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Abstract

BACKGROUND

Down syndrome, also known as trisomy 21 syndrome, is commonly associated
with congenital heart disease, and can often result in early formation of
pulmonary hypertension. The development of pulmonary hypertension can result
from factors such as intracardiac and macrovascular shunts, and upper airway
obstruction or hypoplasia of lung tissue. Individuals with Down syndrome and
congenital heart disease have a significantly lower average life expectancy, with
surgical intervention being the most viable treatment option to improve longevity.

CASE SUMMARY

We report the case of a 13-year-old boy with Down syndrome presenting with
atrial septal defect and patent ductus arteriosus along with severe pulmonary
hypertension. The electrocardiogram shows sinus rhythm and right ventricular
hypertrophy. The echocardiogram shows an atrial septal defect with interrupted
echo in the interatrial septum, measuring 0.813 cm in length. The patient was
initially refused to be offered surgical treatment by many hospitals due to the
high surgical risk and pulmonary artery resistance. After discussing the patient’s
diagnosis and treatment options, we ultimately recommended surgical treatment.
However, the patient and their family declined this recommendation and chose to
be discharged. During the follow-up period of 6 mo, there were no significant
improvements or deteriorations in the patient’s condition.

CONCLUSION

In conclusion, this case highlights the challenges faced by individuals with Down
syndrome and congenital heart disease complicated by severe pulmonary
hypertension. Timely intervention and a multidisciplinary approach are crucial
for improving prognosis and life expectancy. Further research is needed to
enhance our understanding and develop effective interventions for this popula-
tion.
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Core Tip: This case study presents a 13-year-old boy diagnosed with Down syndrome alongside atrial septal defect, patent
ductus arteriosus, and severe pulmonary hypertension. A complex condition initially met with surgical treatment denial due
to high risks, highlights the significant challenges faced by individuals with Down syndrome and congenital heart disease.
This case highlights the discussion and educational value surrounding the decision to undergo surgery in complex congenital
heart diseases. The educational value lies in the diagnostic and therapeutic approaches demonstrated by our team. Due to the
relatively common occurrence of this case in the field of cardiology, our decision-making process holds significant value and
applicability.
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INTRODUCTION

Down syndrome (DS), also known as trisomy 21 syndrome (Figure 1), is the most prevalent genetic disorder among
Chinese children. The disease arises due to a mutation of the 21 pair of chromosomes, resulting in the duplication of
genetic material. Common clinical manifestations include developmental abnormalities, intellectual disability, and an
increased propensity for digestive tract and cardiovascular malformations[1]. Reports suggest that the incidence of
congenital heart disease (CHD) in DS patients ranges from 40%-60% and can lead to heart failure, pulmonary vascular
disease (PVD), and pneumonia[2,3]. Early diagnosis and surgical intervention are vital to prolong survival and enhance
the quality of life of these children[4]. However, DS is a chromosomal disease impacting multiple systems, and opinions
differ on the effectiveness of surgical intervention.

In the present case, the patient was refused to be offered surgical intervention by multiple hospitals due to the high risk
of pulmonary arterial resistance. However, after extensive consultation, our hospital reassessed the patient’s situation and
proposed a promising treatment plan that ultimately gave the child a chance at life. This case may serve as a valuable
reference for the management and treatment of similar cases.

CASE PRESENTATION

Chief complaints
A 13-year-old boy presented to our hospital for further evaluation and treatment.

History of present illness

The patient was diagnosed as having DS with CHD. A patent ductus arteriosus (PDA) closure was successfully
performed, but atrial septal defect (ASD) closure was withheld due to the patient’s complicated pulmonary arterial
hypertension. After treatment, the patient’s activity tolerance improved. On July 29, 2020, the patient sought medical care
at the Yan’an Hospital of Kunming City, where cardiac catheterization revealed a pulmonary artery pressure of 95/41/66
mmHg and a right ventricular pressure of 97/-10/38 mmHg. He was diagnosed with ASD complicated with severe
pulmonary arterial hypertension, and continuation of oral Bosentan and Sildenafil for the management of pulmonary
arterial hypertension was recommended.

History of past illness

The patient’s medical history revealed that at 2 mo of age, he was diagnosed at another hospital with CHD characterized
by ASD and PDA. However, no treatment was provided. In 2018, the patient developed “cyanosis of the lips and
shortness of breath after exercise” and was admitted to Fuwai Hospital, where he was diagnosed with ASD and PDA,
along with an enlarged heart, severe pulmonary hypertension (PH), and cardiac function Grade IL

Physical examination

Physical examination revealed a pulse rate of 95 bpm, blood pressure of 113/55 mmHg, and pale purplish lips. Cardiac
percussion examination revealed leftward expansion of the heart border. Auscultation revealed regular heart rhythm
with mild hyperactivity of P2, but no discernible noise.
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Figure 1 Differences between the chromosomes of normal individuals and Down syndrome patients. A: Normal human chromosome sequence;
B: Down syndrome patients chromosome sequence.

Imaging examinations

Frontal and lateral chest digital radiography (DR) revealed the presence of reticular shadows in the mediastinal area
indicative of postoperative changes (Figure 2). A conventional 12-lead electrocardiogram (ECG) (Figure 3) was conducted
during the outpatient visit, which revealed sinus rhythm and right chamber hypertrophy. An echocardiogram was also
performed, which showed an ASD (central secondary foramen) with an interrupted middle echo in the atrial septum
measuring 0.813 cm. The position and functionality of the PDA interventional closing device were normal, the right
atrium and ventricle show enlarged diameters and increased wall thickness in the right ventricle (Figure 4). According to
subsequent reports, the patient exhibits blood flow signals indicating left-to-right shunting that can be visualized in the
atrium. Additionally, a small regurgitant jet can be observed at the tricuspid valve during atrial contraction, with peak
flow velocity of 398cm/s and a peak pressure gradient of 63mmHg. Following these assessments, the patient was referred
to our department for the management of “ASD and associated PH”.

FINAL DIAGNOSIS

The patient was finally diagnosed with: (1) ASD (central foramen secundum type); (2) moderate PH; (3) PDA (after
interventional closure); and (4) DS.

TREATMENT

For patients with inconsistent severe PH following the results of physical examination, ECG, chest DR, right cardiac
catheterization, and cardiac ultrasound, it is necessary to consider the possibility of measurement instrument errors and
judgment bias. We also considered the possibility of heart-lung combined transplantation. However, due to the high
surgical trauma and shortage of donors, we took a conservative approach when discussing this option. Further surgical
plans will be presented in the “DISCUSSION” section.

OUTCOME AND FOLLOW-UP

The patient ultimately did not accept our surgical recommendation and opted for conservative treatment (oral PH
medication) before being discharged.

We conducted a 6-mo follow-up during which the patient did not show significant improvement or worsening of his
condition. During the follow-up period, the patient sought medical care at two other hospitals and continued to decline
surgical treatment.

DISCUSSION

After extensive discussion by our hospital’s expert group, the following findings in this case are summarized. The child
had been diagnosed with DS associated with CHD. Despite a previous diagnosis by other medical facilities of severe PH
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Figure 2 Anteroposterior and lateral digital radiography of the chest.
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Figure 3 Conventional 12-lead electrocardiogram.

(systolic pulmonary pressure > 70 mmHg), our physical examination only noted mild accentuated P2 heart sound,
suggesting that the patient’s actual PH may be mild or nonexistent, or potentially present with a two-way shunt. And the
child’s ECG demonstrated right ventricular high voltage without any signs of right bundle branch block, and with a low
or upside-down ST-T wave, which suggests that the right ventricular hypertrophy may not have been significant. Chest
DR indicated slightly expanded pulmonary artery sections without any sparse blood vessels indicative of the “no
truncating phenomenon.” Therefore, further evaluation was necessary via right-heart catheterization to obtain critical
indicators for assessing the patient’s pulmonary artery pressure. Further investigation was conducted to analyze the
relationship between the patient’s PDA and ASD. In children with PDA, blood enters the pulmonary arteries through the
ASD, leading to a significant increase in pulmonary blood flow (PBF) and left ventricular overload, resulting in an
increase in long-term PBF and pulmonary vascular resistance (PVR), eventually leading to PH in later stages. As PH
worsens, right-to-left shunting occurs at the atrial level, known as the Eisenmenger syndrome, indicated by clinical
cyanosis. However, the child’s ultrasonic display did not show a significant increase in the left ventricle. This may be due
to the merged ASD, which leads to an increase in the left heart load and the occurrence of left-to-right shunting at the
atrial level. After interventional closure of the PDA, the left-to-right shunt in the atrium was reduced, and the systolic
pulmonary pressure decreased compared to that previously, significantly improving the patient’s symptoms.
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Figure 4 Echocardiography demonstrated the presence of an atrial septal defect and associated left to right shunt.

It is important to exercise caution and conduct proper communication and evaluation before considering the closure of
an ASD in a child with DS combined with CHD, as the prognosis is poor, and the risks associated with anesthesia and
surgery are substantial. It is also possible that, even after right heart catheterization, there still may not be any indication
for interventional closure or surgery. If a patient’s parents fully understand their child’s medical condition, treatment
plan, surgical risks and benefits, as well as prognosis, but still desire right heart catheterization and any necessary
interventional therapy, it is advisable to arrange for general anesthesia appropriate for the cardiac catheterization
procedure.

Unfortunately, the patient’s parents were unaware of the above situation and declined the surgical recommendation.
Therefore, further cardiac catheterization for examination and treatment was not performed, and he continued to take
pulmonary artery pressure-lowering drugs and was discharged from the hospital for follow-up.

We also performed a review of the related literature. CHD is the most common type of malformation associated with
DS and is a significant cause of mortality in DS patients. The early onset of PH resulting from cardiac defects and
respiratory tract hypoplasia can lead to PVD and heart failure, further worsening the timing of surgery and prognosis.
Early diagnosis and timely intervention are crucial in prolonging the survival and improving the quality of life of DS
patients.

DS is frequently associated with malformations across multiple organ systems, with CHD being the most significant
factor affecting patient survival. Approximately 40%-60% of DS cases are associated with CHD[5]. The specific types of
CHD associated with DS and their respective composition ratios vary across different countries and regions. In North
East England, atrioventricular septal defect (AVSD) is the most common (42%) type of CHD associated with DS, followed
by ventricular septal defect (VSD) at 31%. Other types such as ASD, tetralogy of Fallot (TOF), and PDA account for 15%,
5%, and 4%, respectively[5]. In Mexico, ASD is the most common type, accounting for approximately 38%, while VSD and
PDA make up 30% and 21%, respectively[6]. In Germany, the most frequently observed type of CHD in DS cases is AVSD
(51.2%), followed by VSD (25.1%), TOF (6.7%), and ASD (8.9%)[7]. In Asia, VSD is the most common type of CHD
associated with DS, accounting for 43%, followed by AVSD (15.4%), ASD (13.4%), and TOF (13.4%)[8]. The reasons for
these regional differences remain unclear.

The pathogenesis of PH in patients with DS and CHD is multifaceted and may be related to both anatomical and
physiological changes in the lung circulation[9]. Abnormal shunting caused by heart malformations and other factors,
such as upper respiratory tract obstruction and lung tissue development in DS children, contribute to the formation of
PH. Deformities in the heart structure result in abnormal shunting, with shunts flowing from left to right causing an
increase in PBF[10]. This creates additional shear force on the pulmonary vascular endothelium, leading to irreversible
internal cellular damage. Forward-looking studies have found that more than half of DS children show signs of PH, with
AVSD often being linked to its formation. Large internal defects cause a significant amount of blood to shunt from left to
right after birth, resulting in pulmonary vascular bed damage and the formation of PVD[11,12].

Furthermore, the abnormal blood shunt in the heart increases the blood flow in small arteries, leading to early
reflection spasm in the pulmonary arteries and increased pulmonary circulation resistance[13]. The prolonged high flow
in the pulmonary circulation leads to the main pathological change of blood vessel remodeling, eventually resulting in
irreversible PVD. Studies have demonstrated that, before the age of one year, DS children show lower average PBF and
average PVR levels compared to non-DS children[14,15]. Approximately 10% of DS children are diagnosed with
pulmonary vascular obstructive diseases (PVOD) before the age of one year, which is not observed in non-DS children.
Furthermore, compared to non-DS children with CHDs, DS children with CHDs exhibit a faster increase in PVR and an
equivalent trend towards PVOD in the first year after birth[16].

Endothelial progenitor cell dysfunction is also involved in the formation of PH in children with DS. Endothelial
progenitor cells maintain the stability of blood vessels and participate in the production of vascular endothelial cells[17].
Their dysfunction is mainly reflected in a reduction of cell number and physiological function, leading to damage in
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Table 1 Basic characteristics of included studies evaluated not suitable for surgery

Ref. Case Not suitable for surgery (%) Death without surgery (%)
Liu et al[22], 2015 77 17 (22.1) 5 (6.5)
Gu et al[5], 2016 9% 38 (39.6) 4(4.2)
Xu et al[23], 2019 30 0 (0) 0(0)
Guo et al[24], 2015 25 0(0) 0(0)
Zahari et al[25], 2019 414 270 (65.1) 37 (9.0)
Evans et al[26], 2014 4231 2200 (52.4) 85 (1.9)
Baban ef al[27], 2020 859 245 (28.5) 34 (4.0)
Aziz et al[28], 2020 18 6 (333) -
Santos et al[29], 2019 139 48 (34.5) 10 (6.8)
Dias et al[30], 2016 102 - 3(29)

maintaining the stability of blood vessels and resulting in severe or irreversible damage in the early stages of pulmonary
vessel development[18]. Furthermore, several studies have indicated higher levels of various inflammatory mediators in
DS children, including tumor necrosis factor-o, interleukin-6, and C-reactive protein, among others. This is also
considered to impact the number of endothelial progenitor cells circulating in the blood[19].

Early onset, severe disease, and rapid progression of PH are observed in patients with DS and CHD. Therefore, early
evaluation and diagnosis are critical to improving their prognosis. The assessment process involves echocardiography to
determine the morphological changes in the heart and detect the presence of PH. Generally, evaluation of pulmonary
arterial compression is conducted using the three-pointed reflux peak speed and Doppler ultrasonic images in
combination with other ultrasonic indicators that could potentially indicate PH, such as increased pulmonary valve reflux
speed, enlargement of the right heart cavity, and enlargement of the main pulmonary artery[20]. Evaluation also includes
clinical manifestations, peripheral blood oxygen saturation, and other indicators to determine the level of PH.

In some cases, cardiac catheterization and acute pulmonary vascular dilation tests may be necessary to determine the
level of PVD[21]. A pulmonary artery pressure of > 25 mmHg under right cardiac catheterization in a static state is
diagnostic for PH. Severe PH patients who cannot undergo surgery can lower their pulmonary artery pressure by taking
oral diuretics and vasodilators, and partially benefit from targeted therapies[21].

Children with DS and CHD often experience repeated lung infections, weight loss, and advanced heart failure in the
early stages before undergoing surgical treatment to correct cardiovascular malformations. Delayed treatment can result
in an increased risk of mortality[16-18]. To investigate the status of DS with CHD over the past decade, we conducted a
search of Chinese and international databases to identify cases who underwent surgical treatment. However, we found
that some of these cases were deemed unsuitable for surgery (Table 1). It is important to recognize that delaying surgical
treatment can increase the risk of severe complications and mortality. This highlights the need for early assessment and
diagnosis to improve the prognosis of DS children with CHD.

CONCLUSION

The data in Table 1 highlight a notable discrepancy between those deemed “unsuitable for surgery” and those who
passed away without undergoing surgery in various studies. This difference may be due to the various types of combined
heart diseases observed in different regions or sample size differences. Nevertheless, some children are unable to receive
surgical treatment and may even pass away while waiting for surgery.
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