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ABSTRACT

Introduction: The primary concern about Familial Pulmonary Arterial Hypertension (FPAH) is
the development of right heart failure, which ultimately leads to sudden death. Despite recent
advances in pharmacological therapy, the mortality rate in children is still high, emphasizing the
importance of novel treatments. Moreover, there is still no definitive treatment for children with
severe pulmonary hypertension. The consequences of right heart failure led to the proposal of
a surgical approach, the Potts shunt, to decompress the right ventricle, providing shunting of
deoxygenated blood to lower extremities and improving overall cardiac output. This surgical
technique creates an anastomosis between the left pulmonary artery and the descending
aorta, providing a palliative treatment to off-load the right ventricle.

Case Presentation: We report an 11-year-old girl with familial pulmonary arterial hypertension
and right ventricular failure who benefited from a Potts shunt with good mid-term results. The
patient was diagnosed at the age of 5 when she had a history of fainting and persistent syncope.
The patient was under medical treatment therapy with bosentan, sildenafil, acetylsalicylic
acid, and warfarin for six years. The results of molecular genetic testing, which was confirmed
with direct sequencing of the Bone Morphogenetic Protein Receptor Type 2 (BMPR2) gene,
revealed a heterozygous pathogenic mutation. Since she was diagnosed with Pulmonary Arterial
Hypertension (PAH), she lost her grandmother, an aunt, and father because of PAH. Her 14-year-
old sister also had mutated the BMPR2 gene without developing FPAH.

Conclusions: The Potts shunt provides an interventional step for palliation of patients with
familial pulmonary hypertension and severe right heart failure refractory to medical treatment.
It opens the door to the possibility of lung transplantation in the future. We did not see any
complications within 6 years after placing the Potts shunt.

* Corresponding Author:
Yazdan Ghandi, PhD.

Address: Department of Pediatrics Cardiology, Amir-Kabir Hospital, School of Medlicine, Arak University of Medical Sciences, Arak, Iran.

Tel: +98 (937) 8344116
E-mail: drghandi1351@gmail.com

July 2021, Volume 9, Issue 3, Number 23



https://orcid.org/0000-0001-7430-5825
https://orcid.org/0000-0001-8001-0812
https://orcid.org/0000-0002-8825-7163
http://jpr.mazums.ac.ir/page/69/Open-Access-Policy
mailto:drghandi1351@gmail.com
http://dx.doi.org/10.32598/jpr.9.3.913.1
https://crossmark.crossref.org/dialog/?doi=10.32598/jpr.9.3.913.1
http://jpr.mazums.ac.ir/page/69/Open-Access-Policy

July 2021, Volume 9, Issue 3, Number 23

1. Introduction

rimary Pulmonary Hypertension (PPH), which

is caused by the obstruction of precapillary

pulmonary arteries, is defined as a mean pul-

monary arterial pressure >25 mm Hg at rest

or >30 mm Hg during exercise [1]. The histo-
logical features reveal the proliferation of endothelial
and smooth muscle cells with vascular remodeling.

As the symptoms of Pulmonary Hypertension (PHTN)
develop gradually, most patients have nonspecific
symptoms resulting in late diagnosis. Regarding recent
reports, the average life expectancy of pediatric pa-
tients is less than a year after diagnosing the disease [2].

There is an increasing trend of mortality and morbidity
in patients with serious Pulmonary Arterial Hyperten-
sion (PAH) due to congestive right heart failure. Despite
recent advances in pharmacological therapy, the main
concern about Familial Pulmonary Arterial Hyperten-
sion (FPAH) is the development of right heart failure,
which ultimately leads to sudden death.

Pulmonary Arterial Hypertension (PAH) has insuffi-
cient intervention and dismal history. Arrhythmia and
acute RV (Right Ventricle) decompensation with impair-
ment of cardiac output are responsible for progressive
RV failure and or sudden death. The measurement of RV
function and off-loading its condition are respectively
the major prognostic factor and the ultimate aim of all
PAH treatment. Familial Primary Pulmonary Hyperten-
sion (FPPH) is an autosomal disorder mapped to a locus
designated PPH1 on 2g33 with reduced penetrance and
no heterogeneity sign.

Although the role of the pharmacotherapies in the
survival of PAH patients has been highly noticeable, new
generation treatments have been proved to promote
life quality, exercise endurance, and life expectancy [3].
However, it is also undeniable that not all these patients
respond to pharmacological interventions in the same
way. Moreover, these interventions are not affordable
and accessible to everyone, especially in developing
countries [3]. Many patients who were under medical
therapies develop acute symptoms of the disease. This
condition highlights the importance of surgical inter-
vention such as Atrial Septostomy (AS), lung transplan-
tation, and Potts shunt [3]. The following methods for
using drugs such as oral usage, subcutaneous injection,
and inhalation are now commercially attainable, influ-
encing one of the three major pathways involved in
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pulmonary hypertension (endothelin, nitric oxide, and
prostacyclin-mediated pathways).

Upon unsuccessful pharmacological therapy in children,
lung transplantation has been offered. However, based
on recent reports from the International Society of Heart
and Lung Transplantation (ISHLT), the consequences of
these surgeries were 5-year survival of 50% [2]. The sur-
gical mortality rate is high in adults with PAH, but there is
a sign of success in a surgical shunt placement (between
the left pulmonary artery and descending aorta) in chil-
dren. The Potts shunt is a surgical intervention that cre-
ates an anastomosis from the left pulmonary artery to
the descending aorta for off-loading the right ventricle
without remarkable upper body cyanosis.

To our knowledge, there have been reports of success-
ful Potts shunts, but this is the first case of familial pul-
monary hypertension who underwent the Potts shunt
with desirable mid-term results. In this report, we pres-
ent an 11-year-old girl with FPAH who underwent the
Potts shunt when she was 5.

2. Case Presentation

An 11-year-old girl with FPAH was referred to our
medical center. The causes of referral were exertional
cyanosis and one episode of syncope. The girl was admit-
ted with dyspnea on exertion, loss of energy, cyanosis,
and substernal discomfort. On physical examination,
her lungs were clear to auscultation; there was jugular
vein distention to the angle of the jaw at 45° elevation
with a palpable right ventricular heave. Her cardiac
exam revealed a holosystolic murmur in the lower left
sternal border and loud P2. On physical examination,
her toenails had mild clubbing. The respiratory rate was
25 breaths/minute, the heart rate was 110 beats/min-
ute, and the blood pressure was normal with 115/70
and 120/80 mm Hg in upper and lower extremities, re-
spectively. Furthermore, there was not any pathological
difference between upper and lower limb blood pres-
sure. She was in functional class lll at admission, and her
oxygen saturation was 90% in the upper extremities and
80% in the lower extremities.

The patient was diagnosed at the age of 5 when she
had a history of fainting and persistent syncope. At that
time, evaluations and examinations (echocardiogra-
phy, catheterization, and Tc-99m MAA lung perfusion
scan) confirmed the diagnosis of FPAH. The patient un-
derwent a surgical Potts shunt and was under medical
treatment therapy with bosentan, sildenafil, ASA, and
warfarin for six years without any complications. She
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lost her father, aunt, and grandmother within six years
due to PAH. Her 14-year-old sister also had a mutated
gene without developing FPAH. The results of molecular
genetic testing, which was confirmed with direct DNA
sequencing of the Bone Morphogenetic Protein Recep-
tor 2 (BMPR2) gene, showed heterozygous pathogenic
mutation at position ¢.377A>G, which encodes amino
acid change of p. Asn126Ser.

A transthoracic Doppler echocardiogram showed
Right Ventricular Enlargement (RVE) and Right Atrial En-
largement (RAE) with an Ejection Fraction (EF) of 65%. It
showed moderate Tricuspid (TR) and Pulmonary Regur-
gitation (PR) with pressure gradients of 70 and 90 mm
Hg, respectively. In addition, tricuspid annular plane sys-
tolic excursion, right ventricular end-diastolic diameter,
and right ventricular end-systolic diameter were 10, 5.7,
and 4.2 cm, respectively. Moreover, the Tricuspid Valve
(TV) E/A ratio was 0.78. Additional findings included di-
lation of the Main Pulmonary Artery (MPA), flattening
of the interventricular septum in diastole, LV deviation
in systolic phase, and decreased inspiratory collapse of
inferior vena cava. “D-shape” of the right ventricle with
the convexity of septum towards left ventricle was visi-
ble on short-axis views. There was no intracardiac shunt.
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Based on our echocardiography results, the patient
was at a high risk of RV failure or a pulmonary hyper-
tensive crisis. In echocardiography, the Potts shunt was
seen with a desirable outcome. Chest x-ray revealed
cardiomegaly, decreased Pulmonary Vascular Marking
(PVM), and prominent MPA silhouette (Figure 1).

Electrocardiogram (ECG) showed sinus rhythm with
RVE (tall R in V1 and right precordial leads with inverted
Tin V1-4) (Figures 2 and 3). Other ECG findings were T-
wave inversion in leads I, aVF, and V1-4, as well as sinus
tachycardia and right axis deviation.

Initial treatments and slight changes in medical ther-
apy, including increased therapeutic dosage, were per-
formed for the patient. Since she had syncope and right
heart failure, she was referred for the examination of the
Potts shunt to see whether she needs lung transplanta-
tion or angiography. Angiography can provide an oppor-
tunity for a post-dilating stent to a greater diameter.

3. Discussion and Review of the Literature
Familial pulmonary arterial hypertension is a serious

disease with the consequences of recurrent syncope
and right heart dysfunction. Although there were re-

Journal of Pediatrics Review

Figure 1. Chest X-ray revealing cardiomegaly, decreased pulmonary vascular marking, and prominent Main pulmonary artery silhouette
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Figure 2. ECG showing sinus rhythm with right ventricular enlargement (tall R in V1 and right precordial leads with inverted T in V1-4)

cent advances in pharmacological therapy (e.g. endo-
thelin receptor antagonists, prostaglandin E1, and nitric
oxide), FPAH is still known for its high mortality rate due
to severe RV failure.

As there was a male-to-male transmission in patients
with familial pulmonary hypertension, a previous study
excluded x-linkage of the gene and proved the pattern
of disease as an autosomal dominant with a 2 to 1 fe-
male to male ratio [4].

To our knowledge, this is the first report of a patient
with FPAH and right ventricle failure who benefited from
the Potts shunt with good mid-term results. Indeed, we
reported an 11-year-old girl with familial pulmonary ar-
tery hypertension who underwent a Potts shunt surgery
when she was 5.

Sue Hyun Kim et al. reported a case with suprasys-
temic idiopathic PAH who underwent the Potts shunt
with a good outcome [5]. A 4-year-old girl was admit-
ted to their clinic with vomiting, difficulty breathing,
and syncope and diagnosed with PPAH. The patient was
managed with sildenafil, digoxin, and diuretics. Since
the patient had a refractory right ventricular failure, she
received dobutamine for eight years along with bosen-
tan, Viagra, beraprost sodium, iloprost, digoxin, and di-
uretics. During eight years, she was suffered from daily
left-sided chest pain and recurrent syncope, which oc-
curred four to five times a month. Then they performed
a Potts shunt on her when she was 12 to provide the
possibility of lung transplantation in the future. She was
discharged one month after surgery with the functional
class of lll. Her O, saturation in the upper and lower ex-
tremities were 98% and 74%, respectively [5].
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Figure 3. ECG findings considering T-wave inversion in leads Ill, aVF, and V1-4, sinus tachycardia and right axis deviation
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Although these two cases have many similarities,
such as the signs and age of their presentation, we per-
formed a genetic evaluation for our case. Furthermore,
there were more differences in the management of
these two cases. The case of Sue Hyun Kim et al. un-
derwent a Potts shunt after eight years of medical treat-
ment while we performed a Potts shunt at the time of
diagnosis and medical therapy started since then. In ad-
dition, there were improvements in the functional class
of the two patients.

In 1946, Willis J. Potts devised the Potts shunt for treat-
ing cyanotic patients [6]. Necker-Enfants Hospital in Paris
was the first medical center that utilized the Potts shunt
to treat pulmonary arterial hypertension. The surgeons
placed Potts shunts in a minority group of patients with
PAH, and the short-term outcome was acceptable [7].

In previous studies, the notion of familial pulmonary
hypertension occurs at an earlier age with each suc-
cessive generation, raising the possibility of genetic
anticipation. Genetic anticipation is a hypothesis claim-
ing that the disease manifests at an earlier age in each
successive generation and is more severe as the gene
passes through successive generations. Many geneti-
cists now believe that ascertainment bias can prove ge-
netic anticipation [8].

JE Loyd et al. showed that the number of patients with
FPPH is smaller in distant generations, although the FPPH
was diagnosed in the three generations related to their
cases. Yet, the idea that the severity of disease increases
in a subsequent generation has remained uncertain [4].

Abnormalities of vascular and endothelial hemostasis,
including imbalance of prostacyclin and thromboxane A2
and abnormal pulmonary clearance of endothelin-1, are
seen in all patients with PAH. Moreover, histological le-
sions are present in patients who suffered from PAH [9].

Along with the progression in the usage of epopros-
tenol in the late 1980s and the more accessibility of
sildenafil, bosentan, and iloprost, the treatment of PAH
was developed noticeably in the past few years [10, 11].

While previous studies were not involved with surgi-
cal procedures, it was observed that a high group of
patients received medical therapies suggested for PAH,
despite the absence of controlled trials supporting
their use in children. Moreover, research done by Alain
Fraisse et al. [9] showed that patients, who received
PAH-specific medical therapies for 2 years, showed im-
provement in their life quality and 6-minute walk dis-
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tance. Furthermore, 73% of patients with PAH showed
either improvement or no change in functional class.

Whereas patients with PAH have a dismal prognosis,
the improvement in their status was promising, al-
though they had to increase the therapeutic dosage.
Comparing with the mean survival of 10 months an-
nounced by the National Institutes of Health registry in
1991 or 37% at one year and 12.5% at 2.5 years seen in
a Canadian study, after the availability of PAH-specific
therapies, the mean survival rates are 86% at one year
and 82% at two years [12, 13]. After the treatment with
bosentan, the survival rates were 88% at two years [14]
and 88% at three years with epoprostenol [15] in chil-
dren with idiopathic pulmonary arterial hypertension.

There was a similarity between these survival figures
and those recently reported by Haworth and associates.
Children with idiopathic pulmonary arterial hyperten-
sion under medical therapy with epoprostenol, silde-
nafil, and or bosentan had the survival rate of 86% at
one year in Alain Fraisse’s report and 80% at three years
in Haworth’s report [16].

Alain Fraissea et al. proved that dealing with novel
treatments of adults with primary arterial hypertension
can be a leading point to improve the management of
pediatrics with PAH [9]. In other words, the idea of be-
ginning treatment with single PAH-specific therapy and
combination therapy resulted in higher disease survival
in both pediatric and adult trials [16]. This finding em-
phasizes the need for further evaluation of the treat-
ment of patients with pulmonary arterial hypertension,
which eventually empowers physicians to make accu-
rate decisions.

Mutations in the BMPR2 gene have been linked to pul-
monary arterial hypertension, a fetal, progressive dis-
ease of the pulmonary vascular system. Although there
has been a mutation in the BMPR2 gene in many PAH
families, direct sequencing only shows a mutation in
55% of familial patients, and about 10% to 40% of cases
are idiopathic pulmonary arterial hypertension [8].

Benjamin Sztrymf et al. showed that patients with
BMPR2 gene mutation predispose to a severe presenta-
tion at the diagnosis time compared with non-carriers.
Furthermore, the patients with BMPR2 gene mutation
appeared to show the signs of PAH 10 years earlier than
non-carriers. Knowing the mechanism of this mutation
helps define a subclass of patients presenting severe signs
of PAH [17]. Benjamin Sztrymf et al. also showed that the
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age at which they diagnosed this disease is remarkably
younger in BMPR2 mutation carriers than non-carriers.

Patients with BMPR2 mutation have higher mean Pul-
monary Artery Pressure (PAP) and severe hemodynamic
compromise at the time of diagnosis in comparison with
non-carriers. Intravenous prostacyclin is more appro-
priate for BMPR2 mutation carriers as the first line of
therapy. In addition, the ability to undergo lung trans-
plantation is more likely to happen in BMPR2 mutation
carriers with a remarkably shorter time to death than
non-carriers. Also, death is much faster in patients with
BMPR2 mutation than non-carriers [17].

A large single-center announced that 46% of patients
with PAH refused lung transplantation or died before
transplantation and listing, although it was often con-
sidered a specific and promising treatment for pulmo-
nary arterial hypertension. The decreased function is
noticeable after transplantation [18, 19].

Arterial Septal Defect (ASD) creation and Potts shunt
are two ways of anatomic therapy in PAH. Success in
ASD creation appeared to be undesirable. Reports
showed that within 24 hours of the intervention, the
mortality rate is between 7% and 15% within a month
[20]. Progressive RV dysfunction, hypoxia, complica-
tions of direct procedural, hemoptysis, and multiorgan
failure are responsible for the death of patients with
PAH. Morbidity might occur with the exposure of the
cerebral circulation to hypoxemia, paradoxical emboli,
and spontaneous ASD closure [21].

Catheter-based creation of a Potts shunt, previously
reported in animals without PAH [22, 23], may be a logi-
cal option. Since April 2012, Transcatheter Potts Shunt
(TPS) was done in 7 patients and performed in 4 by
Jesse J.Esch and associates [24]. According to recent re-
ports, TPS creation is efficient. This procedure provided
an interventional step for palliation of patients with re-
fractory PAH [24].

Indeed, Esch et al. described an innovative technique
to create a TPS to bypass the risk of the surgery that
was essentially needed [24]. In their research, Esch et
al. placed TPS in four patients with pulmonary arterial
hypertension under general anesthesia. To create the
shunt, a stent should be placed between the vessels.
This procedure was guided by fluoroscopy. Overall the
procedure appeared successful in three patients, but
one case died during the surgery because of uncon-
trolled hemothorax. Also, within the next few days, an-
other patient passed away due to ventilation-associated
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pneumonia. The two remaining patients, however, ben-
efited from Potts shunt, and no complications were ob-
served after 4 and 10 months of follow-up.

Baruteau et al. reported their experience in managing
patients with PAH with both surgical anastomosis and
TPS [25]. In their research, 24 patients (1.5-17 years old)
with drug-refractory PAH underwent a Potts shunt (19
surgical and 5 transcatheter). Among these 24 patients,
6 (25.0%) from the surgical group showed severe com-
plications in which 3 of them died due to low cardiac
output (12.5%). There was a progressive improvement
in the World Health Organization (WHO) functional
class (WHO-functional class 1 or 2) in the 21 remain-
ing patients after a median follow-up of 2.1 years which
ranged from 3 months to 14.3 years. Furthermore, the
mean 6-min walk distance improved. There were not
any reports of syncope and deterioration of RV func-
tion. The levels of BNP (B-type natriuretic peptide) or
NT-proBNP (N-terminal pro B-type natriuretic peptide)
were normalized in all patients. Finally, the researchers
reported that children with drug-refractory PAH who
underwent Potts shunt improved in the functional class.

Since the Potts shunt reduced arterial blood oxygen
saturation at the lower extremities, an arterial blood
oxygen saturation gradient is created between the up-
per and lower extremities. The Potts shunt results in
the improvement of the functions of the right side of
the heart, which eventually elevates the total functional
status of the patient. Furthermore, the Potts shunt low-
ers the suprasystemic pulmonary hypertension to the
systemic level.

Based on the research accomplished by Gorbachevsky
et al. [26], while a Potts shunt can dramatically minimize
the chances of syncope, hypoxemia of the lower limbs is
moderate and highly endurable. They also showed that
a Potts shunt could decrease the right ventricle-to-left
ventricle end-diastolic diameter ratio, per echocardiog-
raphy, and the suprasystemic pulmonary hypertension
is decreased to the systemic level, which ultimately
equalizes the pressure of both ventricles [26].

It seems that Potts shunt, which creates an anasto-
mosis between the left pulmonary artery and the de-
scending aorta, would be an innovative procedure for
the management of patients with PAH. Although this
innovative approach is highly endurable and had good
mid-term results, we evaluated the possibility of late
complications. Likewise, in patients with Eisenmenger
syndrome, chronic lower extremity cyanosis could
cause renal dysfunction, erythrocytosis, hypertrophic
osteoarthropathy, or gout. This condition suggests the
probability of paradoxical embolism to the lower body.
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The persistence of the Potts shunt’s function is some-
how unclear. Fortunately, we did not recognize any no-
ticeable complications in our patient.

4. Conclusion

The Potts shunt creates an anastomosis between the
left pulmonary artery and the descending aorta and
provides a palliative treatment to decompress the right
ventricle without causing upper body cyanosis. The
Potts shunt can be considered as an alternative option
in the management of patients with familial pulmonary
hypertension and severe right heart failure refractory to
medical treatment. This procedure can open the door
to the possibility of lung transplantation in the future.
There were not any signs of complication in our patient
within six years of follow-up.
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