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Abstract
Background We report the occurrence of a severe pulmonary hypertension (PH) in a neonate affected by a left 
congenital diaphragmatic hernia (CDH). PH in this patient was associated with an abnormal origin of the right 
pulmonary artery from the right brachiocephalic artery. This malformation, sometimes named hemitruncus arteriosus, 
has to the best of our knowledge never been reported in association with a CDH.

Case presentation A male newborn was hospitalized from birth in the neonatal intensive care unit after prenatal 
diagnosis of a left CDH. Ultrasound examination at 34 weeks of gestational age evaluated the observed-to-expected 
lung-to-head ratio at 49%. Birth occurred at 38+ 5 weeks of gestational age. Soon after admission, severe hypoxemia, 
i.e., preductal pulse oximetry oxygen saturation (SpO2) < 80%, prompted therapeutic escalation including the use 
of high frequency oscillatory ventilation with fraction of inspired oxygen (FiO2) 100% and inhaled nitric oxide (iNO). 
Echocardiography assessment revealed signs of severe PH and normal right ventricle function. Despite administration 
of epoprostenolol, milrinone, norepinephrine, and fluid loadings with albumin and 0.9% saline, hypoxemia remained 
severe, preductal SpO2 inconsistently greater than or equal to 80-85% and post ductal SpO2 lower on average by 
15 points. This clinical status remained unchanged during the first 7 days of life. The infant’s clinical instability was 
incompatible with surgical intervention, while chest X-ray showed a relatively preserved lung volume, especially on 
the right side. This prompted an additional echocardiography, aimed at searching an explanation of this unusual 
evolution and found an abnormal origin of the right pulmonary artery, which was confirmed on computed 
tomography angiography subsequently. A change in the medical strategy was decided, with the suspension of 
pulmonary vasodilator treatments, the administration of diuretics, and the decrease in norepinephrine dose to 
decrease the systemic-to-pulmonary shunt. Progressive improvement in the infant respiratory and hemodynamic 
status enabled to perform CDH surgical repair 2 weeks after birth.
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Background We report the occurrence of a severe pul-
monary hypertension (PH) in a neonate affected by a left 
congenital diaphragmatic hernia (CDH) associated with 
an abnormal origin of the right pulmonary artery from the 
right brachiocephalic artery, also named right hemitrun-
cus arteriosus.
In newborns with CDH, respiratory failure originates 
from abnormal lung development, which affects the 
alveoli as well as their vascularization. This results in 
pulmonary hypoplasia, but also structural and func-
tional vascular abnormalities that cause persistent PH 
[1]. Underdevelopment and abnormal vasoreactivity 
of the pulmonary vasculature result in sustained eleva-
tion of pulmonary vascular resistance and low pulmo-
nary blood flow, causing right-to-left shunting of blood 
across the ductus arteriosus and/or the foramen ovale, 
and, ultimately, refractory hypoxemia [2]. Management 
mainly consists in supporting respiratory function with 
mechanical ventilation, with the aim of maintaining pre-
ductal SpO2 > 80% and partial pressure of carbon diox-
ide (PCO2) between 50 and 70 mmHg [3]. Treatment of 
CDH-associated PH with vasodilator treatments such as 
inhaled nitric oxide (iNO), prostacyclin, sildenafil, or mil-
rinone should be limited to severe forms after optimiza-
tion of alveolar ventilation, control of stress and pain, and 
correction of hypovolemia [4, 5].

This standardized support may be unsuitable in very 
specific situations, in particular with congenital malfor-
mations. According to a recent review, 15% of neonates 
with CDH have congenital heart disease, of which 42% 
are critical [6]. Anomalous origin of the branches of the 
pulmonary artery to the aorta accounts for 0.12% of con-
genital heart defects [7]. In most cases, the right pulmo-
nary artery arises from the posterior wall of ascending 
aorta, very near the aortic valve, is isolated (e.g., with-
out intracardiac malformation), as opposed to left pul-
monary artery forms [8]. From the rare cases reported 
in the literature, no association with genetic syndromes 
has been described in right hemitruncus arteriosus [9]. 
Without early surgical repair, the patient is exposed to 
severe pulmonary hypertension, and, ultimately, cardiac 
dysfunction [10]. This malformation has to the best of 
our knowledge never been reported in association with 
a CDH.

The challenge of this rare association (left CDH with 
an abnormal origin of the right pulmonary artery from 
the right brachiocephalic artery) was then to totally 

reverse the therapeutic strategy, to restore an adequate 
hemodynamic.

Case presentation
A male newborn was hospitalized after birth in the neo-
natal intensive care unit (NICU) after prenatal diagno-
sis of a left congenital diaphragmatic hernia (CDH). The 
infant was the second child of consanguineous (first-
degree cousins) and healthy North African parents. The 
couple had been referred at the last trimester of preg-
nancy to the expert center for CDH in our institution. At 
34 weeks of gestational age, prenatal ultrasound showed 
left CDH associated with various anomalies: short cor-
pus callosum (< 1st centile), palate cleft, azygous venous 
return, bilateral cryptorchidism, and intrauterine growth 
retardation (< 3rd centile according to the French refer-
ence values[11]). Ultrasound examination at 34 weeks 
of gestational age evaluated the observed-to-expected 
lung-to-head ratio at 49%, and magnetic resonance imag-
ing (MRI) at 35 weeks of gestational age measured the 
observed-to-expected total fetal lung volume at 33%, 
corresponding to a mild-to-moderate severity in terms 
of prediction of CDH-related lung hypoplasia [12]. In 
addition, MRI showed a persistent portion of the ante-
rior diaphragm, which maintained the liver in abdomi-
nal position. Standard karyotype and array comparative 
genomic hybridization revealed no abnormality.

Birth occurred at 38+ 5 weeks of gestational age by 
cesarean section for fetal bradycardia and membrane 
rupture, with a weight of 2670 g (5th centile), a height of 
47 cm (8th centile), and a head circumference of 34.5 cm 
(55th centile). Apgar scores at 1, 5 and 10  min were, 
respectively, 2, 3 and 5. Arterial cord blood pH was 7.21 
and cord lactate was 2.5 mmol/L. Nasotracheal intuba-
tion was achieved 2  min after birth, and the infant was 
transported in the NICU. Clinical examination con-
firmed palate cleft, left cryptorchidism with a short penis 
(19  mm), and distal arthrogryposis of the hands and 
feet. Soon after admission, severe hypoxemia, i.e., pre-
ductal pulse oximetry oxygen saturation (SpO2) < 80%, 
prompted therapeutic escalation including the use of 
high frequency oscillatory ventilation with fraction of 
inspired oxygen (FiO2) 100% oxygen and inhaled nitric 
oxide (iNO, 20 ppm). Echocardiography revealed signs 
of severe PH, with estimated systolic pulmonary artery 
pressure of 80 mmHg from peak tricuspid regurgitant 
jet velocity, inverted septal curvature, and a predominant 
right-to-left shunt in a large persistent ductus arteriosus 

Conclusions This case recalls the interest of systematic analysis of all potential causes of PH in a neonate with CDH, a 
condition frequently associated with various congenital malformations.

Keywords Congenital diaphragmatic hernia, Congenital heart disease, Pulmonary hypertension, Poiseuille’s law, 
Pediatrics
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(PDA) of 4.5 mm of diameter. In addition, echocardiog-
raphy showed a normal right ventricle function (absence 
of dilation, tricuspid annular plane systolic excursion 
of 8.5  mm), and confirmed the absence of intracardiac 
defect, the absence of inferior vena cava, and the pres-
ence of the azygous venous return. Despite administra-
tion of epoprostenolol, milrinone, norepinephrine, and 
fluid loadings with albumin and 0.9% saline, hypoxemia 
remained severe, preductal SpO2 inconsistently greater 
than or equal to 80-85% and post ductal SpO2 lower on 
average by 15 points.

This clinical status remained unchanged during the 
first 7 days of life, with. The infant’s clinical instabil-
ity was incompatible with surgical intervention, while 
chest X-ray showed a relatively preserved lung volume, 
especially on the right side (Fig.  1). This prompted an 
additional echocardiography, aimed at searching an 
explanation of this unusual evolution. The pulmonary 
veins were in normal position, with no stenosis, and left 
ventricle function was normal, with no aortic coarcta-
tion. However, the right pulmonary artery was poorly 
visualized, and appeared to probably originate from the 
right brachiocephalic artery, with significant diastolic 
reflux in the descending aorta and increased flow in the 
right pulmonary vein. This abnormal origin of the right 
pulmonary artery was confirmed on computed tomogra-
phy angiography performed 9 days after birth (Fig. 2).

A change in the medical strategy was decided, with 
the suspension of pulmonary vasodilator treatments, the 
administration of diuretics, and the decrease in norepi-
nephrine dose to target a minimal mean blood pressure 
of 35–45 mmHg to decrease the systemic-to-pulmonary 
shunt. Progressive improvement in the infant respiratory 

and hemodynamic status enabled to perform CDH sur-
gical repair 2 weeks after birth. Then, surgical reimplan-
tation of the right pulmonary artery in the trunk of the 
pulmonary artery was performed 5 weeks after birth.

Discussion
Unstable refractory hypoxemia in an infant with CDH 
despite apparently appropriate treatment should ques-
tion the origin of the PH and make consider multifacto-
rial causes. Several unusual data should have drawn our 
attention in this observation and, first of all, uncertainty 
about pulmonary hypoplasia, the severity of which is 
often superimposed on that of PH. In this respect, there 
was discrepancy between lung-to-head ratio, which pre-
dicted a mild disease and total fetal lung volume, which 
predicted a moderate-to-severe disease [12, 13]. In addi-
tion, the satisfactory recruitment of the right lung, result-
ing in PCO2 measurements regularly below the target 
values, were not consistent with severe restrictive respi-
ratory insufficiency.

Extracorporeal membrane oxygenation (ECMO) is a 
rescue support in neonatal CDH with cardio-respiratory 
failure, with persistent controversies about patient selec-
tion, timing of initiation and timing of surgical repair 
[2]. In our patient, the severity of PH and the settings of 
high frequency oscillatory ventilation were arguments for 
recourse to extracorporeal life support [14]. On the other 
hand, the multiple anomalies observed on prenatal ultra-
sound as on postnatal examination suggested a genetic 
abnormality or syndrome. After sharing this information 
with parents, and also taking into account the potential 
complications of ECMO,[15] we decided against this 
option.

Fig. 1 Chest X-ray at day 1 (left panel) and day 5 (right panel) of life. Chest radiography shows the bowel loops occupying part of the left hemithorax the 
1st post-natal day, and a relatively preserved lung volume, especially on the right side, the 5th post-natal day
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The classical physiology of PH in CDH distinguishes 
three main phenotypes: (i) mild or non-existent PH with 
normally functional right ventricle; (ii) precapillary PH 
with predominant right-to-left PDA and atrial shunts, 
possibly associated with right-sided heart failure with 
or without secondary left-sided heart failure; and (iii) 
post-capillary PH with primary left-sided heart failure, 
and predominant right-to-left ductus arteriosus shunt 
and left-to-right atrial shunt [2]. According to Poiseuille 
equation, pulmonary artery pressure depends on pul-
monary blood flow, right ventricular afterload and left 
atrial pressure. Thus, assessment of all potential causes 
of PH in a patient needs to consider PH associated with 
increased pulmonary vascular resistance, as well as with 
increased pulmonary blood flow [16].

The ratio of acceleration time over right ventricular 
ejection time in the main pulmonary artery is a relevant 

ultrasound Doppler index to assess precapillary pulmo-
nary vascular resistance,[17] and relative shortening of 
pulmonary artery acceleration time has been associated 
with CDH severity [18]. In our patient, however, this 
index was not relevant, as right lung perfusion was sup-
plied by the left ventricle, whereas left lung perfusion was 
supplied by the right ventricle. Persistence of a right-to-
left flow through a tubular ductus arteriosus, which gen-
erally indicates increased right-sided cardiac pressures, 
also gave the opportunity, in this hemodynamic situa-
tion, to distribute part of the systemic volume flow and 
to reduce PH severity of the left lung, as exceptionally 
observed in adults [19].

Repeated echocardiography examinations performed 
in this patient found no evidence for post-capillary PH. 
Careful examination confirmed the absence of pulmonary 

Fig. 2 3D reconstruction of computed tomography angiography. Reconstruction showing the anomalous origin of the right pulmonary artery from the 
right brachiocephalic artery (indicated by the white arrow)
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vein stenosis, mitral stenosis, left ventricle dysfunction, 
left outflow tract obstacle, or aortic coarctation.

The unexpected occurrence of an increased pulmonary 
blood flow in the present CDH infant, led to the search 
for left-to-right shunt, and, ultimately, to the identifica-
tion of an anomalous origin of the right pulmonary artery 
from the ascending aorta. The challenge was then to 
totally reverse the therapeutic strategy. Our objective was 
first to reduce pulmonary blood flow by increasing pul-
monary vascular resistance, which involved suspension 
of pulmonary vasodilators, elevation of ventilation pres-
sures, and permissive hypercapnia. In addition, we aimed 
to reduce systemic-to-pulmonary difference in vascular 
resistance. Therefore, we reduced norepinephrine dose, 
as this drug increases systemic vascular resistance but 
reduces pulmonary vascular resistance in experimental 
CDH [16].

In conclusion, this case reports the importance of 
going back to the basics of physiology in complex hemo-
dynamic situations, especially when the expected evolu-
tion is not observed. Indeed, we usually only find what 
we are looking for.

Abbreviations
CDH  congenital diaphragmatic hernia
ECMO  extracorporeal membrane oxygenation
FiO2  fraction of inspired oxygen
MRI  magnetic resonance imaging
NICU  neonatal intensive care unit
iNO  inhaled nitric oxide
PCO2  partial pressure of carbon dioxide
PH  pulmonary hypertension
SpO2  pulse oximetry oxygen saturation

Acknowledgements
The authors thank the patient’s family.

Authors’ contributions
Dr. Gavotto, Prof. Amedro and Prof. Cambonie drafted the initial manuscript, 
and reviewed and revised the manuscript. Dr. Gavotto and Prof. Cambonie 
collected data, carried out the initial analyses, and reviewed and revised the 
manuscript. Dr. Gavotto and Prof. Cambonie coordinated and supervised data 
collection, and critically reviewed the manuscript. All authors approved the 
final manuscript as submitted and agree to be accountable for all aspects of 
the work.

Funding
No financial support was received.

Data Availability
The dataset supporting the conclusions of this article is contained within the 
manuscript.

Declarations

Competing interests
The authors declare that they have no competing interests.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the parents of the patient for 
publication of this case report and the accompanying images. A copy of the 
signed consent form is available for review by the Editor of this journal.

Author details
1Department of Neonatal Medicine and Pediatric Intensive Care, Arnaud 
de Villeneuve Hospital, Montpellier University Hospital, 371 Avenue du 
Doyen Giraud, 34295 Montpellier, France
2PhyMedExp, CNRS, INSERM, University of Montpellier, Montpellier, France
3Paediatric and Congenital Cardiology Department, M3C National 
Reference Centre, Bordeaux University Hospital, Bordeaux, France
4IHU Liryc, INSERM 1045, Bordeaux University, Bordeaux, France
5Pathogenesis and Control of Chronic Infection, INSERM UMR 1058, 
University of Montpellier, Montpellier, France

Received: 29 March 2023 / Accepted: 28 June 2023

References
1. Abman SH, Baker C, Gien J, Mourani P, Galambos C. The Robyn Barst Memo-

rial Lecture: Differences between the fetal, newborn, and adult pulmonary 
circulations: relevance for age-specific therapies (2013 Grover Conference 
series). Pulm Circ. 2014;4:424–40.

2. Bhombal S, Patel N. Diagnosis & management of pulmonary hypertension in 
congenital diaphragmatic hernia. Semin Fetal Neonatal Med. 2022;27:101383.

3. Storme L, Boubnova J, Mur S, Pognon L, Sharma D, Aubry E et al. Review 
shows that implementing a nationwide protocol for congenital diaphrag-
matic hernia was a key factor in reducing mortality and morbidity. Acta 
Paediatr Oslo Nor 1992. 2018;107:1131–9.

4. Gupta VS, Harting MT. Congenital diaphragmatic hernia-associated pulmo-
nary hypertension. Semin Perinatol. 2020;44:151167.

5. Gavotto A, Thomas F, Werner O, Moreau J, Amedro P. Use of Treprostinil in 
Pediatric Pulmonary Hypertension: Case Reports and Review of the literature. 
J Cardiovasc Pharmacol. 2020;76:23–31.

6. Montalva L, Lauriti G, Zani A. Congenital heart disease associated with 
congenital diaphragmatic hernia: a systematic review on incidence, prenatal 
diagnosis, management, and outcome. J Pediatr Surg. 2019;54:909–19.

7. Gnanappa GK, Laohachai K, Orr Y, Ayer J. Isolated anomalous origin of Left 
Pulmonary Artery from the descending aorta: an embryologic ambiguity. 
Ann Thorac Surg. 2016;102:e439–41.

8. Prifti E, Bonacchi M, Murzi B, Crucean A, Leacche M, Bernabei M, et al. Anoma-
lous origin of the right pulmonary artery from the ascending aorta. J Card 
Surg. 2004;19:103–12.

9. Diab K, Richardson R, Pophal S, Alboliras E. Left hemitruncus associated 
with tetralogy of fallot: fetal diagnosis and postnatal echocardiographic and 
cardiac computed tomographic confirmation. Pediatr Cardiol. 2010;31:534–7.

10. Nathan M, Rimmer D, Piercey G, del Nido PJ, Mayer JE, Bacha EA, et al. Early 
repair of hemitruncus: excellent early and late outcomes. J Thorac Cardiovasc 
Surg. 2007;133:1329–35.

11. Salomon LJ, Duyme M, Crequat J, Brodaty G, Talmant C, Fries N, et al. French 
fetal biometry: reference equations and comparison with other charts. 
Ultrasound Obstet Gynecol Off J Int Soc Ultrasound Obstet Gynecol. 
2006;28:193–8.

12. Mehollin-Ray AR. Prenatal lung volumes in congenital diaphragmatic hernia 
and their effect on postnatal outcomes. Pediatr Radiol. 2022;52:637–42.

13. Deprest JA, Benachi A, Gratacos E, Nicolaides KH, Berg C, Persico N, et al. 
Randomized trial of fetal surgery for moderate left diaphragmatic hernia. N 
Engl J Med. 2021;385:119–29.

14. Guner Y, Jancelewicz T, Di Nardo M, Yu P, Brindle M, Vogel AM et al. Manage-
ment of Congenital Diaphragmatic Hernia Treated With Extracorporeal Life 
Support: Interim Guidelines Consensus Statement From the Extracorpo-
real Life Support Organization. ASAIO J Am Soc Artif Intern Organs 1992. 
2021;67:113–20.

15. Kays DW. ECMO in CDH: is there a role? Semin Pediatr Surg. 2017;26:166–70.
16. Hansmann G, Koestenberger M, Alastalo T-P, Apitz C, Austin ED, Bonnet D, 

et al. 2019 updated consensus statement on the diagnosis and treatment 
of pediatric pulmonary hypertension: the european Pediatric Pulmonary 



Page 6 of 6Gavotto et al. BMC Pediatrics          (2023) 23:349 

Vascular Disease Network (EPPVDN), endorsed by AEPC, ESPR and ISHLT. J 
Heart Lung Transplant Off Publ Int Soc Heart Transplant. 2019;38:879–901.

17. Levy PT, Patel MD, Groh G, Choudhry S, Murphy J, Holland MR, et al. 
Pulmonary artery acceleration time provides a Reliable Estimate of Invasive 
Pulmonary Hemodynamics in Children. J Am Soc Echocardiogr Off Publ Am 
Soc Echocardiogr. 2016;29:1056–65.

18. Kipfmueller F, Akkas S, Pugnaloni F, Bo B, Lemloh L, Schroeder L, et al. 
Echocardiographic Assessment of Pulmonary Hypertension in Neonates with 
congenital diaphragmatic hernia using Pulmonary Artery Flow characteris-
tics. J Clin Med. 2022;11:3038.

19. Jaillard S, Elbaz F, Bresson-Just S, Riou Y, Houfflin-Debarge V, Rakza T, et 
al. Pulmonary vasodilator effects of norepinephrine during the develop-
ment of chronic pulmonary hypertension in neonatal lambs. Br J Anaesth. 
2004;93:818–24.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Think out of the box: association of left congenital diaphragmatic hernia and abnormal origin of the right pulmonary artery
	Abstract
	Case presentation
	Discussion
	References


