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Eisenmenger Syndrome After Delayed Atrial 
Septal Defect Closure at High Altitude: 
A Case Report
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	 Patient:	 Female, 46-year-old
	 Final Diagnosis:	 Eisenmenger syndrome following delayed surgical repair of atrial septal defect
	 Symptoms:	 Chest pain • cyanosis • dyspnea • fatigue • orthopnea
	 Clinical Procedure:	 —
	 Specialty:	 Cardiology

	 Objective:	 Congenital defects / diseases
	 Background:	 Eisenmenger syndrome develops from untreated or late-repaired cardiac shunts, causing irreversible pulmonary-

vascular remodeling and systemic symptoms. Although timely repair has nearly eradicated Eisenmenger syn-
drome in high-income regions, delayed diagnosis in middle-income countries, especially when combined with 
chronic high-altitude hypobaric hypoxia, such as at approximately 2800 m (9186 ft) in the Ecuadorian Andes, 
can accelerate pulmonary hypertension through hypoxic vasoconstriction and erythrocytosis. We report a case 
of Eisenmenger syndrome 2 decades after surgical atrial septal defect closure.

	 Case Report:	 A 46-year-old woman living at high altitude presented with severe cyanosis and heart failure 22 years after atri-
al septal defect closure. She had marked hypoxemia and secondary erythrocytosis. Echocardiography showed 
suprasystemic pulmonary artery pressure, severe right-chamber dilation, and reduced right ventricular systol-
ic function. Right-heart catheterization confirmed Eisenmenger physiology with severe pulmonary-vascular re-
sistance and low cardiac index. Chest computed tomography showed marked pulmonary artery enlargement 
without thromboembolic disease. Multidisciplinary management included bosentan 125 mg twice daily, tadalafil 
10 mg once daily, nocturnal oxygen, diuretics, and anticoagulation, resulting in symptomatic stabilization and 
discharge on day 4. Transplant evaluation was initiated.

	 Conclusions:	 Delayed atrial septal defect repair at high altitude can lead to irreversible Eisenmenger syndrome, for which 
current therapy is palliative. Early defect recognition and closure, congenital heart screening, and access to pul-
monary vasodilators and transplant programs are imperative in resource-constrained mountainous regions.
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Introduction

Eisenmenger syndrome is a severe complication of untreat-
ed or late-repaired congenital heart disease, characterized 
by irreversible pulmonary arterial hypertension (PAH), rever-
sal of longstanding left-to-right shunts, and systemic cyano-
sis [1]. Progressive pulmonary-vascular remodeling ultimate-
ly leads to chronic hypoxemia and multiorgan complications, 
including secondary erythrocytosis, arrhythmias, coagulopa-
thy, and heart failure [1,2]. Although early repair of significant 
shunts during childhood has markedly reduced the incidence 
of Eisenmenger syndrome in high-income countries, the con-
dition remains clinically relevant in low- and middle-income 
regions where congenital defects are often diagnosed or cor-
rected later than recommended [1,2]. This report describes a 
46-year-old woman residing at approximately 2800 m (9186 
ft) above sea level in the Ecuadorian Andes who developed 
Eisenmenger physiology 2 decades after late surgical atrial 
septal defect closure, highlighting the consequences of de-
layed intervention and the additional hemodynamic burden 
imposed by chronic high-altitude hypoxemia.

Congenital heart disease-associated PAH represents an im-
portant subgroup of Group 1 pulmonary hypertension and is 
associated with worse outcomes than several other PAH eti-
ologies [1,2]. In Latin America, congenital heart diseases ac-
count for approximately 35% to 50% of PAH cases reported 
in regional registries [3]. In Ecuador, limited epidemiological 
data and restricted access to specialized cardiopulmonary care 
may contribute to delayed presentation with advanced dis-
ease. Eisenmenger syndrome commonly develops during the 
third or fourth decade of life in patients with unrepaired or 
residual shunts. In the present case, atrial septal defect repair 
was performed at 24 years of age, beyond the period during 
which irreversible pulmonary-vascular remodeling may already 
be established. Current guidelines recommend early closure 
of significant septal defects and consider shunt closure con-
traindicated once Eisenmenger syndrome has developed be-
cause removal of the “pop-off” shunt may precipitate acute 
right-heart failure [4]. Accordingly, this case underscores the 
importance of timely congenital heart disease detection and 
intervention to prevent progression to irreversible pulmonary-
vascular disease.

Management of established Eisenmenger syndrome is pri-
marily supportive because pulmonary-vascular changes are 
usually irreversible. Advances in PAH-targeted therapy have 
improved functional status and exercise capacity, particular-
ly with endothelin receptor antagonists and phosphodiester-
ase-5 inhibitors [1]. The BREATHE-5 trial demonstrated that 
bosentan improved hemodynamics and 6-minute walk dis-
tance in Eisenmenger syndrome patients without worsen-
ing systemic oxygen saturation [5]. Nevertheless, long-term 

prognosis remains poor, with contemporary registries report-
ing a 5-year mortality of approximately 25% to 30%, especial-
ly among patients with severe ventricular dysfunction or pro-
found hypoxemia [1,6]. Heart-lung transplantation remains 
the only definitive treatment, but is rarely feasible because of 
donor scarcity and limited access to advanced transplant pro-
grams. These challenges are further amplified in resource-lim-
ited settings and may be compounded by chronic hypobaric 
hypoxemia in patients living at high altitude. At this altitude, 
reduced barometric pressure lowers inspired and alveolar ox-
ygen tension; in a susceptible pulmonary-vascular bed, per-
sistent hypoxic pulmonary vasoconstriction and erythrocyto-
sis can further increase pulmonary arterial pressure and right 
ventricular afterload.

Overall, this case emphasizes that Eisenmenger syndrome re-
mains an important clinical entity in adults with late-treated 
congenital heart disease and illustrates the complex interac-
tion between delayed repair, pulmonary-vascular disease, and 
chronic high-altitude exposure. It also highlights the need for 
earlier diagnosis of congenital heart defects and improved ac-
cess to specialized cardiopulmonary care in developing regions.

Case Report

A 46-year-old mestizo woman, with no prior medical history 
and long-term residence at approximately 2800 m (9186 ft) 
above sea level in Quito, Ecuador, in the Ecuadorian Andes, 
first experienced exertional dyspnea and fatigue at 17 years 
of age. This high-altitude exposure was clinically relevant be-
cause chronic hypobaric hypoxia may amplify pulmonary va-
soconstriction and secondary erythrocytosis in patients with 
pulmonary-vascular disease. A transthoracic echocardiogram 
at that time demonstrated a non-restrictive atrial septal de-
fect, yet the lesion remained unrepaired. Late surgical closure 
was finally undertaken at 24 years of age without peri-oper-
ative complications; however, pulmonary-vascular resistance 
had already become irreversibly elevated, and over the ensuing 
2 decades she developed progressive cyanosis and exertional 
limitation, culminating in a diagnosis of severe PAH in 2022.

Right-heart catheterization in 2024 revealed suprasystemic pul-
monary artery pressures (systolic 106 mm Hg), a pulmonary-
vascular resistance of 23 Wood units, and a cardiac index of 
1.48 L min–1 m–2, confirming advanced Eisenmenger physiolo-
gy. Additionally, baseline spirometry and hemoglobin-adjust-
ed diffusion capacity were within normal limits, and a 6-min-
ute walk distance of 456 m (68% of predicted) underscored 
significant though submaximal functional reserve.

Long-term oxygen supplementation was initiated at 37 years of 
age together with sildenafil 25 mg twice daily, furosemide 40 
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Figure 1. �Resting 12-lead electrocardiogram 
(ECG; 25 mm/s, 10 mm/mV) showing 
sinus bradycardia (58 beats per 
minute), PR interval of 208 ms, QRS 
complex duration of 94 ms with rsR’ 
pattern in V1-V3, right-axis deviation 
(+142°), R wave in V1, deep S wave in 
lead I/aVL, a peaked P wave of 132 ms 
in lead II, QT interval and heart-rate-
corrected QT interval 
(QT/QTc) of 444/435 ms, and ST-
segment depression with T-wave 
inversion in V1-V5, indicating 
right atrial and right ventricular 
hypertrophy/overload in Eisenmenger 
syndrome.

Figure 2. �Apical 4-chamber transthoracic 
echocardiogram with M-mode across 
the lateral tricuspid annulus showing 
tricuspid annular plane systolic 
excursion (TAPSE) of 15.23 mm, 
indicating reduced right ventricular 
systolic function; a simultaneous 
electrocardiogram (ECG) delineates the 
systolic phase.

Figure 3. �Apical 4-chamber transthoracic echocardiogram 
demonstrating right ventricular dilation with a 
fractional area change of 36%, confirming mild systolic 
impairment. Figure 4. �Parasternal short-axis transthoracic echocardiogram 

revealing leftward septal shift and a D-shaped left 
ventricle, reflecting marked right ventricular dilation.
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mg daily, spironolactone 25 mg daily, and rivaroxaban 20 mg 
daily. Despite this regimen, her New York Heart Association 
(NYHA) functional class deteriorated inexorably, and at 46 years 
she presented to the emergency department with NYHA class 
IV symptoms—minimal-exertion dyspnea, orthopnea, oppres-
sive chest pain, and profound hypoxemia (peripheral oxygen 
saturation [SpO2] 77% on room air).

On admission she appeared markedly cyanotic, with perioral 
discoloration, grade I jugular venous distension, diminished pe-
ripheral pulses, digital clubbing, hepatomegaly, and a high-fre-
quency decrescendo diastolic murmur consistent with a Graham-
Steell murmur, accompanied by a palpable parasternal thrill. 
Furthermore, laboratory testing showed secondary erythrocytosis 
(hemoglobin 16.7 g/dL) and indirect hyperbilirubinemia; arterial 
blood gas analysis demonstrated respiratory alkalosis with hy-
poxemia (arterial oxygen partial pressure [PaO2] 71 mm Hg, arte-
rial carbon dioxide partial pressure [PaCO2] 30 mm Hg, pH 7.44).

Electrocardiography showed sinus bradycardia with right-ax-
is deviation and a right ventricular strain pattern (Figure 1). 

Transthoracic echocardiography demonstrated severe pulmo-
nary hypertension with marked right-sided chamber dilata-
tion, depressed right ventricular systolic function, and inter-
ventricular septal flattening producing a D-shaped left ventricle 
(Figures 2-4). Pulmonary computed tomography angiography 
(CTA) confirmed pulmonary valve regurgitation, enlargement 
of the pulmonary artery, and absence of obstructive chron-
ic thromboembolic disease (Figure 5). Three-dimensional re-
construction highlighted massive dilatation of the pulmonary 
trunk and right-heart chambers (Figure 6).

Comprehensive pulmonary-function testing performed later 
the same year reaffirmed preserved ventilatory mechanics: 
forced vital capacity (FVC) 2.67 L (85% of predicted), forced 
expiratory volume in 1 second (FEV1) 2.08 L (81% of predict-
ed), FEV1/FVC 0.78, and peak expiratory flow 118% of predict-
ed. However, diffusing capacity remained near normal at 92% 
of predicted, although hemoglobin-adjusted diffusing capaci-
ty of the lung for carbon monoxide (DLCO) declined to 74% of 
predicted, reflecting impaired alveolar-capillary conductance. 
Moreover, repeat right-heart catheterization corroborated prior 
suprasystemic pressures (mean pulmonary artery pressure 60 
mm Hg), extreme pulmonary vascular resistance of 23 Wood 
units, and a depressed cardiac index of 1.4 L min–1 m–2. Finally, 
selective bilateral pulmonary angiography revealed webs and 
bands compatible with chronic thromboembolic sequelae su-
perimposed on the Eisenmenger physiology, but no flow-lim-
iting obstructions amenable to mechanical intervention.

A multidisciplinary PAH team commenced dual oral vasodilator 
therapy with bosentan 125 mg twice daily and tadalafil 10 mg 
once daily, intensified diuretic management with nifedipine 
30 mg daily and spironolactone 25 mg daily, reduced rivarox-
aban to 10 mg daily, and titrated continuous oxygen therapy 
from 4 L min–1 to 2 L min–1 as tolerated. Consequently, after 3 
days of aggressive optimization, she achieved negative fluid 
balance, resolution of orthopnea, and improved resting satu-
ration, permitting discharge with close outpatient follow-up 
and referral for consideration of heart-lung transplantation.

Figure 5. �Axial chest computed tomography angiography shows 
dilatation of the main pulmonary artery to 3.9 cm, 
remodeling of the right ventricular outflow tract, and 
a right-to-left shunt, confirming advanced type 1 
pulmonary hypertension (Eisenmenger syndrome).

Figure 6. �Three-dimensional (3D) volumetric 
cardiac computed tomography 
angiography, shown in the left anterior 
oblique and right anterior oblique 
views, depicts pronounced ectasia of 
the pulmonary trunk and branches 
with smooth-contoured right atrial 
enlargement, indicating chronic right-
sided volume overload.
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Discussion

Eisenmenger syndrome develops when a longstanding left-to-
right shunt reverses after irreversible pulmonary-vascular re-
modeling [1]. In our patient, late closure of an atrial septal de-
fect at age 24 allowed pulmonary-vascular disease to progress, 
resulting in chronic hypoxemia, cyanosis, erythrocytosis, and 
right-sided heart failure. Her presentation with severe dyspnea, 
exercise intolerance, clubbing, and marked hypoxemia was 
therefore consistent with advanced Eisenmenger syndrome.

Current guidelines emphasize that congenital shunt closure is 
contraindicated once pulmonary-vascular resistance reaches 
 5 Wood units, because closure at that stage may precipitate 
acute right ventricular failure [4]. In our patient, right ventric-
ular systolic pressure had already risen to 130 mm Hg before 
repair, making Eisenmenger physiology irreversible. Although 
targeted therapy was initiated promptly after diagnosis, her 
prognosis remains guarded. Contemporary series report 5-year 
survival of approximately 70% to 75% in Eisenmenger syn-
drome [6], and severe right ventricular dysfunction and ad-
vanced functional limitation further worsen expected outcomes.

High-altitude residence likely aggravated her condition. Chronic 
hypobaric hypoxia at approximately 2800 m (9186 ft) above 
sea level can intensify pulmonary vasoconstriction and eryth-
rocytosis, thereby increasing pulmonary arterial pressure and 
right ventricular load. In this case, altitude was not considered 
the sole cause of Eisenmenger syndrome, but it likely acted 
as an additional hemodynamic stressor after delayed atrial 
septal defect repair by worsening hypoxemia and increasing 
right ventricular afterload. Her echocardiographic findings of 
marked right ventricular dilatation, reduced systolic function, 
and septal flattening, together with imaging evidence of a di-
lated pulmonary artery and right-to-left shunting, were com-
patible with advanced Eisenmenger syndrome [1].

Treatment of established Eisenmenger syndrome is primari-
ly palliative and focuses on symptom control and reduction 
of pulmonary-vascular resistance [1]. Our patient was start-
ed on dual therapy with bosentan and tadalafil, consistent 
with current practice [1]. This approach is supported by the 
BREATHE-5 trial, in which bosentan improved exercise capac-
ity and reduced pulmonary-vascular resistance without low-
ering systemic oxygen saturation [5]. Supportive measures, 
including diuretics, oxygen supplementation, and anticoagu-
lation in selected patients, may also be considered, although 
their effect is limited in fixed shunts.

The present case also highlights the impact of limited access 
to specialized care in low-resource settings. Delayed refer-
ral, intermittent availability of advanced pulmonary vasodila-
tors, and restricted access to adult congenital heart disease 

expertise likely contributed to the unfavorable course. Heart-
lung transplantation remains the only potentially definitive 
option in end-stage disease, but it is rarely feasible because 
of donor and infrastructure constraints [7,8].

In conclusion, late atrial septal defect closure can culminate 
in Eisenmenger syndrome, particularly when diagnosis and in-
tervention are delayed. In this patient, chronic high-altitude 
hypoxia and limited therapeutic resources compounded the 
disease burden. The case underscores the importance of early 
shunt detection and repair, systematic congenital heart screen-
ing, and equitable access to PAH therapies to prevent irrevers-
ible pulmonary-vascular remodeling and improve outcomes.

Conclusions

Eisenmenger syndrome after delayed atrial septal defect closure 
highlights the consequences of late diagnosis and chronic hy-
poxic exposure at high altitude, which can lead to irreversible 
pulmonary-vascular disease that treatment can only palliate. 
This altitude was clinically important because chronic hypobar-
ic hypoxia can intensify pulmonary vasoconstriction, erythrocy-
tosis, pulmonary arterial pressure, and right ventricular work-
load. Early defect detection, closure before pulmonary-vascular 
resistance reaches guideline thresholds, and timely initiation 
of pulmonary vasodilator therapy are essential to prevent this 
outcome. In addition, equitable access to specialized care and 
targeted therapies should be strengthened in settings where 
congenital heart disease is often diagnosed late.
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