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INTRODUCTION

In the last issue of  Neonatology  Today  [1] 
the course of  the fetal circulation, mecha-
nisms that maintain fetal circulatory  path-
ways, distribution of  the cardiac output, fetal 
myocardial function and postnatal circulatory 
changes were addressed. In this second 
part, the influence of  postnatal circulatory 
changes on the presentation of  important 
congenital cardiac defects,  as well as their 
therapeutic implications will be discussed.

Congenital heart  disease is usually  well-
tolerated during fetal life.  However,  circula-
tory  changes following birth have marked 
effect on the clinical presentation and on the 
course of  the heart disease in the early 
newborn period.  

DUCTUS ARTERIOSUS

The ductus arteriosus is a tubular muscular 
structure connecting the pulmonary  artery 
with the descending aorta. The ductus di-
verts the desaturated blood from the pulmo-
nary  artery  into the descending aorta and 
from there into the placenta for oxygenation. 
It  is kept open during fetal life by  locally  pro-
duced and circulating prostaglandins. After 
the infant is born, the ductus arteriosus con-
stricts  and closes spontaneously, presuma-
bly  secondary  to increased PO2 as well as to 
decreasing responsiveness of  the ductal 
musculature to prostaglandins with increas-

ing age. The importance of  the ductus in 
various congenital heart  defects will be re-
viewed. 

Hypoplastic Left Heart Syndrome (HLHS) 
  
In HLHS, the mitral valve, left  ventricle and/
or the ascending aorta are markedly  stenotic 
or atretic, and there is no forward flow from 
the left heart into the body  [2,3].  The entire 
systemic circulation depends upon the flow 
through the patent ductus arteriosus (Figure 
1). Following birth, as the PO2 increases, the 
ductus arteriosus constricts and compro-
mises the systemic blood flow. There is con-
current decrease in the pulmonary  vascular 
resistance, again due in part  to an increase 
in PO2. This will result in a marked increase 
in pulmonary  blood flow. A combination of 
these events causes severe acidemia (sec-
ondary  to decreased systemic perfusion) 
and increase in arterial PO2 (related to in-
creased pulmonary-to-systemic flow ratio). If 
untreated, severe congestive heart  failure 
and death will result. 

It  seems logical not  to increase PO2 by  not 
increasing ambient oxygen concentration so 
as not to hasten the ductal closure. Admin-
istration of  prostaglandin E1 will help keep 
the ductus patent, thus maintaining systemic 
perfusion. To further facilitate systemic per-
fusion through the ductus arteriosus, resis-
tance to flow into the lungs should be in-
creased. Lower FIO2 than room air is advo-
cated so as to increase pulmonary  vasocon-
striction.
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Pulmonary Atresia with Intact Ventricular Septum

Pulmonary  atresia with intact ventricular septum is a complex 
cyanotic congenital heart defect characterized by  complete 
obstruction of  the pulmonary  valve, two distinct ventricles, a 
patent tricuspid valve and no ventricular septal defect [4]. The 
right ventricle is usually, but not invariably, small and hypoplas-
tic.  Since there is complete blockage of  the pulmonary  valve, 

the pulmonary  blood flow is entirely  dependent upon the 
patency  of  the ductus (Figure 2).  Initially  (at birth) the ductus 
is patent and the pulmonary  blood flow may  be adequate with 
reasonable arterial PO2. However, as the ductus begins to 
close during the natural process of  closure, marked hypoxemia 
and metabolic  acidosis will ensue. Prostaglandin E1 infusion 
usually  helps to keep the ductus open. Several other cardiac 
defects (Table IA) with severe stenosis or atresia of  the pulmo-
nary  outflow tract  are similarly  ductal dependent and are bene-
fited by prostaglandin E1 infusion. 

Total Anomalous Pulmonary Venous Connection (TAPVC) 
 
In TAPVC, the pulmonary  veins drain into the right atrium or 
systemic veins. In the infra-diaphragmatic type of  TAPVC, 
pulmonary  venous obstruction is present with resultant pul-
monary  edema and marked increase in the pulmonary  arterial 
pressures and resistance. If  the ductus is open, decompres-
sion of  pulmonary  arterial tree may  occur with some relief  of 
supra-systemic pulmonary  pressures although this is at the 
expense of deoxygenated blood bypassing the lungs.  

Transposition of the Great Arteries (TGA)

In TGA the aorta arises from the right ventricle and the pulmo-
nary  artery  from the left ventricle. Consequently  the pulmonary  and 
systemic circulations are parallel (Figure 3), in contradistinction to 
normal, in series arrangement. If  there is no inter-circulatory  mixing 
across a patent  foramen ovale or patent ductus arteriosus, the 
infant would not survive because there is no delivery  of  oxygenated 
blood to the body. An open ductus may  enhance inter-circulatory 
mixing, thus improving arterial PO2.  PGE1 infusion is helpful in 
abating hypoxemia in some patients with TGA.

Coarctation of the Aorta

Development of  coarctation of  the aorta is at least in part related 
to posterior shelf-like structure within folding of  medial and inti-
mal tissue of  the aortic wall and in part the result of  constriction 
of  the ductus arteriosus [5,6].  Blood flow from the proximal part 
of  the aorta into the descending aorta around the posterior shelf 
of  coarctation is facilitated by  a patent ductus (Figure 4A). This 
bypass mechanism is no longer available when the ductus 
closes (Figure 4B). Acute aortic obstruction develops rapidly 

Table I. Ductal-Dependent Cardiac Defects

A. Ductal-Dependent Pulmonary Flow
• Pulmonary atresia or critical stenosis with intact ven-

tricular 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

Figure 2.  Box diagram of hypoplastic right heart syndrome.  
Since there is no forward flow into the pulmonary artery from the 
right ventricle, the pulmonary flow is dependent upon the patent 
ductus arteriosus (PDA). As the ductus begins to constrict, the 
pulmonary blood flow will decrease causing severe hypoxemia.

Figure 1. Box diagram of Hypoplastic Left Heart Syndrome.    
Because there is no forward flow from the left heart into the    
hypoplastic aorta, the systemic perfusion is dependent upon the 
patent ductus arteriosus (PDA). Retrograde flow into the brachio-
cephalic vessels and coronary arteries is also shown. If the duc-
tus constricts the systemic, perfusion is compromised. The pul-
monary venous return cannot exit into the left ventricle, and its 
egress has to be into the right atrium via the patent foramen 
ovale (PFO).  If the foramen ovale is obstructive, the infant will 
develop signs of pulmonary venous obstruction.

http://www.NeonatologyToday.net


www.NeonatologyToday.net

with consequent development of  symptoms. Temporary  relief 
can be obtained by prostaglandin E1 infusion.

Interrupted Aortic Arch

This is  an uncommon defect with complete lack of  communica-
tion between the ascending and descending aorta;  this interrup-
tion may  occur at various levels. Irrespective of  the level of  ob-
struction, the blood flow goes from the pulmonary  artery  to the 
descending aorta via a ductus arteriosus, perfusing the lower 
part of  the body. Again,  during the normal course of  maturation, 
the ductus tends to close, causing no perfusion to the lower 
part of  the body. Prostaglandin E1 infusion opens the ductus,  
restoring circulation to the lower part of the body.

DUCTUS VENOSUS

The ductus venosus connects the umbilical vein to the inferior 
vena cava. In the fetus a substantial portion of  umbilical venous 
blood goes through this channel and is presumed to be kept 
open by  the mechanical effect of  the blood flowing through it. 
Following birth, it closes spontaneously  because of  lack of  flow 
through it, although the mechanisms of  closure may  be similar to 
ductus arteriosus, alluded to above.

TAPVC

In infra-diaphragmatic type of  TAPVC, some of  the pulmonary 
venous flow will be through the ductus venosus. When the duc-
tus venosus closes, pulmonary  venous flow gets obstructed and 
the infant  becomes symptomatic with tachypnea, cyanosis and 
pulmonary  edema because of  the necessity  of  the blood to pass 
through the liver. This is secondary  to high impedance to the 
passage of blood through the hepatic circulation.

FORAMEN OVALE

The foramen ovale is an opening in the atrial septum formed by  the 
septum secundum above and septum primum below and is kept 
patent in the fetus because of  the mechanical effect of  streaming of 
the inferior vena caval blood into the left atrium.  At birth a combina-
tion of  increase in the left atrial pressure secondary  to increased 
pulmonary  venous return and decrease in the right atrial pressure 
secondary  to decreased placental return will result in apposition of 
the septum primum and septum secundum causing functional clo-
sure of  foramen ovale. The role of  patency  of  the foramen ovale in 
congenital heart defects in the neonate will be discussed.

Right-sided Obstructive Lesions

In defects such as tricuspid or pulmonary  atresia, because of  atre-
tic pulmonary  and/or tricuspid valve, there is no forward flow into 
the pulmonary  circuit.  The blood regurgitates back into the right 
atrium. The right atrial pressure is higher than that in the left atrium; 
this will keep the foramen ovale open. Therefore, an obligatory 
right-to-left shunt occurs across the atrial septum (Figures 4). In-
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Figure 3.  Box diagram of the heart showing parallel circulations in 
transposition of the great arteries.  Note that right ventricle pumps 
into the aorta (Ao) (because of transposition) which goes to the 
body and returns into right atrium and back into the body.  Simi-
larly left ventricular output goes to the pulmonary artery (PA) and 
lungs and returns back to the left atrium and left ventricle to be 
pumped back into the lungs.  Unless there are inter-circulatory 
communications via either a patent foramen ovale or patent duc-
tus arteriosus, the infant cannot survive.  Mixing across a ven-
tricular septal defect (VSD) if such is present (not shown in the 
diagram), would also prevent progressive hypoxemia and death. 

Figure 4.  Diagrammatic portrayal of the flow from the aortic 
isthmus to the descending aorta in coarctation of the aorta:  A, 
with open ductus (PDA), and B, with closed ductus.  See the text 
for discussion.
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deed, right-to-left shunting at  the atrial level is essential for survival 
of  the patient. While rare in neonatal period, the foramen ovale can 
become restrictive and may  need enlargement either by  tran-
scatheter or surgical methodology [7].

TAPVC

In TAPVC the entire pulmonary  venous return comes into the right 
atrium or into systemic veins. From there its gets distributed into 
the right and left heart structures. Consequently  the systemic 
blood flow depends upon the patency  of  the foramen ovale. All 
the systemic output must pass through the patent foramen ovale. 
While obstruction at the foramen level can occur, it is more often 
than not located at other sites. Should it  be the sole obstruction, 
temporary relief can be provided by septostomy [7].

Left-sided Obstruction Lesions

In HLHS and  mitral or aortic atresia, the pulmonary  venous return 
coming into the left atrium can’t empty  into the left ventricle and 
therefore has to be shunted into the right  atrium. Consequently, 
the foramen ovale has to remain open in order to direct the pul-
monary  venous return into the right  heart  (Figure 1). Should the 
foramen ovale close, surgical or balloon atrial septostomy  should 
be performed to relieve the interatrial obstruction [7].

Transposition of the Great Arteries 

As alluded to above, in TGA the circulation is parallel and some 
inter-circulatory  mixing is essential for survival. If  the fetal circula-
tory  pathways close, as they  usually  do, creation of  or enlarge-
ment  of  atrial septal defect (Figure 6) by  balloon atrial septostomy 
is mandatory. Such an atrial communication may  sometimes be 
necessary  even in patients  with a naturally  open or prostaglandin-
induced patency of the ductus arteriosus.

Left-to-right shunt lesions

In lesions such as large patent ductus arteriosus (PDA) and ven-
tricular septal defect  (VSD), the pulmonary  blood flow is markedly 
increased (see Pulmonary  Vascular Bed section below) and con-
sequently  the left  atrial size increases.  This left atrial enlargement 
may  cause stretching of  the patent foramen ovale resulting in an 
additional left-to-right atrial shunting.  However, such shunting 
maintains low pulmonary  venous pressure and may  even prevent 
pulmonary edema. 

PULMONARY VASCULAR BED

In utero, the pulmonary  vascular resistance is high,  most likely 
due to the low PO2 to which the pulmonary  arterioles are exposed 
[1]. Following birth, normal breathing and oxygenation of  the 
lungs take place resulting in the fall of  pulmonary  vascular resis-
tance and pressure. The influence of  pulmonary  vascular changes 
in the neonate will be reviewed.

Large Inter-Circulatory Connections

In the presence of  a large systemic-to-pulmonary  communication 
such as VSD, the pressures in both ventricles are similar.  There-
fore,  the quantity  of  left-to-right shunt is to a great extent depend-
ent upon the ratio of  pulmonary  to systemic vascular resistance. If 
the pulmonary  vascular resistance decreases in a normal fashion 
within the first few hours to days, a large left-to-right shunt and 
congestive heart failure will develop during the first few days to 
weeks of  life.  However,  this does not usually  happen in otherwise 
normal babies until the age of  4 to 12 weeks.  This is because of 
delayed regression of  the pulmonary  vascular resistance and 
pulmonary  arteriolar muscular thickness.   Increased pressure to 
which the pulmonary  arterioles are subjected may be responsible 
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Figure 6.  Box diagram of the heart showing parallel circulations 
in transposition of the great arteries.  Note that right ventricle 
(RV) pumps into the aorta (because of transposition) which goes 
to the body and returns into right atrium and back into the body.  
Similarly left ventricular output goes to the pulmonary artery and 
lungs and returns back to the left atrium and left ventricle to be 
pumped back into the lungs. Unless there are inter-circulatory 
communications via either a patent foramen ovale (PFO) or pat-
ent ductus arteriosus (PDA), the infant cannot survive.  Mixing 
across a ventricular septal defect (VSD) if such is present (not 
shown in the diagram) would also prevent progressive hypoxe-
mia and death. PGE1 infusion to open the ductus and balloon 
septostomy to enlarge the PFO are usually helpful.

Figure 5.  Box diagrams of hypoplastic right heart syndromes.  In 
pulmonary atresia (or tricuspid atresia) the right atrial (RA) blood 
has to egress into the left atrium (LA) via the patent foramen 
ovale (PFO).  If the PFO is obstructive, signs of systemic venous 
obstruction will develop.
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for this delayed regression. However, the exact mechanism 
through which the high pressure acts  to delay  the normal involu-
tion of the pulmonary vasculature is not known.  

Any  cardiac defect with large inter-circulatory  connection such as 
large patent ductus arteriosus, double outlet right ventricle, trun-
cus arteriosus, single ventricle and others (all without associated 
pulmonary  stenosis) affects the pulmonary  vascular bed in a 
manner similar to that described for the VSD.

Abnormal Development of Pulmonary Vasculature 

The development of  fetal pulmonary  vasculature is dependent 
upon the PO2 to which it is exposed. Therefore, if  the PO2 of  pulmo-
nary  blood is increased because of  a cardiac defect, pulmonary  vas-
culature (arterioles) remains underdeveloped and less muscular. 
Consequently, the pulmonary  vasculature may  regress rapidly  pro-
ducing a decrease in the pulmonary  vascular resistance and de-
velopment of  a large left-to-right shunt  much earlier than antici-
pated.

Prematurity

In premature infants,  because of  lack of  complete development of 
the media of  the pulmonary  arterioles, there is less pulmonary  
arteriolar smooth muscle to regress; therefore, the infants with 
large systemic-pulmonary  communications develop heart failure 
much earlier than expected for normal full-term newborn.  But, if 
they  also have pulmonary  disease producing hypoxia,  a fall in 
pulmonary  vascular resistance may  be delayed and as the infant 
improves from lung disease, a large left-to-right shunt and con-
gestive heart failure will develop.

Other Factors

Chronic  hypoxia also delays regression of  pulmonary  vasculature. 
Decreased ambient oxygen at high altitude and pulmonary  dis-
ease may  delay  the development of  large left-to-right shunt and 
congestive heart  failure in patients with large inter-circulatory 
connections.

High left atrial pressure caused by  left ventricular inflow ob-
structions (mitral stenosis/atresia and HLHS complexes) also 
cause delayed involution of  the pulmonary  arterioles, although 
the mechanism by which this is affected is not understood.

THERAPEUTIC IMPLICATIONS

Therapeutic implications of  post-natal circulatory  changes in 
some cardiac defects will be reviewed.

Transposition of the Great Arteries

In TGA severe hypoxemia develops as the PDA and foramen 
ovale close. Initially  prostaglandin E1 infusion should be started 
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to open the ductus (Figure 6) which may  allow inter-circulatory 
mixing and improve hypoxemia. However, the degree of  mixing 
may  not be adequate to wait until the arterial switch procedure 
(Jatene) is performed. In such situations balloon atrial sep-
tostomy (Figure 6) should be performed [7].

Right-sided Obstructive Lesions

In right  heart obstructive lesions such as pulmonary  atresia 
(Figure 7),  tricuspid atresia (Figure 8) and severe tetralogy  of 
Fallot (Figure 9), as the ductus begins to close the pulmonary 
blood flow decreases and hypoxemia develops.  Administration 
of  PGE1 usually  restores the pulmonary  flow and improves hy-
poxemia. A more permanent solution to augment and maintain 
pulmonary  blood flow should follow. This includes either tran-
scatheter or surgical opening of  the pulmonary  valve or creation 
of  an aorto-pulmonary  shunt such as Blalock-Taussig (BT) shunt 
for pulmonary  atresia (Figure 8), BT shunt for tricuspid atresia 
(Figure 9) and BT shunt, balloon pulmonary  valvuloplasty  [8] or 
total surgical correction (depending upon the anatomy) for te-
tralogy  of  Fallot (Figure 10). A similar approach is used in other 
lesions associated with severe pulmonary  stenosis or atresia 
(Table IA). An alternative to BT shunt is  implantation of  ductal 
stents [9].

Sometimes interatrial obstruction develops in patients with pul-
monary  and tricuspid atresia (Figure 8 an 9),  and transcatheter 
or surgical atrial septostomy [7] may become necessary.

Left-sided Obstruction Lesions

In HLHS and mitral or aortic atresia (Figure 10), again the duc-
tus tends to close spontaneously  soon after birth. PGE1 infusion 
to open the ductus is usually  effective. Decrease in pulmonary 
vascular resistance that follows lung expansion after birth in-
creases flow into the lungs, thus compromising systemic flow. 
This can in part be reversed by  lowering FIO2 to less than room 
air (to increase pulmonary  vasoconstriction),  thus facilitating 
systemic perfusion through the ductus arteriosus. Maintaining 
some restriction at the level of  patent foramen ovale will also 
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Figure 7.  Box diagram of the heart showing pulmonary atresia 
with intact ventricular septum. Since there is no forward flow into 
the pulmonary artery from the right ventricle, the pulmonary flow 
is dependent upon the patent ductus arteriosus (PDA).  Admin-
istration of PGE1  followed by transcatheter or surgical opening of 
the pulmonary valve or creation of an aorto-pulmonary shunt 
such as Blalock-Taussig (BT) shunt is usually performed. If in-
teratrial obstruction develops, transcatheter or rarely surgical 
atrial septostomy may become necessary.

Figure 8.  Box diagram of the heart showing tricuspid atresia. 
When there is associated pulmonary atresia or a very small ven-
tricular septal defect, the pulmonary flow is dependent upon the 
patent ductus arteriosus (PDA).  Administration of PGE1 followed by 
an aorto-pulmonary shunt such as Blalock-Taussig (BT) shunt is 
usually performed. If interatrial obstruction develops, transcatheter 
or rarely surgical atrial septostomy may become necessary.

Figure 9. Box diagram of the heart showing tetralogy of Fallot 
demonstrating right to left shunt across the ventricular septal de-
fect (VSD). When there is associated pulmonary atresia or a very 
severe pulmonary stenosis the pulmonary flow is dependent upon 
the patent ductus arteriosus. In some tetralogy patients neonatal 
intervention is needed. PGE1  is initially administered to increase 
pulmonary blood flow and to improve hypoxemia. This is followed 
by BT shunt, balloon pulmonary valvuloplasty or total surgical 
correcting depending upon the anatomy.
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help prevent rapid fall in pulmonary  resistance. These treatment 
modalities may  tide over the patient until the conventional    
Norwood procedure is performed.

Sometimes severe inter-atrial obstruction may  develop and may 
have to be relieved by atrial septostomy [7].

Utilizing these principles, hybrid procedures have been developed 
[10] in which the pulmonary  artery  bands are placed surgically, 
constricting both branch pulmonary  arteries and a stent implanted 
within the ductus arteriosus (Figure 11) via a sheath placed in the 
main pulmonary  artery  at the time of  banding. Some of  these in-
fants may  develop severe restriction of  the atrial septum, requiring 
placement of a stent in the patent foramen ovale (Figure 12).

Coarctation of the Aorta and 
Interrupted Aortic Arch

In both these conditions, closure of  ductus causes severe de-
crease in perfusion to the lower part of  the body  (Table IB) and 
can be relieved by  prostaglandin infusion. This should be fol-
lowed by surgical correction.

TAPVC

In some patients with TAPVC, spontaneous closure of  ductus ve-
nosus and ductus arteriosus and restriction of  foramen ovale may 
have therapeutic implication.  However, in the majority  of  patients 
with infra-diaphragmatic type of  TAPVC, the major issue is pulmo-
nary venous obstruction, requiring emergent surgical correction.

VSD

In large ventricular defects, because of  high pulmonary  resis-
tance at birth the murmur of  VSD may not be heard at birth;  the 
murmur becomes manifest  in a few weeks after birth. The babies 
also do not usually  go into heart  failure at birth. Congestive heart 
failure does not become apparent until six to eight weeks of  age 
because of delayed involution of pulmonary arterioles. 

Exactly  the same physiological principles may  be applied to 
patients with other large inter-circulatory  communications such 
as a large PDA and other complex heart defects such as: 
double-outlet right ventricle, double inlet left ventricle, trans-
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Figure 12. Selected cine frames demonstrating stent implantation 
(A) in the restrictive patent foramen ovale (PFO) and its position 
across the atrial septum (B) after deployment and removal of the 
balloon and guide wire. 

Figure 11. Selected right ventricular (RV) cine-angiographic 
frames demonstrating a ductal stent implanted during hybrid pro-
cedure. Note the opacification of the descending aorta (DAo) with 
concurrent opacification of the aortic arch (ARCH) by retrograde 
flow. The left pulmonary artery (LPA) band (arrow) is clearly 
seen.(A). Slightly different angle of cine projection is used (B) to 
demonstrate right pulmonary artery (RPA) band.

Do You Want to Recruit a Neonatologist or Perinatologist?

Advertise in Neonatology Today, the only monthly publication dedicated to neonatology and perinatology.

For more information send an email to: TCar lsonmd@mac.com

Figure 10. Box diagram of the heart showing hypoplastic left 
heart syndrome and possible therapeutic interventions.
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The Fifth Annual Evidence vs Experience in Neonatal Practices® 
CME conference returns to Chicago June 20-21, 2008

This popular meeting, to be held at the Renaissance Chicago 
Hotel, will address the timeliest topics in the management of neo-
nates.  A faculty of 13 thought leaders in neonatology will describe 
recent developments in this fast-evolving field, including state-of-
the-art treatment options that are improving outcomes for preterm 
infants. 

The two-day conference will focus on a wide range of subjects in 
areas such as nutrition, surfactants, hemodynamics and ventila-
tion. 

Presentations will include: 

• Surfactant Treatment for ARDS
• GERD and Gut Dysmotility in Preterm Infants
• Late Preterm Infants: Unique Problems
• Low Systemic Blood Flow and Neurodevelopmental Outcomes
• To Tube or Not to Tube Babies with RDS
• Neonatal Ventilators: How Do They Differ?

In their in-depth lectures, speakers will 
describe the use of surfactant pre-
extubation, developments in synthetic vs. 
natural surfactants, and prebiotics/
probiotics. Research into inhaled nitric 
oxide, relative adrenal insufficiency, and 
hypotension in preterm infants will also be 
discussed. Nicholas J. Evans, DM, 
MRCPCH, of the University of Sydney and 
Royal Prince Alfred Hospital in Australia 
will deliver the keynote address on “Low 
Systemic Blood Flow and Neurodevelop-
mental Outcome.”

Kris Sekar, MD, FAAP, of the University of 
Oklahoma Health Sciences Center and 

The Children’s Hospital in Oklahoma City, will serve as Chair of 
this thought-provoking conference. Other members of the Organ-
izing Committee are Jatinder Bhatia, MBBS (Medical College of 
Georgia), Rangasamy  Ramanathan, MD (Keck School of Medi-
cine of USC), and Istvan Seri, MD, PhD (also of the Keck School 
of Medicine).  Faculty members include neonatologists from the 
United States, Europe and Australia.

The target audience for this important conference includes physi-
cians, nurse practitioners, nurses and other clinicians caring for 
preterm infants. The faculty will encourage the audience to partici-
pate fully in the program, interacting with not only the speakers but 
also with one another, and offering their own insights and perspec-
tives into recent research and patient care in neonatal medicine.  An 
Audience Response System will be used to help determine what 
participants have learned.

This annual conference will be co-sponsored by the Annenberg 
Center for Health Sciences at Eisenhower and the Keck School of 
Medicine of USC and supported by an independent educational 
grant from DEY, L.P.

To register online for Evidence vs. Experience in Neonatal   
Practices® , or for additional conference information, program up-
dates, and accreditation information, visit the conference.          
Website: www.5StarMedEd.org/neonatal.

Introduction  

In 2004, there were more than half a million preterm births in the 
US (about 12.5% of live births). The problems encountered by a 
premature infant are related to the immaturity of the organ systems. 
The infant requires specialized care until his or her organ systems 
have developed enough to sustain life without specialized support. 
Depending on the extent of prematurity, this may take weeks to 
months. This meeting will continue the examination of newly devel-
oping treatment options for these problems, while reviewing current 
evidence for treatment protocols. International thought leaders in 
the field will help clarify desired and efficacious treatment options.

Learning Objectives

Upon completion of this activity, participants should be better able to:
1. Apply critical nutritional care to their preterm infants
2. Incorporate current knowledge of surfactants into practice
3. Utilize appropriate interventions for hemodynamic problems
4. Provide appropriate ventilator care to preterm infants

Accreditation and Certification
 The Annenberg Center for Health Sciences at Eisenhower is accredited by the Accreditation Council for Continuing Medical Education to 
provide continuing medical education for physicians. 
 The Annenberg Center designates this educational activity for a maximum of 11.25 AMA PRA Category 1 Credits™. Physicians should only 
claim credit commensurate with the extent of their participation in the activity.
 Annenberg Center for Health Sciences is approved as a provider of nurse practitioner continuing education by the American Academy of 
Nurse Practitioners. Provider # 040207. The Annenberg Center designates this program for 11.25 contact hours of continuing education.
 Annenberg Center for Health Sciences is accredited as a provider of continuing nursing education by the American Nurses Credentialing 
Center's Commission on Accreditation. 
 A maximum of 11.25 contact hours may be earned for successful completion of this activity.
 Statements of Credit will be provided by mail following activity participation, and upon completion and return of the evaluation form at the 
meeting or to the Annenberg Center for Health Sciences (# 4614), 39000 Bob Hope Drive, Rancho Mirage, CA 92270 or by FAX to 760-773-4550. 
Please allow 4-6 weeks for the delivery of your statement.

Disclosure
 It is the policy of the Annenberg Center to ensure fair balance, independence, objectivity, and scientific rigor in all programming. All faculty 
participating in sponsored programs are expected to identify and reference off-label product use and disclose any significant relationship with 
those supporting the activity or any others whose products or services are discussed. Full disclosure will be made in the syllabus.
 If you need reasonable, special accommodations or have questions about access to any of our activities, please contact Nina Pratt, by 
phone at 800-321-3690, by fax at 760-773-4550, or by e-mail at registration@annenberg.net. All requests must be received at least 14 days in 
advance of the intended activity start date

Kris Sekar, MD, FAAP

Questions about this event can be addressed to the           
Annenberg Center for Health Sciences at Eisenhower by  
calling Nina Pratt at 800-321-3690 (toll-free) or 760-773-4500 
(8 a.m. to 5 p.m. Pacific time).

http://www.5StarMedEd.org/neonatal
mailto:registration@annenberg.net
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Please complete the following survey and FAX this page to: 1-240-465-0692

How does your salary compare with your peers?  Please complete the following anonymous salary survey.  We will 
publish the findings in a follow-up article on salary levels in Neonatology.

1.    How many years has it been since your Fellowship?   ________Years

2.    Are you Board Certified in Neonatology (Place an “X” in the appropriate box)? 

  a  Yes  b  No   c  In the process of becoming B/C

3.     In terms of your compensation, what is your base salary?  $_________________________       

3A.  How much is your bonus? $__________________________

4.    What type of position do you hold (check all that apply)?   a  Academic      b  Clinical

5.    What type of healthcare benefits do you receive (check all that apply)?  

 a  Healthcare    c  Dental   

 b  Vision   d  None 

6.     If you receive healthcare, is it (check one)?   a  Individual Only     b  Family

7A.   Is your healthcare (check one)  a  Fully Paid by Employer     b  Partially Paid by Employer

7B.   How many vacation weeks per year do you get?     __________ Weeks

8.     Do you get a CME allowance (check one)?  a  Yes     b  No        If  yes, how much?  $____________________

9.     Is your Malpractice Insurance paid by your employer (check one)?  a  Yes     b  No      c  Partially paid

10A. What type of Retirement Plan do you have through your place of employment (check one)?    

 a  401K      b  401B  c  Other d  None

10B.  What is the approximate value of your employer’s participation in your retirement?  $___________________

11.    How many years have you been at your current place of employment?    _________ Years

12.    For demographic analysis only, what is your 5-digit residential (home) Zip or postal code?    _______________

13.    Optional:  Do you have any additional comments you would like to share:   ______________________________

 ________________________________________________________________________________________

          ________________________________________________________________________________________

Thank you,

Research Department
Neonatology Today

Salary Survey - Sponsored by TIVA HealthCare, Inc.

Salary Survey Sponsored by

w w w. T I VA H e a l t h C a r e . c o m
8 0 0 - 5 0 6 - 8 4 8 2
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Code Medication Calculator 
Compliments of Doug Norwood,
Respiratory Care Supervisor, 
Rockdale Medical Center

Neonatology  Today, is making available a 
drug calculation program to print bed-
side Code Cards in the NICU.

This basic drug calculation program is 
provided by  Doug Norwood, Respiratory 
Care Supervisor in the Birth Place at 
Rockdale Medical Center in Conyers, 
Georga.  Dosages are calculated based 
on the infant's weight. Patient name and 
ID number may  be stored and selected 
from a pulldown menu. The author 
wishes to share the program with any-
one who would like to use it.  Please 
note that the epinephrine dose is calcu-
lated at 0.1 ml/kg.  Current NRP guide-
lines recommend 0.1-0.3/kg ml IV or 
0.3-1.0/kg ml ETT.  

Feel free to modify  any  part of  the pro-
gram as needed for your own use.  
Please, always verify  any  information on 
it before you use for patient care.  
 
Rockdale Medical Center is a suburban 
Atlanta hospital that houses a 16 bed 
level III NICU.

Readers who wish a copy  of  the pro-
g r a m , m a y  s e n d a n e m a i l t o :  
CodeCard@Neonate.biz. Please include 
your name and title.  Readers may  also 
go the following link. to download the 
program directly:  
http://digbig.com/4wmpk

Neonatologists and Pediatricians 
Highlight Progress and Barriers to 
Preemie Care

Newswise — A recent survey  of  202 
neonatologists and pediatricians, which 
examined current attitudes and practices 
when caring for the specialized health 
needs of  preterm infants, revealed that 

most  respondents (70%) feel the United 
States’ healthcare system does not 
place enough emphasis on or dedicate 
enough resources to preventive health-
care for preemies. The survey  was 
sponsored by MedImmune, Inc.

The incidence of  preterm birth, when 
infants are born at less than 36 weeks 
gestation, has increased steadily  in the 
United States since the mid-1990s. Be-
cause these babies lack the usual com-
plement of  antibodies, which are sup-
plied by  the mother to babies in late ges-
tation,  preterm babies are at high risk of 
getting a host of  infectious diseases, in-
cluding respiratory  syncytial virus (RSV), 
the leading cause of  infant respiratory 
hospitalization in the United States. That 
risk can be even greater among infants 
that have an array  of  complex health 
problems including immune deficiencies, 
chronic lung disease, congenital heart 
disease and neurological disorders.

“This survey  reminds us that, while pro-
gress in preemie healthcare has been 
made, more still needs to be done to 
ensure that every  preemie, regardless of 
his or her circumstances, receives the 
care he or she deserves,” said Richard 
J. Martin,  MD, division chief  of  neonatol-
ogy, Rainbow Babies and Children’s 
Hospital, Cleveland, Ohio.

Additional key  survey  findings shed light 
on reasons why  premature infants may 
not receive the specialized care they  
require:

• Preemie care practices differ among 
doctors with varying levels of  experi-
ence. More than half  (53%) of  pedia-
tricians with 10 years of  experience or 
less relied on parents to find out if  a 
patient  was born prematurely,  com-
pared with just 14% of  pediatricians 
with 21 plus years of  experience. The 
more experienced pediatricians fa-
vored the hospital discharge summary 
(43%) or communication with the 

child’s neonatologist for this informa-
tion (36%).

• Twenty-one percent of  neonatologists 
with more than 10 years of  experience 
said providing parents with a copy of 
their child’s discharge plan is the most 
important  step when discharging a 
preemie from the hospital. Only  three 
percent of  neonatologists with fewer 
years of  experience named this as the 
most important step.

• Most pediatricians (56%) with 10 
years of  experience or less said they 
stop working with a preemie’s neona-
tologist immediately  following dis-
charge, whereas most pediatricians 
(54%) with 21 plus years of  experi-
ence keep working with the neona-
tologist until their patient is at least 
three months old.

• Late-preterm infants (defined as 34-to-
35 weeks gestational age for the pur-
pose of  the survey) may not be on 
their doctors’ “radars” because of  mis-
conceptions about  the risks these ba-
bies face.

• Fifty-eight percent of  34-to-35 week 
infants are perceived, by  their sur-
veyed doctors, as healthy  (not at high-
risk), even though they  are premature 
and at high risk for RSV disease.

• Doctors agree that there are a number 
of  reimbursement and managed-care 
barriers to effective preemie care.

• Most  physicians (70%) feel that the 
U.S.  healthcare system does not dedi-
cate enough emphasis and resources 
to preventive healthcare for premature 
infants. Eighty-four percent of  these 
physicians say  they  are willing to per-
sonally  advocate for more preventive 
health services for preemies.

• Most pediatricians (69%) say  their of-
fice staff  spends more time on reim-
bursement for premature infants than 
for full-term babies. Seventy-seven 
percent say  they  spend more time on 
reimbursement for premature babies at 
high risk for serious RSV than for 
preemies who are not at high risk for 
serious RSV.

Medical News, Products and Information
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About the Survey
HCD Research, an independent re-
search company, surveyed a random 
sample of  202 neonatologists and pe-
diatricians from September 5 to 25, 
2007. To qualify, respondents had to 
have spent at  least 50 % of  their time in 
a clinical setting, with neonatologists 
treating at least  three preemies per 
month and pediatricians treating at least 
three preemies in the past four months. 
Respondents with an existing financial 
relationship with an advertising agency, 
the U.S.  Food and Drug Administration 
or a market research firm were ex-
cluded. No incentive was offered in ex-
change for respondents’ participation.

Ninety-seven neonatologists partici-
pated in the survey. Thirty-two neona-
tologists had 10 years of  experience or 
less, 37 neonatologists had between 11 
and 20 years of  experience, and 28 
neonatologists had at least 21 years of 
experience. A total of  105 pediatricians 
participated in the survey. Twelve were 
pediatric pulmonologists and 15 were 
pediatric cardiologists. Thirty-two pediatri-
cians had 10 years of  experience or less, 
45 pediatricians had between 11 and 20 
years of  experience, and 28 pediatricians 
had at least 21 years of experience.

About RSV
Each year, up to 125,000 infants in the 
United States are hospitalized with severe 
RSV infections, the leading cause of  in-
fant hospitalization in the U.S. Approxi-
mately  one-half  of  all infants are infected 
with RSV during the first year of  life, and 
nearly  all children have been infected at 
least once by  the time they  reach their 
second birthday. In the United States, 
RSV causes up to 1.7 million physician 
office visits;  400,000 emergency room 
visits and more than 230,000 hospital 
outpatient emergency  room visits per 
year. RSV is the most common respira-
tory  infection in infancy  or childhood. 
Children born prematurely  as well as 
those with chronic lung disease or con-
genital heart disease are at highest  risk 
for severe disease and hospitalization due 
to RSV. In addition, some 25-40% of  in-
fants in the first year of  life infected with 
RSV develop lower respiratory  tract infec-
tions (such as bronchiolitis or pneumonia) 
which can additionally  compromise the 
hearts and lungs of  these high-risk in-
fants. The virus may also cause severe 
illness in populations such as the elderly, 
those with underlying respiratory  or car-
diac disease, and those with compro-
mised immune systems (e.g., bone mar-
row transplant patients).

About MedImmune
With approximately  3,000 employees 
worldwide and headquarters in Maryland, 
MedImmune is wholly  owned by  Astra-
Zeneca plc ( L S E : A Z N . L , N Y S E : 
A Z N ) . F o r m o r e i n f o r m a t i o n ,  v i s i t 
M e d I m m u n e ’ s w e b s i t e a t 
w w w. m e d i m m u n e . c o m
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Do you or your colleagues 
have interesting research 
results, observations,  hu-

man interest stories, 
reports of meetings, etc. 

that you would like             
to share with the            

neonatology community?

Submit a brief summary of 
your proposed article to 
  Article@Neonate.biz             

                                                                          
The final manuscript may be be-

tween 400-3,500 words, 
contain pictures, graphs, 

charts and tables. 
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So far, 115 hospitals across the nation have increased 
reimbursement for INOmax® (nitric oxide) for inhalation.
Is your hospital one of them?  

Our team can help you identify the information you need to seek and obtain 
appropriate payment.  To learn more, please contact IKARIA™ and the INOtherapy
Reimbursement Service at 1-877-KNOW-INO (1-877-566-9466) 
or visit our Web site at INOmax.com

© 2008 IKARIA Holdings Inc.
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