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Abstract: Pulmonary hypertension is a known complication in children with congenital heart lesions especially those with 

left-to-right shunts. Children with Down syndrome are known to have certain types of congenital heart lesions like 

atrioventricular septal defect, ventricular septal defect, patent ductus arteriosus etc. These lesions can cause pulmonary 

hypertension if left untreated in any child. In those with Down syndrome, pulmonary hypertension is said to be worse. Several 

factors have been identified. These factors are upper airway obstruction that is common in all children with this syndrome, 

abnormality in their pulmonary vascular bed, lower levels of nitric oxide production which is a known vasodilator, 

abnormalities in their immune system which predisposes them to respiratory tract infection, gastroesophageal reflux disease 

and recently pulmonary hemosiderosis has been reported. Therefore, children with Down syndrome being prepared for cardiac 

surgery should be thoroughly evaluated and if possible measures should be taken to minimize untoward effects of these factors. 
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1. Introduction 

Pulmonary hypertension is defined as a mean pulmonary 

arterial pressure greater than 25 mmHg at rest, with a normal 

pulmonary artery wedge pressure less than 15 mmHg and an 

increased pulmonary vascular resistance greater than 3 Wood 

units × M
2
 [1-2]. Pulmonary arterial hypertension is also 

referenced as a ratio of pulmonary arterial pressure to 

systemic in excess of 0.5 [3]. Down syndrome is the most 

common chromosomal abnormality that is characterized by 

various congenital defects, organic disorders, dysmorphic 

features and other health-related problems [4]. Congenital 

heart disease is said to occur in 40-60% of patients with this 

chromosomal abnormality. The most common congenital 

heart disease is complete atrioventricular septal defect. Other 

congenital heart lesions that can occur are ventricular septal 

defect, atrial septal defect and tetralogy of Fallot [5]. 

Pulmonary hypertension is said to be a common complication 

of patients with Down syndrome and congenital heart disease 

undergoing cardiac surgery [6]. This increases the rate of 

pulmonary complications and increase length of hospital stay. 

The aim of this review is to look at all the factors that are 

responsible for the development of pulmonary hypertension 

in this group of patients 

2. Historical Perspective 

The first physician to describe pulmonary vascular 

sclerosis in an autopsy in 1891 is Ernst von Romberg. There 

were several reports of death as a result of right heart failure 

in 1940 from pulmonary hypertension when right 

catheterization was introduced. Andre Counard and Dickson 

Richards expanded on the diagnostic procedures in 

pulmonary hypertension [7]. 

In 1951 Dresdale tested the acute effect of tolzoline on a 

young woman with idiopathic pulmonary hypertension and it 

was said to cause a reduced in pulmonary vascular resistance 
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without affecting the systemic effects. Aminore-induced 

pulmonary hypertension was first noticed in 1960. In 1973 

there was an epidemic of aminorex-induced pulmonary 

hypertension which prompted a detailed research into this 

disease by World Health Organization. First efficacious 

treatment of pulmonary hypertension became available in 

1995 [8]. 

3. Factors That Contribute to Pulmonary 

Hypertension in Children with Down 

Syndrome 

3.1. Congenital Heart Disease with Left to Right Shunt 

The commonest congenital heart disease in children with 

down syndrome is atrioventricular septal defect which is a 

form of left to right shunt. This form of defect is known to 

cause pulmonary hypertension at an early age of life [9]. 

Other are atrial septal defect, ventricular septal defect and 

patent ductus arteriosus. In these group of lesions there is 

increase in pulmonary blood flow. This leads to the 

development of pulmonary vascular occlusive disease which 

is supposed to be a protective mechanism against increase 

pulmonary blood flow but unfortunately its detrimental and 

irreversible at a stage. Patients with Down syndrome with left 

to right lesion have the tendency to develop pulmonary 

hypertension which may manifest in the postoperative period 

[10]. 

3.2. Chronic Upper Airway Obstruction 

Upper airway obstruction is common in Down syndrome 

due to midfacial hypoplasia, Macroglossia, narrowing of the 

nasopharynx, tonsillar and adenoidal enlargement, lingual 

tonsils, Choanal stenosis, shortening of the palate, subglottic 

stenosis, laryngomalacia, tracheomalacia and congenital 

malformations of the larynx and trachea. These anatomical 

abnormalities along with generalized hypotonia, an immature 

immune system, and a tendency to obesity predispose 

children with Down syndrome to upper airway obstruction 

[11-13]. This in conjunction with other factors may 

contribute to the worsening of pulmonary hypertension and 

postoperative respiratory complications in children with 

Down syndrome. 

3.3. Pulmonary Vascular Bed 

Abnormal vasculature of pulmonary bed has been reported 

in patients with down syndrome. Chi et al reported results of 

cardiac catheterization in children with Down syndrome and 

congenital heart diseases with pulmonary hypertension and 

concluded that children with congenital heart disease and 

Down syndrome have an unusually high pulmonary vascular 

resistance and a propensity for early development of severe 

damage to the pulmonary vascular bed [14]. Thinner 

pulmonary arterioles have been reported in children with 

Down syndrome. This has been implicated in the cause of 

pulmonary hypertension in Down syndrome patients [15]. 

Pulmonary vein stenosis in these group of patients has not 

been spared. Gowda et al reported 3 cases of pulmonary vein 

stenosis causing pulmonary hypertension in children with 

Down syndrome and advocated thorough evaluation of any 

child with Down syndrome presenting with progressive 

pulmonary hypertension to undergo cardiac catheterization to 

assess haemodynamics and to exclude pulmonary vein 

stenosis [16]. Autopsies of lung tissues of these children also 

revealed damage to lung tissue which has also been 

implicated [17]. 

3.4. Effects of Pulmonary Vasodilators 

Nitric oxide which causes pulmonary vasodilatation has 

been found to be low in children with Down syndrome and 

pulmonary hypertension. Asymmetric dimethylarginine 

(ADMA) has been shown to be high in patients with down 

syndrome. ADMA is said to contribute in lowering the levels 

of NO production [18-19]. 

An imbalance in the biosynthesis of thromboxane A2 and 

prostacyclin has been postulated to contribute in early 

development of pulmonary hypertension in Down syndrome 

patients. The authors concluded that the predominant 

biosynthesis of thromboxane A2 over Prostacyclin leading to 

vasoconstriction was noticed in Down syndrome patients 

irrespective of whether there is pulmonary hypertension or 

not. This imbalance therefore, is said to account for rapid 

progression of pulmonary vascular obstructive disease in 

infants with Down syndrome [20]. 

3.5. Increased Susceptibility to Infections 

This has been linked to abnormalities in the immune 

system [21-23]. The following factors contribute to 

susceptibility to infection: mild to moderate reduction in T 

cell count, mild to moderate reduction in B cell count, 

absence of normal lymphocyte expansion in infancy, thymus 

size is smaller than age-matched control, suboptimal 

antibody response to immunization, decreased total and 

specific immunoglobulin A in saliva and decreased 

neutrophil chemotaxis [24]. 

3.6. Gastroesophageal Reflux 

This is said to cause reflux of gastric content into the 

airway thereby causing lung inflammation and bronchospasm 

in the upper airway. This will cause an increase in the 

incidence of lower respiratory tract infection in these 

patients. Hypotonia seen in Down syndrome patients is 

associated with poor pharyngeal muscle tone and increase 

risk of aspiration [25]. 

3.7. Pulmonary Hemosiderosis 

Pulmonary hemosiderosis is a rare lung disease 

characterized by the triad of hemoptysis, iron deficiency 

anaemia, alveolar and/or interstitial opacities on lung 

imaging. It is said to be rare in children. Alimi et al looked at 

the relationship between pulmonary hemosiderosis and Down 

syndrome in RespRare* network and reported for the first 
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time a higher risk of pulmonary hemosiderosis in Down 

syndrome patients and suggested a chest X-ray in all Down 

syndrome patients with unexplained anaemia and/or chronic 

unexplained dyspnea [26]. 

4. Treatment 

Pulmonary hypertension before cardiac surgery is 

associated with increased morbidity and mortality [27-28]. 

Therefore, the presence of pulmonary hypertension before 

surgery or appearing during surgery or after will have an 

impact on survival via its effect on right ventricular function. 

The following basic principles should be adhered to in order 

to prevent pulmonary hypertension crisis. 

1. Optimization of fluid balance. It is important to avoid 

excessive fluid in patients with distended inferior vena cava 

and right ventricle 

2. Optimization of metabolic state – correct acidosis, 

hypoxaemia and anemia 

3. Treat respiratory failure. This may entail intubation and 

use of lung protective ventilation strategies (tidal volume of 

6mL/kg and plateau pressure of < 30cmH2O and also to 

optimize oxygenation 

4. Maintain systemic perfusion pressure. The mean 

systolic pressure should be greater than mean pulmonary 

pressure and if need be pressors should be added 

5. Optimization of cardiac output with the aid of 

ionotropes to maintain normal cardiac index 

6. Reduction of right ventricular afterload. It is important 

to avoid systemic vasodilators. Use of pulmonary 

vasodilators is recommended. Inhaled vasodilators are less 

likely to have adverse effect on systemic blood pressure or 

oxygenation. One can consider combination of inhaled and 

intravenous. 

4.1. Drugs Commonly Used in Postoperative Patients 

a) Phosphodiesterase-5 inhibitors (PDE5) – most widely 

used in clinical practice in the treatment of pulmonary 

hypertension in congenital heart disease. Sildenafil is 

safe and effective [29-30]. 

b) Endothelin receptor antagonist – Bosentan is said to be 

efficacious especially in patients with Essenmenger’s 

syndrome. Currently there is little evidence on the use 

of this drug in pulmonary hypertension in congenital 

heart diseases [31-32]. 

c) Nitric oxide – intraoperative nitric oxide inhalation has 

shown promising result and now routinely used in 

many institutions in patients that are likely to develop 

pulmonary hypertension [33]. 

To date there is no randomized trial on the efficacy of any of 

the drugs in patients with Down syndrome and congenital heart 

disease. Some authors have suggested that Bosentan is safe and 

tolerated in adults Down syndrome patients with congenital 

heart diseases and pulmonary hypertension [34-35] 

 

4.2. Newer Therapies 

Cyclosporine is known to inhibit the release of IL-2 as 

such been shown to cause regression in the degree of 

pulmonary artery remodeling, pulmonary hypertension and 

right ventricular hypertrophy in animal models.Anti-

inflammatory and TNF-a inhibitors agents like Etanercept 

have been shown to cause reverse remodeling and 

improvement in haemodynamics in preclinical models. 

Substances that inhibit apoptosis like survivin has been 

shown to cause reverse remodeling in pulmonary 

hypertension [36].  Tacrolimus, an immunosuppressant and 

Fasudil, a Rho-kinase inhibitor has all shown promising 

results [37]. 

4.2.1. Pulmonary Artery Denervation 

It is a form of transcatheter procedure performed in 

patients with pulmonary hypertension that do not respond to 

medical treatment. It has been noticed that increased 

neurohumoral activation increases catecholamine secretion 

which in turn causes high sympathetic activity. This forms 

the basis for pulmonary artery denervation [38]. 

4.2.2. Blade-Balloon Atrial Septostomy 

This procedure is considered as a palliative measure in 

children with PAH who have recurrent syncope, right 

ventricular failure or chest pain despite maximal medical 

therapy. This allows right to left shunt at atrial level 

particularly during pulmonary hypertension crisis. It has also 

been described as a bridge to recovery or to transplantation 

[39]. 

4.2.3. Pott’s Shunt 

It is also a palliative procedure that can be performed in 

patients with supra-systemic pressure. It entails creating a 

shunt between left pulmonary artery and descending thoracic 

aorta. It is recommended before the deterioration of right 

ventricular function. It decreases right ventricular afterload 

thereby improving ejection fraction and functional class [40]. 

4.2.4. Mechanical Support and Lung Transplantation 

Patients with pulmonary hypertension may be candidates 

for mechanical respiratory support and lung transplantation. 

Right ventricular assist devices and extracorporial membrane 

oxygenation (ECMO) have been used in these patients [41]. 

5. Conclusion 

Congenital heart lesions with left-to-right shunt if left 

untreated can predispose children to pulmonary hypertension. 

Those with Down syndrome are said to develop the worst form 

of pulmonary hypertension which has been attributed to several 

factors that are inherent in children with Down syndrome. It is 

therefore pertinent to thoroughly evaluate these children in a bid 

to identify these factors and institute measures to reduce the 

untoward effects of pulmonary hypertension. 
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