Multimodality Imaging of Patent Ductus

‘ W) Check for updates

Arteriosus Complicated by Severe Pulmonary
Arterial Hypertension in a Pregnant Patient
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INTRODUCTION

Whether pregnancy adversely affects the mother with congenital
heart disease (CHD) depends on the lesion. While simple lesions
such as small restrictive ventricular septal defects do not represent a
hemodynamic challenge during pregnancy, moderately complex le-
sions such as patent ductus arteriosus (PDA) carry a heightened risk
of heart failure and arrhythmias.' On the other extreme of the disease
severity, large uncorrected PDAs can be complicated by left-sided vol-
ume overload and pulmonary hypertension (PH), which appears to be
flow dependent and in some cases reversible.” Timely identification of
CHD during pregnancy can prevent the development of adverse
sequelae such as heart failure as well as Eisenmenger syndrome, a se-
vere form of PH. Eisenmenger syndrome, originally described in
patients with large ventricular septal defects, is seen in sustained
left-to-right shunting and leads to pulmonary vasculature remodeling
and subsequent right-to-left shunting reversal; it is observed in 3% of
pregnant patients with CHD.?

We describe a case of a patient with a previously unidentified PDA
presenting during the third trimester of pregnancy complicated by bi-
ventricular dysfunction and severe PH, necessitating successful cesar-
ean delivery and percutaneous PDA closure. Multimodality imaging
was utilized to fully characterize the anatomical, physiological, and he-
modynamic basis of this lesion.

CASE PRESENTATION

A 26-year-old woman, G1PO0, with a medical history of seizure disor-
der, generalized anxiety disorder, and mild anemia was evaluated at
the neurology clinic after an increase in breakthrough seizures during
titration of the antiepileptic drug levetiracetam at 32 weeks of preg-
nancy. The patient had recently moved from South America to the
United States and reported a cardiac history of a murmur in childhood
accompanied by recurrent episodes of exertional dyspnea and
epistaxis until the age of 18 years old, which coincided with moving
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from a high-altitude location to a sea-level city. The patient had not
received regular cardiovascular care, was not taking any specific car-
diac medications, and denied chest pain, orthopnea, palpitations, dys-
pnea on exertion, dizziness, and syncope. Other medications were
prenatal vitamins.

Physical examination demonstrated a blood pressure of 112/
54 mm Hg, heart rate 84 bpm, and oxygen saturation 96% in ambient
air, which was similar in upper and lower extremities. A soft, contin-
uous murmur was present at the left upper sternal border, left subcla-
vicular region, and left upper back, without a thrill. There was clubbing
of both hands, but not of toes. No pedal edema, cyanosis, or jugular
venous distention were noted. Abdomen was gravid and nontender.
A 12-lead electrocardiogram showed normal sinus rhythm, and rSR’
pattern in lead V1 with a QRS of 96 ms suggesting right ventricular
(RV) conduction delay. Transthoracic echocardiography (TTE) evi-
denced preserved left ventricular ejection fraction (LVEF) and left ven-
tricular (LV) dilation (three-dimensional TTE-derived LV end-diastolic
volume index [LVEDVil of 116 mL/m?). The right ventricle (RV) was
dilated with a fractional area change of 32%. There was evidence of
RV pressure overload (Video 1), mild to moderate pulmonic valve
regurgitation (PR) with a pressure half time >100 ms, a fairly dense
spectral signal, and elevated estimated RV systolic pressure (RVSP;
Figure 1). A PDA with left-to-right shunting with an estimated pressure
gradient of 28 mm Hg was identified (Figure 2, Video 2).

The patient was admitted to the hospital and underwent right heart
catheterization, which showed right atrial pressure 4 mm Hg, pulmo-
nary artery (PA) systolic pressure (PASP) 110 mm Hg, mean PA pres-
sure 73 mm Hg, pulmonary capillary wedge pressure 9 mm Hg,
pulmonary vascular resistance (PVR) 11 Woods units, and net left-
to-right shunting with a pulmonary to systemic flow (Qp:Qs) ratio
of 2.0 ts. After a multidisciplinary meeting, treprostinil infusion was
started as an attempt to mitigate the effects of severe precapillary
PH and stabilize left-to-right shunting through the PDA. Treprostinil
was not tolerated, likely due a relatively sensitive PVR which led to
an increase in the degree of left-to-right shunting, worsening pulmo-
nary overcirculation, and increasing left-sided filling pressures result-
ing in hypoxemia. Treprostinil was discontinued in favor of sildenafil
and diuretics. A noncontrast cardiovascular magnetic resonance
scan (CMR) confirmed a large PDA connecting to the superior surface
of the PA at the level of the bifurcation (Figure 3). Biventricular dila-
tion and dysfunction were also confirmed with LVEF 50%, LVEDVi
159 mL/m?, RV ejection fraction 38%, and RV end-diastolic volume
index 95 mL/m?, in addition to dilated main PA and severe PR
with a regurgitant fraction of 55% (Video 3). Two days prior to a
scheduled cesarean delivery, sildenafil was discontinued, which al-
lowed for complete resolution of hypoxemia. The patient underwent
an uncomplicated cesarean section delivery of a healthy child at
36 weeks under combined spinal-epidural anesthesia. The patient re-
mained hemodynamically stable and was discharged on postpartum
day 5 off sildenafil; this decision was made based on recurrence of
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VIDEO HIGHLIGHTS

Video 1: Three-dimensional TTE, visualized from the apex,
with corresponding two-dimensional biplane imaging from
apical views, demonstrates systolic flattening of the interven-
tricular septum, consistent with RV pressure overload.

Video 2: Two-dimensional TTE, modified parasternal short-
axis view with (righ and without (eff) color-flow Doppler,
demonstrates a continuous flow from aorta to PA, confirming
the presence of PDA with left-to-right shunting.

Video 3: Cardiovascular magnetic resonance scan, balanced
steady-state free precession cine sequence at the level of the
RVOT, demonstrates dilation of the main PA, and low-signal
void with dephasing secondary to a centrally directed jet of PR is
present. RVOT, RV outflow tract.

Video 4: Cardiac computed tomography of the heart and
great vessels. Three-dimensional rendered image detailing the
anatomy of the PDA.

Video 5: Cineangiography, RAO 0 CRAN 1 projection.
Injection of iodinated contrast via a pigtail catheter in the de-
scending aorta in close proximity to the PDA demonstrates
passage of contrast into the PA territory with opacification of the
PA trunk. CRAN, Cranial; RAO, right anterior oblique.

Video 6: Cineangiography, LAO 99 CAUD O projection.
Confirmation of optimal placement of a 25 mm occluder device
is visualized, without passage of contrast from descending aorta
into PA. CAUD, Caudal; LAO, left anterior oblique.

Video 7: Two-dimensional TTE, apical 4-chamber view,
demonstrates global LV hypokinesis with LVEF 38%, post-PDA
closure.

Video 8: Two-dimensional TTE, apical 4-chamber view, LV-
focused view, demonstrates normal LV systolic function, with
LVEF 55%.

Video 9: Two-dimensional TTE, modified parasternal short-
axis view with color-flow Doppler, demonstrates no significant
flow from descending aorta into PA.

View the video content online at www.cvcasejournal.com.

pulmonary edema while on pulmonary vasodilators and because the
degree of physiologic postpartum rise in systemic vascular resistance
did not increase left-to-right shunting.

Despite feeling well and maintaining euvolemia 2 weeks postde-
livery, the patient was readmitted with acute decompensated heart
failure 4 weeks later. ATTE showed worsening biventricular dysfunc-
tion (LVEF of 46%), severe tricuspid regurgitation with hepatic vein
systolic flow reversal, and RVSP of 106 mm Hg. Diuretics and silden-
afil were reinitiated resulting in symptomatic and hemodynamic
improvement. A cardiac computed tomography (CCT) was obtained
for preprocedural planning of PDA closure (Figures 4 and 5, Video 4),
which confirmed presence of a large PDA (14 mm in diameter and
18 mm in length) and did not show evidence of coronary artery dis-
ease. Ten days after admission (8 weeks postpartum), a repeat cardiac
catheterization revealed a PASP of 110 mm Hg, which decreased to
62 mm Hg during a transient balloon occlusion test, without increase
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in right atrial pressure, and an aortic pressure of 132/87 mm Hg,
which suggested favorable hemodynamic conditions for shunt
closure; therefore the patient underwent successful percutaneous
PDA closure with a 25 mm occluder (Videos 5 and 6). Three days
later, a repeat TTE showed LVEF of 38% and diffuse RV hypokinesis
(Video 7). Guideline-directed medical therapy (GDMT) was begun
with beta-blockers, angiotensin-converting enzyme inhibitors, miner-
alocorticoid antagonist, and subsequently SGLT2 inhibitors and
ARNI therapy. One year following PDA closure and treatment with
GDMT, the patient remained asymptomatic (Figure 6). A TTE per-
formed at that time showed normal biventricular function LVEF
55%, LVEDVi 54.6 mL/m?, RV fractional area change 41%, RVSP
26 mm Hg, and a PDA closure device without evidence of residual
shunting (Videos 8 and 9).

DISCUSSION

Globally, PDAs occur in 1 in 2,000 births, and account for 5% to 10%
of all CHD, with an incidence inversely related to gestational age and
weight and directly related to high altitude.”> In high-altitude dwellers
such as our patient, PDAs have a tendency toward larger ductal diam-
eters and higher PA pressures than those living at low altitude.® While
some believe ductal patency persists due to lower arterial oxygen ten-
sion, it is still unknown whether certain phenotypic adaptations to
chronic hypobaric hypoxia can lead to variable degrees of PDAs
among those at high altitude.>”

In light of severe PH, our patient was considered to be in World
Health Organization pregnancy risk category IV, which translates
into a high risk of maternal and fetal morbidity and mortality.'
“Silent” PDAs, diagnosed by imaging in asymptomatic patients, can
be seen in approximately 1 in 20 births.* Our patient, who previously
experienced symptoms, was not overly dyspneic or fatigued during
pregnancy prior to identifying a large PDA. Pregnancy can affect the
clinical expression of a PDA by modifying the ratio between the pul-
monary and systemic flows primarily driven by an increase in total
blood volume, since the mean PA pressure and the PVR stay relatively
stable in the third trimester." Additionally, there is an increased risk of
thromboembolic events in the third trimester, which may predomi-
nantly affect the pulmonary arterial circulation in the case of PDA,
due to an increase in hypercoagulable proteins seen during this
period.®

Normal changes in total blood volume and cardiac output seen
in pregnancy can lead to increases in all chamber sizes and gener-
ally begin at 12 weeks’ gestation, with a return to baseline values
within 3 to 6 months postpartum.” These increases in chamber
size do not constitute dilation, although it should be noted that
normative values for chamber sizes in pregnancy are not firmly es-
tablished. In an observational echocardiographic study including
121 women, LVEF significantly increased in the second trimester
compared with in nonpregnant controls (68% vs 63%, P < .03)
and normalized in the third trimester. This study also showed
that there was no significant change in LV diastolic function during
pregnancy.'”!" Our patient met the criteria for LV dilation by
three-dimensional TTE volumetric method, which was later
confirmed by CMR. The subsequent increase in PR was likely
the result of initiation of pulmonary vasodilator therapy, which
directly increased the Qp:Qs ratio by lowering the PVR and lead-
ing to higher end-diastolic pressures due to increased shunting
through the PDA. Pressure gradients in healthy pregnant women
may be affected by a normal increase in blood flow and volume.’
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Figure 1 Two-dimensional TTE, color-flow Doppler at the tricuspid valve level, demonstrates a regurgitant jet with a maximum veloc-
ity of 4.7 m/sec and a pressure gradient of 87 mm Hg.

2.63m/s
27.66 mmHg

Figure 2 Two-dimensional TTE, modified parasternal short-axis view at the level of great vessels, with color flow—guided, continuous-
wave Doppler spectral signal of PDA, shows a systolic pressure of 28 mm Hg through the PDA, which correlates with an estimated
RVSP of 83 mm Hg, considering a systemic blood pressure of 110/80 mm Hg at the time of the study.

Nonetheless, this does not seem to apply to pregnant patients with Additional imaging modalities are available to adequately charac-
pathologic hemodynamic derangements such as in our patient in terize PDA during pregnancy. The safety of CMR during pregnancy
whom the echocardiographic estimation of PASP and mean PA is well established and appears to have the risk of producing a loud

pressure were later confirmed invasively. tapping noise during the study, which in theory could lead to
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Figure 3 Cardiovascular magnetic resonance scan, balanced
steady-state free precession cine, axial plane at the level of
the great vessels, demonstrates dephasing of flow going
through the PDA (arrow) from the descending aorta into the
main PA during midsystole. Asc Ao, Ascending aorta; Desc
Ao, descending aorta.

neonatal hearing damage; however, no adverse fetal consequences
have been reported."”!" Despite the safety of gadolinium use during
the second or third trimester when organogenesis has completed,
the American College of Radiology recommends avoidance when
other imaging modalities are sufficient for diagnosis.' As such, gado-
linium was not utilized in this patient’s care. Conversely, CCT pro-
vides excellent assessment of the vascular anatomy but has the
disadvantage of exposing the mother and fetus to ionizing radiation
with the risk of pregnancy termination, teratogenesis, growth restric-
tion, cognitive abnormalities, and malignancy.' Cardiac catheteriza-
tion is key in assisting important therapeutic decisions and
quantifying the degree of PH and/or shunting but has the risk of fetal
radiation exposure.

The immediate postpartum period is characterized by increased
preload due to decompression of the vena cava with augmented
venous return leading to increased cardiac output and transiently
elevated mean arterial pressure; this increase in output and pressure
gradually declines over the following 2 weeks.' Current guidelines
issue a IIb recommendation for PDA closure in adults with net left-
to-right shunt if PASP is 50% or greater than systemic pressure,
and/or PVR is greater than one-third systemic.'” This was achieved
with excellent results in our patient. Pulmonary vasodilators were uti-
lized to lower PA pressures to reduce the risk of RV failure following
PDA closure. In the largest series of adults with PDA treated with
percutaneous closure devices, complications included obstruction of
the aorta or branch PAs, residual leaks, transient hemolysis if very large
PDAs were present, device embolization, and transient LV systolic
dysfunction.” A preclosure LVEF <62% has been identified as the
best predictor of postclosure LV dysfunction.'* A nearly 20% reduc-
tion in LVEF was seen in our patient after percutaneous PDA closure,
which was the result of preload reduction and a sudden afterload in-
crease, most commonly described among patients with large shunts,
preexisting LV dysfunction, and PH."> Education on medication
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Figure 4 Cardiac computed tomography of the heart and great
vessels, sagittal plane, demonstrates communication between
the PA and the descending aorta through the PDA (arrow). To
visualize PDA, CCT was performed using the automatic bolus
triggering technique for a region of interest placed in the distal
main PA. Desc Ao, Descending aorta; LV, left ventricle; RVOT,
RV outflow tract.

compliance and treatment with GDMT were fundamental in
achieving a normal biventricular function | year after PDA closure
in our patient.

CONCLUSION

Large uncorrected PDAs complicated by PH can be identified
during pregnancy. Timely identification is key in planning
optimal delivery strategies under the guidance of a multidisci-
plinary team. Multimodality imaging is used to identify various
aspects of this condition, from vascular characterization and he-
modynamic consequences to adequate intraprocedural and post-
procedural assessment. Percutaneous closure of PDA can be
successfully pursued when there are no anatomical or hemody-
namic constraints.
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Figure 5 Cardiac computed tomography, three-dimensional volume-rendered images, demonstrates an anteroposterior view (A) and
left lateral view (B) of the great vessels, which detail the presence of the PDA (red asterisk) and the surrounding anatomy. Asc Ao,
Ascending aorta; Desc Ao, descending aorta.

Pregnancy: Postpartum:
Pregnancy: = 36 weeks 6 weeks Postpartum:
32 weeks regnancy: Sildenafil was - Shortness of breath, NYHA lll-IV 1year
Establish care with 35 weeks discontinued, Postpartum: Acute decompensated HF Asymptomatic, NYHA |
cardiology Worsening hypoxia, hypoxemia resolved 2 weeks TTE: LVEF 46%, RVSP 106 mmHg, TTE: LVEF 55%, RVSP
PDA diagnosed Treprostinil discontinued Cesarean-delivery Outpatient follow-up severe TR 26 mmHg, PDA
TTE: LVEF 60%, Treatment: furosemide IV Discharged on Asymptomatic, NYHA | Treatment: re-initiation of closure device without
RVSP 90 mmHg and sildenafil PO postpartum day 5 Euvolemic furosemide and sildenafil residual shunting
Pregnancy: Postpartum:
34 weeks 10 weeks
Admitted, RHC performed Interval RHC
Treatment: Treprostinil IV and sildenafil PO
| wiconambientar | —
RA 2 mmHg
RA 4 mmHg PASP/PADP/mPAP 110/49/70 mmHg
RVSP/RVEDP 108/10 mmHg PCWP 6 mmHg
PASP/PADP/mPAP 110/48/74 mmHg Qp:Qs 2.5:1
PCWP 9 mmHg Aortic pressure 112/75 mmHg
PVR 11 WU
02 saturations SVC63% Ballcor occlusion
IVC 50% RA 4 mmHg
RV 78% PASP/PADP/mPAP 62/20/38 mmHg
PA78% PCWP 11 mmHg
€O by thermodilution 5.7 L/min SotcpEsIe =B
Qp:Qs 21 PDA closed with 25 mm Gore Cardioform occluder
= i 3 days post-PDA closure: LVEF 38%
Systemic blood pressure 135/92 mmHg GDMT initiated: metoprolol, sacubitril-valsartan,
spironolactone, dapagliflozin, sildenafil

Figure 6 Timeline of events since first contact with cardiology, to follow-up 1 year after delivery. CO, Cardiac output; /V, intravenous;
mPAP, mean PA pressure; NYHA, New York Heart Association class; PO, oral; PADP, PA diastolic pressure; PCWP, pulmonary capil-
lary wedge pressure; Qp, pulmonary flow; Qs, systemic flow; RA, right atrium; RHC, right heart catheterization; RVEDP, RV end-dia-
stolic pressure; RVSP, RV systolic pressure; TR, tricuspid regurgitation; WU, Woods units.
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