14

If significant MS is diagnosed in pregnancy, then the general preference is for percutaneous
mitral balloon valvuloplasty (MBV) if the valve is suitable on transthoracic or
transesophageal echocardiogram (TTE or TEE, respectively). MBV is a catheter based
procedure performed under echocardiographic and fluoroscopic guidance, in which the goal
is to open the fused commissures of the mitral valve to improve orifice area (Fig. 1C-E).
81516 |n severe MS, the subvalvular apparatus is often involved, with leaflet and/or chordal
thickening and calcification. The Wilkin’s score rates leaflet mobility, calcification, valve
and subvalvular thickening, with increasing scores portending a worse result with MBV.1
MBYV is usually performed in the 2" trimester and considered in those with New York Heart
Association (NYHA) class I11/1V congestive heart failure or pulmonary artery systolic
pressures of =50 mmHg.#1° It carries the risk of severe, acute MR which can necessitate
emergent surgical repair. Open surgical mitral valve replacement is associated with maternal
and fetal morbidity and mortality (see “Valve Replacement”) and there is presently no
approved percutaneous valve replacement for the mitral valve.

L&D Considerations in MS

L&D (L&D) poses a specific challenge for patients with MS.#18 Each contraction increases
circulating blood volume by 300-500cc, subsequently increasing venous return, preload and
cardiac output. Systolic and diastolic blood pressure values (afterload) increase with each
contraction. There is auto-transfusion of uteroplacental blood (~500cc) immediately after
delivery from decompression of the inferior vena cava. Tachycardia, doubling of plasma
volume and a 50% rise in cardiac output are all physiologic changes which are not well
tolerated during L&D, particularly for women with severe MS who are at high risk of acute
left systolic CHF.12:18 The main hemodynamic goal during L&D is to maintain euvolemia to
net negative fluid balance. Intrathoracic pressure rises and venous return declines, thus,
decreasing stroke volume when a woman is performing Valsalva to push in the second stage
of labor. Heart rate increases in an attempt to maintain cardiac output. With a prolonged and
repeated Valsalva, compensatory mechanisms can become exhausted with less ability to
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maintain cardiac output. Therefore, an assisted second stage, with forceps or vacuum, should
be considered. MS is not an absolute indication for Cesarean delivery under the care of
experienced Anesthesiologists, Obstetricians, MFM subspecialists and Cardiologists. While
Cesarean delivery avoids the increase in cardiac output with contractions, it does not avoid
the large auto-transfusion that occurs after delivery nor the larger blood loss that
accompanies Cesarean as compared to a vaginal delivery.

Other L&D considerations for MS include the avoidance of terbutaline, a tocolytic, as it can
cause tachycardia. Routine regional anesthesia should be employed early in the labor
process to prevent tachycardia associated with labor pain. Importantly, women with MS
remain at an increased risk for CHF 1-2 weeks postpartum as there is mobilization of
extravascular fluid into the vascular system. Therefore, women with MS should be seen in
the outpatient setting shortly after delivery.

Aortic Stenosis

Etiologies of AS in pregnancy include congenital uni- or bicuspid aortic valve and rheumatic
heart disease (Fig. 2).1° Bicuspid AS is associated with dilation of the ascending aorta in
some cases due to underlying mutations which affect both the valve and collagen fibril
organization. Ideally, a pre-pregnancy (baseline) diameter should be measured with repeat
assessment during the first and third trimester of pregnancy as well as postpartum to rule out
progressive enlargement. Pregnancy is contraindicated in women with bicuspid aortic valve
when aortic dilation is >50 mm and Cesarean delivery should be considered with progressive
enlargement to avoid increased pressure associated with Valsalva.#20:21

Mild or moderate AS is usually well tolerated in pregnancy. Conversely, severe symptomatic
AS has been associated with significant adverse maternal and fetal outcomes.815 Women
with severe AS, and particularly those with low LVEF, should avoid pregnhancy until the
valve is treated or consider termination, per guidelines.* Interventions are recommended
prior to pregnancy in women with severe AS who are symptomatic, have LV dysfunction
with LVEF <50%, or in those who are symptomatic during exercise testing.? This is due, in
part, to the fact that women with AS have a fixed stroke volume. Therefore, they are only
able to increase their cardiac output by increasing the heart rate in order to accommodate the
increasing blood volume and demand from pregnancy. Increased heart rate leads to
decreased time in diastole and therefore decreased time for ventricular filling and coronary
perfusion that can lead to ischemia, hypoperfusion of the coronary arteries, hypotension and
syncope. In contrast to MS, in which beta blockers are useful to decrease heart rate and
improve filling time, beta blockers are not recommended in patients with AS, unless treating
an arrhythmia, because increased heart rate is an important compensatory mechanism for
fixed stroke volume.

Women are at risk of acute CHF and death, with over 1/3 of women with severe,
symptomatic AS requiring hospitalization during pregnancy.?! Despite frequent CHF, no
maternal mortalities up to 1 week postpartum were reported in a recent study of the global
Registry on Pregnancy and Cardiac Disease (ROPAC), highlighting the importance of
medical heart failure management intrapartum.21 However, follow-up time was limited and
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valve gradients were obtained during pregnancy for 2/3 of the cohort which may have
overestimated the severity of AS.21 Approximately 1/4 of fetuses born to women with
moderate to severe AS exhibit growth restriction or are premature, and over 1/3 have been
reported as low birth weight, with most delivered by Cesarean.21:22

Some individuals are asymptomatic at rest despite severe anatomic AS by TTE. Treadmill
stress echocardiography can be considered to evaluate women with asymptomatic, severe
AS prior to pregnancy as favorable maternal and fetal outcomes were reported for those who
remained asymptomatic during stress testing and elevated brain natriuretic peptide levels can
detect subclinical heart failure.2! Symptoms revealed during exercise, like a decrease in
systolic blood pressure or pre-syncope, are related to the hemodynamic limitation imposed
by the valve and should prompt pre-pregnancy valve replacement. Antepartum balloon aortic
valvuloplasty for rheumatic AS and percutaneous transcatheter aortic valve replacement
(TAVR) for bicuspid severe AS, have been reported.23-25 Open surgical aortic valve
replacement increases maternal and fetal morbidity and mortality (see “Valve
Replacement™).

L&D considerations in AS

Patients with AS rely on normal to high preload and normal or low afterload to prevent
hemodynamic decompensation. Compromise of preload (e.g. large blood loss, hypotension)
or increased afterload (pressors) should be avoided and patients should be in a euvolemic
state to net positive fluid balance. Physicians should be cautious of the second stage of
L&D, when Valsalva increases intrathoracic pressure and decreases preload. Cesarean
delivery is typically recommended for severe AS. In women with moderate AS, an operative
vaginal delivery with forceps or vacuum can be considered, in conjunction with MFM
subspecialists and Cardiologists, depending on the length of the second stage, patient
preference, gestational age, parity, and other clinical factors.#18 Regional anesthesia is
useful to avoid tachycardia due to pain, however, epidural anesthetics should be infused
slowly to minimize peripheral vasodilation, which could drop preload.

Mitral and Aortic Regurgitation

Mitral valve prolapse (MVP) and rheumatic mitral regurgitation (MR) are the most common
reasons for MR in pregnancy. MVP is often progressive, leading to redundancy and
floppiness of the mitral valve, and sometimes involves the chordae (Fig. 3). MR results from
a leaflet scallop sliding past its counterpart. Mitral valve repair for severe MR, involving
trimming of the redundant leaflet, and/or restructuring of the chordae, is generally
recommended over replacement, where anatomically feasible, and should be undertaken pre-
pregnancy. For those presenting with severe symptomatic MR in pregnancy, CHF can occur
in nearly 1/4 of patients, hence, managing volume, afterload and arrhythmia are important
components of care, particularly peripartum.14

Aortic regurgitation (AR) occurs with bicuspid aortic valves, aortopathies, infective
endocarditis and rheumatic heart disease, and the various etiologies thus necessitate different
approaches to therapy or management. For women contemplating pregnancy, evaluation of
severe MR and AR is based on evaluation of exercise-induced symptoms, LVEF and left
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ventricular dilation. TTE and referral to cardiology for evaluation is essential. Surgical
intervention should be considered before pregnancy in patients with severe AR or MR when
symptoms of ventricular dysfunction are present.# Beta-blockers are recommended with
MR, but not for AR, as they increase the diastolic filling period, worsen AR, and increase
left sided filling pressures. Vaginal delivery is favored for both MR and AR, with epidural
analgesia for its vasodilatory effects, and immediate diuresis once delivery has occurred.

Tricuspid and Pulmonic Regurgitation

Regurgitant lesions are generally well tolerated during pregnancy because the decrease in
systemic vascular resistance helps increase forward flow. Right sided CHF with severely
regurgitant lesions leads to hepatic congestion, ascites, and lower extremity edema. Under-
filling of the left ventricle portends systemic hypoperfusion and shock. Primary TR may be
due to rheumatic heart disease, endocarditis, or congenital heart disease (Ebstein’s anomaly,
Fig. 4). Congenital displacement of the tricuspid valve results in atrialization of the right
ventricle (RV), which in turn, can lead to supraventricular tachycardia. The functional RV is
small in relation to the size of the atrialized RV. Tethering of valve leaflets leads to severe
TR and potentially to right-sided CHF. Ebstein’s is associated with right-to-left shunting
through an atrial septal defect or patent foramen ovale, causing hypoxemia. Filtered
intravenous lines are often used to reduce the risk of air embolism.#26:27 Correction may be
undertaken pre-pregnancy.28

Secondary TR is more common than primary, usually caused by annular dilatation from
chronic left sided CHF. This in turn, creates elevated RV pressures and volume.2 In the
absence of RV dysfunction or RV failure, severe secondary TR is often well-tolerated during
pregnancy and managed medically with diuresis.#815 Generally, tricuspid annuloplasty,
valvular repair or replacement for severe TR is performed in the context of other cardiac
surgery. Patients with severe, symptomatic PR and RV failure should consider surgical
replacement before pregnancy as severe PR has been identified as an independent predictor
of maternal complications in women with an impaired RV.#26 Severe PR is seen post-
balloon valvuloplasty, with failed Ross homografts, or after operative repair for Tetralogy of
Fallot, and predicts adverse maternal outcomes.? Successful pregnancy outcomes post
transcatheter pulmonic valve replacement with Melody (Medtronic, Minneapolis, MN and
Edwards Sapien (Edwards Lifesciences, Irvine, CA) valves have been reported.2®

Pulmonic Stenosis

Tricuspid stenosis, either congenital or a consequence of rheumatic heart disease, is
uncommon and not therefore, not discussed. Pulmonic stenosis (PS), when mild, is well
tolerated. Severe PS is congenital or occurs as a consequence of the Ross procedure, a
childhood surgery in which the pulmonic valve is placed into the aortic position to treat
severe AS or AR and a cadaver valve is placed in the pulmonic position.2 Unlike severe AS
or MS, mild or moderate PS is well-tolerated in pregnancy (Fig. 5A, B). In the absence of
severe pulmonary arterial hypertension, women are often delivered vaginally. Severe PS,
even if asymptomatic, should be considered for balloon pulmonary valvuloplasty prior to
pregnancy. Severe stenosis with obstruction to right ventricular outflow can lead to the
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development of right ventricular hypertrophy and the inability to augment cardiac output
during pregnancy, leading to right sided heart failure. As such, severe symptomatic PS or PS
with associated cardiac dysfunction in pregnancy is associated with an increased risk of
complications and pre-pregnancy interventions should be considered.

Valve Replacement

Pre- or post-pregnancy valve replacement is preferable for severe valvular lesions, rather
than antepartum cardiothoracic surgery, which increases morbidity and mortality for both the
pregnant woman and fetus. In a meta-analysis of publications spanning 1990 to 2016, MS,
prosthetic valve dysfunction and AS were the most frequent indications for antepartum
cardiac surgery.39 Maternal mortality was 11.2 per 100 pregnancies (95% Cl, 6.8 to 17.8),
and maternal morbidity 8.8 per 100 pregnancies (95% CI 2.8 to 24.2), mostly due to CHF,
arrhythmia and bleeding, while fetal loss was 33.1 per 100 pregnancies (95% Cl, 25.1 to
41.2).%0

Percutaneous valve replacement is of uncertain utility in pregnant women with severe
valvular heart disease. Successful transcatheter aortic valve replacement with a self-
expanding CoreValve (Medtronic, Minneapolis, MN) implant, guided by peripheral
intravascular ultrasound, transesophageal echocardiography, and fluoroscopy, has been
reported for bicuspid severe AS.24 Percutaneous valve-in-valve replacement, in which a
second bioprosthetic valve is deployed inside the first, has been used for AS and MS in older
adults.31 This requires a large enough valve size so as to avoid patient-prosthetic mismatch,
which can lead to a high gradient across the stented valve. Successful double valve-in-valve
Edwards Sapien XT (Edwards Lifesciences, Irvine, CA) implantation for severe
bioprosthetic AS and MS in pregnancy via the left ventricular apex has been reported.2®

Valve replacement in women who may choose to experience pregnancy over the course of
their reproductive lifetime should address bioprosthetic versus mechanical valve choices and
there should be shared decision-making between patients and physicians. Mechanical valves
offer extended durability, but necessitate lifelong therapeutic anticoagulation (Fig. 6).
Mechanical mitral valves pose a higher risk of thrombosis than aortic valves due to the low
pressure flow from the left atrium to left ventricle. Valve thrombosis is high in pregnancy,
estimated at 3-9%, and thrombolysis or surgery to treat it can be complicated by bleeding or
stroke.32:33 Women with mechanical valves have an increased risk of both maternal and fetal
complications, and their live-birth rates are significantly lower than for women with
bioprosthetic valves (58% vs. 79%).3:32 Risks stem from anticoagulation, ventricular and
valvular dysfunction.

There are various regimens that have been proposed for anticoagulation and randomized
controlled trials to guide use in pregnancy are lacking. The most common treatments of
choice are warfarin and low molecular weight heparin; each has advantages and
disadvantages.32:34-37 Warfarin exposure in the first trimester is associated with up to a 10%
risk of fetal loss and toxicity including intracranial hemorrhage, warfarin embryopathy
(characterized by nasal hypoplasia, stippled epiphyses, choanal atresia), and central nervous
system (CNS) and ocular abnormalities.38 Effects may be dose dependent; >5 mg daily has
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been associated with more frequent fetal abnormalities. Warfarin exposure in the second and
third trimester has also been associated with fetal hemorrhage/intracranial bleeding and CNS
abnormalities like schizencephaly and microcephaly. Up to a 40% risk of spontaneous
abortion, fetal death and congenital defects have been reported with warfarin and similarly
high proportions were observed when exposure was limited to only the second and third
trimester.37

The risk of valve thrombosis, however, appears to be lower in pregnant women who use oral
anticoagulation throughout pregnancy, 3.9%, as compared to up to a 30% risk with
unfractionated heparin (UFH). UFH is therefore not recommended for pregnant women with
mechanical valves.* Low molecular weight heparin (LMWH) appears to have less risk of
valve thrombosis than UFH, however some studies report up to a 9-10% risk of valve
thrombosis in women who use LMWH throughout pregnancy.24 LMWH has a greater fetal
safety profile with no association with congenital anomalies as compared to warfarin,
although higher risk of bleeding complications.3* The concern about valve thrombosis with
LMWH however, makes the selecting the best approach for anticoagulation a challenge
when weighing both maternal and fetal risks with warfarin.2 Case series suggest routinely
assessing peak anti-Xa levels and ensuring therapeutic trough levels.36:3% Importantly,
LMWH is weight based regimen that should be administered every 12 hours during
pregnancy, with dose adjustment given more rapid renal clearance and volume of
distribution in pregnancy. Undertreatment could explain previous reports of higher
thrombosis with LMWH since a significant number of trough levels were subtherapeutic
when targeting a peak anti-Xa level of 1.0-1.2.36 Suggested targets are: trough =0.6
international units (IU)/mL for low risk patients and =0.7 1U/mL for high risk patients, with
an anti-Xa peak level not to exceed 1.5 IU/mL, assessed 4-8 hours after >4 doses.36

Aspirin is used for bioprosthetic valves instead of anticoagulation and this may be preferable
if warfarin is undesirable or contraindicated. Bioprosthetic valves typically last 10-15 years
and will require replacement if implanted in a young woman. The advantage of selecting a
bioprosthetic valve may be to avoid warfarin exposure during pregnancy, as well as the risk
of anticoagulation transitions or treatment gaps. Some individuals plan for future mechanical
valve replacement once the bioprosthetic has deteriorated, ideally after their reproductive
years. Elevated gradients across bioprosthetic valves can result from naturally increased flow
and decreased afterload in pregnancy (Fig. 7), but whether this has an impact on the
longevity of the valve is unclear.

Conclusion

Outside of severe AS or MS, severe pulmonary arterial hypertension, or significant right or
left ventricular failure, pregnancy in the context of mild to moderate valvular heart disease is
often well-tolerated. Comprehensive evaluation by an interdisciplinary team of physicians
and nurses can provide guidance to women both prior to conception and during pregnancy.
40.41 pre-pregnancy treatment of severe valvular heart disease must be considered, with
different percutaneous and surgical options depending on the lesion. Family planning and
contraception should be discussed with women who have valvular disease. The severity of
the lesion and pregnancy risk must be evaluated by her physicians. Obstetricians, MFM
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subspecialists and cardiologists must collaborate to improve maternal and neonatal outcomes
for women with valvular heart disease.
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Figurel.
Pre mitral balloon valvuloplasty for rheumatic mitral stenosis (MS)—A) 3D transesophageal

echocardiogram of severe MS, A=Anterior leaflet P=Posterior leaflet. B) Planimetry of
valve area (A1=0.79 cm?). C) Inflation of an Inoue balloon (1) in the stenotic mitral valve
during mitral balloon valvuloplasty (MBV). Note spontaneous echocardiographic contrast or
“smoke” in the left atrium (LA) indicating stasis of flow during MBV. Post MBV—D) 3D of
the mitral valve. E) Planimetry of the valve area post MBV (A3=1.32 cm?). The patient
presented for MBV in the 29 trimester, the preferred time for intervention.
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Figure 2.
A) Short axis view of a unicuspid vs. bicuspid aortic valve (AV), with combined aortic
stenosis and regurgitation. B) Continuous wave Doppler across the AV, indicating a mild

gradient. AV=aortic valve, LA=left atrium, RVOT= right ventricular outflow tract,
TV-=tricuspid valve.
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Figure 3.
A) Parasternal long axis view of mitral valve (MV) prolapse. B) Mild mitral regurgitation

indicated by Doppler color flow backwards into the left atrium (LA). Ao=aorta, LV=left
ventricle, RV=right ventricle.
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Figure 4.
A) Apical 4 chamber view of Ebstein’s anomaly. The true annulus of the tricuspid valve

(TV) is dilated, the valve is apically displaced leading to atrialization of the right ventricle
(ARV) and the functional right ventricle (FRV) is small. The left ventricle (LV) is flattened.
RA=right atrium, LA=left atrium. B) Severe tricuspid regurgitation indicated by Doppler
color flow backwards into the ARV and RA is due to tethering of the septal and mural
leaflet, in combination with decreased anterior leaflet mobility. The patient had a murmur
and developed shortness of breath in pregnancy with chronic hypoxemia. Ebstein’s anomaly
is frequently associated with right-to-left shunting.
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A) Pulmonic stenosis (PS) on 2D transthoracic echocardiogram with B) a mild gradient by
continuous wave Doppler flow. PV=pulmonic valve, PA=pulmonary artery, RVOT=right

ventricular outflow tract, LV=left ventricle.
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Figure 6.
A) Pre-operative transesophageal echocardiogram (TEE) demonstrating severe stenosis of a

congenitally cleft mitral valve with B) increased Doppler color flow across the valve. C)
Post-operative TEE of the mechanical mitral valve in the open position. Valve replacement
occurred 10 years prior to pregnancy. She was successfully managed in pregnancy;
transitioned from warfarin to low molecular weight heparin titrated to peak anti-Xa levels,
then to intravenous unfractionated heparin just prior to delivery.
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Figure7.
A) Parasternal long axis view of a bioprosthetic aortic valve replacement performed pre-

pregnancy for infectious endocarditis of a congenitally bicuspid aortic valve. B) Elevated
gradients across the valve by continuous wave Doppler flow were noted during pregnancy,
but the patient was clinically asymptomatic. AVR=aortic valve replacement.
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