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INTRODUCTION 

Neonates with distress caused by cardiac 
defects may not survive unless treated 
appropriately and rapidly [1-4]. Cyanosis is 
an important manifestation of congenital 
heart defects (CHD) in the neonate. An 
echocardiogram and/or a pediatric cardiol-
ogy consultation may help make the diag-
nosis; however, this may not be readily 
available for all neonates. An understand-
ing of issues surrounding the cyanotic neo-
nate by the primary care physician (usually 
a neonatologist or a pediatrician) may be 
helpful. It should be understood that:  

1. Complex anatomic and physiologic 
changes occur during the first few 
hours and days of life [5],  

2. Severe cyanotic CHD can be present 
without murmurs,  

3. A loud murmur does not necessarily 
mean that the cause of the distress in 
the neonate is of cardiac origin,  

4. When a murmur is present, it is not 
typical for a given heart defect and  

5. A small or normal-sized heart on a 
chest X-ray does not exclude serious 
CHD.  
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The objectives of this presentation are to 
enumerate the causes of cyanosis in the 
neonate, outline methods to differentiate 
cardiac from non-cardiac cyanosis and to 
present an approach to formulate a cardiac 
diagnosis prior to echo-Doppler and/or 
angiographic studies. 

CAUSES OF CYANOSIS 
The causes of cyanosis may be broadly 
divided into five groups and these are 
listed in Table I.  

The Respiratory Disorders may be sub-
grouped as pulmonary parenchymal dis-
eases and disorders causing mechanical 
interference with lung function and are 
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Table I.  Causes of Cyanosis 

 • Respiratory disorders 

• Cyanotic heart defects 

• Persistent fetal circulation 

• Central nervous system disorders 

• Miscellaneous 
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listed in Table II. The CHD may be 
divided into three groups, based on 
pulmonary vascular markings on a 
chest roentgenogram (Table III). Per-
sistent fetal circulation is an important 
cause of cyanosis, related to right to 
left shunt at atrial and/or ductal level. 
In Table IV are listed central nervous 
system disorders that are likely to 
cause cyanosis, mostly based on 
hypoventilation. An interesting group 
of miscellaneous disorders causing 
cyanosis are listed in Table V. 

CARDIAC VS. NON-CARDIAC 

A diagnosis of the cause of the cya-
nosis (Tables I – V) can often be 
made with the use of routine clinical 
and laboratory data. However, there 
are some infants in whom it is difficult 
to differentiate severe pulmonary dis-
ease from cyanotic CHD. Respiratory 
causes may be suspected if there 
were: complications of pregnancy 
and/or delivery, maternal fever prior 
to birth, onset of cyanosis within a 
few hours after birth, prematurity, in-
appropriate size for gestational age, 
asphyxia neonatorum, meconium 
staining, and/or low Apgar score. A 
chest X-ray will usually help in identi-
fying surgical and parenchymal 
causes (Table II). Arterial blood gas 
analysis is of use in separating car-
diac from pulmonary disorders; the 
PaCO2 is elevated in pulmonary disor-
ders, but not uniformly so in cyanotic 
heart defects.  

Response of arterial PO2 to 100% 
oxygen in an oxyhood for 15 minutes 
[1,6] is useful in the diagnosis; no 
significant increase in PO2 (<10 torr) 
is seen in cyanotic CHD while the PO2 
increases significantly with pulmonary 
disease. A PaO2 >150 torr is highly 
suggestive of respiratory disease. A 
higher PO2 in the right radial artery 
than in the umbilical artery is sugges-
tive of right to left shunting via the 
ductus arteriosus, seen with persis-
tent fetal circulation and aortic arch 
obstruction (Interrupted aortic arch 
and severe aortic coarctation). 

Although a lack of increase in PO2 
with 100% O2 is highly suggestive of 
cyanotic CHD, there will be some 
neonates with severe pulmonary dis-
ease who will not show an increase in 
PO2. In these infants applying con-
tinuous positive airway pressure 
(CPAP) may be helpful [7]. Applica-
tion of 8 to 10 cm H2O CPAP with 
100% O2 for 10 to 15 minutes via a 
facemask will result in an increase in 

Table II.  Respiratory Disorders 

 A. Pulmonary parenchymal diseases 

• Hyaline membrane disease 

• Aspiration syndrome 

• Pneumonia 

• Rare disorders like pulmonary hemorrhage or Wilson-Mikety syndrome 

B. Diseases causing mechanical interference with lung function 

• Diaphragmatic hernia 

• Pneumothorax and pneumomediastinum 

• Tracheo-esophageal fistula 

• Lobar emphysema  

Table III.  Cyanotic Heart Defects  

 A. Decreased pulmonary vascular markings 

• Tetralogy of Fallot 

• Pulmonary atresia (stenosis) with intact ventricular septum 

• Tricuspid atresia 

• Complex pulmonary stenosis 

B. Increased pulmonary vascular markings 

• Transposition of the great arteries 

• Hypoplastic left heart syndrome 

• Coarctation of the aorta syndrome 

• Multiple left-to-right shunts 

C. Severe pulmonary venous congestion 

• Total anomalous pulmonary venous connection  (infradiaphragmatic type) 

• Hypoplastic left heart syndrome (with intact atrial septum) 

• Severe coarctation of the aorta 

Table IV.  Central Nervous System Disorders 

 • Intracranial hemorrhage 

• Intracerebral malformations 

• Severe intracranial infections 

• Primary seizure disorders 

Table V. Miscellaneous 

 • Polycythemia 

• Hypoglycemia 

• Methemoglobinemia 

• Shock and sepsis 

• Maternal drugs 
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Good quality chest film with good inspiration and without rota-
tion is mandatory to achieve accurate assessment of pulmo-
nary vascular markings. 

A. Decreased pulmonary vascular markings. The most 
commonly encountered lesions in this group are listed in Ta-
ble III. Diagnosis of infants with decreased pulmonary blood 
flow can be made by analysis of the electrocardiogram (ECG) 
(Figure 1). Sophisticated knowledge of ECG interpretation is 
not necessary; only calculation of axis (mean frontal plane 
vector) is adequate, which is taught in the medical school. 

1. The infants with tetralogy of Fallot exhibit right axis devia-
tion (+90 to ±1800). Right ventricular hypertrophy may be 
present. 

2. Infants with pulmonary atresia with intact ventricular sep-
tum  are likely to have an axis of 0 to +900. There is no 
right ventricular hypertrophy, instead the right ventricular 
voltages (R waves in leads V1 and V2 and S waves in 
leads V5 and V6) may be diminished and left ventricular 
hypertrophy may be present. 

3. Neonates with tricuspid atresia will not only have left axis 
(superior vector) deviation (0 to –900) but also left ven-
tricular hypertrophy and diminished right ventricular 
forces. 

4. Complex pulmonary stenosis group includes a number of 
complex cyanotic CHD, namely single ventricle com-
plexes, double outlet right ventricle, ventricular inversion 
and others, all associated with severe pulmonary stenosis 
or atresia. The axis and ventricular hypertrophy patterns 
vary markedly. 

B. Increased pulmonary vascular markings. The most com-
mon defects in this group include transposition of the great 
arteries, hypoplastic left heart syndrome and coarctation of 
the aorta syndrome. Multiple left to right shunt lesions, listed 
in Table III, present more commonly beyond the neonatal period. 

1. The infants with transposition of the great arteries usually 
present with severe cyanosis, minimal distress, if any, 
and have no signs of heart failure. Chest X-ray shows 
minimal cardiomegaly and the ECG is either normal or 
may show right ventricular hypertrophy. Blood gas analy-
sis shows markedly reduced PO2 and oxygen saturation. 
The PO2 does not increase with 100% O2 or CPAP. 

2. Infants with hypoplastic left heart syndrome present with 
signs of severe congestive heart failure; they have mini-
mal cyanosis, but have marked respiratory distress, hepa-
tomegaly, poor pulses in all four extremities, massive car-
diomegaly on chest X-ray, and electrocardiographic evi-
dence for decreased left ventricular forces and right ven-
tricular hypertrophy. A reasonably good PO2 and oxygen 

PO2 (>10 torr) in pulmonary infants, while a lack of change 
or a decrease may seen in cyanotic CHD babies [7].    

DIAGNOSIS OF SPECIFIC TYPE OF CHD 
Once identified as a cardiac baby, further definition of CHD is 
based on analysis of pulmonary blood flow on a posterior-
anterior view of a chest X-ray:  

(A.) Decreased pulmonary vascular markings,  

(B.) Increased pulmonary vascular markings and  

(C.) Severe pulmonary venous congestion.  

Figure 1. Figure illustrates the usefulness of frontal plane mean 
QRS vector (axis) in assisting differential diagnosis of cyanotic heart 
defects with decreased pulmonary flow. An axis between 0 and –900 
is suggestive of tricuspid atresia, an axis between 0 and +900 is 
indicative of pulmonary atresia with intact ventricular septum and an 
axis between +900 and ±1800 is associated with tetralogy of Fallot. 
The accompanying ECG abnormalities are shown. Cyanotic infants 
with complex heart defects with severe pulmonary stenosis/atresia 
may fall in any quadrant. 

Did you know that BrainZ technology was widely used in the development                            
of selective head cooling for neonatal encephalopathy? 
The BrainZ BRM2 Brain Monitor was conceived at the internationally respected Liggins Institute alongside                                    
neuroprotective strategies, including selective head cooling.  Initial trials of head cooling used BrainZ technology                         
and the BRM2 continues to be used widely in international research. 

FOR MORE INFORMATION ON THE BRM2 BRAIN MONITOR  PLEASE CALL 1-877-312-0324                                                    
OR EMAIL info@brainz-usa.com 
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saturation are present, but with 
metabolic acidosis. The PO2 may 
increase slightly with 100% O2 or 
CPAP, but rarely, if ever above 150 
torr. The distinction between trans-
position of the great arteries and 
hypoplastic left heart syndrome is 
simple: the problem of infants with 
transposition of the great arteries is 
cyanosis, cyanosis and cyanosis, and 
the problem of infants with hypoplastic 
left heart syndrome is heart failure, 
heart failure and heart failure. 

3. Neonates with coarctation of the aorta 
syndrome are usually not (but not 
invariably) as sick as hypoplastic left 
heart syndrome patients. They pre-
sent with signs of heart failure, have 
decreased femoral pulses, cardio-
megaly on X-ray and biventricular or 
right ventricular hypertrophy on ECG. 
The PO2 response to ambient oxygen 
is excellent since the reason for their 
cyanosis is pulmonary edema. 

C.  Severe pulmonary venous conges-
tion. In the neonate this is often related to 
total anomalous pulmonary venous con-
nection, usually of the infra-diaphragmatic 
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type. There is severe obstruction to the 
pulmonary venous return and therefore, 
the pulmonary venous obstructive pattern 
on the chest X-ray. Occasionally hypoplas-
tic left heart syndrome with intact atrial 
septum and coarctation of the aorta with 
intact atrial and ventricular septae may 
cause a similar X-ray appearance.  

COMMENTS 
During the process of identification and 
work-up, prevention of hypothermia, main-
tenance of a neutral thermal environment, 
monitoring for and prompt treatment of 
hypoglycemia, treatment of hypocalcemia, 
monitoring acid-base status and treatment 
of metabolic acidosis with sodium bicar-
bonate (NaHCO3) and management of 
respiratory acidosis with suction, intubation 
and assisted ventilation as deemed neces-
sary are important, and should be dili-
gently undertaken. In patients with cya-
notic heart disease 30-40% O2 is adequate 
and 100% O2 is not necessary. If ductal 
dependant CHD is suspected (Table VI), 
intravenous infusion of prostaglandin E1 
(0.05 to 0.1 mcg/kg/minute) should be 
started [8] while awaiting for confirmatory 
diagnosis. 

In support of infants, children and teens with pediatric cardiomyopathy 
 

CHILDREN’S CARDIOMYOPATHY FOUNDATION  
P.O. Box 547, Tenafly, NJ 07670 

Tel: 201-227-8852  info@childrenscardiomyopathy.org  www.childrenscardiomyopathy.org  
 

“A Cause For Today.... A Cure For Tomorrow” 

Table VI.  Ductal-dependent Cardiac Defects 

 A. Ductal-dependent pulmonary flow 

• Pulmonary atresia or critical stenosis with intact ventricular septum 

• Pulmonary atresia with ventricular septal defect 

• Severe tetralogy of Fallot 

• Tricuspid atresia 

• Complex cyanotic heart disease with pulmonary atresia or severe stenosis 

• Ebstein’s anomaly of the tricuspid valve 

• Hypoplastic right ventricle 

B. Ductal-dependent systemic flow  

• Hypoplastic left heart syndrome 

• Severe coarctation of the aorta syndrome 

• Interrupted aortic arch 
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SUMMARY AND CONCLUSIONS 
Cyanosis is a major manifestation of CHD 
in the neonate. A number of cardiac and 
non-cardiac entities cause cyanosis in the 
neonate. The majority of patients can be 
diagnosed based on their well-described 
clinical and laboratory findings. In a few 
patients in whom a clear-cut diagnosis is 
not possible, analysis of PO2 response to 
100% O2 and CPAP may help distinguish 
cardiac from non-cardiac cyanosis. Once 
diagnosed to be a cardiac baby, careful 
analysis of pulmonary vascular marking on 
a chest X-ray may facilitate categorization 
into subgroups from which additional 
analysis of ECG and other features may 
assist in coming up with a reasonably ac-
curate diagnosis. Echo-Doppler studies 
can certainly aid in achieving an accurate 
diagnosis and the author is not opposed to 
such studies. The exercise presented is an 
approach that could be taken when echo 
is not readily available or used prior to the 
arrival of echocardiographer. 

References. 
1.  Lees MH.  Cyanosis of the newborn 
infant:  Recognition and clinical manage-
ment. J  Pediat 1970,77,484-98. 

2.  McNamara DG.  Management of con-
genital heart disease:  Role of the pediatri-
cian and recommendations to pediatric 
training programs. Pediat Clinics North Am 
1971,18,1191-1205. 

3.  Rao PS and Strong WB.  Early Identifica-
tion of the Neonate with Heart Disease. J 
Med Assoc Georgia 1974,63,430-3.  

4.  Rao PS.  Congenital heart disease. In: 
Rakel RE (Ed), Conn’s Current Therapy, 
1989. Philadelphia, WB Saunders Co., 1989. 
pp.201-13. 

5. Rao PS. Fetal and neonatal circulations. 
In: Kambam J (Ed), Cardiac Anesthesia for 
Infants and Children. St. Louis, Mosby, 1993, 
pp. 10-19. 

6.  Jones RWA, Baumer JH, Joseph MC, 
Shinebourne EA. Arterial oxygen tension 
and response to oxygen breathing in differ-
ential diagnosis of congenital heart disease 
in infancy. Arch Dis Chid 1976,51,667-73. 

7.  Rao PS, Marino BL, Robertson AF, III.  
The usefulness of continuous positive airway 
pressure in the differential diagnosis of car-
diac from pulmonary cyanosis in newborn 
infants. Arch Dis Chid 1978,53,456-60. 

8. Freed M, Heymann M, Lewis A, et al:  
Prostaglandin E in infants with ductus arteri-
osus-dependent congenital heart disease.  
Circulation 1981,64,899-905. 

NT                

 
 
 
 
 
 
 
 
 

P. Syamasundar Rao, MD 
Professor of Pediatrics and Medicine 
Director, Division of Pediatric                
Cardiology 
University of Texas-Houston Medical 
School 
6431 Fannin, MSB 3.130                         
Houston, TX 77030 USA 
 
Phone: 713-500-5738                          
Fax: 713-500-5751  
 
P.Syamasundar.Rao@uth.tmc.edu 

 

NEONATOLOGISTS - Florida  
The Department of Pediatrics at the Uni-
versity of Florida College of Medicine-
Jacksonville is inviting applicants for two 
(2) Neonatologist positions in the Divi-
sion of Neonatology at the non-tenure 
accruing level of Assistant Professor/ 
Associate Professor.  Our citywide neo-
natology program serves both area level 
III and three level I-II centers, and re-
ceives neonatal-perinatal referrals from 
Northeast Florida and Southwestern 
Georgia.  Major responsibilities for these 
positions are patient care and teaching 
with opportunities to participate in clinical 
research and administrative duties. Ex-
perience with initiation and management 
of ECMO in the treatment of neonates 
with medical and/or surgical disease is 
desirable but not necessary. 

Applicants should possess a MD/DO 
degree and be Board Eligible/Board Cer-
tified in neonatal/perinatal medicine.  
Salary is negotiable.  Forward letter of 
intent, curriculum vitae, and the names 
and addresses of three references to:  

Mobeen H. Rathore, MD, Professor and 
Assistant Chair                                              
Department of Pediatrics                                             
University of Florida                                                    
College of Medicine-Jacksonville                                
653-1 West Eighth Street                                            
Jacksonville, FL 32209                                                
904-244-3050; fax 904-244-3028                                
e-mail: mobeen.rathore@jax.ufl.edu  

The University of Florida is an Equal     
Opportunity Institution.   

Please see our website 
www.hscj .uf l.edu/peds. 

    Would You Like to Receive Your Issue of NEONATOLOGY TODAY 
electronically in a PDF file?  

If Yes, then simply send an email to us at ONLINE@Neonate.biz 

“Neonates with distress 
caused by cardiac       
defects may not survive 
unless treated                     
appropriately and          
rapidly [1-4].  Cyanosis  
is an important                
manifestation of           
congenital heart defects 
(CHD) in the neonate.” 

http://www.NeonatologyToday.net
mailto:P.Syamasundar.Rao@uth.tmc.edu
mailto:mobeen.rathore@jax.ufl.edu
http://www.hscj.ufl.edu/peds
mailto:ONLINE@Neonate.biz
http://www.hscj.ufl.edu/peds


http://www.spectros.com


www.NeonatologyToday.net  

Multi-Media Curriculum Designed to Teach Providers and 
Parents About Preterm Brain Development  

Promoting Preterm Infant Development, winner Surgeon General’s 
Award at the 2006 International Health and Medical Media Awards, 
is a comprehensive multi-media curriculum designed to teach pro-
viders and parents about preterm brain development and what 
caregivers can do to support optimal infant outcomes. Funded by a 
research grant from the National Institutes of Health and filmed in 4 
different NICUs, the programs in this series feature real clinicians 
and families. Program content was overseen by, and includes com-
mentary from, an advisory board of internationally recognized ex-
perts in preterm development including Drs. Stanley Graven, Bob 
White, Peter Gorski, Petra Huppi, George Little and Heidelise Als. 

The information is presented on DVDs and may be previewed                        
free-of-charge. For more information call 800.550.7047 or visit                        
www.Vida-Health.com. 

 

Preterm Birth Contributes More Than One-Third of Infant Deaths 

According to the National Vital Statistics report released in early May, 
preterm birth contributes to more than one-third of  the nearly 28,000 
US infant deaths. 

Although the national infant mortality rate is the lowest it's been since 
the US started collecting data a century ago, there's been little change 
recently – 6.78 deaths for every 1,000 live births in 2004 compared to 
6.89 in 2000, the National Center for Health Statistics report found. 

The report, "Infant Mortality Statistics from the 2004 Period Linked 
Birth/Infant Death Data Set" includes a new analysis tracking preterm 
birth-related infant deaths. The analysis, first published in the October 
2006 edition of Pediatrics, found preterm birth contributes to nearly 
twice as many infant deaths within the first year of life than previously 
estimated.  The new method reviews all causes of infant death and 
combines conditions, such as respiratory distress syndrome, which 
frequently occur in premature babies.  The analysis looked at only the 
top 20 leading causes of infant death. 
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INFOR MATION  

NEONATOLOGY TODAY                                       9                                                             JUNE 2007 

NEONATOLOGISTS 
 

Hospital Corporation of America (HCA) is the   
largest healthcare company in the US.  HCA             
owns and manages over 170 hospitals in 20 
states.  Whether you are looking for a place to 
start, or somewhere to complete a successful  
career,    chances are we can help you find it. 

Opportunities are currently available for              
Neonatologists in Las Vegas, Nevada (54 beds,  
Nevada’s largest NICU) and at Oklahoma                 
University in Oklahoma City (brand new 88 bed 
unit, the highest level NICU in the state).   

Call or            
e-mail           
me today             
for more                
information! 

Neonatology Today would like to share your interesting 
stories or research in neonatology and perinatology. 

Submit a brief summary of your proposed article to: 

Art icle@Neonate. bi z 
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"We have long known babies born too 
soon face many developmental challenges 
– even death," said Joann Petrini, PhD, 
director of the March of Dimes Perinatal 
Data Center. "This closer look at preterm 
birth gives us a better understanding of the 
impact of prematurity on infant survival 
and provides insights into the factors that 
have contributed to the lack of improve-
ment in the US infant mortality rate." 

Birth defects remain the leading cause of 
infant death, followed by prematurity, ac-
cording to official reporting systems. But, 
using this new classification, premature 
birth would be the most frequent cause of 
infant death. The traditional methods can-
not accurately gauge the true impact of 
preterm birth on the infant mortality rate, 
the NCHS said. 

More than a half million babies are born 
too soon each year and the preterm birth 
rate has increased more than 30% since 
1981. Babies who do survive face risks of 
lifelong health and developmental chal-
lenges. For more information, visit                 
www.marchofdimes.com. 

 

Study Recommends Universal              
Newborn Screening for Cystic Fibrosis 

Newborn screening for cystic fibrosis 
saves on treatment costs and would 
offset the actual costs of the screening 
programme. This new economic evi-
dence suggests that universal newborn 
screening programmes for cystic fibrosis 
should be adopted internationally, ac-
cording to an article in an April issue of 
The Lancet. 

The study also showed that newborn cys-
tic fibrosis screening reduced hospital ad-
missions for invasive therapy. 

Cystic fibrosis is a life-shortening heredi-
tary lung disease, but treatments are avail-
able. In some regions newborn babies 
have been screened for cystic fibrosis for 
more than 25 years, and early diagnosis is 
associated with improvements in some 
clinical outcomes.  Furthermore, the clini-
cal benefit of those screened as newborn 
babies is associated with a lower treat-
ment burden compared with clinically diag-
nosed groups. Whether these potential 
cost savings attributed to reduced thera-

peutic requirements would offset the cost 
of a newborn screening programme had 
not previously been studied. 

Cystic Fibrosis screening hit the headlines 
in November 2006, when it was an-
nounced that UK Chancellor Gordon 
Brown's baby son Fraser had been diag-
nosed. Babies are routinely screened for 
the condition in Scotland (since 2003), 
Wales and Northern Ireland, but this is not 
yet the case for all areas of England in-
cluding London. 

Dr. Erika Sims (University of East Anglia, 
Norwich, UK) and colleagues from the 
University of Dundee, UK, used data from 
the UK cystic fibrosis database for 2002 to 
compare the treatment costs of 184 chil-
dren aged 1-9 years who had cystic fibro-
sis that was identified by newborn screen-
ing with those of 950 children in the same 
age-group, who were identified after clini-
cal presentation of the disease. Patients 
diagnosed by newborn screening cost 
significantly less to treat than those who 
were diagnosed clinically. Patients diag-
nosed on the basis of clinical presentation 
alone received therapy costing an esti-
mated 60–400% more than patients diag-
nosed by newborn screening. 

The authors conclude: "Newborn screen-
ing is associated with lower estimated 
treatment costs and reduced hospital ad-
missions for invasive therapy, which sug-
gests that indirect costs and disruption to 
family life will also be less. Furthermore, 
the potential cost savings to the yearly 
treatment budget could offset some, if not 
all, of the costs of a newborn screening 
service." 

In an accompanying Comment, Bridget 
Wilcken and Kevin Gaskin (both of both 
the Children's Hospital at Westmead, and 
University of Sydney, NSW, Australia) 
state: "If clear clinical benefit does not 
always persuade governments to imple-
ment screening, cost benefits might…
Some parts of the world - e.g. the middle 
east and possibly India—have a high fre-
quency of cystic fibrosis, and screening 
might have potential in countries with a 
stable health-care system." 

For more information, contact: Dr. Erika 
Sims at e.sims@uea.ac.uk. 
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