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A B S T R A C T

We report a neonate with left congenital diaphragmatic hernia and severe left ventricular dysfunction, in whom the
blood flow in the transverse arch and its branches was supported in a retrograde fashion by patent ductus arteriosus.
There was only minimal antegrade flow across the aortic valve and hemodynamic physiology resembled critical
aortic stenosis, necessitating the immediate use of prostaglandin E1 infusion to maintain the patent ductus
arteriosus.
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Introduction

Retrograde flow in the ascending and trans-
verse aorta predicts survival in infants with

critical aortic valve stenosis (AS) after biventricular
repair.1 Critical AS is a ductal-dependent lesion
requiring use of prostaglandin E1 (PGE) to main-
tain systemic circulation with blood supply from
patent ductus arteriosus (PDA).2 Infants with con-
genital diaphragmatic hernia (CDH) have been
reported to have impaired left ventricular (LV)
function.3 Thankavel et al. reported a neonate
with left CDH in whom a retrograde flow in the
transverse aortic arch was present in the setting of
normal LV function.4 We present a neonate with
left CDH with severe LV dysfunction, a retro-
grade flow in the transverse arch, and minimal
antergrade flow across the aortic valve. The hemo-
dynamics in our case resembled critical aortic
stenosis.

Case Report

A female infant with prenatal diagnosis of CDH at
20 weeks gestation was born at 38 weeks gestation
via normal vaginal delivery to a 29-year-old G4P3
mother. Prenatal history was unremarkable except
for the diagnosis of CDH and maternal use of
tobacco. Chromosomal testing of amniotic fluid
showed a normal female katyotype (46XX). Her
birth weight was 2.9 kg with Apgar scores of 8 and

9 at 1 and 5 minutes, respectively. Immediately
after birth, she was intubated and umbilical arterial
and venous lines were placed. Capillary refill was
prolonged at 4–5 seconds with cold extremities
and diminished rapid pulses. Blood pressure was
57/35 mm Hg with a mean of 44 mm Hg. Heart
rate was 165 beats per minute. Her oxygen satu-
ration was 70% on FiO2 100% (on ventilator).
Breath sounds were reduced on left side and heart
sounds were audible on the right side of the chest.
The first and second heart sounds were normal
without appreciable murmurs, click, or gallop.
Abdomen was flat. These findings were consistent
with left CDH. Her initial arterial blood gas
showed severe respiratory acidosis with pH 6.99,
pCO2 74 mm Hg, pO2 43 mm Hg, base excess
-13 mmol/L. Initial echocardiography showed
normal four chamber intracardiac anatomy with
normal LV size (LV internal dimension in diastole
21 mm, z-score +1.65). Mitral valve annulus mea-
sured 9.1 mm (z-score -0.1). Aortic valve annulus
measured 5.5 mm (z-score +0.36). There was
normal left aortic arch without evidence of coarc-
tation of the aorta. A large PDA was seen with a
large right-to-left shunt. Moderate left-to-right
shunt was seen through secundum atrial septal
defect. Pulmonary venous return was normal. The
LV function was severely reduced (ejection frac-
tion 18%). The calculated cardiac output was
0.13 L/min with velocity time integral at the aortic
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valve of 3.5 cm (Figure 1). The myocardial perfor-
mance index of LV was elevated at 0.79. Retro-
grade flow was observed in the transverse aortic
arch, with minimal antergrade flow across the
normal aortic valve (Figure 2). There was mild
mitral regurgitation and moderate tricuspid regur-
gitation with estimated systolic right ventricular
pressure of 55 mm Hg (near systemic). Blood
pressures in the right arm and leg were 57/42
(mean 47) and 61/36 mm Hg (mean 45), respec-
tively. To maintain the systemic cardiac output,
PGE infusion was immediately started at
0.05 mCg/kg/min to keep the PDA open. She also
required inotropic support to maintain the blood
pressures. Head ultrasound showed no evidence
of intracranial hemorrhage or arteriovenous
malformation. Her respiratory acidosis improved
transiently with administration of nitric oxide
(20 ppm) and high frequency oscillator ventila-
tion. However, she became profoundly hypoxic
(PaO2 8 mm Hg) with persistent metabolic acido-
sis (pH 7.16 and base excess -11 mm Hg). After

extensive discussion with her family about her
critical condition and grim prognosis, extracorpo-
real membrane oxygenation was not pursued. She
expired at the age of 24 hours.

Discussion

We report a neonate with left CDH, severe LV
dysfunction and retrograde flow in the transverse
aortic arch. The hemodyanmic in our case
resembled critical AS and necessitated the imme-
diate use of PGE.

Fetuses with left CDH have been reported to
have mild to moderate left heart hypoplasia and
reduced flow through aortic valve.5 The postnatal
echocardiography in 65 neonates with left CDH
showed smaller left sided structure with a mean
z-score of LV end-diastolic volume -1.10 � 1.08,
mitral valve diameter -0.91 � 1.10, and aortic
valve diameter -0.62 � 1.04.5 Infants with CDH
have significantly decreased LV function and LV
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Figure 1. Echocardiography. (A) Parasternal long-axis view, showing the widely opened aortic valve. Color flow Doppler
showed no evidence of aortic stenosis. (B) Pulsed-wave Doppler interrogation at the aortic valve in the apical view. Minimal
antegrade flow is noted across the aortic valve, with peak velocity of 0.3 m/s and velocity time integral of 3.5 cm.
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Figure 2. Echocardiography. (A) M-mode in short-axis view at the level of papillary muscles, showing severely decreased
left ventricular function with a ejection fraction of 18%. (B) Suprasternal long axis view with color Doppler interrogation,
demonstrating the retrograde flow in the transverse aortic arch.

Kobayashi et al.E86

Congenit Heart Dis. 2013;8:E85–E87



dysfunction is associated with death and adverse
outcomes.3

Thankavel et al. reported a neonate with left
CDH and a retrograde flow in the transverse
arch.4 The right-to-left shunt across the PDA
directed the blood flow into the transverse arch in
a retrograde fashion. In this case, there was a sus-
picion of coarctation of aorta with a z-score of
aortic isthmus -2.64. Therefore, the PDA appears
to play a role in acting as a pop-off of pulmonary
hypertension as well as maintaining the blood flow
in the descending aorta. In contrast, in our case,
LV function was severely decreased with minimal
antegrade flow across the aortic valve. There was
no evidence of coarctation of aorta. The direction
of shunt was left to right at the atrial level. The
hemodyanmics in our case resembles functional
critical AS and the blood flow derived from the
PDA was the sole source of systemic circulation.
The PGE was critical to keep the PDA patent in
order to maintain systemic cardiac output.

Similar to the role of PGE in dysfunctional
LV, the use of PGE is life saving in symptomatic
neonatal Ebstein’s anomaly.6,7 Dysfunctional and
hypoplastic right ventricle and severe tricuspid
regurgitation can cause functional pulmonary
valve atresia and ductal dependent pulmonary
circulation.

The antegrade flow in the ascending and trans-
verse aorta was a strong predictor for survival after
biventricular repair in infants with critical AS.1 In
the study of 28 infants with critical AS, retrograde
flow in the ascending and transverse aorta was
observed in 9/25 (36%) and 13/28 (46%).1 The LV
function was depressed in all patients (mean ejec-
tion fraction 16–27%).

The effect of CDH on coronary blood flow has
not been investigated. Harada et al. reported an
infant with critical AS in whom the coronary blood
flow was measured by Doppler echocardiography
before and after balloon valvuloplasty.8 The coro-
nary flow volume increased after the procedure,
indicating that coronary blood flow appeared
impaired even with a widely open PDA providing
retrograde flow. In our case, coronary blood flow
was likely to be impaired by both severe LV dys-
function and resultant retrograde aortic flow.
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