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Redo tricuspid valve replacement has high surgical operative mortality. Transcatheter valve-in-valve provides a viable

option for valve replacement. We discuss the decision-making process involved in performing transcatheter tricuspid

valve-in-valve replacement in a 23-week pregnant woman with multiple comorbidities and symptomatic severe

bioprosthetic stenosis. (Level of Difficulty: Intermediate.) (J Am Coll Cardiol Case Rep 2020;2:2141–5)
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A 36-year-old woman G4P0030 with 2 miscar-
riages and 1 prior termination presented
18 weeks pregnant with symptoms of exer-

tional dyspnea and leg swelling consistent with pro-
gressive New York Heart Association class III to IV
heart failure, as well as imaging evidence of severe
bioprosthetic tricuspid valve (TV) stenosis and mod-
erate tricuspid regurgitation. Physical examination
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revealed a gravid female with blood pressure 98/
60 mm Hg, pulse 85 beats/min, and resting oxygen
saturation of 95%. She had jugular venous pulse
elevation to 20 cm, pulsatile hepatomegaly, and 1þ
lower extremity edema. Cardiac auscultation over
her right chest revealed II/VI systolic and II-III/IV dia-
stolic murmurs. She had asymmetric excursion of her
chest with inspiration and reduced breath sounds at
the base, but no rales.

PAST MEDICAL HISTORY

The patient had a motor vehicle accident in which she
sustained multisystem trauma, including a severe
crush injury to her chest requiring right pneumo-
nectomy, tracheostomy, and epicardial pacemaker
placement in an abdominal pocket 15 years ago. Her
postoperative course was complicated by chronic
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sternal osteomyelitis and TV endocarditis
requiring more than 20 surgeries, including
chest reconstruction with an Eloesser flap,
pacemaker extraction, and bioprosthetic TV
replacement (29 mm Carpentier-Edwards
6900 Perimount Plus pericardial valve;
Edwards Life Sciences, Irvine, California). In
addition, she developed restrictive single
lung disease with ambulatory desaturation to
84% on home oxygen therapy and a history of
recurrent deep venous thromboses. When she first
presented to our clinic in mid-second trimester, she
was on enoxaparin 60 mg twice a day and 40 mg
furosemide daily, as well as high-dose opioids and
benzodiazepines for her chronic pain syndrome.

DIFFERENTIAL DIAGNOSES

Differential diagnoses included bioprosthetic TV
degeneration, secondary congestive heart failure, or
comorbid condition secondary to high-risk
pregnancy.

INVESTIGATIONS

An electrocardiogram revealed right bundle branch
block and right ventricle (RV) hypertrophy. Chest
radiograph confirmed cardiac dextroposition with
right-pneumonectomy changes and clear left lung
(Figure 1). Pertinent laboratory values included low
hemoglobin of 8.5 g/dl and albumin of 2.3 g/dl. Ob-
stetric ultrasound revealed estimated fetal weight of
E 1 Chest Radiograph

ior-anterior (A) and lateral (B) chest radiograph showing cardiac de

sthetic tricuspid valve ring (inset) is visualized.
537 g (30%) with normal amniotic fluid volume. Prior
fetal growth ultrasounds confirmed normal anatomic
survey. Echocardiography (Figures 2 and 3, Videos 1,
2, 3, 4A, and 4B) revealed preserved left ventricle (LV)
function, low normal RV function, and severe right
atrial enlargement with plethoric inferior vena cava
(estimated central venous pressure w20 cm). The
bioprosthetic TV had severe leaflet restriction, mild-
to-moderate tricuspid regurgitation, and a
14 mm Hg mean gradient on continuous wave
Doppler. Echocardiography-based estimation of the
cardiac output (CO) was 3.3 l/min. These findings and
symptoms were consistent with severe bioprosthetic
TV degeneration with concomitant RV dysfunction.

MANAGEMENT

Despite our recommendation to consider termination,
the patient was clear in her resolve to continue with
her pregnancy despite heightened risks to herself and
the fetus. Multidisciplinary discussions between
maternal-fetal-medicine and the Heart Valve Team
(cardiology, cardiothoracic surgery, and cardiac
anesthesiology) concluded that she was failing
optimal medical therapy and needed TV intervention.
She had worsening RV failure in light of failure to
increase CO appropriately in a parturient. There was
concern that she would not be able to tolerate further
expansion in blood volume and CO with pregnancy
progression. This would limit left-sided function,
decrease uteroplacental perfusion, and place the
fetus at risk for intrauterine growth restriction.
xtroposition with right-pneumonectomy changes and clear left lung.

https://doi.org/10.1016/j.jaccas.2020.07.016
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FIGURE 2 3-Dimensional Echocardiogram of the Tricuspid Valve

Three-dimensional image of the bioprosthetic tricuspid valve in

diastole with severe restriction in opening of the leaflets

(asterisks).

FIGURE 3 Continuous-Wave Doppler Across the Tricuspid Valve

Mean gradient of 14 mm Hg across the tricuspid valve in diastole.

FIGURE 4 Pre-Procedure Fluoroscopy

Surgical Edwards Model 6900P valve on fluoroscopy in steep

right anterior oblique angle 60o projection.
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Her Society of Thoracic Surgeons Score for open TV
reoperation mortality was approximately 10%. This
was likely an underestimate in view of her hostile
chest and restrictive lung disease. In the setting of
progressive symptoms along with collaborative deci-
sion making with the patient, she agreed to undergo
transcatheter tricuspid valve-in-valve replacement
(ViV).

At 23-weeks’ gestation, the patient was placed
under general anesthesia due to high anesthetic risk,
restrictive lung disease, and high opioid and benzo-
diazepine tolerance. Normal fetal heart rate was
confirmed by ultrasound before the procedure. She
had continuous arterial and central venous moni-
toring. Inotropes were initiated for right heart sup-
port. She was placed in a leftward tilt during the
procedure for ensuring adequate uterine blood flow.
Percutaneous access was obtained and a 5-F pacing
catheter was advanced into the LV. Right atrial pres-
sure was measured at 17 mm Hg with a and v waves
measured at 22 mm Hg with a mean gradient across
the TV of 15 mm Hg. The TV was crossed with the aid
of a steerable catheter and an extra-small Safari wire
was positioned in the RV apex using a marker pigtail.
A total of 11,000 U of heparin was administered to
achieve a peak activated clotting time of 240 s.

Using fluoroscopic and transesophageal echocar-
diography guidance, a 29-mm Edwards Sapien 3 (S3)
balloon-expandable valve was advanced with image
detector angulation at 60o of right anterior oblique
across the existing bioprosthesis and deployed during
rapid LV pacing at 170 beats/min (Figures 4 and 5).
Following valve deployment, transesophageal
echocardiography demonstrated optimal valve posi-
tion. The tricuspid gradient was reduced to 2 mm Hg
without tricuspid regurgitation (Figures 6 and 7,
Videos 5A and 5B) and the CO increased from
3.3 l/min to 5.3 l/min. She was extubated a few hours
later with stable fetal readings and an immediate
improvement in heart failure symptoms.

https://doi.org/10.1016/j.jaccas.2020.07.016
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FIGURE 5 Post-Procedure Fluoroscopy

Tricuspid surgical bioprosthetic valve after deployment of

valve-in-valve in steep right anterior oblique angle 60o

projection.

FIGURE 6 Post-Procedure Echocardiogram of the Tricuspid Valve

Normal functioning tricuspid bioprosthesis post deployment in

(A) systole and (B) diastole. RA ¼ right atrium.
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DISCUSSION

To our knowledge, this is the first publication of
tricuspid ViV replacement being performed during
pregnancy. There were critical concerns with this
pregnancy related to both the mother and fetus. In
addition to her severe bioprosthetic TV stenosis with
New York Heart Association functional class III to IV
heart failure, she had 1 lung with anatomic distor-
tion of her thorax and exertional desaturation. She
was also on high doses of narcotics and anti-
anxiolytics. Stenotic valvular disease even in the
right heart portends enhanced risk during pregnancy.
A pregnant patient has increased blood volume and
low systemic vascular resistance, and should be able
to increase her CO by approximately 45% at 24 weeks,
which is equivalent to 6 to 7 l/min (1). In comparison,
our patient’s estimated pre-procedure CO was
approximately 3.3 l in her second trimester with po-
tential untoward effects to mother and fetus.

In caring for our patient, individual autonomy and
informed consent were paramount, especially in
relation to pregnancy (2). Although medically indi-
cated procedures should not be delayed in pregnancy,
the second trimester is generally considered the
safest time for surgery in pregnancy, with lower
miscarriage risk and a decrease in teratogenic risk for
any medication and radiation exposure compared
with the first trimester. In addition, intervention
before fetal viability (24 weeks in New York State) was
preferred in this case to avoid the potential of resus-
citation of an extremely preterm infant in case de-
livery became indicated due to deterioration of either
maternal or fetal status. To minimize the risk of ra-
diation, the procedure was conducted with low-dose
fluoroscopy without the use of cinefluorography af-
ter consultation with a radiation physicist.

Dysfunctional TV bioprostheses can be challenging
to manage because patients often have comorbidities
and have undergone prior sternotomies (3). TV sur-
gery may be considered for isolated TV disease in
patients with severe symptomatic disease, although
mortality rates with open surgery are reported as high
as 37% in patients undergoing TV replacement after
previous repair (4). Tricuspid ViV was first reported in
humans by Van Garsse et al (5). Limited international
registry data suggest that the procedure can be per-
formed with low incidence of adverse events and
good procedural success (6). In our patient with se-
vere symptomatic bioprosthetic TV dysfunction and
multiple comorbidities, redo sternotomy and



FIGURE 7 Post-Procedure Continuous-Wave Doppler Across the Tricuspid Valve

Mean gradient of 2 mm Hg post deployment across the tricuspid bioprosthesis in diastole.
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cardiopulmonary bypass were considered prohibitive.
Tricuspid ViV was considered the best option for
treating her bioprosthetic dysfunction and advanced
heart failure symptoms.

Our case adds to the current evidence (6) that
tricuspid ViV can be safely performed even in com-
plex clinical scenarios by an experienced Heart Valve
Team with favorable outcomes. Important factors to
consider when planning a high-risk procedure are
patient comorbidities, choice of access (transfemoral,
transjugular, or transatrial), and a knowledge of the
size and design of the failed bioprosthesis, including
the relationship between the strut and the sewing
ring for correctly positioning the valve.

In treating pregnant women with cardiac disease,
the focus remains primarily on the mother with the
imperfect mantra that “healthy mom equals healthy
baby.” However, therapeutic decisions must consider
fetal risk. Multidisciplinary decision making was
imperative to determine procedural feasibility and
optimal timing of the intervention.

FOLLOW-UP

The patient was discharged home on postprocedural
day 4. She eventually had an uncomplicated vaginal
labor with telemetry monitoring at 37 weeks. She
delivered a small for gestational age infant with Apgar
scores of 8 and 9 and birthweight of 2.0 kg.

CONCLUSION

Tricuspid ViV is feasible and effective in pregnant and
severely ill patients for whom surgery is prohibitive.
Decision making in these cases demands a robust
multidisciplinary team and careful preprocedural
planning.
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