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atent ductus arteriosus (PDA) is one of the mo-

st common congenital heart defects, accounting

for 5%-10% of congenital heart diseases." Its
combination with pulmonary embolism (PE) is extre-
mely rare, and there are few relevant reports. Especia-
lly giant PDA complicated with PE is prone to pulmon-
ary hypertension (PH), which will significantly increa-
se the right heart load, right ventricle hypertrophy, and
result in clinical escape diagnosis or misdiagnosis. The
adult patients with giant PDA often had the hemodyn-
amic status of the Eisenmenger syndrome, which was on-
ce considered to be a surgical or interventional treatment
contraindication.” If combined with PE, it would further
lead to increased pulmonary vascular resistance and ri-
ght heart failure, with high disability and mortality, wh-
ich could make management extremely difficult.” Wi-
th the advent of PH targeted drugs and the progress of
standardized diagnosis and treatment of PE, we repor-
ted a case of patient with giant PDA complicated with PE
who successfully received interventional treatment fo-
llowing “treat and repair” strategies.

A 57-year-old woman complained of chest tightness
and shortness of breath after activity for more than ten
years, and aggravated her condition accompanied by ab-
dominal distension, lower limb edema, awakening at ni-
ght and dyspnea, and decreased activity tolerance for mo-
re than ten days. Her blood pressure was 127/62 mmHg
and heart rate was 110 beats/ min. On examination, thi-
ck respiratory sounds on auscultation in both lungs, and
slight moist rales can be heard on both lungs. Cardiova-
scular physical examination revealed the heart bound-
ary expands to the lower left with grade 1/6 systolic mu-
rmur along the 2 to 3" ribs at the left edge of sternum,
2/6 grade systolic murmur was detected at auscultation
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area of tricuspid valve, and the pulmonary valve seco-
nd sound was slightly stronger, with peripheral vascular
sign, severe edema in both lower limbs, and peripheral
venous pressure of 24 cm H,O. There was no jugular
venous distention. Echocardiography from local hospit-
al showed bicuspid aortic valve with severe aortic reg-
urgitation.

Laboratory examination showed N-terminal pro-B-ty-
pe natriuretic peptide (NT-proBNP) was 5091 pg/mL,
cardiac troponin T was 10 ng/L and the D-dimer was
0.63 mg/L. The upper limb oxygen saturation was 92%,
whereas lower imb oxygen saturation was 88%. The sc-
reening of rheumatic, immune, and connective tissue di-
sease was negative. The results of tumor markers test for
female were negative. The electrocardiogram showed
atrial fibrillation. The transthoracic echocardiography
(TTE) revealed that PDA (1.5 cm) with PH (systolic pul-
monary artery pressure: 113 mmHg), mild aortic stenos-
is and mild to moderate aortic regurgitation, mild mitral
regurgitation, and mild to moderate pulmonary valve re-
gurgitation. The tricuspid annular plane systolic excursi-
on (TAPSE) was 14 mm, and the ratio of the right to left
ventricular diameters (RV/LV) was 33/40. The comput-
ed tomography (CT) angiography showed that the PDA,
and aortic stenosis with valve neoplasm formation to be
excluded (Figure 1). Chest CT showed interstitial cha-
nges and multiple old lesions in both lungs, PH, and a
small amount of pericardial effusion. The pulmonary
ventilation/ perfusion scan result was highly possible of
PE (the area where the ventilation/blood flow perfusion
mismatch decreased in the upper lobe apical segment,
posterior segment, lower lobe anterior basal segment, and
inner basal segment of the right lung, anterior segment of
the upper lobe and the dorsal segment of the lower lobe
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of the left lung) (Figure 2). Repeat blood culture was ne-
gative and the repeated TTE consultations did not find
valve neoplasm, so the infective endocarditis was ex-
cluded. Current diagnosis: (1) right heart failure with the
with New York Heart Association (NYHA) functional
class II-1V; (2) PH; (3) congenital heart defect, PDA; (4)
heart valve disease, including aortic valve stenosis and
insufficiency, mitral valve insufficiency, and pulmonary
valve insufficiency; (5) PE; and (6) arrhythmia atrial fib-
rillation. The clinic symptoms of this patient were im-
proved by symptomatic treatment, such as diuresis with
potassium supplementation, cardiac strengthening, anti-
coagulation (low molecular weight heparin), control of
ventricular rate, etc. Due to the initial diagnosis of PE, wa-
rfarin anticoagulation was intended to be given for th-
ree months, and the targeting drugs riociguat was add-

Figure1l CTA for further diagnosis. (A): A giant PDA (red arrow)

ed to reduce pulmonary artery pressure after discharge.
The patient was admitted after three months for fur-
ther clinical management. Laboratory examination sh-
owed NT-proBNP was 3363 pg/mL. The physical ex-
amination showed that grade 2/6 systolic murmur cou-
1d be heard along the 2™ to 3 ribs at the left edge of st-
ernum. The TTE reexamination showed that PDA (1.2
cm), PH (96 mmHg), mild aortic valve stenosis and mi-
ld to moderate insulfficiency, mild to moderate pulmon-
ary valve insufficiency. The right ventricular systolic fu-
nction was normal, TAPSE was 17 mm, and RV/LV was
26/40. Pulmonary ventilation/perfusion scan showed
significant improvement in PE compared to before (ve-
ntilation/blood flow perfusion mismatch only decreas-
ed anterior segment of the upper lobe and the dorsal se-
gment of the lower lobe of the left lung). Computed to-

was observed from 3D volume rendering images; (B): the size of the

PDA was 10.8 mm at sagittal section view; and (C): CTA revealed bicuspid aortic valves and aortic stenosis with valve neoplasm form-
ation to be excluded (blue arrow). CTA: computed tomography angiography; PDA: patent ductus arteriosus.
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Figure 2 The ventilation/perfusion scan imagings demonstrated pulmonary embolism.
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mography pulmonary angiography (CTPA) indicated
PDA and PH, cardiac enlargement, a small amount of
pericardial effusion, and no obvious other signs of PE
was found. After improving cardiac function, a right
heart catheterization was performed with pulmonary
artery pressure of 110/56 mmHg, descending aortic pr-
essure of 114/70 mmHg, Qp/Qs =1.28, and total pulm-
onary resistance of 13.4 woods. Pulmonary angiography
showed no filling defects or stenotic lesions at the level
of main branches and subsegments. Attempt occlusion
using a PDA occluder for 15 min, the systolic pressure of
the pulmonary artery decreased by about 20% and there
was no change in aortic pressure. The patient experi-
enced shortness of breath and chest tightness, so the in-
tervention occlusion was terminated. In combination wi-
th the current TTE, right heart catheterization, angiocard-
iography and attempt occlusion results, rivaroxaban an-
ticoagulation was used instead, and the dosage of riocig-
uat was increased. At the same time, we decided to add
macitentan to reduce PH for three months to six months
until next evaluation.

The patient was admitted after six months since last
hospitalization for condition deteriorates in recent 10 da-
ys. Chest CT shows pneumonic changes (Figure 3A &
3B). The NT-proBNP was 6630 pg/mL, the hemoglobin
was 88 g/L, and the procalcitonin was 0.06 ng/mL. The
upper imb oxygen saturation was 90%, and the lower li-
mb oxygen saturation was 92%. On auscultation, the bre-
athing sounds in both lungs are thick, and wet rales can
be heard on the right lung. The 3/6 grade systolic murm-
ur can be heard in the second intercostal space on the left
edge of the sternum, and there was no significant change
in other cardiac murmurs. The pulmonary pressure was
86 mmHg, and the TAPSE was 19 mm, and RV/LV was
26/54 under TTE reexamination (Table 1). No signs of
PE was found in CTPA reexamination (Figure 3C & 3D).
Pulmonary ventilation/ perfusion scan showed that PE

was basically the same as last examination. Through anti-
infection, anemia correction, improving cardiac function
and other symptomatic treatment, the NT-proBNP decr-
eased to 2022 pg/mL, the hemoglobin increased to 112
g/ L, and the procalcitonin became normal level.
Right heart catheter was conducted to measure pul-
monary artery pressure of 94/46 mmHg, aortic press-
ure of 115/70 mmHg, Qp/Qs = 1.56, and total pulmon-
ary resistance of 9.7 woods (Table 2). The PDA was tub-
ular type, measuring 12 mm at the aortic end, 11.0 mm at
the pulmonary end, and 10.0 mm in length under angio-
cardiography. Using a LZPDA-16-14 occluder (Lifetech
Scientific Corp., Shenzhen, China) for occlusion, the pu-

Figure 3 Chest computed tomography and CTPA results at the
third hospitalization. (A & B): Pneumonic changes, multiple no-
dules in both lungs, mediastinal lymphadenopathy, and pulmon-
ary hypertension were observed under chest computed tomogra-
phy; and (C & D): no signs of pulmonary embolism was found un-
der CTPA reexamination. CTPA: computed tomography pulmo-

nary angiography.

Table1l Main indicators changes of TTE during three hospitalizations.

TTE indicators First h((z)(s)gét.géi)zation Second(ggzs%)})t;)lization Third ?Z%Sgtdall)ization
Left ventricular diameter, mm 60 62 65

Right atrial diameter, mm 56 50 50

Left atrial diameter, mm 42 43 48

RV/LV 33/40 26/40 26/54
TAPSE, mm 14 17 19
Pulmonary artery systolic pressure, mmHg 113 96 86

RV/LV: the ratio of the right to left ventricular diameters; TAPSE: tricuspid annular plane systolic excursion; TTE: transthoracic echo-

cardiography.
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Table2 The parameters of right heart catheterization comparison.

Parameters

Second hospitalization (2022.07)

Third hospitalization (2023.01)

Mean pulmonary artery pressure, mmHg
Cardiac output

Pulmonary artery wedge pressure, mmHg
Pulmonary vascular resistance, woods
Pulmonary vascular resistance index, woods/ m?

Qp/Qs

74 62
0.82 1.03
14 13
13.4 9.70
8.38 6.07
1.28 1.56

Imonary artery pressure had decreased to 58/27 mmHg,
and the pressure of ascending aorta remained unchan-
ged, and SpO, was 93% without any discomfort after 15
min. So the transcatheter closure of PDA was successfu-
lly performed (Figure 4). TTE revealed three days after
the occlusion that the systolic pulmonary artery pressure
had decreased to 48 mmHg, and left and right ventricu-
lar systolic function was normal without any complica-
tion. The NT-proBNP was 807.0 pg/mL prior to discha-
rge. Considering the possible anemia adverse reaction of
macitentan, we adjusted the medication for reducing pu-
Imonary artery pressure as follows: ambrisentan table-
ts 5 mg orally once a day; riociguat tablets 1.5 mg orally
three times a day. Continuing anticoagulation and other
symptomatic treatment.

The effect of intervention treatment was satisfactory at
one, three and six-month of TTE follow-up. The patient
had no complaints of discomfort. TTE showed that the
position of the occluder was normal, and no residual sh-
unt was found. There was no increase in pulmonary ar-
tery pressure with normal left and right heart function.
Chest X-ray examination showed a significant reducti-
on in cardiac boundary with the cardiothoracic ratio de-
creased from 0.81 to 0.68 (Figure 5), and the 6-min walk
test distance was 482 m at last follow-up. The continuo-
us follow-up observation was required.

Figure 4 Transcatheter closure of the giant PDA. (A): Right he-
art catheter and angiography was conducted before attempt occlu-
sion; and (B): transcatheter closure of PDA was successfully per-
formed using a 16/14 occluder. PDA: patent ductus arteriosus.
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In the past, it was considered that the congenital heart
disease with PE was rare. With the progress of disease cog-
nition and diagnostic technology, escape diagnosis or mi-
sdiagnosis had been improved.”! As a long history of le-
ft to right shunt in the adult giant PDA patient, the pul-
monary arteriole vessels continue to spasm and become
stiff, resulting in thickening of the smooth muscle intima
of the pulmonary arteriole, focal necrosis, calcification of
the intima, and proliferation of fibrous tissue, leading to
remodeling of the vascular wall, increasing the resistan-
ce of the pulmonary artery and PH. For adult PDA pat-
ient, chronic hypoxia can also lead to the increase of red
blood cells, thus making the blood volume and blood vi-
scosity relatively increased, venous blood flow slow, and
plasma fibrinogen increased. These are the main mech-
anisms of PE in adult patients with PDA. PH is also the
most common complication of PE, which can gradually
evolve into chronic pulmonary heart disease and right
heart failure.” Due to the clear combination of PE in this
case, the chronic thromboembolic PH was considered as
initial application of riociguat. Because the clinical mani-
festations of congenital heart diseases complicated with
PE were complex and diverse, it was often easy to esca-
pe diagnosis or be misdiagnosed. The accurate diagno-
sis of this case was the basis for subsequent successful tr-
eatment.

After accurate diagnosis of this patient, standardized

O

Figure5 Comparison of chest X-ray before and after transcathe-
ter interventions. (A): Preoperative chest X-ray revealed signific-
ant enlargement of the cardiac boundary and protrusion of the pul-
monary artery segment; and (B): compared to preoperative chest
X-ray, a significant reduction in cardiac boundary and pulmon-
ary artery segment at last follow-up.
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anticoagulant treatment was given for PE, and targeted
drug recommended by the guidelines was applicated for
PH."I The pulmonary ventilation/ perfusion scan results
showed obvious improvement when the patient was ho-
spitalized again. No obvious signs of PE was found in
CTPA and pulmonary angiography with hemodynamic
indicators improved at last hospitalization. We propose
a hypothesis that the patient might suffer the PE and im-
prove situation of the condition after standardized anti-
coagulant treatment in time. Although there were some
reports of successful surgical treatment of adult PDA co-
mplicated with chronic thromboembolic PH, most of the
PDAs had adhesions, calcifications, and fragility in the
surrounding tissue in elderly patients, and the risk of in-
traoperative and postoperative complications were ex-
tremely high when complicated with severe PH. The first
trial occlusion of PDA for this case was mainly based on
the patient’s significant improvement in symptoms after
three months of standard anticoagulation therapy and
targeted drug therapy to decrease pulmonary pressure.
Through the results, we indeed realized that the decision
was arbitrary and still needed to be mature considerati-
ons. Through this special case, with the progress of tar-
geted drugs to reduce pulmonary artery pressure, some
adult patients with PDA at the early stage of Eisenmen-
ger syndrome had obtained the hope of interventional
treatment through “treat and repair” therapy. Especially
in the case of PE complications, the hemodynamic status
of Eisenmenger syndrome may partly come from PE.
According to 2022 European Society of Cardiology/Eu-
ropean Respiratory Society guidelines for the diagnosis
and treatment of PH, the risk stratification had shifted
from high risk before treatment to low risk after final
treatment.”” For congenital heart disease complicated

with PE, through early detection and standardized dia-
gnosis and treatment, the connotation of “treat and re-
pair” can be further expanded to achieve satisfactory th-
erapeutic result.

In conclusion, the adult patients with giant PDA com-
plicated with PE and severe PH might have opportuni-
ty of successful interventional treatment through “treat
and repair” therapy. Early detection of PE, standardized
anticoagulation, individualized PH targeting drug selec-
tion in different periods and other symptomatic treatme-
nts might contribute to procedural success.
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