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Abstract

We report the case of a boy diagnosed at age 9 with a large aortopulmonary septal defect and Eisenmenger syndrome, highlighting the
challenges of late diagnosis and management of fixed pulmonary hypertension. Over the course of six years (2018-2024), the patient
underwent several follow-ups, including invasive hemodynamic assessments and echocardiography, revealing progressive pulmonary
vascular disease. Despite the administration of medical therapy with sildenafil, bosentan, and antiplatelets, the patient’s condition re-
mained unfavorable due to fixed pulmonary vascular obstructive disease. This case underscores the importance of early diagnosis and
the complexities of managing advanced pulmonary hypertension in congenital heart defects.
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Introduction

Aortopulmonary septal defect (APSD) is a rare congenital
heart anomaly that can result in progressive pulmonary hy-
pertension if not corrected early.!!] Eisenmenger syndrome
represents a significant complication of unrepaired APSD,
with fixed pulmonary vascular resistance and a reversal of
shunting leading to cyanosis and systemic hypoxemia.l?!
Late diagnosis and limited therapeutic options make the

management of such patients challenging. In this case, the
absence of an audible heart murmur during infancy and
early childhood contributed to the delayed identification
of the defect. The child was considered healthy based on
routine pediatric check-ups, highlighting the limitations
of standard clinical examinations in detecting congenital
heart defects. Here, we present a six-year follow-up of a
patient with late-diagnosed APSD and Eisenmenger syn-
drome, illustrating the natural progression of the disease
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and the response to medical therapy. This case emphasizes On examination, the patient appeared in moderate dis-
the urgent need to implement neonatal screening programs  tress with generalized cyanosis, digital clubbing, and signs of
for congenital heart defects to prevent delayed diagnoses  chronic hypoxemia. The physical exam revealed a hyperdy-
and irreversible complications. namic precordium, a palpable right ventricular heave, and
an accentuated pulmonary component of the second heart
. sound. No audible murmurs were heard. Oxygen saturation
Case presentation on room air ranged from 86% to 89%. Laboratory results
showed polycythemia (hemoglobin 198 g/L, hematocrit 57%),
consistent with chronic hypoxemia. Capillary blood gas anal-
ysis revealed severe hypoxemia (pO, 42 mmHg, SatO, 79%).
A chest X-ray showed mild cardiomegaly with prominent pul-
A 9-year-old boy presented to our clinic with a history of = monary artery shadows, but the lung fields were clear with no
progressive cyanosis, exertional dyspnea, and fatigue. He  parenchymal pathology. The ECG showed right axis deviation
was born at term via cesarean section due to maternal in-  and signs of right ventricular overload (Fig. 1).
dications, weighing 3,250 g, with a smooth neonatal course Echocardiography revealed significant dilation and mod-
and no evidence of perinatal asphyxia. No cardiac murmurs  erate hypertrophy of the right ventricle (RV), with an anteri-
were detected during infancy and early childhood, and the  or wall thickness of 12 mm and an RV end-diastolic diameter
child was considered healthy during routine check-ups. His  of 23 mm. A large oval-shaped aortopulmonary fenestration
developmental milestones were within normal limits, and he ~ (22x19 mm) was located approximately 2 cm above the pul-
had no hospitalizations until the age of 7. At that time, his  monary valve annulus, near the posterior sinus of Valsalva,
parents noted episodes of fatigue, exertional dyspnea, and  extending toward the right pulmonary artery. The shunt
cyanosis during physical activity, which progressively wors-  was predominantly right-to-left at rest. The semilunar and
ened. The child experienced increasing fatigue, cyanosis, and  atrioventricular valves appeared normal, with no thrombotic
the need for frequent rest breaks during minimal exertion, — formations. This defect was consistent with type III aortopul-
such as walking short distances or climbing stairs. Through-  monary septal defect (Figs. 2-4).

Initial presentation (2018-2019)

out this period, the child was under regular pediatric care. A CT scan confirmed the communication between the as-
Howevet, no cardiac abnormalities were identified, and he  cending aorta and the pulmonary trunk (Fig. 5).
was not referred for cardiologic evaluation. The reason for The diagnosis was confirmed by cardiac catheterization

hospitalization was decreased saturation, detected during an  (Table 1). Despite the increase in systemic saturation during
admission to the ENT department for adenoid hypertrophy,  the vasodilator test, the pressure in the main pulmonary ar-
after which the patient was referred to our pediatric clinic for ~ tery (mPA) remained systemic, and pulmonary vascular re-

further assessment. sistance remained extremely high.
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Figure 1. ECG with signs of right ventricular strain pattern.
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Figure 2. Parasternal short axis view - severe RV hypertrophy  Figure 4. Right-to-left shunt through large aortopulmonary sep-

and signs of systemic RV pressure. tal defect.
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Figure 3. Aortopulmonary septal defect.

Table 1. Hemodynamic findings at diagnosis (2019 and 5 years later)

cending aorta and the pulmonary trunk.

Figure 5. CT findings indicate communication between the as-

Parameter Baseline evaluation  Vasodilator probe Baseline evaluation ~ Vasodilator probe
2019 FiO,-1,0 2024 FiO,-1,0

NO-60 ppm NO-60 ppm
2019 2024

RAP (mmHg) 11 11 9 9

Mean PAP (mmHg) 78 80 64 70

LAP (mmHg) 11 10 12 13

Mean PaO, (mmHg) 75 80 66 70

Sat Ao (%) 80 96 82 96

Qp/Qs 0.4 1 0.4 1

Rp/Rs 2.63 1 2.27 0.86

Rpi (WUxm?) 33.2 17 44.6 24.1

PAP: pulmonary artery pressure; RAP: right atrial pressure; Sat Ao: saturation of oxygen in aorta; LAP: left atrial pressure; PaO,: par-
tial pressure of oxygen; Qp: pulmonary blood flow; Qs: systemic blood flow; Rs: systemic vascular resistance; Rpi: pulmonary vascular

resistance index
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Treatment was started with aspirin, diuretics (spironolac-
tone), and two oral selective pulmonary vasodilators (silde-
nafil and bosentan).

Follow-up assessments, 2019-2024

Clinical follow-ups noted persistent cyanosis and exercise
intolerance. A follow-up catheterization was performed five
years later to assess the course of pulmonary vascular disease.
The results are summarized in Table 1. Despite adherence
to therapy, invasive assessments confirmed fixed pulmonary
hypertension. Overall, the patient’s condition worsened over
time, with a clear progression of right ventricular strain and
fixed pulmonary hypertension, consistent with advanced
Eisenmenger syndrome.

Throughout the follow-up, 6-minute walk test evaluations
were conducted in 2019 and 2024 to assess changes in the pa-
tient’s physical performance and ability to tolerate exertion.
The findings are outlined in Table 2. Despite an increase in
the 6-minute walk distance (6MWD), the patient exhibited
significant desaturation during exercise. The Borg Fatigue
Scale indicated persistent exertional fatigue. The patient’s
condition remained stable on medical therapy.

Risk assessment

Using the ESC/ERS 2022 Guidelines for pulmonary hyper-
tension, a four-strata risk model was applied to categorize the
patient’s clinical and hemodynamic risk profile (low, interme-
diate-low, intermediate-high, and high risk).l3! Key findings
from the follow-up assessments are summarized in Table 3.

The patient’s overall risk profile was assessed using the
simplified scoring method. WHO Functional Class (III) con-
tributed 3 points (intermediate-high risk), 6MWD (420 me-
ters) contributed 2 points (intermediate-low risk), and BNP
(9.07 pg/ml) accounted for 1 point (low risk). The average
score of 2 places the patient in the high-intermediate risk cat-
egory, highlighting the advanced disease stage.

Table 2. Follow-up data

Management and outcomes

Throughout the follow-up period, the patient’s condition re-
mained stable but symptomatic. Despite adherence to sildena-
fil and bosentan, pulmonary vascular resistance remained el-
evated, precluding surgical intervention. Therapy was focused
on preventing complications, such as thromboembolism and
heart failure, and maintaining quality of life through symp-
tom management and lifestyle modifications. The intermedi-
ate-high risk profile, caused by elevated pulmonary vascular
resistance and functional limitations, highlighted the impor-
tance of continuing targeted pulmonary vasodilator therapy
and considering the introduction of a new class of medication,
as well as interventions such as lung transplantation.

Discussion

We present a case of a late-diagnosed rare congenital heart
defect that led to irreversible changes in the pulmonary
vasculature, precluding surgical correction. The thera-
peutic approach focuses on reducing pulmonary vascular
resistance and improving physical capacity and quality of
life through pulmonary vasodilators. APSD, also referred
to as aortopulmonary window, is a rare congenital defect
with direct communication between the ascending aor-
ta and the pulmonary artery. This communication results
in a left-to-right shunt, which increases pulmonary blood
flow and leads to volume overload and pulmonary hyper-
tension.!! In many cases, the presence of a continuous
heart murmur during infancy may prompt early diagnosis;
however, in our patient, no murmurs were detected during
multiple routine examinations. This atypical presentation
delayed referral to a cardiologist and underscores the need
for improved detection strategies. APSD was first described
pathologically by J. Elliotson in 1830.1*) His early obser-
vations laid the groundwork for understanding this rare
anomaly. Aortopulmonary window is an extremely rare

Year WHO- EC 6MWD Starting SpO, Ending SpO, HR,start  HR,end Borg Fatigue BNP
(m) (%) (%) (bpm) (bpm) Scale (pg/ml)
111 390 69 54 97 150 5 (Moderate- 7.37
2019
Severe)
2024 111 420 82 57 90 130 Moderate 9.07

6MWD: 6-minute walking distance; HR: heart rate; BNP: brain natriuretic peptide; WHO-FC: World Health Organization - Functional

Class

Table 3. Risk stratification based on 2022 ESC/ERS guidelines

Parameter Measured value Risk category Points
WHO Functional Class (WHO-FC) 111 Intermediate-high 3
6-minute walk distance (6MWD) 420 m Intermediate-low 2
BNP 9.07 pg/ml Low 1
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defect, accounting for approximately 0.2% to 0.6% of all
congenital heart malformations. There is a noted male pre-
dominance, which aligns with our case. It is often associat-
ed with other cardiac anomalies, including coarctation of
the aorta or interrupted aortic arch.l*! Genetic syndromes
like VACTERL and Bohring-Opitz have been associated
with APSD.1®7] The equalization of pressures between the
aorta and pulmonary artery, combined with persistent pul-
monary hypertension after birth, likely accounts for the ab-
sence of an audible murmur, which in turn contributed to
the delayed diagnosis, as observed in our case.

Aortopulmonary septal defects are classified into three
types based on their location and extent, as described by
Mori et al. Type I (proximal) occurs between the posterior
wall of the ascending aorta and the lateral wall of the main
pulmonary artery. Type II (distal) is located between the
posterior wall of the ascending aorta and the anterior wall
of the origin of the right pulmonary artery. Type III, the
rarest form, represents a combination of both type I and
type II defects, as seen in our case.®!

The diagnosis of Eisenmenger syndrome (ES) requires
a comprehensive approach that integrates clinical find-
ings, imaging studies, and hemodynamic assessments.”!
Definitive diagnosis, particularly for PH with elevated pul-
monary vascular resistance (PVR), requires cardiac cathe-
terization, which remains the gold standard. This invasive
procedure allows precise measurement of mean pulmonary
arterial pressure (mPAP), PVR, and other hemodynamic
parameters.[!% Initially diagnosed through cardiac cath-
eterization, current methods now prioritize noninvasive
echocardiographic assessment.”) Echocardiography is the
cornerstone of diagnosing APSD and was instrumental in
identifying right atrial and ventricular dilation, pulmonary
hypertension, and the aortopulmonary communication
in this patient. Advanced imaging techniques such as CT
angiography provided additional clarity by delineating the
size and location of the defect and confirming the associat-
ed pulmonary vascular changes.!!

Without surgical correction in the first months of age,
chronic pulmonary hypertension can progress to Eisen-
menger syndrome, characterized by right-to-left shunting
and irreversible pulmonary vascular disease, as observed
in this case.l?! Eisenmenger syndrome represents a signifi-
cant shift in the management of APSD, as surgical correc-
tion becomes contraindicated due to the risk of exacerbat-
ing right-to-left shunting and worsening hypoxemia.!?

The management of Eisenmenger syndrome is multi-
faceted and guided by the severity of symptoms, hemo-
dynamic profile, and the presence of complications. As
described in the literature, therapeutic strategies aim to
improve quality of life, alleviate symptoms, and address
secondary complications, rather than reverse the under-
lying vascular remodeling.”) Pharmacological therapy
is central to care, with sildenafil, a phosphodiesterase-5
inhibitor (PDE-5i), and bosentan, an endothelin recep-
tor antagonist (ERA), forming the basis of this patient’s

treatment regimen.[*!>!4 Recent advancements, such as
prostacyclin analogs and soluble guanylate cyclase stimu-
lators (e.g., riociguat), have effectively reduced pulmonary
vascular resistance and improved outcomes in high-risk
patients. However, their use in Eisenmenger syndrome
remains limited due to the lack of robust clinical trials
specific to this subgroup. Not all classes of pulmonary hy-
pertension (PH) medications are approved for use in pedi-
atric populations. For instance, oral prostacyclin receptor
agonists, such as selexipag, belong to the same therapeu-
tic spectrum as prostacyclin analogs but differ in their
structure, pharmacokinetics, and route of administration.
While selexipag offers the convenience of oral administra-
tion, its safety and efficacy in children are still under in-
vestigation, and further clinical trials are necessary before
it can be routinely applied in pediatric PH management."!
Supportive measures included careful avoidance of long-
term oxygen therapy, given the risk of exacerbating right-
to-left shunting. Antiplatelet therapy was also introduced
to mitigate the risk of thromboembolism, which is height-
ened in the setting of secondary erythrocytosis and slug-
gish pulmonary flow. Regular monitoring of symptoms,
oxygen saturation, and biomarkers such as BNP was
crucial for assessing disease progression and guiding ad-
justments in therapy. BNP may not always correlate with
the severity of Eisenmenger syndrome in some patients,
highlighting the importance of combining biomarker data
with hemodynamic and clinical parameters for accurate
risk assessment. In cases of advanced disease and progres-
sive deterioration, as seen in this patient, lung transplan-
tation becomes an important consideration. According to
current guidelines, early referral for transplantation eval-
uation is recommended for patients with severe functional
limitations, refractory symptoms, or elevated PVR.[1%]
The prognosis for untreated APSD is poor, emphasizing
the critical need for early detection and intervention.'!]

Conclusion

This six-year follow-up of a boy with APSD and Eisen-
menger syndrome highlights the complexities of man-
aging advanced pulmonary hypertension in congenital
heart defects. Early diagnosis and timely intervention are
critical to prevent progression to Eisenmenger physiology.
Our case demonstrates that the absence of a heart mur-
mur does not exclude the presence of significant congen-
ital heart disease and reinforces the necessity of neona-
tal screening programs. For inoperable patients, current
management strategies emphasize long-term medical
therapy and symptom control; however, significant chal-
lenges remain. Future research should prioritize develop-
ing targeted therapies for irreversible pulmonary vascular
disease and refining risk stratification models to guide
earlier and more personalized interventions.
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