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Abstract

Aim: To report a case of longer-lived patent ductus arteriosus with features of
pulmonary arterial hypertension up to the age of 65 years in an elderly wom-
an. Introduction: The clinical recognition of patent ductus arteriosus with
severe pulmonary hypertension is difficult. Only 60% of adults presented with
a continuous murmur in a recent series. Asymptomatic patent ductus arteri-
osus tolerated for many years and may not require closure. Case Report: A 65
years old female presented with dyspnea had signs of pulmonary arterial
hypertension with enlarged pulmonary artery and its branches, atrial fibrilla-
tion along with a continuous murmur in the left second intercostal space.
Echocardiography revealed a 13 mm size patent ductus arteriosus and a bidi-
rectional with predominant left-to-right shunt. Patient was managed conser-
vatively and symptoms got improved with medical therapy. Conclusion:
Treatment of patent ductus arteriosus in the setting of pulmonary hyperten-
sion is challenging. Early repair can mitigate the development of pulmonary
hypertension and reverse vasculopathy in more advanced disease. Maternal
aspirin ingestion should be avoided in pregnancy since it causes constriction
of fetal ductus.

Keywords

Adult Ductus, Pulmonary Hypertension, Pulmonary Vasodilators,
Transcatheter Closure, Wright Technique

1. Introduction

The Patent Ductus Arteriosus (PDA) is a vascular structure that connects the
proximal descending aorta to the roof of the main pulmonary artery near the
origin of its left main branch. It is defined as failure of the ductus arteriosus to

close within 72 hours after birth [1] and some authors consider the patent duc-
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tus to be abnormal only after 3 months of age [2]. It is the third most common
congenital cardiovascular anomaly, accounting for approximately 5% to 10% of
all congenital heart disease in children [3] and its incidence is approximately 1 in
2000 in full-term infants. It passes from the anterior aspect of the pulmonary ar-
tery to the posterior aspect of the aorta, approximately 5 to 10 mm distal to the
origin of left subclavian artery and is twice as often in females than in males with
a ratio of 2 or 3 to 1 [4] and the female prevalence is even greater in older pa-
tients [5]. The ductus may take many shapes and forms, from short and tubular
to long and tortuous and typically has a conical shape with a large aortic end
(ampulla) tapering with a small pulmonary connection, the narrowest segment.
Thus, PDA morphology can vary and it is classified by the work of Krichenko
and colleagues [6] as shown in Table 1.

A ductus may have a tortuous morphology, usually observed in preterm and
does not fit in this classification. It is larger, longer, tapers minimally from the
aortic to pulmonary end, with a tortuous connection to the pulmonary artery,
giving a “hockey-stick” appearance [7] and classified as type F or fetal type.
Nearly 1% of children undergoing color Doppler studies were found to have
PDA without auscultatory evidence of a murmur is termed as “silent ductus”
[8].

Patent ductus arteriosus presenting in an elderly is unusual since majority are
diagnosed early in life and treated. Patients can tolerate a very high pulmonary
artery pressure for long periods without deterioration of their clinical status and
those with minimal or reactive pulmonary hypertension and limited myocardial
changes may have a normal life expectancy. A 20-year-old man with a patent
ductus had been a cross-country runner [9] and a woman led an active life as a
schoolmistress and died at the age of 85 years [10] because of gastrointestinal
bleeding. There is an increasing awareness of patent ductus arteriosus in adult-
hood beyond 60 years [11] and the oldest documented patient lived to 90 years
of age [12] and so this case had been reported.

2. Case Report

A 65-year-old acyanotic female was referred with a history of breathing difficulty
for one month duration for cardiac evaluation. Her pulse rate was 100 bpm and
blood pressure 160/60 mmHg. Blood chemistry revealed normal. ECG revealed
atrial fibrillation as in Figure 1. X-ray chest revealed enlargement of pulmonary

Table 1. Krichenko classification of patent ductus arteriosus morphology.

Type A (conical) Prominent aortic ampulla with narrowing at pulmonary artery end
Type B (window) Short and wide ductus with blending of pulmonary artery

Type C (tubular) Long tubular ductus with no constriction

Type D (complex) Multiple constrictions with complex ductus

Type E (elongated) Elongated ductus with remote constriction
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Figure 1. ECG showing atrial fibrillation in a 65 years
old female.

arteries with ductal calcification as in Figure 2. Physical examination revealed
bounding peripheral pulses due to wide pulse pressure, bilateral basal crackles
and rhonchi in lung fields with continuous murmur at the left sternal border in
the second and third intercostal spaces, which had uninterrupted progression
through the second sound, punctuated by eddy sounds due to large flow and
great turbulence in the later half of systole and first half of diastole [13] that vary
from beat to beat, give the murmur a “machinery” quality with systolic accentu-
ation (Gibson murmur) and it is not intermittent, which is a feature of acute
angulation of elongated duct [14], [15], veil-like valve or structure within the
ductal lumen at the pulmonary end [16] or a ductal membrane (sudden rupture)
[17] and reappearance due to reopening of ductus after closure. Echocardiogra-
phy revealed a 13 mm size ductus as in Figure 3, PDA (patent ductus arteriosus)
jets as in Figures 4-8, features of pulmonary arterial hypertension as in Figures
9-14 with compensatory LVH (left ventricular hypertrophy) with intact atrial
septum as in Figures 15-17.

The patient was treated conservatively with salbutamol nebulization, loop di-
uretics (furosemide 40 mg once daily), antibiotics, calcium channel antagonists
(amlodipine 2.5 mg daily), warfarin 2.5 mg on alternate days to prevent embolic
episodes since the patient is in atrial fibrillation and oral sildenafil (40 mg once

daily). The patient got better and advised periodic follow-up.
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Figure 2. X-ray chest PA (postero-anterior) view
showing calcified ductus (arrow), enlarged main
pulmonary artery (MPA) and right pulmonary
artery (RPA) suggesting pulmonary arterial
hypertension (PHT) and mild cardiomegaly in a
65-year-old female. AO—aorta (aortic knuckle).

65 F
PDA -size-13 mm

MPA,RPA, DA-dilated

Figure 3. Short axis view showing the Patent
Ductus Arteriosus (PDA) (arrow) in a 65-year-old
female. PDA size is 13 mm.

Figure 4. Short axis view showing the origin of

ductal jet (arrow) in a 65-year-old female.
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+— PDA JET

Figure 5. Short axis view showing the ductal
(PDA-lower arrow) jet (upper arrow) in the main
pulmonary artery in a 65-year-old female.

65 F

PDA jet

Cw DOPPLER

Figure 6. CW (continuous wave) Doppler (green line) showing the
“sawtooth” pattern of ductal jet (arrow) in a 65-year-old female. RV systolic
pressure (equal to pulmonary artery systolic pressure) is systemic (aortic)
systolic pressure — 4 V (PDA jet peak velocity)® = 160 — 4 (4.47)* = 80
mmHg (in case of left-to-right shunt). Patient’s systolic blood pressure is
160 mmHg and had severe pulmonary hypertension (normal PA systolic
pressure is 15 - 30 mmHg and peak pressure > 60 mmHg (range 70 to 150
mmHg) indicates severe PAH (pulmonary arterial hypertension).

COLOR -M mode

Figure 7. Color M-mode (green line) showing the

continuous ductal jet in the main pulmonary
artery (MPA) (arrow) in a 65-year-old female.
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6% E

PDA-bidirectional
shunt

“"PDA jet
(LT to RT shunt)

Figure 8. Short axis view showing the bidirectional
jet with predominant left-to-right shunting (upper
arrow) and a minimal right-to-left shunt (lower
arrow) in a 65-year-old female.

65 F

Dl-dilated MPA-60 mm
D2-dilated RPA-40.2mm
D3-LPA -30.0 mm

Dilated MPA

Dilated
RPA

Figure 9. Short axis view showing the enlarged main
pulmonary artery (MPA) (60 mm) and right pulmonary
artery (40.2 mm) as the feature of pulmonary arterial
hypertension in a 65-year-old female.

Figure 10. Short axis view showing the pulmonary
regurgitation (PR) (upper arrow) as a feature of
pulmonary arterial hypertension and ductal
(PDA-lower arrow) jets (middle arrow) in a
65-year-old female.
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65 F

PPHT 404 ms
EDV-1.59 m/s

Figure 11. CW (continuous wave) Doppler
(green line) showing the pulmonary regurgitation
jet in a 65-year-old female. Pulmonary artery end
diastolic pressure = 4V?* (4 x 1.59)* = 10 mmHg
and it is normal (normal range is 4 - 12 mmHg)
in this patient.

M-mode PV

Figure 12. M-mode pulmonary valve (PV) (green
line) showing the features of pulmonary arterial
hypertension as loss of A wave (upper arrow) and
mid-systolic notch (lower arrow) in a 65-year-old
female.

Figure 13. Apical view showing the tricuspid

regurgitation (TR) (arrow) in a 65-year-old
female due to pulmonary hypertension (secondary
TR).
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ial fibrillation TR JE

Figure 14. CW (continuous wave) Doppler (green
line) showing the tricuspid regurgitation (TR)
velocity in a 65-year-old female. The RV systolic
pressure is 4V? (4 x 4.12)> + RA pressure (10
mmHg) = 68 + 10 = 78 mmHg, which is equal to
pulmonary artery systolic pressure.

65 F
PARASTERNAL LONG AXIS
VIEW

Figure 15. Parasternal long axis view showing the
concentric LVH (left ventricular hypertrophy) and
LA (left atrial) enlargement in a 65-year-old
female.

M-mode LY

Figure 16. M-mode LV (left ventricular) study

(green line) showing normal LV function (EF 63%)
in a 65-year-old female.
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85 F

SUBCOSTAL VIEW

IAS-intact

Figure 17. Subcostal view showing the intact IAS
(interatrial septum) in a 65-year-old female.

3. Discussion

Review of literature

In 1593, Giambattista Carcano described the ductus arteriosus in his book on
the great cardiac vessels of the fetus [18]. Leo Bottali misapplied the term ductus
to the foramen ovale and later it was recognized as a specific congenital malfor-
mation [19]. In 1924, Holman [20] discussed the presence of right ventricular
hypertrophy in isolated patent ductus arteriosus with a possibility of right to left
shunt occurring through the ductus. In 1944, Chapman and Robbins reported a
very short ductus, 1.2 cm in diameter [21] with right ventricular and pulmonary

artery enlargements, associated cyanosis in 37-year old taxi driver.

4. Etiopathogenesis

The ductus arteriosus is a normal and essential fetal structure. The distal portion
of the left sixth primitive aortic arch persists embryologically as the ductus arte-
riosus and it is completely formed by the eight week of gestation. The fetal pa-
tent ductus is a major anatomic component of an intrauterine great artery con-
sisting of pulmonary trunk/ductus/aortic continuity that delivers 85% of right
ventricular output into the descending aorta [22]. The ductus arteriosus is patent
at birth and appears as a muscular artery with an intact internal elastic lamina.
Histologically, the media of the ductus arteriosus is composed of longitudinally
and spirally arranged layers of smooth muscle fibers within loose, concentric
layers of elastic tissue. The intima is thickened and irregular, with abundant
mucoid material, sometimes referred to as intimal cushions, which protrude into
the lumen of the mature ductus [23] at term and capable of contraction as func-
tional closure (first stage) which begins within 10 to 15 hours after birth in full
term infants, completes by the second week of extrauterine life and followed by
anatomic closure (second stage) that first initiated at the pulmonary arterial end
[24], usually completed by the 2 to 3 weeks of life due to infolding of endothe-
lium, fragmentation of internal elastic lamina along with subintimal disruption

and proliferation, results in fibrosis and permanent seal [25] and persists as
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fibrous band with no lumen to produce the “ligamentum arteriosum”. Sponta-
neous closure is unlikely in premature infants after 1 year of age [26] and in full
term infants after 3 months of age [27]. Ductus arteriosus is nourished primarily
from the lumen, however, vasavasorum is also a substantial provider to the outer
wall of the ductus which extends up to 400 - 500 pm from the outer wall. The
distance between the lumen and vasavasorum (40 - 500 um) is the avascular
zone which provides effective nutrient diffusion and in preterm infants, it may
not significantly expand, resulting in cell survival and maintenance of ductal pa-
tency [28] and in full term infants, it expands and contributing to cell death.

Fetal patency of ductus arteriosus and the ductal tone is contributed by many
factors such as low oxygen tension [29] and cycloxygenase products of arachi-
donic acid metabolism (prostaglandin) E, and I, (prostacyclin) [30]. PGE, is the
most profound ductal relaxant [31], [32] among the prostanoids and it activates
G-coupled prostaglandin receptor EP,. Following activation, the accumulation of
cyclic adenosine monophosphate, increased protein kinase A and finally, de-
creased myosin light chain kinase, leading to smooth muscle relaxation, vasodi-
latation and ductal patency [33]. The preterm ductus is sensitive to the vasodila-
tory effects of both locally producing from the ductal wall and circulating pros-
taglandins, contributing to the failure of ductal closure [34] and in term infants,
this sensitivity decreases leadimg to ductal closure [35] and it is also due to an
increase in extrauterine ambient oxygen tension, which exerts a direct constrict-
ing effect on the ductal wall, related to inhibition of smooth muscle vol-
tage-gated potassium channels [36], resulting influx of calcium leading to ductal
constriction. In the fetus, the circulating PGE, and PGI, levels are high because
of production by the placenta, decreased metabolism in the fetal lungs and the
oxygen induced constriction fails due to immaturity of oxygen -sensing recep-
tors [37]. At birth, circulating levels of prostanoids decreases due to increased
metabolism in the newly functioning lungs and the removal of placental sources,
leading to smooth muscle constriction with ischemic hypoxia of the inner mus-
cle wall of the ductus as a result of obstructed flow through the vasavasorum
nourishing the outer cells of the vessel. Preterm infants are resistant to smooth
muscle hypoxia, which is paramount in triggering the cell death and remodeling
required for permanent closure of the ductus arteriosus [38] [39].

The factors responsible for permanent patency of the ductus arteriosus
beyond the first 24 to 48 hours of neonatal life are not fully understood. Patency
of the ductus arteriosus in full-term newborn is a true congenital malformation,
probably related to a primary anatomic defect of the elastic tissue within the wall
of the ductus. Ontogenic differences in physiologic factors almost certainly ac-
count for the higher incidence of persistent patency of the ductus arteriosus in
preterm infants [40]. Thus, prematurity increases the incidence of PDA due to
physiological factors rather than inherent abnormality of the ductus [41] and in
term infants, genetic factors and prenatal infection appear to play a role. Genetic

studies suggest the derangements of neural crest cell derivatives [42], [43] as in
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Char syndrome (facial dysmorphism and hand anomalies) and abnormal fibro-
nectin-dependent smooth muscle cell migration. PDA occurs with increased
frequency in several genetic syndromes such as in chromosomal aberrations
(trisomy 21, 4p-syndrome), single-gene mutations (Carpenter’s syndrome,
Holt-Oram syndrome), X-linked mutations (incontinenta pigmenti) and in
some cases due to autosomal recessive inheritance with incomplete penetrance
[44].

Exposure to rubella infection during first trimester of pregnancy, particularly
in the first 4 weeks, is associated with high incidence of PDA [45], [46] during
later winter and early spring season [47]. Rubella virus interferes with the nor-
mal formation of arterial elastic lamina and derivatives of sixth aortic arch. His-
tologically, there is an extensive subendothelial elastic lamina that is incompati-
ble with anatomic sealing, resulting a very immature ductus. Cardiovascular
system is involved in 60% of cases, PDA accounts for one third of these malfor-
mations due to maturational arrest and often associated with rash, deafness, cat-
aracts, peripheral pulmonary arterial stenosis and systemic arterial stenosis, es-
pecially of renal arteries.

PDA is about six times as frequent in high altitude as in sea level residents
with increased pulmonary vascular resistance as a feature of high altitude birth.
[48]. An environmental trigger that occurs at a vulnerable time [49] as in fetal
valproate syndrome [50] and the mechanism has not been determined.

The hemodynamic impact of PDA is determined by the magnitude of shunt-
ing, which largely depends on the flow resistance in the ductus arteriosus. The
ductal flow is dynamic, pulsatile and the elasticity of the ductal wall may affect
the impedence to blood flow [51]. The most important physiologic feature is the
presence of a marked elevation of pulmonary artery pressure, which may be due
to an elevation of total pulmonary blood flow or to an increase in pulmonary
vascular resistance. In uncomplicated PDA, there is a linear relationship between
pulmonary flow and pressure. In the usual patent ductus, there is a relatively
large flow of blood from the aorta to the pulmonary artery ranging from 2 to 10
liters per minute [52] with an increase of total pulmonary blood flow to levels of
6 to 15 liters per minute and there is either a normal or only moderately elevated
pulmonary artery pressure, roughly to the magnitude of shunt. The capacity of
tolerating large flow with a slight elevation in pressure is a characteristic feature
of pulmonary vascular bed and is due to its low resistance. Certain reports of the
patency of the ductus arteriosus persisting into old age have indicated no un-
usual degree of pulmonary hypertension [53] and there is a lack of correlation
between pulmonary blood flow and pulmonary artery pressure. The possibility
of maladjustment of resistances in the systemic and pulmonary circulations, so
that the physiological fall in pulmonary vascular resistance after birth does not
occur [54] and an elevation of pulmonary artery pressure leading to organic
changes in the pulmonary vascular tree, which operates in some cases of primary

pulmonary hypertension in infancy [55], initiated by undetermined factors and
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could well be responsible for most cases of PDA with pulmonary hypertension,
which in neonatal life interfere with closure of ductus and it is the cause rather
than the result of patency of the ductus. In one instance, the diffuse pulmonary
arteritis (healed arteritis) had been demonstrated [56].

If the ductus is large and offers minimal resistance to flow (nonrestrictive), the
degree of shunting depend on the status of pulmonary vascular resistance and
the left-to-right shunting through PDA has been defined as “dependent shunt”
[57] for this reason. The high pressure and increased flow due to long standing
left-to-right shunt may cause microvascular injury and that stimulate the pro-
duction of growth factors and enzymes, causing intimal proliferation, medial
hypertrophy [58], endothelial dysfunction and platelet activation, leading to ob-
literation of pulmonary arterioles [59] and capillaries with a progressive increase
in pulmonary vascular resistance (PVR). When PVR approaches and exceeds
systemic vascular resistance (SVR), the ductal shunting reverses and becomes
right-to-left, leading to cyanosis and “Eisenmenger’s syndrome”. A dilated
hypertensive pulmonary trunk may cause hoarseness by compressing the recur-
rent laryngeal nerve. Genetic predisposition may play an important role in the
phenotypic variability of pulmonary arterial hypertension and the bone mor-
phogenetic protein receptor, (BMPR,) mutation was also observed [60]. Eisen-
menger’s syndrome is a multisystem disorder, presenting with array of poten-
tially life-threatening complications including hyperviscosity, abnormal hemos-
tasis, and arrhythmias. Patients may develop severe calcification of pulmonary
artery and ductus as in Figure 2. Calcium appears in the ductus of older patients
[61] [62] [63]. Kelly reported that calcium deposits in the ductus arteriosus were

common after the age of 30 [64] and in adult series, the incidence was 14%.

5. Echocardiographic Features

Echocardiography with color flow imaging and Doppler interrogation remains
the gold standard to confirm the diagnosis of PDA [65]. When the shunt is en-
tirely left to right as in Figure 4 and Figure 5, the flow disturbances within the
ductus is continuous as in Figure 6 and Figure 7 and the peak velocity rein-
forced in later systole because forward flow from the right ventricle coincides
with shunt flow through the ductus [66],. Color flow pattern in the pulmonary
trunk consists of ductal jet that adheres to the lateral wall as in Figure 10 that
adheres to the lateral wall, travels towards the pulmonary valve and then reverse
itself to travel up the medial wall. Sometimes, a jet directed towards the pulmo-
nary valve adheres to the medial wall of the pulmonary trunk. Right ventricular
pressure and pulmonary artery diastolic pressure can be estimated by conti-
nuous wave Doppler interrogation of the jet of tricuspid as in Figure 13 and
Figure 14 and pulmonary regurgitation as in Figures 10 and Figure 11 and by
Doppler velocities across the ductus [67] as in Figure 6. A complete pulmonary
artery pressure curve can be generated from the spectral Doppler signal of ductal

flow. The RV (right ventricular) systolic pressure (equal to pulmonary artery
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systolic pressure), calculated by ductal jet velocity (80 mmHg as in Figure 6) and
TR (tricuspid regurgitation) jet velocity (78 mmHg as in Figure 14) is more or
less same in this patient.

M-mode echocardiogram of pulmonary valve with features of loss of pulmon-
ic A-wave and mid-systolic notching suggest pulmonary hypertension [68] as
shown in Figure 12 and pulmonary artery and its branches, especially the right
pulmonary artery are grossly dilated as in Figure 2 and Figure 9. Bidirectional
shunting may be present with predominant left-to-right shunting as in Figure 8
until the pulmonary vascular resistance is severe enough to cause right-to-left
shunt alone. Left ventricular hypertrophy {LVH) is a feature of predominant
left-to-right shunt as in Figure 15 and the left ventricular function is preserved
as in Figure 16. There are no echo drop-outs across the interatrial septum (IAS)

as in Figure 17.

6. Management

Optimally, treatment should be aimed directly at removing the shunt and its ef-
fects by closure of the ductus arteriosus. However, ductus arteriosus is a unique
structure after birth because its patency on one hand results in cardiac decom-
pensation but may on the other hand only life-sustaining conduit to preserve
systemic or pulmonary arterial blood flow in the presence of certain cardiac
malformations such as right (pulmonary atresia-PDA is the only source of pul-
monary arterial blood flow) or left ventricular outflow tract obstructive lesions
(aortic atresia, aortic arch interruption, hypoplastic left heart syndrome—PDA is
the only source of systemic arterial blood flow) or PDA is the only source of bi-
directional blood flow in isolated complete transposition of great arteries.

Patent ductus arteriosus can be treated either by pharmacologic obliteration
or surgical interruption.

Medical therapy

Asymptomatic child with PDA and normal heart size on chest X-ray is to be
treated medically.

Conservative approach

In treating a premature infant with a PDA, maintenance of an adequate he-
matocrit above 45% and hemoglobin is essential. Diuretics may be useful if the
neonate has signs of heart failure with significant left-to-right shunt in the first 4
to 6 weeks of life as the result of normal fall in pulmonary vascular resistance af-
ter birth while waiting for the spontaneous closure of the ductus. The loop di-
uretic furosemide may contribute the patency of ductus arteriosus through the
stimulation of renal PGE, [69]. Digitalis is rarely used now for the treatment of
left ventricular failure due to potential toxic reactions and relatively ineffective
in very small preterm infants due to altered myocardial structure with fewer
contractile elements, incomplete sympathetic innervations of left ventricular
myocardium, less to stretch (Frank-Starling mechanism) and lower than normal

serum calcium concentration contributing to early development of left ventricu-
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lar failure in preterm infants.

A “watch-and-wait” approach may be adapted since approximately 34% of
extremely low birth weight preterm infants (<1 kg) with gestational age 26 + 2
weeks with a PDA demonstrated spontaneous closure at 4.3 + 2 days postnatal
age in a recent study by Koch, et al [70]. In others, spontaneous closure occurs
at a rate of 0.6% per year.

COX inhibitors

Nonselective COX (cycloxygenase) inhibitors are the treatment of choice for
pharmacologic closure of PDA. Although COX, is intrinsic to ductus arteriosus,
PGE, derived from COX,, formed intramurally in the ductus and exerts its ac-
tion locally on muscle cells. PGE, is currently used as pharmacologic prevention
of ductal closure and it dilates the ductus with a marked improvement in sys-
temic oxygenation and renal function with reversal of acidemia in duc-
tus-dependent lesions [71], especially in juxtaductal coarctation in which sudden
occurrence of acute left ventricular failure, produced by the rapid constriction of
the ductus in postnatal period. The timing of therapy is important since the res-
ponsiveness to PGE, decreases with increased age and so delaying treatment may
result in diminished efficacy of COX inhibitors.

Currently, there are two FDA (Food and Drug Administration) approved
COX inhibitors are indicated in the closure of PDA.

Indomethacin

The use of oral or, preferably intravenous (IV) indomethacin to constrict the
ductus is a nonsurgical closure in a large population of treated infants [72]. In
premature infants, treatment with indomethacin is usually the first-line therapy,
however, it has been associated with an increased bleeding tendency resulting
from platelet dysfunction, decreased urinary output secondary to renal dysfunc-
tion and necrotizing enterocolitis. Indomethacin should not be administered
when serum creatinine > 1.6 mg/dl or blood urea nitrogen > 20 mg/dl and if
there is ECG evidence of myocardial ischemia [73]. It has been used with good
success, particularly in infants with birth weight < 1000 grams, but reopening of
the ductus still occurs frequently and the functionally closed ductus may dilate
with a reduced arterial blood Po, or increased PGE, concentration before true
anatomic closure occurs. Indomethacin can be given with an initial dose of 0.2
mg/kg by nasogastric or intravenously (lyophylised) and subsequent two doses
0.10 mg/kg if the age is <48 hours, 0.20 mg/kg if the age is 2 to 7 days, 0.25
mg/kg if the age is >7 days at 12 to 24 hours apart depending on the urinary
output. Indomethacin is ineffective in term infants and older children and
therefore should not be given and the effects of indomethacin apparently are
best before ten days of age and in less mature infants.

The ductus will reopen in up to 35% of infants who initially respond to the
drug and a more prolonged course of indomethacin (6 to 8 doses—0.6 to 1.6
mg/kg) has been studied to achieve higher rate of ductal closure. Prolonged
course compared to the short course (2 to 3 doses—0.3 to 0.6 mg/kg) did not
reduce the rate of PDA reopening after the initial closure and it is associated
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with decreased incidence of renal dysfunction [74], but increases the risk of NEC
(necrotizing enterocolitis).

Ibuprofen

Ibuprofen has achieved closure rates of 75% - 93% equivalent to that of indo-
methacin with less renal toxicity and less significant impact on cerebral and me-
senteric blood flow. Ibuprofen trishydroxyaminomethane (THAM) is the intra-
venous formulation currently available in Europe. Oral route is not optimal due
to impaired absorption of poorly perfused gastrointestinal tract. In low resource
countries such as Jordan, many studies have shown that oral ibuprofen is both
safe and effective in treating PDA [75] and also rectal forms of ibuprofen has
been investigated [76].

Paracetamol

Paracetamol inhibits prostaglandin synthetase activity by acting at the perox-
idase segment of the enzyme. In hypoxemia, peroxidase concentration decreases,
paracetamol is more effective than cycloxygenase inhibitors and it is also the
only option when there is a contraindication for ibuprofen use [77]. Oral para-
cetamol is a safe and readily available medication that is much less expensive
than intravenous preparation. The role of intravenous paracetamol as a late
medical therapy of PDA closure (27 days after birth) has been also evaluated re-
cently [78].

Pulmonary vasodilators

Patients with PDA and pulmonary vascular disease who are considered unac-
ceptable candidates for definitive closure, may be managed with specific thera-
pies targeted on the major pathways (endothelin, nitric oxide, prostacyclin)
identified in its pathophysiology, which include pulmonary vasodilators, endo-
thelin receptor antagonists and phosphodiesterase type V inhibitors.

Endothelin receptor antagonists

Bosentan, macitentan (both affect A and B receptors) and ambrisentan (selec-
tive for A receptor) have been studied, but majority of patients discontinued
therapy due to side effects. Interestingly, a recent trial showed an improved out-
come with macitentan, but there is no difference in occurrence of syncope and
heart failure events following therapy [79].

Phosphodiesterase-5 inhibitors (PDE-5i)

The sildenafil treatment (once daily) for 12 weeks led an increase in exercise
capacity and improvement in hemodynamics [80] and similar favourable results
with tadolafil in pulmonary arterial hypertension. Addition of oral sildenafil af-
ter transcatheter ductal closure resulted an improvement in right heart function
over time.

Drugs on nitric oxide pathway

The soluble guanylate cyclase stimulation with riociguat [81] is under trial for
the treatment of pulmonary arterial hypertension.

Prostacyclin analogs

Intravenous (IV) prostacyclin analog is the first pulmonary vasodilator used
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in Eisenmenger’s syndrome. Eg. IV Epoprostenol. Treprostinil (oral or inhaled)
or subcutaneous route is enrolled to minimize the risks of paradoxical embolism
and line sepsis.

In general, oral therapies are preferred and recently, selexipag [82], the first
oral selective non-prostanoid IP-receptor agonist was approved for the treat-
ment of pulmonary arterial hypertension. However, more data are needed for
these advanced therapies either to use as a monotherapy or in combination.

Newer candidate therapies are focused on metabolic, inflammatory and rege-
nerative alternate pathways. L-citrulline (NO-independent stimulator), imatinib
(a selective antagonist of platelet-derived growth factor receptor) seemed to be
effective in patients with severe or drug-refractory pulmonary arterial hyperten-
sion, but its clinical use is questionable due to serious side effects. Competitive
reversible protease inhibitor (ubenimex), oral selective IP-receptor agonist (rali-
nepag), inhaled prostacyclin receptor agonist QCC374, and autologous progeni-
tor cell-based therapy are under studies in the treatment of pulmonary arterial
hypertension.

During Pregnancy

Left-to-right shunt through PDA increases in pregnancy due to a decrease in
PVR (pulmonary vascular resistance). Maternal mortality in Eisenmenger’s syn-
drome is high (30% to 50%) and so pregnancy is contraindicated. The greatest
risk of death is in the postpartum period and beyond 6 weeks after delivery. In
the current era, outcome has been improved with the use of pulmonary vasodi-
lators and pulmonary vascular remodeling agents. Endothelin receptor antagon-
ists are teratogenic and prohibited in pregnancy. Both nebulized and intraven-
ous ilioprost (a prostacyclin analog) have been used safely [83]. Phosphodieste-
rase-5 inhibitors are also effective. More intensive parenteral or subcutaneous
infusion with prostacyclin can be used during pregnancy to decrease RV failure.
Iron supplementation, diuretics such as furosemide may be helpful if there is
signs of heart failure with elevated JVP (Jugular venous pressure), but spirono-
lactone is contraindicated due to its antiandrogenic effect. Inhaled nitric oxide
can decrease the pulmonary arterial resistance. Oxytocic drugs may have harm-
ful effects and should be avoided. Delivery by Cesaerian is preferred with the use
of regional anesthesia (epidural) and single dose spinal anesthesia must be
avoided because of the risk of hypotension. Anticoagulants are indicated in
postpartum period to reduce the risk of thromboembolic episodes.

In adult PDA, heart failure is frequently associated with atrial flutter or fibril-
lation and anticoagulants are indicated [84].

Definitive Therapy (Ductal closure)

Primary closure of the PDA is an attractive therapy in salvaging the pulmo-
nary vascular bed. Ductal closure is indicated in the absence of severe pulmonary
vascular disease with predominant right-to-left shunting. PVR (pulmonary vas-
cular resistance) > 6 U/m?, at best, poor candidates for intervention. In presence
of large PDA with pulmonary hypertension, a combined medical and interven-

tional therapy as a “staged” paradigm approach has been described. Neoadjuvant
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pulmonary vasodilator therapy with secondary repair of shunt when PVR drops
to acceptable level, the so-called “treat-and-repair” strategy as a bridge to PDA
closure in this challenging population is helpful.

Transcatheter closure

Transcatheter closure of PDA, using various approaches, including coils, but-
tons, plugs, and umbrellas are common and it is feasible in those weigh > 10 kg.

Transcatheter, non surgical closure of PDA using a conical Ivalon plug was
introduced by Porstmann and colleagues in 1967 [85]. Rashkind developed a
polyurethane foam disc double umbrella device in 1979 [86]. These devices are
rather large, requiring large introducer sheath, inapplicable to young and very
small children and frequently leaving residual shunting. Cambier, et al in 1992
[87] reported the use of Gianturco coils (free and detachable) for transcathter
closure of PDA, which became a widely used technique for the closure of small
to moderate ducts and it can be delivered through small catheter and useful in
those younger than 8 months of age. Gianturco coils occasionally migrate or as-
sume unacceptable position. Detachable coils are now readily available, which
allow the assessment of adequate positioning before release. Nit-Occlud coil [88]
has a biconical shape that is more suitable for the conical shape of most ductus
than the cylindrical Gianturco coils. Catheter closure with occluding coils has
been the treatment of choice for all children more than few months of age with
ductus < 5 to 6 mm diameter. An occluding coil is placed in the PDA with a sin-
gle coil loop on the pulmonary artery side and the remaining 3 to 4 loops in the
ductal ampulla. Occasionally, immediate placement of a second coil is needed to
achieve complete closure. This procedure is over 97% successful with zero mor-
tality and no significant morbidity. Specialized devices are currently being de-
veloped to improve the efficacy of transcatheter therapy for children with PDA
larger than 6 mm or for infants. Thus, the efficacy and safety of transcatheter
closure for the ducts < 8 mm has been established. The diameter of ductus arte-
riosus must be smaller than that of femoral artery. The duct size was described
according to the diameter at the pulmonary end. The device chosen for closure
was 4 mm larger than duct diameter to prevent embolization and to reduce the
residual shunt. At present, thrombogenic coils are used to treat a small ductus
and an Amplatzer occluder for a ductus larger than 3 mm. In patients with “fili-
form” PDA, the procedure failed because the diameter did not allow catheter
advancement to implant a coil.

The Amplatzer Duct Occluder [89] is frequently used for larger type B (short)
ductus and it is made of Nitilon wire woven into a mesh in the configuration of a
mushroom-shaped plug and it has a detachable cable which allows easy reposi-
tioning or retrieval if necessary. The Amplatzer ASD sizing balloon (24 mm) can
be used for dynamic sizing. The balloon pull-through technique for PDA size is
safe in adults using transcatheter PDA closure. The Amplatzer duct occluder
(ADO) has been modified such that the retention skirt has an angle and concav-
ity that allows it to fill better at the aortic end and other devices currently in use

are “modified folding-plug button device” and the “wireless patch” developed by
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Sideris and associates.

Adult PDA

In case of calcified ductus with increased pulmonary vascular resistance, tran-
scatheter closure offers considerable advantages over surgical closure. Even
though transcatheter coil embolization was used in children with small PDAs,
coil embolization with detachable coils can be used in adults, who have heart
failure due to large PDA [90] since PDA in adults is often calcified with dege-
nerative changes and successful surgical closure is risky in this situation. In case
of hemolysis related to residual shunt, a second coil embolization may eliminate
it.

Amplatzer muscular VSD occluder (septal) is preferred for closing larger
PDAs with pulmonary arterial hypertension. Pulmonary vascular disease cha-
racterized by histological changes consistent with severe, irreversible pulmonary
vascular involvement may completely resolve after closure of PDA. Reactivity of
pulmonary vascular bed to pulmonary vasodilating agents and/or significant
reduction of pulmonary artery pressure and resistance during test occlusion [91]
may offer reassurance with regard to reversibility, but the absence of such evi-
dence does not exclude the possibility of reversibility in the long term. Closing
the PDA without test occlusion is at a risk of right heart failure and hemody-
namic collapse. A balloon catheter is used tentatively to occlude the patent duct
before deciding whether to permanently implant the Amplatzer occluder to dif-
ferentiate kinetic pulmonary hypertension from obstructive. If the main pulmo-
nary artery pressure falls > 1/5™ or 20 mmHg and systemic arterial pressure did
not decline, then kinetic pulmonary hypertension and reversible pulmonary
vascular disease is concluded and Amplatzer occluder device can be implanted
permanently and there are only few reports on transcatheter closure of PDA
with severe pulmonary hypertension (PVR > 8 Wood units) in adults. A slight
decrease in pulmonary artery pressure is due to pulmonary vascular spasm.
When main pulmonary artery pressure rise and systemic arterial pressure falls,
then obstructive and irreversible pulmonary vascular disease is diagnosed and
closure may precipitate acute elevation of pulmonary artery pressure, pulmonary
hypertensive crisis and acute right heart failure.

Surgical closure

Surgical ligation or division of the PDA remains the treatment of choice for
the rare very large ductus and should be reserved for ductus > 8 mm in diameter.
When signs of necrotizing enterocolitis (persistent abdominal distension due to
bowel ischemia) in an infant with significant left-to-right shunting through a
PDA, early surgical closure has significantly reduce the mortality. If left ventri-
cular failure is uncontrolled within 48 to 72 hours of adequate medical manage-
ment, surgical closure is preferred. Despite the small risk of recannalization, li-
gation rather than division is recommended because the tissues in premature
infants are very friable.

The operative technique of ductal ligation was described in 1907 by Munro
[92]. Gross and Hubbard reported the first successful ligation of PDA at Bosten
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Children’s hospital in 1939 [93]. One point that merit special attention is the
frequent occurrence of gastric distension after PDA ligation and it is due to trac-
tion on vagus nerve and some degree of gastroparesis, which is managed with
avoidance of oral intake in the first post operative day, nasogastric intubation
and decompression. Surgical ligation is associated with increased risk of bron-
chopulmonary dysplasia, neurosensory impairement, and severe retinopathy of
prematurity. Unlike pharmacologic closure, surgical ligation has not been shown
any benefit on alveolar growth.

Reports of recurrent ductal patency due to recannalization with current sur-
gical methods is ranging from 0.4% to 3%. Results after the classic duct surgical
approach have been very good and the surgical risk in children with isolated Pa-
tent Ductus Arteriosus is <0.5%. Excellent results have been obtained even in
premature age group. The fragile, thin, useless PDA of a premature infant is ob-
literated by gentle ligation with a thick suture to minimize disruption or, if
small, by occlusion using metallic surgical clips. Ductus obliteration offers clini-
cal improvement in infants weighing as little as 500 g with minimal operative
risk. Rarely, a large window type PDA may have insufficient length to permit li-
gation, and the appropriate surgical procedure is patch closure on cardiopul-
monary bypass.

Adult PDA

Adult patients with PDA should be treated surgically if cardiomegaly is seen at
initial presentation to prevent the increase in heart size, elevation of pulmonary
artery pressure (without apparent Eisenmenger physiology) and further clinical
deterioration and it is recommended when there is no right-to-left shunt. Sur-
gical closure of PDA in adults involves a number of risks, associated with ana-
tomic and histologic changes in the duct, including, calcification, aneurysm, di-
verticulum, shortening, friability and rarely rupture The calcification and rigidi-
ty of the ductal wall may complicate clamping. Placement of a Dacron patch
over the aortic orifice of the ductus from within the aorta may be advisable. Di-
vision and suture of the ductus with aortic cross clamping under normothermic
conditions provide excellent long-term survival in surgically treated patients and
no deaths in patients with pulmonary arterial pressure < 70 mmHg. However,
on aortic cross clamping, if pulmonary artery pressure rises and systemic pres-
sure falls, the surgical closure should be avoided. Surgical closure using a purse-
string suture around the orifice of the ductus allows minimization of the risk of
balloon breakage. The only contraindication to surgical closure of an isolated
PDA is severe pulmonary hypertension with irreversible pulmonary vascular
disease or bidirectional shunt with predominant right-to-left identified by
Echo-Doppler.

Wright technique

A double or triple ligation on Teflon strips as described by Wright is the first
surgical option for the treatment of PDA in adults and it is the most frequently

used technique (69%) with good results in Africa where open heart surgeries are
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not carried out [94]. This technique is preferred when there is no high systemic
arterial pressure and a normal or moderately high pulmonary pressure [95].

The indication for closure of tiny, incidentally discovered “silent” ductus by
Doppler is uncertain and in older adults, endarteritis has been reported. Infec-
tive endarteritis in restrictive PDA is due to high velocity left-to-right shunt and
not occurs in nonrestrictive and reversed shunt.

Outcome

In patients with isolated, uncomplicated PDA, the life expectancy should be
near normal. The clinical manifestations of PDA may vary greatly among
people. Some may develop heart failure in 3" decade and others become manif-
est when acquired conditions such as recurrent pneumonia and chronic obstruc-
tive pulmonary disease occurs. The improved survival results from the preserva-
tion of RV function by the prevention of remodeling during infancy, the RV re-
main hypertrophied and more likely to be the fetal heart than the normal adult
in Eisenmenger heart [96]. The pulmonary artery may approach aneurysmal
size, up to 60 mm in this patient due to constant “jet stream” impact. A pulmo-
nary artery diameter of >48 mm (normal—27 mm, the range is 19.5 mm to 32.6
mm for women) is an independent risk factor for unexpected death in patients
with pulmonary arterial hypertension. Extrinsic compression of left main coro-
nary artery (LMCA) is well documented in patients with dilated PA (pulmonary
artery) with an incidence as high as 19% to 44 % and it can be managed with ag-
gressive treatment of PAH (pulmonary arterial hypertension) and stenting of
LMCA.

Surgical survival rate was significantly better than the medical survival in the
nonsurgical group (93% versus 83%]. There are no studies at present showing
whether PA diameter decreases with treating of PH (pulmonary hypertension)
or if a smaller diameter after treatment correlates with improved morbidity and
mortality [97].

A reduction of systolic pressure with amlodipine reduces the left-to-right
shunt and the pulmonary vasodilator, sildenafil reduces the PA pressure and a
reduction in right-to-left shunt. The patient became symptom free due to this
balancing action on both systemic and pulmonary circulations with a relief from
pulmonary congestion by diuretic therapy, the furosemide.

Case analysis

A 65 years old female was presented with features of heart failure, chronic ob-
structive pulmonary disease of short duration and atrial fibrillation. Dilated
pulmonary arteries as revealed by X-ray chest and Echocardiography, suggest
pulmonary arterial hypertension due to left-to-right shunt through PDA. The
detection of PDA at this age group is a rarest one which may be due to high to-
lerance of pulmonary vascular bed and a persistence of fetal type of heart from
infancy as a cause of pulmonary hypertension. The patient was acyanotic since
the shunt is predominantly left-to-right even though it is bidirectional with a

minimal right-to-left shunting. Transcatheter closure is advisable because of
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predominant left-to-right shunt with calcified pulmonary arteries rather than
surgical closure, but conservative management is preferred in this case because
of advanced age and improvement of symptoms with medical therapy.

On follow-up, the patient is still alive and symptom-free on continuation of

medications.

7. Conclusions

Sometimes, patent ductus arteriosus remains asymptomatic until adulthood
when pulmonary arterial hypertension or congestive heart failure develops. The
majority of long-lived patients with PDA, relatively small left-to-right shunt, the
so-called obstructive ductus, do not overload the pulmonary vascular tree and
the ductus in such cases may be serving as a the “safety valve”, keeping the pul-
monary artery pressure from rising to excessive levels during exercise. The mor-
tality rate in adults with untreated PDA has been estimated to be 1.8% per year
[98]. Campbell reported a greater longevity in untreated PDA, with 60% surviv-
ing to the age of 60 years and 4% per year attrition rate from 4™ decade onwards
and this patient lived up to the age of 65 years.

In patients with severe pulmonary hypertension, negative occlusion and
hyperoxygenation tests indicate that the ductal closure was considered contrain-
dicated and current articles on the use of pulmonary vasodilator medications

report encouraging results in such cases.
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