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Introduction:

Hi, my name is Shealynn Carpenter and my name is Brie Cawston-Grant. We are
second year medical students at the University of Alberta. This PedsCases podcast is
meant to be a brief overview of cyanotic congenital heart diseases for medical students.
This will not be an extensive overview, but instead we will be focusing on one common
case presentation. This podcast was created under the supervision of Dr. Jessica
Foulds, a pediatrician, and Dr. Lily Lin, a pediatric cardiologist, both at the University of
Alberta.

Learning Objectives

1. To review the etiology, pathophysiology, and presentation of common cyanotic
congenital heart diseases in a newborn.

2. To develop an approach to the differential diagnosis of a cyanotic newborn based
on signs, symptoms and age of presentation.

3. To contrast pulmonary and cardiac etiologies in cyanotic neonates.

4. To review investigations and physical exam findings for cyanotic heart defects.

5. To understand the principles of treatment for common cyanotic heart defects.

Brief Overview of Congenital Heart Disease

Before we start our case, let’s provide a brief overview of what cyanotic congenital heart
diseases are. A congenital heart disease is defined as a structural or functional
malformation of the heart or great vessels that occurs during gestational development.
Congenital heart diseases are the most common type of congenital defect and occur in
approximately 1% of the general population [1]. Congenital heart disease is a broad
topic that includes several conditions that are typically categorized as either acyanotic
or cyanotic. This podcast will focus on cyanotic heart diseases.
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Cyanotic heart defects include several different anatomic malformations that are
characterized by the presence of a right-to-left shunt, reduced blood flow to the lungs, or
a combination of both. A shunt is essentially blood flowing through an atypical pathway.
Specifically, a right-to-left shunt allows the mixing of deoxygenated blood (from the right
side of the heart) with the oxygenated blood (from the left side of the heart), which will

enter the systemic circulation.

Let’s briefly explore how this occurs. With normal heart physiology, outside of the
neonatal period, the right side is at a lower pressure than the left. Therefore, blood in
the heart flows along its pressure gradient, from a higher pressure to a lower pressure
(left to right). For cyanotic heart disease to exist, there must be an underlying pathology
that results in oxygenated and deoxygenated blood mixing or simply not enough blood
flow getting to the lungs.

Recognition of cyanotic heart disease is a very important topic because without proper
treatment it often leads to early mortality. Congenital heart disease is the leading cause
of infantile death [2]. Therefore, prompt recognition, diagnosis and treatment of cyanotic
heart lesions is a critical skill for those caring for pediatric patients.

Clinical Scenario

Chief Complaint:

Let’s start with our clinical case. Suppose you are a rural family medicine resident in
Bonnyville. Just 4 hours ago you helped deliver a baby boy, John. John was delivered
at term with a 57th percentile birth weight and appeared well at birth. However, you
have just been paged and told that he has developed blue lips and fingers and now has
an O2 saturation of 68% as measured by pulse oximetry of the right hand.

Let’s pause here and discuss what we should be thinking as we prepare to go see John.
This could be a critically ill child and you need to be prepared to support their ABCs. At
this point we only know that John has blue lips and a low O2 saturation. Remember that
central cyanosis presents as a blue-purple-ish tinge on the lips, tongue, oral mucosa or
trunk. It is easiest to see cyanosis where the skin is thin.

First, how do you know if John has central or peripheral cyanosis? Peripheral cyanosis
can also present with a blue-purple-ish tinge of the fingers, but it only affects the
extremities not the lips or inside the mouth. Peripheral cyanosis, also known as
acrocyanosis, has a normal arterial oxygen saturation. Whereas for central cyanosis to
be evident clinically, the oxygen saturation will be less than approximately 80% to 85%
[3]. Therefore, because of his low O2 saturation and purple lips, John has central
cyanosis.
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Central cyanosis is a common presentation for many pulmonary conditions, so your
differential diagnosis must include both pulmonary and cardiac causes. At his point,
differentiating between a cardiac and pulmonary cause is critical and should guide your
history taking, physical exam and further investigations.

Finally, you’ll note that we mentioned John’s oxygen saturation was measured from the
right hand. Taking a right-hand saturation (or a preductal sat) and taking one in a lower
limb (a postductal sat) can also help you in your assessment of a newborn with
cyanosis. The terms pre and postductal refer to locations relative to the ductus
arteriosus, which is a connection between the main pulmonary artery and the proximal
descending aorta. It is important for fetal circulation before the lungs are functioning. We
would generally expect the preductal sat to be the same as the postductal. A difference
of greater than 3% as per the Canadian Pediatric Society (or greater than 5% clinically)
is considered significant. If a preductal sat is higher than the postductal there’s a right to
left shunt through a patent ductus arteriosus to the lower body. What'’s interesting is that
if transposition of the great arteries (TGA) also has either coarctation or pulmonary
hypertension, the preductal sat is LOWER than the postductal! [4]

HPI and Gestational History:

Moving back to the case, on arriving to see John, the first thing you do is ask for more
information from the parents and nurses while your senior physician checks the
equipment in the room and assesses your patient. You are told John was feeding well
and had been active until just 5 minutes ago when his parents noticed that his lips were
blue, and he felt cold. The nurse provided oxygen therapy but there was no
improvement of John’s O2 saturation. On prompting, John’s mother states that she had
routine prenatal screening with a normal 18-week ultrasound.

Again, let’s pause here and discuss the significance of John’s history at this point. First,
let’s discuss the role of prenatal screening in narrowing down your differential diagnosis.
A fetal anatomic survey using an ultrasound is performed at 18-22 weeks gestation for
all pregnant mothers [5]. This routine ultrasound can sometimes detect cardiac
abnormalities. If cardiac abnormalities are detected the mother will be referred and the
health care team will be prepared to treat the infant at birth. However, not all cardiac
abnormalities can be visualized at 22 weeks, and some smaller defects cannot be
detected prenatally. The rate of congenital heart diseases that are detected prenatally
varies with the type of heart lesion and experience of the person performing and
interpreting the scan. Over the past decade, there has been improvements in both the
ultrasound equipment technology and education with standardization of the screening
ultrasound views, including not just looking at the heart chambers but also the great
vessels. Locally, our detection rates are >80% for the major critical congenital heart
lesions. So, even though John had a normal prenatal ultrasound he may still have a
cardiac defect.
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Risks for CHD include both maternal and fetal factors. Fetal chromosomal abnormalities
pose a very high risk of the fetus having a variety of cardiac malformations.
Approximately one third of infants with a chromosomal abnormality will also be born with
congenital malformations [6]. Significant maternal risk factors for CHD include exposure
to cardiac teratogens during pregnancy, including both medications and illness
exposure, and a family history of congenital heart disease in a first degree relative to the
mother [7]. There are many more maternal risk factors, and these are just a few
examples. If the mother is considered high risk, she can be referred directly for an
echocardiogram of the fetus [8]. This screening allows for parents to be informed on
management options before and after birth, as well as prognostication, and it allows for
immediate medical care to be provided at birth.

Now, the nurse provided an important finding when she said that John’s oxygen
saturation did not improve when he was given oxygen. This is a modified version of the
hyperoxia test, which is used to differentiate between a pulmonary or cardiac cause of
cyanosis. A traditional hyperoxia test is performed by measuring the infant’s arterial
blood gas when the infant is breathing room air. Then measuring their arterial blood gas
again after the infant has been given 100% oxygen for 10 minutes. If the partial
pressure of oxygen increases with oxygen therapy this indicates a pulmonary cause of
the cyanosis, If the partial pressure of oxygen remains less than 150mmHg, then a
cardiac cause is likely. However, more often in clinical practice instead of taking an
arterial blood gas the oxygen saturation is measured. Because John’s O2 saturation did
not increase with oxygen therapy this should increase your suspicion that John has a
cardiac disorder.

Physical Exam:

Together, you and your senior physician examine John. John has a heart rate of
170bpm, a respiration rate of 58 breaths/min, his right-hand oxygen saturation has
remained at 68%, and his vitals are otherwise normal. John is breathing at the upper
limit of normal, but there is no evidence of increased work of breathing on physical
exam. On cardiac exam, you hear a normal S1, but a single S2. No murmurs were
appreciated. You also note that he has a reduced capillary refill. No other significant
findings are found when completing other system reviews. You preceptor asks you what
you think is highest on John'’s differential diagnosis?

Differential Diagnosis:

Let’s consider John’s differential diagnosis. Cyanosis is most commonly caused by an
underlying pulmonary pathology, so we’ll start by considering a few common pulmonary
disorders:
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1. Transient tachypnea of the newborn presents hours after birth, typically when an
infant is born quickly or by caesarian section. The infant will usually have a
respiratory rate greater than 60 and increased work of breathing.

2. Congenital abnormalities of the airway.

3. Neonatal pneumonia.

Another diagnosis to consider is persistent pulmonary hypertension of the newborn,
which is neither a purely pulmonary nor cardiac cause. There are many other things that
could be on our differential, however, we will highlight at this point that our patient has
no increased work of breathing and had no rise in oxygen saturation during the
hyperoxia test, so a cardiac cause should be the highest on our differential.

Let’s consider which cyanotic heart disorder John is most likely presenting with. A
helpful mnemonic that students may use to remember the most common cyanotic heart
diseases are the 5Ts and a P. The 5Ts are:

1) Tetralogy of Fallot (TOF)

2) Transposition of the great arteries (TGA)

3) Truncus arteriosus

4) Tricuspid atresia

5) Total Anomalous Pulmonary Venous Connection (TAPVC)

And the P is Critical Pulmonary Stenosis or Pulmonary Atresia. Of these 5Ts and a P,
the most common are tetralogy of Fallot and transposition of the great arteries. The
definitive investigation to determine which cyanotic congenital heart defect is present is
an echocardiogram, but there are clues on CXR and ECG that can indicate which
congenital heart disease is the highest on your differential before performing the echo.

So, in John’s case let’s see if we can determine if TOF or TGA is higher on his
differential diagnosis. The key thing to consider is his age. TOF typically presents later
than TGA. TOF can also present via heart failure even later in childhood if there is only
mild right ventricle outflow tract obstruction. TGA more commonly presents within hours
of birth when the ductus arteriosus begins to close. TAPVC and the Ps would also be
higher on our differential based on the age of presentation. Because John is just 4
hours old this indicates that TGA should be highest on our differential diagnosis. Is this
consistent with John’s physical exam findings? The physical exam findings of TOF are
similar to TGA: a right ventricular heave and a single soft S2. However, TOF more
commonly has a systolic ejection murmur due to pulmonary outflow tract obstruction [9].
There is a great video on TOF available on pedscases.com that is worth checking out
should you like more information on this lesion.

Investigations and Treatment:

Returning to our case, you tell your preceptor that TGA is highest on your differential
diagnosis and they agree. After conversations with neonatology and cardiology, John is
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immediately started on a prostaglandin infusion and stabilized for transport to a pediatric
cardiac center. Then, an echocardiogram is performed which confirms that John does
have TGA. While waiting for the transport team you do an ECG, which is normal,
showing the expected neonatal right-side dominant pattern. If you did a CXR (which in
this circumstance is not necessary as a pulmonary cause is not likely) it may have
shown the classic CXR finding which is an “egg on string” shaped heart. As well, if
you’re not confident in your diagnosis a CXR may help differentiate pulmonary vs
cardiac disease by evaluating whether pulmonary blood flow is normal, increased or
decreased, or help in considering cardiac lesions associated with various pulmonary
blood flow patterns.

Pathophysiology:

Now that we know that John has transposition of the great arteries, what exactly is the
pathophysiology of TGA?

TGA can be visualized as a normal heart, except with the aorta exiting from the right
ventricle, and the pulmonary arteries exiting from the left ventricle. This creates two
independent circuits of blood flow; one circuit is the oxygenated blood flowing to and
from the lungs and the other is the deoxygenated blood flowing throughout the body. As
you can imagine, this condition is incompatible with life. Therefore, all TGAs require an
ASD for the infant to survive. This defect allows the two parallel circuits of blood flow to
mix, specifically the left to right shunt across ASD allows for the oxygenated blood from
the lung blood circuit (Lungs-LA-LV-MPA-Lungs) to mix with the deoxygenated blood
from the body blood circuit (body-RA-RV-aorta-body). If you have a large enough ASD
to allow for good mixing of blood, then a patent ductus arteriosus is not necessary.
However, keeping the ductus arteriosus open does provide another potential source for
the mixing of blood between the two circuits.

TGA usually presents within hours to the first couple of weeks after birth. Initial
treatment involves giving prostaglandin or alprostadil. This improves mixing across an
ASD by maintaining the ductus arteriosus and increasing left atrial pressure, and it also
provides a second source of blood mixing via the ductus arteriosus. You should never
hesitate to start prostaglandin therapy as it can be life-saving for a ductal dependent
lesion. The definitive treatment for TGA is to perform an arterial switch operation and
transpose the aorta and pulmonary artery [10]. An atrial switch operation needs to be
performed within the first month of life to prevent the left ventricle from becoming too
weak.

Knowing the pathophysiology of TGA also explains the physical exam findings of TGA.
On physical exam TGA may present with a normal precordium and a no murmur. There
may be other physical exam findings, such as a murmur, depending on the presence
and size of other cardiac defects such as a pulmonary stenosis or left ventricular outflow
tract obstruction.
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Conclusion:

Now that we have reviewed the pathophysiology of TGA and how it is treated, let’s
finish our case. John remains stable after the infusion of prostaglandins and arrives
safely at the Stollery Children’s Hospital for surgery. John'’s parents are very worried
about the surgery and about how John will do in the future. As part of your counselling,
you tell them that patients at the Stollery Children’s Hospital have been shown to have a
98.9% survival at 4 years, however, delays in neurological development are a concern
[11]. The 15-25 year survival from an atrial switch operation has been found to be
greater than 95% by multiple institutions [12,13].

Summary

To conclude this podcast, we'd like to leave you with the top four clinical take home
points:

1. Central cyanosis has a broad differential; therefore, it is very important to
consider both cardiac and pulmonary causes. A physical exam for both systems
should always be completed and the hyperoxia test may help you differentiate
between them. If the patient’s oxygen saturation does not increase when given
100% oxygen, this is a failed hyperoxia test and suggests a cardiac cause of the
cyanosis.

2. Transposition of the great arteries (TGA) usually presents within hours to the first
couple of weeks after birth

3. If you suspect TGA in an infant, or any cyanotic heart lesion, prostaglandins
should be delivered immediately to maintain the ductus arteriosus. The
prostaglandins should be administered in communication with the neonatal
intensive care or pediatric cardiology teams. The definitive treatment for TGA is
an arterial switch operation.

4. An echocardiogram is the gold standard to diagnosis congenital heart defects. An
ECG and CXR can be very useful prior to echo assessment to and narrow down
the differential diagnosis.

That brings us to the end of this podcast. Thank-you so much for listening to
PedsCases.
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