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Neonatal Blues: Cyanosis and Failure to Thrive
in @ Newborn
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Abstract

Congenital heart disease is a spectrum of structural anatomic defects,
and clinical manifestations arise from a combination of fixed anatomy
and dynamic physiologic processes. We describe a newborn with acy-
anotic congenital heart disease who rapidly developed hypoxemia,
cyanosis, respiratory distress, and failure to thrive. Less than 2 weeks
after birth, an unusual constellation of cardiac anatomy (a large ven-
tricular septal defect, double orifice mitral valve, and supramitral
ring) cumulatively yielded cyanotic physiology. The acute clinical
change prompted immediate anti-congestive therapy and urgent car-
diothoracic surgery. This case is the first report of successful neona-
tal cardiac surgery for this cyanotic constellation of defects, which
are independently classified as acyanotic structural defects. It is an
important reminder that newborns with multiple intracardiac lesions
may behave unpredictably throughout the neonatal transition period,
and the cardiac differential diagnosis need not be strictly tied to the
more common cyanotic anatomy (i.e., limited to one of the “classic
five T’s” and single ventricle).
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Introduction

Structural heart disease is the most common type of congenital
defect, affecting nearly 1% of newborns. The general pediat-
ric approach to congenital heart disease (CHD) often stratifies
cardiac abnormalities into acyanotic and cyanotic subgroups.
Common defects generally categorized as acyanotic include
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atrial and ventricular septal defects, aortic and pulmonary val-
var stenosis, as well as structural and functional abnormalities
of the atrioventricular valves. Typical lesions usually consid-
ered cyanotic CHD include tetralogy of Fallot, transposition
of the great arteries, truncus arteriosus, total anomalous pul-
monary venous connections, tricuspid atresia (the “classic five
T’s”) and various types of single ventricle.

Cyanosis due to CHD is a manifestation of the cardio-
vascular physiology, which remains heavily dependent on the
cardiac anatomy. However, dynamic features of the circula-
tion will affect intracardiac mixing and blood flow, sometimes
resulting in cyanosis from lesions not typically thought to yield
cyanotic CHD. This report presents a newborn with three inde-
pendently acyanotic structural heart defects that cumulatively
resulted in cyanotic disease, and is the first case of successful
neonatal cardiac surgical treatment for this rare anatomic con-
stellation of CHD.

Case Report

Investigations

A 31-year-old female, gravida 3, para 2, was referred for fe-
tal cardiac evaluation at 22 weeks gestation due to a maternal
family history of hypoplastic left heart syndrome (nephew)
and transposition of the great arteries (uncle). The general pre-
natal history was notable for preeclampsia without severe fea-
tures. Fetal echocardiography demonstrated a large ventricular
septal defect (VSD), normal valves, chamber dimensions and
morphologies, and unobstructed ventricular outflows.

The infant was born at 39 weeks via spontaneous vaginal
delivery, with a birthweight of 3.5 kg, and Apgar score of 8 and
9. The initial postnatal cardiopulmonary exam was normal, and
the peripheral capillary oxygen saturation (SpO,) was 99%.
The general newborn and neurologic exams were normal. An
electrocardiogram (ECG) demonstrated a sinus rhythm, north-
west ventricular axis, and normal precordial voltages. Tran-
sthoracic echocardiography, performed in the newborn nurs-
ery, confirmed a large unrestrictive VSD and a patent foramen
ovale with low velocity left-to-right flow. The mitral valve also
appeared abnormal with mildly thickened leaflets and reduced
separation, consistent with mild stenosis. The infant was dis-
charged home with pediatric cardiology outpatient follow-up
in addition to routine newborn care.

At 10 days of age, the infant presented to the cardiology
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Figure 1. Preoperative echocardiography: left atrial hypertension due to obstructive mitral valve abnormalities. (a) High velocity
left-to-right atrial shunt across the foramen ovale measured by transthoracic continuous wave Doppler, indicative of LA hyperten-
sion. Transesophageal echocardiography more clearly demonstrated (b) a double orifice mitral valve (circles) and (c) a suprami-
tral ring (dashed lines), resulting in (d) moderate mitral valve inflow obstruction (stenosis). LA: left atrium; LV: left ventricle; PG:
peak gradient; SMR: supramitral ring; RV: right ventricle; V: velocity.

clinic in respiratory distress, with tachypnea, subcostal retrac-
tions, and hypoxemia (SpO, 91%). There were new cardiac
exam findings of a prominent systolic murmur and diastolic
rumble, and a new finding of left atrial enlargement on ECG.
Repeat echocardiography demonstrated the actual diagnosis.

Diagnosis

Repeat echocardiography at 10 days of life revealed persistent,
accelerated left-to-right atrial shunting via the foramen ovale
with a mean estimated gradient of 16 mm Hg, indicative of left
atrial hypertension (Fig. 1). Additionally, there was worsen-
ing mitral stenosis with a mean estimated inflow gradient of
10 mm Hg, bidirectional VSD flow, and preserved ventricular
function. Careful review of the mitral valve increased suspi-
cion for more serious anatomic abnormalities, including a dou-
ble orifice mitral valve (DOMYV) and supramitral ring (SMR).

Other possible etiologies for newborn cyanosis with res-
piratory distress were considered, including pulmonary, hema-
tologic, and infectious disorders. Primary pulmonary causes
that impair oxygenation, such as alveolar hypoplasia or sur-
factant deficiencies, generally present at birth with an abnor-
mal SpO,. Structural airway abnormalities, such as severe tra-
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chea- or bronchomalacia, or congenital cystic airway lesions,
would likely demonstrate pulmonary auscultatory findings in
addition to hypoxemia at birth. A diagnosis of heritable he-
moglobinopathies also seemed remote given a negative family
history and the absence of cyanosis in more immediate neona-
tal period [1]. While infections causing pneumonia, bronchi-
olitis, or even sepsis are important diagnostic considerations,
particularly in the neonatal period, our patient had a normal
temperature, blood pressure, and there were no respiratory
symptoms in family members. Additionally, the new abnormal
findings on ECG and echocardiography made these other non-
cardiac elements of the differential diagnosis far less likely.

Treatment

Oral furosemide was started, and elective VSD surgery was
planned for 4 - 6 weeks of age. Preoperative regional manage-
ment discussions concluded that cardiac catheterization was
not necessary. Over the next week the infant demonstrated in-
creasing lethargy, prolonged feeding, weight loss (20 g), per-
sistent pallor, tachypnea, and declining SpO, (83-85%).
Shortly after 3 weeks of age, the infant underwent un-
complicated surgical VSD closure with autologous pericar-

www.theijcp.org



Holland et al

Int ] Clin Pediatr. 2022;11(2):51-55

dium. Direct surgical inspection of the mitral valve identified
a membranous ridge of supramitral tissue extending between
two orifices, which was consistent with final diagnosis of both
DOMYV and SMR, in addition to the VSD. The membrane was
resected, while the double orifice was not addressed due to
concern for creating significant regurgitation. A minor ridge
of subaortic accessory tissue was also identified and resected.
Postoperative echocardiography showed mild mitral regurgita-
tion, no aortic regurgitation, no residual VSD, and good ven-
tricular function.

Follow-up and outcomes

The postoperative recovery was uncomplicated, and by 2
weeks following surgery the infant was clinically well, with
normal respiratory effort, a normal SpO,, and a 400 g weight
gain. Over the following 3 years, the respiratory status, SpO,,
weight gain, and development remained normal, and there was
no recurrence of the SMR or progression of mitral valve ob-
struction due to the DOMV.

Discussion

We report a case of three independent, typically acyanotic in-
tracardiac lesions (VSD, DOMYV, and SMR) that collectively
produced cyanosis and failure to thrive (FTT) by 2 weeks of
age. Noninvasive cardiac imaging identified the VSD with bi-
directional flow, as well as abnormal mitral valve function that
suggested evolving obstruction from both the DOMYV and the
SMR. Early neonatal cardiac surgery eliminated the ventricu-
lar shunt and relieved the effective mitral stenosis, correcting
the mechanisms for respiratory distress and hypoxemia, and
allowing the newborn to thrive.

VSDs are abnormal communications between the left and
right ventricle, often associated with additional cardiac de-
fects, and serve as the substrate for high volume and pressure
intracardiac shunts [2]. A DOMYV is a fibrous accessory tissue
bridge that partially or completely creates two mitral orifices
[3]. A SMR is a thin membrane or thick fibrous ridge partially
or completely encircling the mitral orifice, and may adhere to
the mitral leaflets [4]. Both DOMV and SMR are abnormali-
ties that may create functional mitral stenosis, impairing dias-
tolic filling and increasing left atrial pressure.

While VSDs are common, DOMV and SMR are rare.
A study of 46 children with DOMV (median age 2.4 years)
showed that partial atrioventricular septal defects were the
most commonly associated cardiac lesion [5]. Thirteen pa-
tients presented with symptoms of congestive heart failure and
two patients presented with FTT. Five patients had accompa-
nying traditional cyanotic cardiac lesions, including transposi-
tion of the great arteries, truncus arteriosus, tricuspid atresia,
and Ebstein’s anomaly [5].

In one single-center retrospective review of clinical and
echocardiographic data of patients with SMR (n = 57), the me-
dian age at diagnosis was 1.8 years. Thirty-two patients un-
derwent surgical SMR resection. Of those 32, 22 patients had
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prior non-mitral valve surgery, including VSD closure in four
and coarctation repair in 16 [6]. In a different single-center
review of 27 pediatric patients who underwent surgery for
SMR as the primary cause for significant mitral stenosis, the
mean age at the time of surgery was 3.9 years. Other associated
cardiac defects were common, most often VSDs (52%) and
variants of left-sided obstruction, including coarctation (45%)
[7]. The SMR was surgically resected first, and other cardiac
defects were repaired if determined to be clinically significant.
The overall 20-year survival rate was 82%, with age (< 1 year)
and Shone’s anomaly identified as significant risk factors for
mortality. In both SMR studies, the reported ages at time of
diagnosis or surgery suggested FTT was uncommon.

We hypothesize that the DOMV and SMR in our patient
combined to create left ventricular inflow obstruction (Fig. 2),
raising left atrial and pulmonary venous pressures, and result-
ing in pulmonary vascular congestion. The elevated pulmonary
venous pressure would also inhibit the usual decline of pulmo-
nary vascular resistance, leading to an increasing element of
right-to-left flow across the VSD. It is also likely that the left-
to-right component of the VSD shunting led to increased left
atrial and mitral valve flow, further raising left atrial pressure.

We believe that this infant is the first reported neonate
with a VSD, DOMYV, and SMR to undergo successful surgi-
cal repair. A prior case of a child diagnosed at 4 years of age
was complicated by severe pulmonary hypertension, leading
to early postoperative mortality [8]. We are unaware of other
cases with these three independently acyanotic lesions cumu-
latively resulting in cyanosis and heart failure during early in-
fancy.

Although fetal echocardiography has decreased the inci-
dence of undiagnosed critical CHD at birth [9, 10], this case
highlights its limitations. While large VSDs are often imaged
prenatally, many more subtle anatomic details, such as the
mitral valve findings in this case, are beyond the diagnostic
capabilities of current technology. In addition to fetal echo-
cardiography, future prenatal assessment for families with a
significant history of CHD, as described in this case, may also
include testing for increasingly numerous genetic markers [11]
associated with a variety of syndromes and CHD.

Learning points

For the pediatric trainee, this case highlights that CHD is a
spectrum of structural anatomic defects, and clinical manifes-
tations arise from a combination of fixed anatomy and dynam-
ic physiologic processes. While newborns with large VSDs
will often develop signs of heart failure, dramatic symptoms in
the first 2 weeks of life are unusual, and marked desaturation
is not typical. This underscores the critical clinical lesson that
when the course of a child with CHD differs from usual expec-
tations, prompt and comprehensive cardiology re-evaluation is
warranted. Finally, it serves as a reminder that when faced with
a cyanotic child due to CHD, the cyanosis need not be strictly
tied to a more common anatomic diagnosis (i.e., limited to
one of the “classic five T’s” and single ventricle), and patients
with multiple intracardiac lesions may behave unpredictably
throughout the neonatal transition period.
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Figure 2. Constellation of acyanotic congenital heart disease leading to cyanotic physiology. We suspect that the (1) supramitral
ring and (2) double orifice mitral valve obstructed left ventricular inflow, which increased left atrial (P_,) and pulmonary venous
pressures (Pp, ), and caused bidirectional flow across the (3) ventricular septal defect (VSD). The left-to-right VSD flow further
exacerbated left atrial and pulmonary venous pressures. Systemic desaturation was due to increasing elements of right-to-left
VSD flow and pulmonary vascular congestion. Ao: aorta; LV: left ventricle; P ,: left atrium pressure; Pp,: pulmonary artery pres-

sure; Pp,: pulmonary vein pressure; RV: right ventricle.
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