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ABSTRACT 

Patients with Congenital Heart Diseases (CHD) in developed economies reach 
adulthood (ACHD) due to early detection and medical advances. CHD may go 
undetected in developing nations during early childhood and present in later years 
as a result of complications. These include pulmonary hypertension (PH), right 
heart failure, atrial fibrillation, and stroke resulting from congenital heart 
conditions such as atrial (ASD) /ventricular septal defects (VSD). These debilitating 
illnesses have a high morbidity and mortality. A significant dilemma is the optimal 
management of patients with ASD complicated by PH. Echocardiography, with 
Right(R) and Left(L) heart studies are essential in evaluating these conditions. 
Therapeutic advances and newer pharmacological agents have improved survival 
in patients with PH. Failure of medical treatment may require surgical intervention. 
Operability and repair require expert opinion and specialist assessment. Lung 
transplant and closure of the ASD are remaining options.  
  
Keywords:   CHD in adults, Atrial septal defect, Pulmonary hypertension, Right heart 
dysfunction, Complications, Therapeutic advances, Operability. 

  
INTRODUCTION 

Pulmonary Hypertension (PH) is a rare disease, affecting 1% of the global population (1). PH is 
defined as a mean pulmonary artery pressure (PAP) of > then 20 mmHg measured at rest during 
cardiac catheterization (2). The definition includes a pulmonary vascular resistance (PVR) > 3 
Wood units. The incidence and prevalence of pulmonary arterial hypertension (PAH) 
associated with CHD is 2.2 and 15.6 per 1 million respectively (2).  
  
Clinical Classification of PH Comprises (1).  

a) Pulmonary Arterial Hypertension (PAH) (Catergory1). This included idiopathic (IPAH), 
congenital heart disease (CHD) amongst other clinical syndromes.  

b) PH due to left heart disease.  
c) PH due to lung disease.  
d) PH due chronic thrombo-embolic disease.  
e) PH with multiple mechanisms.  

  
This report examines PH in an adult from an unrecognized congenital heart condition (ASD) 
and discusses an approach to the diagnosis and management of this difficult group of patients.   
PH is the most feared complication of this condition and a consistent predictor of poor survival 
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(3). ASD is the second most common congenital heart defect after bicuspid aortic valve and 
comprise 13% of all CHD (4) Anatomically, ASDs may be classified as primum, secundum or 
sinus venosus defects.    
  
This condition causes an increase in blood flow to the lungs (volume overload) resulting from 
a Left to Right shunt (Systemic to Pulmonary).  The pulmonary circulation is characterized by 
low resistance and high capacitance and may initially accommodate a large increase in flow 
without an increase in pressure. Furthermore, the signs of ASD may be subtle and patients are 
often not diagnosed at birth. While some patients may survive even into their seventh and eight 
decades of life with no adverse consequences, others may develop PHT in their teens. The 
reasons are not clearly understood and may be related to as yet unclear mechanisms.  
  
With severe shunting there is remodeling of the pulmonary vasculature, pulmonary arterial 
hypertension (PAH) and shunt reversal. Over time (R) heart pressure may equal (L) heart 
pressure. With severe increase in pulmonary vascular resistance (PVR), flow is reversed 
becoming R-L (Pulmonary to Systemic) (5)(6). This may lead to Eisenmenger’s Syndrome (ES).  
The clinical manifestations are chest pain, shortness of breath, fatigue leading to right heart 
failure and cyanosis. This has a huge impact on health-related quality of life (HRQoL) and 
survival. The paper further examines risk stratification, pharmacological and supportive 
measures in PH. Closing comments relate to closure or repair of ASDs and summarizes current 
concepts in the evaluation and management of these patients.  
   

CASE STUDY 
A 34-year-old single female presented with flu-like symptoms and a low saturation. On 
examination she was phenotypically normal and hypoxic with saturations of 84% on room air.  
She had shortness of breath, poor effort tolerance and was classified (NYHC) functional class 3.  
There was no cyanosis or clubbing. She had a left parasternal heave with a loud P2 and a grade 
1/6 ejection systolic murmur over the pulmonary area. Lung fields were clear and the 
abdominal examination unremarkable.  
  

 
Figure 1: ECG showing right axis deviation and RV hypertrophy 



 
 

 

248 

Vol 12, Issue 04, August-2025 British Journal of Healthcare and Medical Research (BJHR) 

 

Services for Science and Education – United Kingdom 

Her chest X-ray showed cardiomegaly with an enlarged right ventricle and prominent 
pulmonary artery. She required high flow oxygen and nitric oxide to relieve her respiratory 
distress and maintain saturation above 90%. ECG changes were in keeping with R ventricular 
strain, R axis deviation, a sinus rhythm with prominent P waves (P-pulmonale) (Fig.1). On 
echocardiography R ventricular function was normal with an estimated right ventricular 
pressure (RVSP) of 64 mmHg.    
 

 
Fig 2: Patient Echo Cardiogram Pulmonary hypertension with Right Ventricular Hypertrophy 

Note: Right Atrial Enlargement and large secundum ASD. 

 
Trans-esophageal echocardiography (TEE) confirmed a dilated R atrium and R ventricle as well 
as a large atrial septal defect measuring 35 mm (secundum type) with bi-directional flow 
(Fig.2). Further blood investigation showed polycythemia with Hb of (15 gm/dl) and 
hematocrit of 52%. The patient was acyonotic and had no history of hemoptysis.  
  
Past medical history: She was a preterm infant at (5 ½) months and had frequent chest 
infections as a child. She coped at school and participated in sports. At age 13 she was seen by 
a cardiologist and was reassured. No further follow-up consultations were done. In view of her 
history and physical findings cardiac catheterization with (R) and (L) heart studies were done.   

 
The PA pressure on average was 79/34/56 mmHg but fluctuated widely and the aortic pressure 
was 128/83/103 mm Hg (figure 4). The ratio of PA systolic pressure to aortic systolic pressure 
was 0.62. The left atrial (LA) pressure was identical to the right atrial (RA) pressure with no 
gradient on pull back and a mean PA pressure of 38 mmHg. Pulmonary blood flow (Qp) was 
estimated at 3.03 l/min and systemic blood flow (Qs) was 5.50 l/min. Qp:Qs was 0.55 and there 
was a net right-to-left shunt of 2.47 l/min. PVR was 16.5 WU, systemic vascular resistance (SVR) 
was 17.27 WU with PVR:SVR equal to 0.95.  
  
RV systolic pressure at times equal LV systolic pressure. LA saturation was identical to RA 
saturation and pulmonary venous saturation 65%. She was extremely sensitive to hypoxia and 
PA pressure would rise to systolic pressure. PA pressure was reduced with higher Oxygen 
concentration (%) alone and a further decline seen with the addition of Nitric Oxide.   
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Figure 3: Hemodynamic tracing of simultaneous aorta and PA 

 
Cardiac assessment concluded that the patient had an Eisenmenger’s ASD pathophysiology and 
some reversibility but not enough to consider closure of the ASD. Intensive dual therapy for PH 
was begun with home oxygen as needed. Lung functions also showed reversibility and inhaled 
bronchodilators were prescribed. In addition, a direct acting anticoagulant (DAOC) 
(rivaroxaban) was added to prevent clot formation and embolism as well as iron supplements 
given.  
         

DISCUSSION 
Medical advances and early recognition of CHD has resulted in increasingly more CHD patients 
reach adult age (ACHD). ASD cause left to right shunts and an increase in pulmonary artery 
pressure (PAP). When (L) Heart and (R) Heart pressure equalize, reverse or bi- directional 
shunting occurs (pulmonary to systemic). The end of this spectrum is ES with chronic 
hypoxemia, cyanosis and erythropoiesis (2).  Other complications include RV hypertrophy and 
failure causing organ hypo-perfusion, stasis and multi organ dysfunction (7).  
 
Hypoxemia related complications are (5).  

• Pulmonary: hemoptysis, pulmonary thrombosis.    
• Gastrointestinal: gallstones, cholecystitis.  
• Brain: stroke, hyper viscosity syndrome.  
• Kidney: reduced eGFR.  
• Vascular: secondary erythrocytosis, iron deficiency, coagulopathy.  
• Musculoskeletal: reduced exercise capacity, clubbing.  
• Endocrine: thyroid dysfunction.  

  
Management Strategies in PH 
Investigations and Risk Stratification: 
History, clinical examination with chest radiograph and ECG aid diagnosis. Echocardiography 
gives insight into heart functions. Cardiac catheterization with (L) and (R) heart studies remain 
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the gold standard in measuring hemodynamic parameters. Vaso-reactivity testing with inhaled 
nitric oxide (20-80 ppm) at room air (21%) or with raised oxygen concentrations tests 
reversibility and planning treatment protocols (2).  
  
Risk Stratification: 
Patients may be low- intermediate- or high-risk (1).  
 
Prognostic criteria include (8).  

• functional class (WHO). Class I- IV.  
• 6-minute walk test  
• pro BNP, BNP,   
• cardiac index (CI)  
• R atrial pressure   

 
Other factors are the presence of (R) sided Failure, saturation at rest, age and absence of sinus 
rhythm. Pharmacological strategies in PH will depend on risk stratification (5). General 
measures are the use of vasodilators, diuretics, anti-coagulants and oxygen  for Right heart 
failure. Specific therapy in PH involves class specific agents targeting different pathological 
pathways (5).   
 
Treatment may be single, dual or triple agent therapy.  

• Endothelin receptor antagonists (ERAs. Ambrisentan). Improves hemodynamics and 
exercise capacity, oxygen saturation and long-term survival.  

• Phosphodiesterase inhibitors (PDE-5i. Tadalafil). Improve exercise capacity, functional 
class, and hemodynamics.  

• Prostacyclin analogs. Inhaled, intravenous or subcutaneous improve exercise capacity, 
hemodynamics and oxygen saturation.  

• Cyclic guanosine monophosphate agonist are stimulators of the nitric oxide pathway.  
 
The study patient was classified as NYHA 3 functional class having marked limitation in physical 
activity but comfortable at rest. (R) heart pressures were elevated with bi-directional flow on 
(TEE). She remained acyonotic which is a hallmark of established ES. Treatment was started 
with dual PH therapy including Tadalafil 40mg. daily and Ambrisentan 10 mg. daily (ERA and 
PDE-5i) with monthly assessments of therapeutic efficacy, reviewing risk stratification and 
functional class.  
   
Correcting or Repair of ASD Defects 
The development of PHT is slowly progressive and may eventually result in a net right-to-left 
shunt and severe systemic desaturation known as Eisenmenger’s syndrome. Previous studies 
have shown that amongst patients with ASD, those operated on before the age of 25 have a 
survival same as that of a normal control population whereas those having surgery after the 
age of 40 have a reduced survival and high morbidity (9). However, the criteria to surgery will 
depend on clinical and hemodynamic evaluation based on expert opinion and require 
individual specialist assessment (10). Surgical correction may be open heart surgery or 
minimally invasive techniques, using a patch or device to close defects.  
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The criteria for shunt closure in patients with PAH are different between the (AHA) 
American heart association and the (ESC) European society of cardiology with the ESCs 
being more restrictive (11). However, the clinical outcomes after ASD closure were not 
significantly different between these guidelines (11).  
  
The hemodynamic parameters amongst other parameters (size, location) include the ratio of 
pulmonary blood flow (Qp) to systemic blood flow (Qs) and (PVR): Both guidelines are 
consistent in recommending a class I indication for surgical or percutaneous closure in 
symptomatic patients with a Qp:Qs more than 1.5 and no PHT.   
 
However, they differ in patients in whom PHT is more significant. The AHA guidelines give a 
class IIb recommendation that closure of the ASD may be considered when net left-to-right 
shunt is 1.5:1 or more, PA systolic pressure is 50% or more of systemic arterial systolic 
pressure, and/or PVR is greater than one third of the SVR.   
  
ASD Closure for ACHD. Guidelines: ESC 2020 (12) are:  

• Qp:Qs >1.5:1 and Pulmonary Vascular Resistance (PVR):  
• <3 Wood unit (WU): Class I recommendation for ASD closure  
• 3-5 WU: Class IIa recommendation for ASD closure  
• 5 WU but decreasing to <5 WU after targeted pulmonary arterial hypertension (PAH) 

treatment: Class IIb recommendation for ASD closure (fenestrated closure only)  
• ≥5 WU despite targeted treatments for PAH: Class III recommendation against ASD 

closure.  
  

These determine operability and shunt closure and is supported by other expert sources on 
ASDs and pulmonary hypertension. The Japanese consensus highlights similar thresholds.  
  
Discouraging shunt closure is the more likely outcome in severe ES and medical management 
prioritized. With shunt reversal from right to left (Qp:Qs) < 1 and bi-directional as seen in 
established ES and irreversible PAH, closure may result in poorer outcomes (13)(14). Surgical 
complications encountered are incomplete closure with residual shunting, arrythmias and 
infection (endocarditis). Successful outcome implies patients having fewer symptoms, 
improved heart function and improved (HRQoL).  
  
In our patient the ESC recommendation is to treat the patient with vasodilator therapy and if 
the PVR can be reduced to a target of 5 WU or less and careful consideration of risk factors a 
fenestrated closure of the ASD recommended. This has been termed the treat and repair 
strategy. In our patient the wide fluctuation in PA pressure with hypoxia and its immediate 
relief with inhaled NO prompted us to start dual PAH therapies with a PDE-5 inhibitor and an 
endothelin receptor antagonist (ERA). We plan to reexamine her pulmonary hemodynamics 
invasively with a (R) heart study in six months and make a final decision regarding closure of 
the ASD. Should her hemodynamics still be adverse, the only alternative management would be 
bilateral sequential lung transplantation with concomitant closure of the ASD.  
  
Supportive Measure in PH (6).  

• Regular immunization against influenza and pneumococcal infections.  
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• Avoiding pregnancy and providing appropriate contraceptive advice. Pregnancy has 
high risks   with regard to maternal mortality (6) and obstetric complications due to the 
hemodynamic and pro-thrombotic changes in pregnancy.  

• Endocarditis prophylaxis for surgical and dental procedures.  
• Staying active and exercising under supervision within symptom limits.  
• Ensuring adequate fluid balance.  
• Anticoagulant therapy if indicated and managing hyper-viscosity and hematopoiesis.  

  
CONCLUSION 

PH is a debilitating disease and continues to have high morbidity and mortality. Regular 
assessments to monitor treatment efficacy is recommended. Patients may require dual/triple 
therapy and early surgical intervention. Progressive heart failure, sudden death and infectious 
diseases are leading causes of death in ES (14). Those with continuing deterioration in 
functional class, and imminent risk of death, (lung) or (heart- lung) transplant are remaining 
options. (15).  
  
While early surgery prior to the onset of PHT is usually curative with restoration of survival 
similar to that of a normal population, closure of an ASD with already severe pulmonary 
vascular disease can result in high perioperative mortality. In high-risk patients the 1-year 
mortality is between 10-20 % (15). The availability and access to PH specific therapy has 
proven to be a significant factor in improving the HRQoL of PH patients. In addition, the early 
recognition of CHD and referral to PH specialist centers will improve outcome, and more ACHD 
patients are likely to be encountered in the future.  
  
Take Home Points:  

• Early recognition to ameliorate PH in CHD.  
• PH causes Right heart failure and hypoxemia, affecting multiple organ systems.   
• Targeted therapy and early referral to a specialist center for PH disease is recommended 

with surgical intervention a last resort.  
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