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Together, two new options help you:

•  Customize feeding solutions to � t 
baby’s individual needs in the NICU

•  Adjust protein as baby grows 

•  Eliminate the risk of contamination 
from powders by using commercially 
sterile liquid products

Our newest additions 
work together to give you 
even more flexibility

Our newest additions Our newest additions Our newest additions 
work together to give you work together to give you work together to give you work together to give you 
even more flexibilityeven more flexibilityeven more flexibility

Allows you to add protein 
based on baby’s needs

•  First and only extensively 
hydrolyzed casein protein 
forti� er for easy digestion 
and absorptionThe only non-acidified liquid fortifier

•  Formulation clinically proven to support excellent 
weight, length, and head circumference gains1

•  Retains the pH of human milk to near neutral range, 
preserving the unique bene� ts of human milk2,3

References: 1. Barrett-Reis B, et al. Pediatrics. 2000;106:581-588. 2. Erickson T, Gill G, Chan GM. J Perinatol. 2012:1-3. 
3. Lawrence RA, Lawrence RM. Breastfeeding: A Guide for the Medical Professional. 6th ed. St. Louis, MO: Elsevier Mosby, 
Inc; 2005:147.
©2013 Abbott Laboratories 86682/April 2013  LITHO IN USA

From the makers of Similac

New Liquid Protein Forti� er
New Similac® Human Milk Forti� er 
Concentrated Liquid

381-33794-Rev
 Bleed: 8.75" x 11.25"
Trim: 7.75" x 10.5"
Live: 6.875" x 9.75"
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SERVOlution is a trademark of MAQUET Critical Care AB.

 www.maquetusa.com

Join the SERVOlution™

MAQUET is committed to providing therapeutic options for disease-specific entities that help you improve  

patient outcomes. SERVOlution is our new innovative approach to mechanical ventilation that provides you  

with comprehensive, goal-oriented therapeutic packages for a patient’s course of treatment in the ICU.

The new SERVO with SERVOlution.

■■ Relieve—help reduce work of breathing

■■ Synchronize—improve patient ventilator interaction and patient comfort

■■ Protect—reduce lung stress and help maintain muscle conditioning

■■ Baby—help protect infants with improved synchrony and NIV support

Explore how the new SERVO with SERVOlution can help you liberate your patients from mechanical ventilation.

Scan to Learn More
maquetservoi.com
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SURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTA is is is is indicated indicated indicated indicated indicated indicated indicated indicated indicated indicated indicated indicated indicated indicated indicated for prevention  
andandandandand treatment treatment treatment treatment treatment treatment treatment treatment treatment treatment treatment treatment (“rescue”) (“rescue”) (“rescue”) (“rescue”) (“rescue”) (“rescue”) (“rescue”) (“rescue”) (“rescue”) (“rescue”) (“rescue”) (“rescue”) (“rescue”) (“rescue”) (“rescue”) of respiratory 
distressdistressdistressdistressdistressdistressdistressdistressdistressdistressdistressdistress syndrome syndrome syndrome syndrome syndrome syndrome syndrome syndrome syndrome syndrome syndrome syndrome (RDS) (hyaline  
membranemembranemembranemembranemembranemembranemembranemembranemembranemembranemembranemembrane disease) disease) disease) disease) disease) disease) disease) disease) disease) disease) disease) disease) disease) in premature infants. 
SURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTA significantly significantly significantly significantly significantly significantly significantly significantly significantly significantly significantly significantly significantly significantly significantly significantly significantly significantly reduces the 
incidenceincidenceincidenceincidenceincidenceincidenceincidenceincidenceincidenceincidenceincidenceincidenceincidenceincidenceincidence of of of of of RDS, RDS, RDS, RDS, RDS, RDS, RDS, mortality due to  
RDSRDSRDSRDSRDSRDS and and and and and air air air air air leak leak leak leak leak leak complications.
Prevention:Prevention:Prevention:Prevention:Prevention:Prevention:Prevention:Prevention:Prevention:Prevention:Prevention:Prevention:Prevention:Prevention:Prevention:Prevention:Prevention:Prevention: In premature infants less  
thanthanthanthanthan 1250 1250 1250 1250 1250 1250 g g g birth weight or with evidence 
ofofofofof surfactant surfactant surfactant surfactant surfactant surfactant surfactant surfactant surfactant surfactant surfactant deficiency, give SURVANTA  
asasas soon soon soon soon soon soon soon as as as possible, preferably within  
151515 minutes minutes minutes minutes minutes minutes minutes minutes minutes minutes of birth.
Rescue:Rescue:Rescue:Rescue:Rescue:Rescue:Rescue:Rescue:Rescue:Rescue:Rescue:Rescue: ToToToTo treat infants with RDS confirmed 
bybybyby x-ray x-ray x-ray x-ray x-ray x-ray and and and and and requiring mechanical 
ventilation,ventilation,ventilation,ventilation,ventilation,ventilation,ventilation,ventilation,ventilation,ventilation,ventilation,ventilation,ventilation,ventilation,ventilation,ventilation,ventilation, give SURVANTA as soon as 
possible,possible,possible,possible,possible,possible,possible,possible,possible,possible,possible,possible,possible,possible,possible, preferably by 8 hours of age.

IImmPPPoooRRRtanttanttanttanttanttant safety InfoRmatIon2

Warnings:Warnings:Warnings:Warnings:Warnings:Warnings:Warnings:Warnings:Warnings:Warnings:Warnings:Warnings:Warnings:Warnings: SURVANTA is intended for 
intratrachealintratrachealintratrachealintratrachealintratrachealintratrachealintratrachealintratrachealintratrachealintratrachealintratrachealintratrachealintratrachealintratrachealintratrachealintratracheal use only. 
SURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTA can rapidly affect oxygenation 
andandandandand lung lung lung lung lung lung compliance. Therefore, its use 
shouldshouldshouldshouldshouldshouldshouldshouldshould be be be be be restricted to a highly supervised 
clinicalclinicalclinicalclinicalclinicalclinicalclinicalclinicalclinicalclinicalclinical setting setting setting setting setting setting setting setting setting setting setting with immediate availability 
ofofofofof clinicians clinicians clinicians clinicians clinicians clinicians clinicians clinicians clinicians clinicians clinicians clinicians clinicians clinicians experienced with intubation, 
ventilatorventilatorventilatorventilatorventilatorventilatorventilatorventilatorventilatorventilatorventilatorventilatorventilatorventilator management, management, management, management, management, management, management, management, management, management, management, management, management, management, management, and general care 
ofofofof premature premature premature premature premature premature premature premature premature premature premature premature premature infants. infants. infants. infants. infants. infants. infants. infants. infants. infants. Infants receiving 
SURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTASURVANTA should should should should should should should should should be frequently monitored 
withwithwithwithwithwith arterial arterial arterial arterial arterial arterial arterial arterial arterial arterial arterial or or or or transcutaneous measurement 
ofofofof systemic systemic systemic systemic systemic systemic systemic systemic systemic systemic systemic oxygen oxygen oxygen oxygen oxygen oxygen oxygen oxygen oxygen oxygen and and and and and carbon dioxide.

During the dosing procedure, transient 
episodes of bradycardia and decreased 
oxygen saturation have been reported.  
If these occur, stop the dosing procedure 
and initiate appropriate measures to 
alleviate the condition. After stabilization, 
resume the dosing procedure.

Precautions: Rales and moist breath sounds 
can occur transiently after administration. 
Endotracheal suctioning or other remedial 
action is not necessary unless clear-cut signs 
of airway obstruction are present. Increased 
probability of post-treatment nosocomial 
sepsis in SURVANTA-treated infants was 
observed in the controlled clinical trials. The 
increased risk for sepsis among SURVANTA-
treated infants was not associated with 
increased mortality among these infants. The 
causative organisms were similar in treated 
and control infants. There was no significant 
difference between groups in the rate of 
post-treatment infections other than sepsis.

Use of SURVANTA in in in in infants infants infants infants infants infants infants infants infants less less less less less less than than than than than  
600 g birth weight or greater greater greater greater greater greater greater greater greater greater greater than than than than than 1750 1750 1750 1750 1750 1750 g g g  
birth weight has not been evaluated evaluated evaluated evaluated evaluated evaluated evaluated evaluated evaluated evaluated evaluated evaluated evaluated in in in in 
controlled trials. trials. trials. trials. trials. trials. trials. trials. trials.

adverse Reactions: The most most most most most most commonly commonly commonly commonly commonly commonly commonly commonly commonly commonly commonly 
reported adverse experiences experiences experiences experiences experiences experiences experiences experiences experiences experiences experiences experiences experiences experiences experiences experiences experiences experiences were were were were were were were 
transient bradycardia and oxygen oxygen oxygen oxygen oxygen oxygen oxygen oxygen oxygen oxygen 
desaturation; both were associated associated associated associated associated associated associated associated associated associated associated associated associated associated associated  
with the dosing procedure.
Other reactions during the dosing 
procedure occurred with fewer than than than than than 1% 1% 1% 1% 1% 1% 1% 
of doses and included endotracheal endotracheal endotracheal endotracheal endotracheal endotracheal endotracheal endotracheal endotracheal endotracheal endotracheal endotracheal endotracheal endotracheal endotracheal endotracheal endotracheal tube tube tube tube tube tube tube 
reflux, pallor, vasoconstriction, hypotension, hypotension, hypotension, hypotension, hypotension, hypotension, hypotension, hypotension, hypotension, hypotension, hypotension, hypotension, hypotension, hypotension, hypotension, hypotension, hypotension, hypotension, 
endotracheal tube blockage, hypertension, hypertension, hypertension, hypertension, hypertension, hypertension, hypertension, hypertension, hypertension, hypertension, hypertension, hypertension, hypertension, hypertension, hypertension, hypertension, hypertension, hypertension, hypertension, 
hypocarbia, hypercarbia, and apnea. apnea. apnea. apnea. apnea. apnea. apnea. apnea. apnea. 
No deaths occurred during the dosing dosing dosing dosing dosing dosing dosing dosing dosing dosing dosing 
procedure, and all reactions resolved resolved resolved resolved resolved resolved resolved resolved resolved resolved resolved resolved resolved  
with symptomatic treatment.
The occurrence of concurrent illnesses illnesses illnesses illnesses illnesses illnesses illnesses illnesses illnesses illnesses illnesses illnesses illnesses 
common in premature infants was was was was evaluated evaluated evaluated evaluated evaluated evaluated evaluated evaluated evaluated evaluated evaluated evaluated evaluated 
in the controlled trials. The rates in in in in all all all all 
controlled studies are in the table table table table table table table table below. below. below. below. below. below. below. below. below. below.

OnOnOnOn the the the the the front front front front front front front front line line line line line line line 
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Trust what time has tested
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Patent ductus arteriosus 46.9 47.1 0.8140.8140.8140.8140.8140.8140.8140.8140.8140.814
Intracranial hemorrhage hemorrhage hemorrhage 48.1 45.2 0.2410.2410.2410.2410.2410.2410.2410.241
Severe intracranial hemorrhage hemorrhage hemorrhage 24.1 23.3 0.6930.6930.6930.6930.6930.6930.6930.6930.693
PulmonaryPulmonaryPulmonary air leaks 10.9 24.724.724.724.724.724.7 <0.001<0.001<0.001<0.001<0.001<0.001<0.001<0.001<0.001<0.001
Pulmonary interstitial emphysemaPulmonaryPulmonary  emphysema emphysema 20.2 38.438.438.438.438.438.438.438.4 <0.001<0.001<0.001<0.001<0.001<0.001<0.001<0.001<0.001<0.001
Necrotizing enterocolitis 6.1 5.35.35.35.3 0.4270.4270.4270.4270.4270.4270.4270.427
ApneaApneaApneaApneaApnea 65.4 59.659.659.659.659.659.659.6 0.2830.2830.2830.2830.2830.2830.2830.2830.283
Severe apnea apnea apnea apnea apnea 46.1 42.542.542.542.542.542.5 0.1140.1140.1140.1140.1140.1140.1140.114
Post-treatment sepsis sepsis sepsis sepsis sepsis 20.720.720.720.720.720.7 16.116.116.116.116.116.1 0.0190.0190.0190.0190.0190.0190.0190.0190.019
Post-treatment infection 10.210.210.210.210.210.2 9.19.19.19.19.1 0.3450.3450.3450.3450.3450.3450.3450.345
PulmonaryPulmonaryPulmonaryPulmonaryPulmonaryPulmonaryPulmonaryPulmonaryPulmonaryPulmonaryPulmonaryPulmonary hemorrhage 7.27.27.27.2 5.35.35.35.3 0.1660.1660.1660.1660.1660.1660.1660.1660.166
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SURVANTA®

Intratracheal Suspension
Sterile Suspension
For Intratracheal Administration Only

PROFESSIONAL BRIEF SUMMARY
CONSULT PACKAGE INSERT FOR FULL PRESCRIBING INFORMATION

INDICATIONS AND USAGE
SURVANTA is indicated for prevention and treatment (“rescue”) of 
Respiratory Distress Syndrome (RDS) (hyaline membrane disease) in 
premature infants. SURVANTA significantly reduces the incidence of 
RDS, mortality due to RDS and air leak complications.
Prevention
In premature infants less than 1250 g birth weight or with evidence 
of surfactant deficiency, give SURVANTA as soon as possible, 
preferably within 15 minutes of birth.
Rescue
To treat infants with RDS confirmed by x-ray and requiring 
mechanical ventilation, give SURVANTA as soon as possible, 
preferably by 8 hours of age.
CONTRAINDICATIONS
None known.
WARNINGS
SURVANTA is intended for intratracheal use only.
SURVANTA can rapidly affect oxygenation and lung compliance. 
Therefore, its use should be restricted to a highly supervised clinical 
setting with immediate availability of clinicians experienced with 
intubation, ventilator management, and general care of premature 
infants. Infants receiving SURVANTA should be frequently monitored 
with arterial or transcutaneous measurement of systemic oxygen 
and carbon dioxide.
During the dosing procedure, transient episodes of bradycardia and 
decreased oxygen saturation have been reported. If these occur, stop 
the dosing procedure and initiate appropriate measures to alleviate 
the condition. After stabilization, resume the dosing procedure.
PRECAUTIONS
General
Rales and moist breath sounds can occur transiently after 
administration. Endotracheal suctioning or other remedial action is 
not necessary unless clear-cut signs of airway obstruction are present.
Increased probability of post-treatment nosocomial sepsis in 
SURVANTA-treated infants was observed in the controlled clinical 
trials (Table 3). The increased risk for sepsis among SURVANTA-
treated infants was not associated with increased mortality among 
these infants. The causative organisms were similar in treated and 
control infants. There was no significant difference between groups 
in the rate of post-treatment infections other than sepsis.
Use of SURVANTA in infants less than 600 g birth weight or greater 
than 1750 g birth weight has not been evaluated in controlled 
trials. There is no controlled experience with use of SURVANTA in 
conjunction with experimental therapies for RDS (eg, high-frequency 
ventilation or extracorporeal membrane oxygenation).
No information is available on the effects of doses other than 100 mg 
phospholipids/kg, more than four doses, dosing more frequently than 
every 6 hours, or administration after 48 hours of age.
ADVERSE REACTIONS
The most commonly reported adverse experiences were associated 
with the dosing procedure. In the multiple-dose controlled clinical 
trials, each dose of SURVANTA was divided into four quarter-
doses which were instilled through a catheter inserted into the 
endotracheal tube by briefly disconnecting the endotracheal tube 
from the ventilator. Transient bradycardia occurred with 11.9% 
of doses. Oxygen desaturation occurred with 9.8% of doses.
Other reactions during the dosing procedure occurred with fewer 
than 1% of doses and included endotracheal tube reflux, pallor, 
vasoconstriction, hypotension, endotracheal tube blockage, 
hypertension, hypocarbia, hypercarbia, and apnea. No deaths 
occurred during the dosing procedure, and all reactions resolved 
with symptomatic treatment.
The occurrence of concurrent illnesses common in premature infants 
was evaluated in the controlled trials. The rates in all controlled 
studies are in Table 3.

Table 3.

All Controlled Studies

Concurrent Event SURVANTA 
(%)

Control
(%)

P-Valuea

Patent ductus arteriosus 46.9 47.1 0.814

Intracranial hemorrhage 48.1 45.2 0.241

Severe intracranial 
hemorrhage

24.1 23.3 0.693

Pulmonary air leaks 10.9 24.7 < 0.001

Pulmonary interstitial 
emphysema

20.2 38.4 < 0.001

Necrotizing enterocolitis 6.1 5.3 0.427

Apnea 65.4 59.6 0.283

Severe apnea 46.1 42.5 0.114

Post-treatment sepsis 20.7 16.1 0.019

Post-treatment infection 10.2 9.1 0.345

Pulmonary hemorrhage 7.2 5.3 0.166
a P-value comparing groups in controlled studies 

When all controlled studies were pooled, there was no difference in 
intracranial hemorrhage. However, in one of the single-dose rescue 
studies and one of the multiple-dose prevention studies, the rate 
of intracranial hemorrhage was significantly higher in SURVANTA 
patients than control patients (63.3% v 30.8%, P = 0.001; and 
48.8% v 34.2%, P = 0.047, respectively). The rate in a Treatment 
IND involving approximately 8100 infants was lower than in the 
controlled trials.
In the controlled clinical trials, there was no effect of SURVANTA on 
results of common laboratory tests: white blood cell count and serum 
sodium, potassium, bilirubin, and creatinine.
More than 4300 pretreatment and post-treatment serum samples 
from approximately 1500 patients were tested by Western Blot 
Immunoassay for antibodies to surfactant-associated proteins SP-B 
and SP-C. No IgG or IgM antibodies were detected.
Several other complications are known to occur in premature infants. 
The following conditions were reported in the controlled clinical 
studies. The rates of the complications were not different in treated 
and control infants, and none of the complications were attributed 
to SURVANTA.
Respiratory
lung consolidation, blood from the endotracheal tube, deterioration 
after weaning, respiratory decompensation, subglottic stenosis, 
paralyzed diaphragm, respiratory failure.
Cardiovascular
hypotension, hypertension, tachycardia, ventricular tachycardia, 
aortic thrombosis, cardiac failure, cardio-respiratory arrest, 
increased apical pulse, persistent fetal circulation, air embolism, 
total anomalous pulmonary venous return.
Gastrointestinal
abdominal distention, hemorrhage, intestinal perforations, volvulus, 
bowel infarct, feeding intolerance, hepatic failure, stress ulcer.
Renal
renal failure, hematuria.
Hematologic
coagulopathy, thrombocytopenia, disseminated intravascular 
coagulation.
Central Nervous System
seizures

Endocrine/Metabolic
adrenal hemorrhage, inappropriate ADH secretion, 
hyperphosphatemia.
Musculoskeletal
inguinal hernia.
Systemic
fever, deterioration.
Follow-Up Evaluations
To date, no long-term complications or sequelae of SURVANTA 
therapy have been found.
Single-Dose Studies
Six-month adjusted-age follow-up evaluations of 232 infants 
(115 treated) demonstrated no clinically important differences 
between treatment groups in pulmonary and neurologic 
sequelae, incidence or severity of retinopathy of prematurity, 
rehospitalizations, growth, or allergic manifestations.
Multiple-Dose Studies
Six-month adjusted age follow-up evaluations have been 
completed in 631 (345 treated) of 916 surviving infants. There 
were significantly less cerebral palsy and need for supplemental 
oxygen in SURVANTA infants than controls. Wheezing at the time 
of examination was significantly more frequent among SURVANTA 
infants, although there was no difference in bronchodilator therapy.
Final twelve-month follow-up data from the multiple-dose studies 
are available from 521 (272 treated) of 909 surviving infants. There 
was significantly less wheezing in SURVANTA infants than controls, 
in contrast to the six-month results. There was no difference in the 
incidence of cerebral palsy at twelve months.
Twenty-four month adjusted age evaluations were completed in 429 
(226 treated) of 906 surviving infants. There were significantly fewer 
SURVANTA infants with rhonchi, wheezing, and tachypnea at the 
time of examination. No other differences were found.
OVERDOSAGE
Overdosage with SURVANTA has not been reported. Based on animal 
data, overdosage might result in acute airway obstruction. Treatment 
should be symptomatic and supportive.
Rales and moist breath sounds can transiently occur after 
SURVANTA is given, and do not indicate overdosage. Endotracheal 
suctioning or other remedial action is not required unless clear-cut 
signs of airway obstruction are present.
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Communication

A	recent	article	in	the	journal	BMC	Pediatrics	provides	an	in-
depth	look	at	perceptions	of	parents	about	NICU	staff.	The	paper	
describes	strengths	and	weaknesses	of	parent-nurse	and	parent-
doctor	communication	in	a	large	level	III	NICU	in	Sweden.		

Parents	were	asked	to	complete	a	survey	consisting	of	sixteen	
questions	about	their	experiences	of	communication	with	nurses	
and	doctors	in	the	NICU.	They	also	had	the	opportunity	on	each	
question	to	comment	on	their	experiences	in	their	own	words.	

Two	hundred	seventy	parents	(71.4%)	completed	the	survey.	
Parents	rated	communication	with	the	staff	in	the	NICU	
positively	and	appreciated	having	received	emotional	support	
and	regular	information	about	their	child´s	care.	Although	a	large	
majority	of	the	parents	were	satisfied	with	their	communication	
with	doctors	and	nurses,	only	about	half	of	the	parents	felt	the	
nurses	and	doctors	understood	their	emotional	situation.	Some	
parents	would	have	desired	easier	access	to	conversations	with	
doctors	and	wanted	medical	information	to	be	given	directly	by	
doctors	rather	than	by	nurses.	Parents’	communication	with	the	
staff	was	hampered	when	many	different	nurses	were	involved	
in	caring	for	the	infant	or	when	the	transfer	of	information	in	
connection	with	shift	changes	or	between	the	maternity	ward	
and	NICU	was	poor.	Parents	also	desired	to	be	present	during	
doctors’	rounds	on	their	infant.	

The	study	was	conducted	over	the	course	year	at	the	Level	III	
NICU	of	a	university	hospital	that	treats	about	1,000	newborns	
per	year,	including	extremely	premature	and	critically	ill	infants	
transported	from	other	regional	hospitals.	The	NICU	had	a	high	
turnover	of	patients,	often	leading	to	a	high	workload	for	doctors	
and	nurses.	The	NICU	has	22	beds	divided	into	four	rooms	(two	
intensive	care	rooms	and	two	intermediate	care	rooms)	and	a	
staff	of	120,	including	doctors,	registered	nurses	and	nursing	
assistants.	During	office	hours	4	to	5	doctors,	including	2	to	3	
attendings,	1	or	2	neonatal	fellows,	and	a	pediatric	resident,	
work	at	the	NICU.	Each	doctor	is	on	service	for	a	period	of	two	
to	three	weeks.	

Almost	all	the	parents	felt	encouraged	by	the	nursing	staff	
to	participate	in	the	care	of	their	infants;	about	two-thirds	
felt	encouraged	by	doctors	to	do	so.	But	in	spite	of	mostly	
expressing	satisfaction	with	various	aspects	of	communication	
with	NICU	staff,	many	parents	felt	that	something	was	lacking.	

Parents	who	felt	that	communication	with	NICU	nurses	and	
doctors	had	been	marred	by	a	lack	of	emotional	support	
described	the	nurses	and	doctors	as	unempathetic,	insensitive,	
or	uninterested;	they	were	felt	to	lack	responsiveness	or	focus	
on	the	parents’	feelings.	Several	parents	mentioned	that	doctors	
who	did	not	give	emotional	support	failed	to	take	time	to	talk	
to	them.	For	instance,	one	parent	said,	“The	staff	is	so	used	to	
seeing	children	with	catheters	and	lines	that	they	forget	how	
hard	it	is	on	parents.	”	

Many	parents	appreciated	having	received	regular	information	
and	good	explanations	about	their	child’s	care	from	both	nurses	
and	doctors	and	getting	their	questions	answered.	It	made	a	
difference	to	them	when	doctors	gave	them	clear	information,	
prepared	them	before	examinations	of	their	child	and	explained	
the	results	to	them	afterwards.	Many	parents	stated	that	they	had	
been	given	poor	or	unclear	information	by	nurses	and	doctors.	
Some	parents	had	received	different	information	from	different	
nurses.	Both	nurses	and	doctors	were	often	stated	to	have	
provided	too	little	information.	A	couple	of	respondents	noted	
that	information	should	not	go	through	several	people,	and	that	
when	doctors	communicated	sometimes	through	the	nurses	
some	information	was	lost.	At	the	same	time,	parents	praised	the	
fact	that	nurses	had	encouraged	them	to	participate	in	the	care	
of	their	child,	which	gave	them	the	sense	of	being	understood	on	
an	emotional	level.	

Organizational	factors	reported	most	often	by	parents	as	
impairing	communication	with	nurses	included	lack	of	
collaboration	with	the	maternity	ward,	lack	of	staff	continuity,	
different	attitudes	of	different	nurses,	and	not	having	a	nurse	
especially	responsible	for	the	parents.	For	parent-doctor	
communication,	unavailability	of	doctors	was	the	problem	
reported	most	often,	followed	by	lack	of	parent	participation	
during	rounds,	different	attitudes	of	different	doctors,	and	lack	
of	staff	continuity.	

The	authors	urged	training	for	doctors	and	nurses	in	
communication	skills,	and	noted	that	creating	a	framework	for	
the	parents	of	what	to	expect	from	communication	in	the	NICU	
might	also	be	helpful.	In	addition,	our	results	support	the	use	of	
primary	nurse	teams	to	improve	continuity	of	care	and	thereby	
promote	successful	communication.	

Les	Plesko,	Editor

[You	can	read	the	entire	paper	on	BioMed	Central.	Strengths	and	
weaknesses	of	parent–staff	communication	in	the	NICU:	a	survey	
assessment,	by	Wigert	et	al,	BMC	Pediatrics	2013,	13:71.]

Editorial
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INOMAX® is a vasodilator, which, in conjunction with 
ventilatory support and other appropriate agents, is 
indicated for the treatment of term and near-term 
(>34  weeks) neonates with hypoxic respiratory failure 
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pulmonary hypertension, where it improves oxygenation 
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oxygenation.
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INOmax (nitric oxide gas)
Brief Summary of Prescribing Information
INDICATIONS AND USAGE

Treatment of Hypoxic Respiratory Failure
INOmax® is a vasodilator, which, in conjunction with ventilatory support and 
other appropriate agents, is indicated for the treatment of term and near-
term (>34 weeks) neonates with hypoxic respiratory failure associated with 
clinical or echocardiographic evidence of pulmonary hypertension, where it 
improves oxygenation and reduces the need for extracorporeal membrane 
oxygenation.

Utilize additional therapies to maximize oxygen delivery with validated 
ventilation systems. In patients with collapsed alveoli, additional therapies 
might include surfactant and high-frequency oscillatory ventilation.

The safety and effectiveness of INOmax have been established in a 
population receiving other therapies for hypoxic respiratory failure, including 
vasodilators, intravenous fluids, bicarbonate therapy, and mechanical 
ventilation. Different dose regimens for nitric oxide were used in the clinical 
studies.

Monitor for PaO2, methemoglobin, and inspired NO2 during INOmax 
administration.

CONTRAINDICATIONS
INOmax is contraindicated in the treatment of neonates known to be 
dependent on right-to-left shunting of blood.

WARNINGS AND PRECAUTIONS

Rebound Pulmonary Hypertension Syndrome following Abrupt 
Discontinuation
Wean from INOmax. Abrupt discontinuation of INOmax may lead to 
worsening oxygenation and increasing pulmonary artery pressure, i.e., 
Rebound Pulmonary Hypertension Syndrome. Signs and symptoms of 
Rebound Pulmonary Hypertension Syndrome include hypoxemia, systemic 
hypotension, bradycardia, and decreased cardiac output. If Rebound 
Pulmonary Hypertension occurs, reinstate INOmax therapy immediately.

Hypoxemia from Methemoglobinemia
Nitric oxide combines with hemoglobin to form methemoglobin, which 
does not transport oxygen. Methemoglobin levels increase with the dose 
of INOmax; it can take 8 hours or more before steady-state methemoglobin 
levels are attained. Monitor methemoglobin and adjust the dose of INOmax 
to optimize oxygenation.

If methemoglobin levels do not resolve with decrease in dose or 
discontinuation of INOmax, additional therapy may be warranted to treat 
methemoglobinemia.

Airway Injury from Nitrogen Dioxide
Nitrogen dioxide (NO2) forms in gas mixtures containing NO and O2. 
Nitrogen dioxide may cause airway inflammation and damage to lung 
tissues. If the concentration of NO2 in the breathing circuit exceeds  
0.5 ppm, decrease the dose of INOmax.

If there is an unexpected change in NO2 concentration, when measured in the 
breathing circuit, then the delivery system should be assessed in accordance 
with the Nitric Oxide Delivery System O&M Manual troubleshooting section, 
and the NO2 analyzer should be recalibrated. The dose of INOmax and/or FiO2 
should be adjusted as appropriate.

Heart Failure
Patients with left ventricular dysfunction treated with INOmax may 
experience pulmonary edema, increased pulmonary capillary wedge 
pressure, worsening of left ventricular dysfunction, systemic hypotension, 
bradycardia and cardiac arrest. Discontinue INOmax while providing 
symptomatic care.

ADVERSE REACTIONS
Because clinical trials are conducted under widely varying conditions, 
adverse reaction rates observed in the clinical trials of a drug cannot be 
directly compared to rates in the clinical trials of another drug and may not 
reflect the rates observed in practice. The adverse reaction information from 
the clinical studies does, however, provide a basis for identifying the adverse 
events that appear to be related to drug use and for approximating rates. 

Controlled studies have included 325 patients on INOmax doses of 5 to 
80 ppm and 251 patients on placebo. Total mortality in the pooled trials was 
11% on placebo and 9% on INOmax, a result adequate to exclude INOmax 
mortality being more than 40% worse than placebo.

In both the NINOS and CINRGI studies, the duration of hospitalization was 
similar in INOmax and placebo-treated groups.

From all controlled studies, at least 6 months of follow-up is available 
for 278 patients who received INOmax and 212 patients who received 
placebo. Among these patients, there was no evidence of an adverse effect 
of treatment on the need for rehospitalization, special medical services, 
pulmonary disease, or neurological sequelae.

In the NINOS study, treatment groups were similar with respect to the 
incidence and severity of intracranial hemorrhage, Grade IV hemorrhage, 
periventricular leukomalacia, cerebral infarction, seizures requiring 
anticonvulsant therapy, pulmonary hemorrhage, or gastrointestinal 
hemorrhage.

In CINRGI, the only adverse reaction (>2% higher incidence on INOmax than 
on placebo) was hypotension (14% vs. 11%).

Based upon post-marketing experience, accidental exposure to nitric oxide 
for inhalation in hospital staff has been associated with chest discomfort, 
dizziness, dry throat, dyspnea, and headache.

OVERDOSAGE
Overdosage with INOmax will be manifest by elevations in methemoglobin 
and pulmonary toxicities associated with inspired NO

2. Elevated NO2 may 
cause acute lung injury. Elevations in methemoglobin reduce the oxygen 
delivery capacity of the circulation. In clinical studies, NO2 levels >3 ppm 
or methemoglobin levels >7% were treated by reducing the dose of, or 
discontinuing, INOmax.

Methemoglobinemia that does not resolve after reduction or discontinuation 
of therapy can be treated with intravenous vitamin C, intravenous methylene 
blue, or blood transfusion, based upon the clinical situation.

DRUG INTERACTIONS
No formal drug-interaction studies have been performed, and a clinically 
significant interaction with other medications used in the treatment of 
hypoxic respiratory failure cannot be excluded based on the available data. 
INOmax has been administered with dopamine, dobutamine, steroids, 
surfactant, and high-frequency ventilation. Although there are no study data 
to evaluate the possibility, nitric oxide donor compounds, including sodium 
nitroprusside and nitroglycerin, may have an additive effect with INOmax 
on the risk of developing methemoglobinemia. An association between 
prilocaine and an increased risk of methemoglobinemia, particularly in 
infants, has specifically been described in a literature case report. This risk 
is present whether the drugs are administered as oral, parenteral, or topical 
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in	that	they	predict	risk	rather	than	give	definitive	results.		Also,	
there	is	some	worry	that	the	screenings	are	used	in	lieu	of	
amniocentesis,	which	has	more	reliable	results	but	of	course	
carries	a	slight	risk	and	is	invasive.	There	is	also	a	concern	that	
results	from	clinical	trials	may	lead	physicians	and	patients	to	
misread	the	efficacy	of	the	tests.	The	largest	studies	are	limited	
to	a	few	hundred	positive	results,	and	some	exclude	patients	
whose	conditions	may	result	in	inconclusive	findings,	such	as	
those	with	samples	that	lack	sufficient	DNA	fragments	related	
to	the	pregnancy	or	have	irregularities.	But	it	looks	like	the	tests	
will	continue	because	they’re	changing	the	nature	of	care.	For	
instance,	at	the	Cleveland	Clinic,	doctors	now	perform	50%	fewer	
invasive	procedures	because	of	the	genetic	testing	advances.

CHILL
Shirley	Wang	writes	in	The	Wall	Street	Journal	that	babies	
suspected	of	having	a	brain	injury	are	increasingly	being	
treated	using	a	hypothermia	cooling	treatment.	It	lowers	the	
infant’s	body	temperature	to	92.3	degrees	for	72	hours,	from	the	
typical	average	of	98.6	degrees.	There	are	one	to	two	serious	
cases	of	hypoxic	ischemic	encephalopathy	for	every	1,000	live	
births.	The	mortality	rate	is	20%	and,	of	those	who	survive,	
there	remains	a	50%	risk	of	a	cerebral	palsy	or	related	injuries	
that	may	permanently	impact	infants’	movement	or	muscle	
coordination.	Babies	who	have	suffered	other	brain	trauma,	like	
a	stroke,	and	premature	babies,	are	being	studied	as	possible	
candidates	in	the	future	for	hypothermia	treatment,	according	
to	Thomas	Shimotake,	a	pediatrics	professor	at	UCSF	and	
Co-Director	of	the	Neurointensive	Care	Nursery.	The	idea	for	
hypothermia	treatment	emerged	from	several	sources,	including	
the	observation	that	people	who	nearly	drowned	in	cold	water	
had	unexpectedly	good	health	outcomes,	as	well	as	animal	
studies.	For	newborns	who	have	been	deprived	of	oxygen,	it	is	
now	considered	the	standard	of	care.	In	most	cases,	if	a	hospital	
doesn’t	have	the	capability	itself,	it	will	work	to	transport	the	
baby	to	a	facility	that	does.	The	growing	use	of	the	treatment	
is	part	of	a	broader	shift	in	early-infant	medical	care	to	brain-
centered	care,	focusing	on	babies’	long-term	health	rather	than	
on	just	keeping	them	alive.	

AUTISM AND PLACENTAS
A	study	at	Yale	School	of	Medicine	published	in	Biological	
Psychiatry	suggests	a	connection	between	a	child’s	risk	for	
developing	autism	and	the	creases	and	folds	found	in	the	
placenta.	Researchers	found	that	in	families	at	higher	genetic	
risk	for	autism,	placenta	were	more	likely	to	have	abnormal	
cell	growth,	creases	and	folds.	Katie	McDonough	writes	on	
the	website	Salon	that	the	study	could	be	a	breakthrough	in	
early	biomarkers	of	autism,	and	for	the	medical	significance	of	
the	placenta.	Researchers	counted	inclusions	in	217	placentas	
and	found	that	more	than	two-thirds	of	the	low-risk	placentas	
had	no	inclusions,	and	none	had	more	than	two.	But	77	high-
risk	placentas	had	inclusions	and	48	of	them	had	two	or	more,	
including	16	with	between	5	and	15	inclusions.

FIRST DAY DEATH
The	United	States’	rate	of	first-day	infant	death	is	50%	more	
than	all	the	other	industrialized	countries	included	in	a	report	
by	Save	the	Children,	according	to	an	article	on	the	website	
ThinkProgress	by	Tara	Culp-Ressler.	Many	babies	who	die	
at	birth	were	born	too	early,	and	others	suffer	infections	or	
complications	at	birth.	Many	of	those	infants	could	be	saved	
with	fairly	cheap	medical	interventions,	the	advocacy	group	
says,	noting	that	expanding	access	to	several	products	that	

BMC NEWS
The	Research	Councils	UK	(RCUK)	policy	on	open	access	
came	into	effect	from	1	April	2013.	The	policy	states	that	all	
peer-reviewed	published	research	articles	and	conference	
proceedings	funded	by	RCUK	must	be	open	access.	BioMed	
Central	has	over	250	Science	Technology	and	Medicine	open	
access	journals,	many	with	high	impact	factors	at	the	top	of	
their	fields.	All	articles	are	published	CC-BY	and	fully	compliant	
with	RCUK’s	open	access	policy.	To	help	institutions	support	
open	access	publishing,	BioMed	Central	is	working	closely	
with	UK	research	institutions	and	RCUK,	and	as	part	of	this	we	
have	produced	a	helpful	video	(http://www.biomedcentral.com/
funding/rcuklpful)…	Through	BioMed	Central’s	partnership	
with	Edanz,	it	is	aiming	to	support	authors	to	select	the	journal	
that	best	suits	their	research	from	the	350+	open	access	
journals	published	by	BioMed	Central,	Chemistry	Central	and	
SpringerOpen…	The	Journal	Selector	uses	semantic	technology	
to	help	authors	quickly	choose	the	open	access	journal	that	
is	right	for	their	manuscript.	Authors	can	enter	an	abstract	or	
description	of	their	research	and	the	Journal	Selector	provides	
a	list	of	relevant	open	access	journals.	Matches	to	a	journal	
are	based	on	the	similarity	of	the	entered	text	to	articles	
already	published	in	that	journal.	To	see	how	it	works,	go	here:	
http://www.biomedcentral.com/authors/authorfaq/findout…
BioMed	Central’s	Biology	and	Medical	Editors	have	launched	
new	editorial	policies.	They	provide	authors,	editors	and	peer	
reviewers	with	a	transparent	and	comprehensive	resource	
containing	information	on	core	editorial	policies	applying	to	
all	journals	published	by	BioMed	Central.	BMC	has	collated,	
updated	and	expanded	existing	policies	to	bring	them	up	to	date	
with	current	best	publishing	practice,	as	well	as	incorporating	
community	standards	in	particular	fields.

GENETIC TESTING
The	Wall	Street	Journal	reports	on	how	new	prenatal	blood	tests	
for	genetic	abnormalities	such	as	Down	syndrome	are	reshaping	
care	for	expectant	mothers,	but	their	rapid	rollout	has	raised	
fears	that	poorly	understood	results	could	lead	to	confusion	
among	patients	and	doctors	managing	high-risk	pregnancies.	
Christopher	Weaver	writes	that	four	companies	are	vying	for	the	
new	market	for	the	tests,	which	examine	traces	of	fetal	DNA	in	
the	mom’s	bloodstream.	Many	doctors	believe	these	tests	could	
fast	become	the	standard	of	care	for	pregnant	women.	With	a	
huge	increase	in	the	number	of	tests,	inaccurate	results	have	
begun	turning	up	more	frequently.	The	American	College	of	
Medical	Genetics	and	Genomics	questions	whether	the	products	
should	be	called	tests	at	all	and	wants	to	call	them	screenings,	
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cost	under	$6	each	—	bag-and-mask	devices,	antiseptic,	and	
antibiotics	—	could	help	save	an	estimated	one	million	infants	
around	the	world.	Save	the	Children	isn’t	sure	exactly	why	the	
United	States	has	such	a	high	rate	of	first-day	infant	mortality,	
but	the	group	suspects	it’s	partly	related	to	the	country’s	high	
rates	of	unintended	pregnancies	and	teen	births,	as	well	as	
persistent	issues	of	economic	and	racial	inequality.	The	US	has	
the	highest	teenage	birth	rate	of	any	industrialized	country.	
Half	of	all	US	pregnancies	are	unplanned,	another	complicating	
factor,	and	women	whose	pregnancies	are	accidental	are	much	
less	likely	to	take	good	care	of	themselves	and	to	get	thorough	
prenatal	care.	According	to	ThinkProgress,	“Intent	on	attacking	
family	planning	services	as	well	as	abortion,	anti-choice	activists	
have	successfully	waged	a	war	against	some	of	the	same	health	
resources	that	could	help	the	US	prevent	infant	deaths	at	rates	
closer	to	other	industrialized	nations.”	

BRAINY
Babies	become	conscious	of	their	environment	by	the	time	they	
are	five	months	old,	according	to	a	study	by	neuroscientists	at	
École	Normale	Supérieure	in	Paris.	Medical	News	Today	reports,	
researchers	found	that	by	the	time	infants	reach	three	months	of	
age,	their	developing	brains	have	trillions	of	connections	and	the	
weight	of	those	firing	neurons	triples	within	the	first	year	of	life.	
At	five	months,	babies	have	the	internal	mechanisms	to	perceive	
items	by	adult-like	methods.	The	researchers	examined	the	brain	
activity	of	80	infants	aged	5,	12	and	15	months	old	in	response	to	
being	shown	photos	of	human	faces.	Each	baby	wore	a	cap	filled	
with	electrodes	and	was	then	shown	pictures	several	different	
times,	starting	with	periods	of	time	that	were	too	short	for	an	
adult	to	be	conscious	of	seeing	them,	then	slowly	increasing.	
Each	photo	was	shown	on	a	computer	screen	while	a	bell	was	
rung	to	attract	the	infants’	attention.	Visual	cortex	activity	
and	late	slow	wave	response	were	seen	in	every	infant.	The	
researchers	believe	these	findings	suggest	the	nonlinear	cortical	
response	could	give	a	marker	for	conscious	thought.	Information	
based	on	an	article	written	by	Kelly	Fitzgerald	for	Medical	News	
Today,	copyright	Medical	News	Today.	

ABNORMAL
Abnormal	gut	bacteria	in	preemies	can	be	found	days	before	
the	onset	of	NEC,	according	to	researchers	at	various	
US	universities,	as	reported	in	BioMed	Central’s	journal,	
Microbiome.	Babies	who	went	on	to	develop	NEC	had	a	lower	
diversity	of	gut	bacteria	4	to	9	days	after	birth,	increased	
level	of	Firmicutes	or	Enterobacteriaceae,	and	lacked	the	
Propionibacterium	found	in	healthy	babies.	Bacterial	levels	were	
analyzed	from	stool	samples	but	can	also	be	determined	from	
urine.	The	researchers	noted	that	a	urine	test	that	measured	
levels	of	alanine	and	histidine	could	be	used	to	identify	babies	at	
risk	for	NEC.

CHEERS
Light	drinking	during	pregnancy	is	not	linked	to	adverse	
behavioral	or	cognitive	outcomes	in	childhood,	according	to	
study	at	the	University	College	London.	Researchers	used	
information	on	10,534	7-year-olds	from	home-visit	interviews	
and	questionnaires	completed	by	parents	and	teachers	to	
identify	social	and	emotional	behavior	(such	as	hyperactivity,	
attention	or	conduct	problems).	The	children	were	also	tested	
for	cognitive	performance	in	math,	reading	and	spatial	skills.	
Groups	who	made	up	the	sample	were	mothers	who	never	drank	
(12.7%),	those	who	did	not	drink	in	pregnancy	but	otherwise	
did	drink	(57.1%),	those	who	were	light	drinkers	(23.1%)	and	

those	who	drank	more	during	pregnancy	(7.2%).	This	study	
focused	on	the	results	from	children	born	to	mothers	who	were	
light	drinkers	and	those	who	abstained	from	alcohol	during	
pregnancy.	Children	born	to	light	drinkers	were	shown	to	have	
more	favorable	behavioral	difficulties	scores	compared	with	
those	born	to	mothers	who	didn’t	drink	during	pregnancy.	
However,	the	difference	was	not	enough	to	be	significant,	except	
in	the	case	of	boys	born	to	light	drinkers	who	had	slightly	fewer	
reported	behavioral	problems.	Children	born	to	light	drinkers	
were	also	found	to	have	more	favorable	(higher)	cognitive	test	
scores	compared	to	children	born	to	non-drinkers,	but	these	
differences	mostly	lost	statistical	significance,	except	for	reading	
and	spatial	skills	in	boys.	

FEWER DEATHS
The	infant	mortality	rate	in	the	US	dropped	12%	from	2005	to	the	
end	of	2011,	according	to	the	CDC,	and	reductions	for	postnatal	
and	neonatal	mortality	were	similar.	The	five	leading	causes	of	
infant	death	in	the	US	account	for	56%	of	all	infant	deaths	and	
include	unintentional	injuries,	maternal	complications,	SIDS,	
congenital	malformations,	and	short	gestation/low	birthweight.	
Four	of	the	5	causes	of	infant	deaths	declined.	Deaths	from	birth	
defects	dropped	6%;	from	preterm	births	and	low	birthweight,	
9%;	from	birth	defects,	6%;	from	maternal	complications,	7%;	and	
from	SIDS,	20%.	No	states	had	a	significant	increase	in	infant	
mortality.	The	drop	covered	all	major	racial	and	ethnic	groups.	
Despite	these	declines,	the	US	ranked	27th	in	infant	mortality.	
Based	on	an	article	written	by	Christian	Nordqvist,	Medical	News	
Today,	copyright	Medical	News	Today.	

SOOTHING THE SAVAGE BEAST
Music,	and	especially	lullabies,	are	healthy	for	preemies	in	the	
NICU,	according	to	a	study	at	New	York’s	Beth	Israel	Medical	
Center,	which	found	that	live	music	paired	with	babies’	breathing	
and	heart	rates	improved	feeding	and	sleeping	patterns.	
The	study	consisted	of	272	premature	babies	in	NICUs	at	11	
hospitals.	Investigators	analyzed	the	effects	of	three	types	of	
music	therapy	on	premature	babies	born	near	32	weeks	and/
or	with	problems	like	respiratory	distress	and	sepsis.	Certified	
music	therapists	used	devices	called	Remo	ocean	discs	and	gato	
boxes,	which	emit	“whoosh”	and	heartbeat	womb	sounds	while	
matched	with	babies’	heart	and	breath	patterns,	three	times	
each	week	for	two	weeks.	Therapists	and	parents	also	sang	
lullabies	chosen	by	the	babies’	parents,	and	when	parents	had	
no	preference,	they	sang	“Twinkle	Twinkle	Little	Star.”	Babies	
exposed	to	music	therapies	showed	more	positive	health	effects	
like	improved	feeding	and	sleeping	patterns.	Infants	exposed	
to	the	ocean	disc	sounds	also	experienced	better	blood-oxygen	
levels	and	quiet-alert	states.	The	parents’	perception	of	stress	
in	the	NICU	environment	also	greatly	declined	with	the	musical	
interventions.	Information	is	from	an	article	written	by	Kelly	
Fitzgerald	for	Medical	News	Today,	copyright	Medical	News	
Today.

RSV TRANSFER
RSV	can	be	transferred	during	pregnancy	to	an	unborn	baby,	
according	to	researchers	at	Cleveland	Clinic	Children’s	Hospital,	
who	found	that	in	animal	models,	RSV	is	able	to	spread	across	
the	placenta	from	the	respiratory	tract	of	the	mother	to	the	
fetus,	and	remains	present	in	the	lungs	after	birth,	throughout	
development	and	into	adulthood.	The	study	challenges	the	
current	paradigm	that	RSV	infection	is	acquired	only	after	birth.		
In	the	study,	rats	were	inoculated	with	RSV	during	midterm	
pregnancy.	Of	those	infected,	RSV	was	found	in	30%	of	fetuses,	
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as	well	as	in	the	lungs	of	40%	of	newborns	and	25%	of	those	that	
reached	adulthood.	

MISGUIDED
Women	in	the	UK	are	more	likely	to	know	about	intimate	beauty	
treatments	than	they	are	about	serious	health	issues	that	could	
make	them	six	times	more	likely	to	miscarry	or	give	birth	
prematurely.	Research	published	by	Balance	Activ	revealed	that	
the	UK’s	women	are	more	aware	of	bikini	waxing	(67%)	and	
vajazzles	(48%)	than	they	are	about	intimate	health,	with	nearly	
two	thirds	of	women	questioned	(61%)	unaware	or	unsure	of	
health	problems	that	could	lead	to	fertility	problems,	miscarriage	
and	increased	risk	of	STIs.	

ELECTIVE DELIVERIES
Researchers	at	the	Loma	Linda	University	School	of	Medicine	
found	that	multistate,	hospital-based	quality	improvement	
programs	can	be	remarkably	effective	at	reducing	early	elective	
deliveries	of	babies.	The	rate	of	elective	early	term	deliveries	in	
a	group	of	25	participating	hospitals	fell	significantly,	from	27.8%	
to	4.8%	during	the	one-year	project	period.	The	project	saw	a	
decrease	in	the	proportion	of	babies	born	at	37	and	38	weeks	and	
a	corresponding	increase	in	the	39-41	week	range	during	the	one-
year	period	studied.	This	was	the	first	project	of	a	collaborative	
with	perinatal	quality	improvement	advocates	from	state	health	
departments,	academic	health	centers,	public	and	private	
hospitals,	and	March	of	Dimes	chapters	from	the	five	most	
populous	states	in	the	country:	California,	Texas,	New	York,	
Florida	and	Illinois.	These	five	states	account	for	an	estimated	
38%	of	US	births.	

FETAL ANEUPLOIDY
The	American	College	of	Medical	Genetics	and	Genomics	
(ACMG)	released	a		policy	statement	on	“Noninvasive	Prenatal	
Screening	for	Fetal	Aneuploidy.”	The	statement	addresses	the	
current	limitations	of	NIPS,		the	advantages	of	NIPS	compared	
with	current	screening	approaches,	pretest	and	posttest	genetic	
counseling,	the	reporting	of	results	by	laboratories	performing	
NIPS,	and	oversight	of	analytical	and	bioinformatic	components	
by	testing	of	the	laboratories	performing	NIPS.	The	report	
strongly	states	that	positive	results	should	be	followed-up	with	
an	invasive	diagnostic	test	before	any	decision	is	made	regarding	
pregnancy	termination.	

BAD TRIAL
Federal	health	officials	say	the	parents	of	premature	babies	
enrolled	in	a	study	of	oxygen	treatment	several	years	ago	weren’t	
properly	informed	of	the	risks:	blindness	or	death,	according	
to	Huffington	Post	and	many	other	media	outlets.	The	study	in	
question	enrolled	1,300	babies	at	23	hospitals	between	2005	and	
2009,	to	hunt	the	best	dose	of	oxygen.	Standard	practice	at	that	
time	was	to	use	a	particular	range	of	oxygen,	and	researchers	in	
the	study,	funded	by	the	National	Institutes	of	Health,	randomly	
assigned	babies	to	receive	either	the	low	end	or	the	high	end	of	
that	range.	The	study’s	stated	intent	was	to	determine	how	much	
oxygen	minimized	the	chances	of	blindness	without	increasing	
the	risks	of	other	problems	including	death	or	brain	damage.	The	
informed	consent	document	that	parents	had	to	sign	to	enroll	
didn’t	spell	out	those	risks,	according	to	the	government’s	Office	
for	Human	Research	Protections.	In	a	letter	to	the	University	of	
Alabama	at	Birmingham,	which	led	the	study,	the	government	
agency	concluded	the	research	had	violated	regulations	requiring	
that	patients	be	fully	informed	of	the	risks	of	a	clinical	trial.	
The	letter,	which	was	publicized	by	the	consumer	advocacy	

group	Public	Citizen,	asked	the	university	to	take	steps	to	
ensure	consent	forms	in	future	studies	outline	all	the	risks.	In	a	
statement,	the	university’s	vice	president	for	research	said	that	
although	slightly	more	babies	who	received	lower-dose	oxygen	
in	the	study	died,	those	death	rates	still	were	lower	than	was	
usual	for	premature	babies	getting	standard	care	at	the	time.	[As	
reported	by	the	Huffington	Post.]

PREECLAMPSIA
The	hormone	adrenomedullin,	emitted	from	the	fetus,	plays	a	
role	in	preventing	preeclampsia,	according	to	studies	on	mice	at	
the	University	of	North	Carolina	School	of	Medicine.	If	the	baby’s	
cells	are	not	secreting	this	hormone,	the	mother’s	blood	vessels	
don’t	undergo	the	dilation	that	they	should.	The	researchers	
studied	mice	genetically	programmed	to	produce	either	reduced	
or	increased	levels	of	adrenomedullin.	The	study	revealed	that	in	
a	normal	pregnancy,	the	fetus	secretes	adrenomedullin	into	the	
placenta	during	the	second	trimester,	signaling	so-called	“natural	
killer	cells”	to	help	dilate	the	mother’s	blood	vessels	and	allow	
more	blood	to	flow	to	the	fetus.	As	such,	adrenomedullin	levels	
could	be	used	as	a	biomarker	to	identify	moms	predisposed	to	
preeclampsia.	

ALMOST REAL
A	virtual	patient	advocate	(VPA)	could	help	influence	positive	
changes	and	help	women	have	healthier	pregnancies,	according	
to	its	developers	at	Boston	University	and	Northeastern	
University.	“Gabby”	was	developed	to	deliver	preconception	
care	(PCC)	to	African-American	women	through	interactive	
conversations	online.	PCC	addresses	family	planning,	medical	
conditions	and	preventive	behaviors	in	a	primary	care	setting.	
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To	develop	a	VPA	that	participants	could	identify	with	and	
trust,	researchers	conducted	usability	studies	to	gather	
recommendations	from	participants	about	the	name,	gender	and	
physical	appearance	of	the	VPA.	Women	between	the	ages	of	15	
and	25	interact	with	Gabby	online	by	answering	her	questions	
about	current	health	habits	and	conditions	and	Gabby	screens	
for	PCC	risks	and	generates	“My	Health	To-Do	List,”	which	users	
can	review	and	share	with	their	providers.	In	the	two-month	pilot	
study,	83%	of	the	risks	added	to	the	“My	Health	To-Do	List”	were	
either	addressed	or	resolved	by	the	users.	

BOTH BIG AND SMALL = RISK
Babies	who	are	above	or	below	average	size	at	birth	are	at	a	
greater	risk	for	autism,	said	researchers	at	the	University	of	
Manchester,	who	noted	that	theirs	was	the	first	large	prospective	
population-based	study	to	describe	the	association	between	
the	degree	of	deviance	in	fetal	growth	from	the	normal	average	
in	a	population	of	children	and	risk	of	ASD	with	and	without	
intellectual	disability.	The	investigators	examined	data	from	the	
Stockholm	Youth	Cohort	in	Sweden,	where	early	ultrasound	data	
provide	detailed	weights	of	the	baby’s	development	in	pregnancy.	
Children	and	babies	also	participate	in	clinical	analyses	of	
their	motor,	language,	social,	and	cognitive	skills.	The	cohort	
included	records	of	589,114	babies	and	children	aged	0	to	17	
years	between	2001	and	2007	and	found	4,283	young	people	with	
autism	and	36,588	without	autism	who	acted	as	controls.	Study	
results	showed	that	among	babies	born	weighing	more	than	4.5	
kg,	autism	prevalence	was	higher,	as	well	as	for	babies	weighing	
less	than	2.5	kg.	Information	is	from	an	article	written	by	Kelly	
Fitzgerald	for	Medical	News	Today,	copyright	Medical	News	
Today.	

CAN YOU SPELL “IODINE”?
Children	who	didn’t	get	enough	iodine	in	the	womb	performed	
worse	on	literacy	tests	as	9-year-olds	than	those	who	did,	
according	to	researchers	at	the	University	of	Tasmania,	who	
said	that	even	a	mild	deficiency	can	harm	a	baby’s	neurological	
development.	The	researchers	examined	standardized	test	scores	
of	228	children	whose	mothers	attended	The	Royal	Hobart	
Hospital’s	antenatal	clinics	in	Tasmania	between	1999	and	2001.	
The	children	were	born	during	a	period	of	mild	iodine	deficiency	
in	the	population.	Conditions	were	reversed	when	bread	
manufacturers	began	using	iodized	salt	in	2001	as	part	of	a	iodine	
fortification	program.	As	9-year-olds,	the	children	who	received	
insufficient	iodine	in	the	womb	had	lower	scores	on	standardized	
literacy	tests,	particularly	in	spelling,	but	not	on	math	tests,	so	
the	researchers	theorized	that	iodine	deficiency	may	affect	the	
development	of	auditory	pathways.	

VAGINOSIS
Gardnerella	vaginalis	is	an	important	contributor	to	bacterial	
vaginosis,	which	is	linked	to	preterm	birth	and	an	increased	
risk	of	sexually	transmitted	diseases.	Researcher	at	Washington	
University	School	of	Medicine	provided	evidence	that	mucus	
layers	and	cells	lining	the	surface	of	the	vagina	are	damaged	in	
women	with	bacterial	vaginosis	and	suggested	that	Gardnerella	
vaginalis	is	the	culprit.	Researchers	used	mice	to	simulate	
the	condition.	Based	on	the	mouse	research,		the	researchers	
compared	vaginal	samples	from	women	with	and	without	
bacterial	vaginosis	and	found	that	the	outermost	cells	from	the	
lining	of	the	vagina	are	shed	in	higher	numbers	during	bacterial	
vaginosis.	The	researchers	examined	the	ability	of	G.	vaginalis	
to	degrade	mucus,	which	normally	helps	protect	the	vagina	
and	uterus	from	infection.	Using	biochemical	approaches,	they	

showed	that	the	bacterium	uses	the	enzyme	sialidase	to	detach	
sialic	acids,	which	are	an	abundant	and	important	part	of	mucus.	
The	research	team	showed	that	the	bacterium	broke	up	and	“ate”	
the	components	it	released.	When	researchers	tested	vaginal	
mucus	samples	from	women	with	bacterial	vaginosis,	they	found	
lower	levels	of	sialic	acids	than	in	women	who	did	not	have	the	
condition.	

CELIAC DISEASE AND BIRTH WEIGHT
Pregnant	women	with	mid	to	high	levels	of	antibodies	common	
in	patients	with	celiac	disease	are	at	risk	for	having	babies	with	
reduced	fetal	weight	and	birth	weight,	according	to	researchers	
at	Erasmus	University	Medical	Center.	Researchers	took	into	
account	transglutaminase	(anti-tTG),	which	is	found	in	patients	
with	celiac	disease.	They	conducted	a	population-based	
perspective	birth	cohort	study	of	7,046	pregnant	women.	Fetuses	
of	women	with	positive	anti-tTG	weighed	16	grams	less	than	
those	of	women	with	negative	anti-tTG	levels	during	the	second	
trimester	and	weighed	74	grams	less	during	the	third	trimester.	
Infants	of	women	with	intermediate	and	positive	anti-tTG	
weighted	53	grams	and	159	grams	less	at	birth,	respectively,	than	
those	of	women	with	negative	anti-tTG.

NANN NEWS ROUNDUP
NANN’s	news	aggregator,	NANN	SmartBrief	reports:	An	initiative	
aimed	at	preventing	unnecessary	early-term deliveries	
reduced	the	rate	of	such	deliveries	in	25	hospitals	across	the	US	
by	83%	[HealthDay	News]…	Most	hospital	readmissions	for	
newborns	discharged	from	a	well	baby	nursery	are	for	issues	
such	as	jaundice,	feeding	problems	and	respiratory	distress	
and	may	be	preventable,	and	these	readmissions	may	be	the	
result	of	poor	discharge	assessments,	the	inability	of	parents	
to	provide	newborn	care	or	a	lack	of	access	to	outpatient	care	
[Medscape]…		Cedars-Sinai	Hospital	in	Los	Angeles	uses	a	
“BabyTime”	initiative	featuring iPads to help mothers see 
their newborns	in	the	NICU.	One	iPad	is	put	near	an	infant	
incubator,	providing	video	and	audio	access	to	parents	using	
an	iPad	on	another	floor	[AppleInsider]…	Babies	who	were	
predominantly	fed	formula	until	6	months	of	age	were	more	
than	twice	as	likely	to	be	obese	by	age	2	than	were	those	who	
were	exclusively	breast-fed.	Introduction	to	solid	food	before	
4	months	of	age	and	sleeping	with	a	bottle	were	also	linked	to	
an	increased	obesity	risk	[DailyRx.com]…	Greater	exposure	to	
traffic-related	air	pollution	during	pregnancy	and	the	first	year	
of	life	was	linked	to	a	higher	risk	of	developing	childhood	acute	
lymphoblastic	leukemia,	germ	cell	tumors	and	retinoblastoma	
[DoctorsLounge.com]…	Too	few	NICUs	have	sufficient	staff	on	
hand	according	to	the	National	Institute	of	Nursing	Research	
and	the	Robert	Wood	Johnson	Foundation.	A	review	of	data	on	
560	NICUs	found	that	staffing	was	too	low	for	32%	of	patients.	
[MedCityNews.com]…	Women	who	suffered	the	death of a 
loved one	within	a	year	prior	to	conception	had	an	11%	greater	
risk	of	having	babies	with	a	congenital	heart	defect	than	those	
who	hadn’t	lost	someone,	said	Danish	researchers.	[DailyRx.
com]…	40%	of	1,334	mothers	introduced	solid	food	to	their	
babies	prior	to	4	months.	Formula-fed	babies	were	twice	as	
likely	to	be	given	solids too soon	compared	with	breast-fed	
babies	[The	New	York	Times]…	Pregnant	women	with	a	high-
risk	type	of	human	papillomavirus	early	in	pregnancy	have	a	
more	than	twofold	greater	risk	of	developing	preeclampsia	than	
women	without	the	virus.	High-risk HPV	is	associated	with	
increased	likelihood	of	spontaneous	premature	birth	before	35	
and	37	weeks	[Family	Practice	News]…	Restricting	the	use	of	
pacifiers in	hospitals	was	linked	to	decreased	exclusive	breast-
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feeding	and	higher	rates	of	exclusive	and	supplemental	formula	
feeding.	Researchers	monitored	2,249	babies	born	either	before	
or	after	the	implementation	of	the	pacifier	restriction	policy	
and	found	no	substantial	differences	for	birth	weight,	delivery	
method,	gender	and	duration	of	hospital	stay	[DailyRx.com]…	
New	mothers	are	more	likely	to	continue	breast-feeding	their	
babies	when	deliveries	take	place	in	hospitals	that	implement	
at	least	four	of	the	Baby-Friendly	Hospital	Initiative	guidelines	
[Reuters]…	Pregnant	women	who	took	DHA supplements	
three	times	a	day	until	birth	were	less	likely	to	give	birth	very	
prematurely	than	a	placebo	group.	Babies	of	DHA-supplemented	
mothers	were	a	little	larger	and	heavier,	and	were	born	about	
three	days	later	compared	with	babies	in	the	placebo	group	
[Reuters]…	A	delay	of	at	least	30	seconds	in	clamping	the	
umbilical cord	results	in	as	much	as	a	32%	increase	in	blood	
volume	for	infants,	which	can	help	prevent	iron	deficiency	and	
developmental	delays	[The	Telegraph]…	The	HHS	unveiled	a	
public	education	campaign	to	increase	black	women’s	awareness	
of	the	benefits	of	breastfeeding	[AHA	News	Now]…	California	
declared	that	BPA	is	a	reproductive	toxicant	[San	Francisco	
Chronicle]…	Fetal thigh measurement	at	28	weeks	gestation	
can	predict	likelihood	of	adiposity	at	birth	[ObGyn	News	
online]…	Determining	the	diameter	of	the	inferior	vena	cava	
using	ultrasound	correlates	with	central	venous	pressure	in	
neonates	and	could	be	a	noninvasive heart measurement	tool	
in	ventilated	patients	[Acta	Paediatrica	MedWire]…	Researchers	
monitored	the	responses	of	12	babies	to	being	held or carried,	
and	found	that	those	who	were	held	while	walking	were	the	
most	relaxed	and	soothed	[MyHealthNewsDaily.com]…	Children	
born	to	mothers	who	took	valproate	while	pregnant	had	an	
almost	threefold	increased	risk	of	having	an	autism	spectrum	
disorder.	In	some	mothers	who	took	the	epilepsy	drug	during	
their	pregnancy,	the	risk	of	having	a	child	with	autism	was	more	
than	four	times	greater	[HealthDay	News].

KANGAROO VIDEO
Yamile	Jackson	of	Nurtured	by	Design	(nurturedbydesign.com)	
was	sent	the	following	note	from	Kate	Robson,	with	Sunnybrook	
Hospital	in	Toronto,	Canada:	“Hi!	Just	wanted	to	share	something	
we	did	for	Kangaroo	Care	Awareness	Day,	a	neat	collaboration	
between	a	family	(including	one	NICU	grad)	and	the	team	that	
took	care	of	her.”	The	YouTube	video	is	called:	“Kangaroo	care:	
what	it	is	&	why	we	do	it,”	hosted	by	a	former	Kangaroo	baby.	
Robson	wrote:	“Cute	and	very	educational!”	Check	it	out:	http://
www.youtube.com/watch?v=iN1UiAVyZZk&feature=youtu.be.

PRODUCTS
IMPROVED OUTCOMES
Hospital	General	Universitario	Santa	Lucia,	and	Masimo	
announced	that	the	hospital	has	become	the	first	in	Spain	
to	deploy	Masimo	Patient	SafetyNet,	clinically	shown	to	
help	improve	patient	outcomes	and	reduce	costs.	General	
Universitario	Santa	Lucia	installed	the	Patient	SafetyNet	
system	to	provide	advanced	monitoring	of	its	most	vulnerable	
patients	in	the	neonatal	basic	care	unit.	Patient	SafetyNet	can	
help	ensure	patient	safety	by	noninvasively	and	continuously	
measuring	a	patient’s	physiological	conditions	and	detecting	
changes	or	abnormalities	that	signal	declining	health	status	
in	real-time.	When	changes	occur	in	the	measured	values,	
which	may	indicate	deterioration	in	the	patient’s	condition,	
the	system	automatically	sends	wireless	alerts	directly	to	
clinicians,	prompting	a	potentially	lifesaving	response	to	the	

patient’s	bedside.	The	Masimo	Patient	SafetyNet	system	consists	
of	Masimo	SET	Measure-Through	Motion	and	Low	Perfusion	
pulse	oximetry,	with	choice	of	patient-tolerant	and	easy-to-use	
ventilation	monitoring	with	rainbow	Acoustic	Monitoring	or	
standard	capnography,	and	remote	monitoring	and	notification	to	
help	keep	clinicians	connected	to	patients.	Patient	SafetyNet	has	
been	clinically	shown	to	help	reduce	rapid	response	activations,	
intensive	care	unit	(ICU)	transfers,	and	deaths	related	to	opioid-
induced	respiratory	depression.	Contact	masimo.com.

PEOPLE
Audiology	Systems	Inc,	a	national	partnership	of	industry	
professionals,	audiologists	and	local	audiology	and	vestibular	
instrument	experts,	has	recently	added	three	sales	executives	
to	its	growing	team	in	New	York,	California,	Nevada	and	the	
Carolinas.	In	the	newly	created	positions,	Stephen	Rodriguez,	
Mary	Gallert,	AuD,	and	Robert	Bellia,	Jr,		will	report	to	the	
respective	regional	sales	manager	in	each	territory,	and	will	
be	responsible	for	sales	and	support	of	the	Audiology	Systems	
product	portfolio	including	GN	Otometrics	(MADSEN,	ICS,	
AURICAL),	Intelligent	Hearing	Systems	and	Noise	Barriers.	
Contact	audiologysystems.com.

KEEPING IT COOL
Creche	Innovations,	the	maker	of	the	Penguin	Nutritional	
Warmer,	launched	the	Penguin	Nutritional	Refrigerator	at	
the	2013	NICU	Leadership	Forum.	The	Penguin	Nutritional	
Refrigerator	is	a	hospital	grade	refrigerator	designed	specifically	
for	breast	milk	storage	in	the	Neonatal	Intensive	Care	Unit	
(NICU).	This	refrigeration	system	allows	hospitals	to	satisfy	
both	Joint	Commission	and	ADA	guidelines	for	the	storage	of	
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breast	milk.	Multiple	refrigerator	sizes	allow	for	use	in	private	
room	or	pod	settings	with	a	variety	of	mounting	options	
available:	counter	top,	under	counter,	most	rail	systems,	floor	
mount,	and	mobile.	An	available	divider	system	allows	for	
easy	separation	and	identification	of	breast	milk	in	multiple	
settings.	In	an	ongoing	effort	to	help	keep	noise	to	a	minimum	
in	the	NICU,	Creche	designed	the	refrigerator	with	Penguin	
Whisper	Technology,	resulting	in	an	ambient	noise	level	of	less	
than	39	decibels.	The	unique	design	of	the	Penguin	Nutritional	
Refrigerator	allows	for	quick	cooling	recovery	time	each	time	the	
refrigerator	is	opened	and	closed.	Digital	temperature	readouts	
and	optional	temperature	tracking	options,	including	remote	
wireless	monitoring	and	alarming,	allow	for	easy	administration	
and	recording	of	multiple	refrigerators	in	your	unit.	Contact	
Creche	Innovations	at	(913)	948-6290	or	at	crecheinnovations.
com	to	learn	more	about	the	Penguin	Nutritional	Refrigerator.

WHITE PAPER
MediPurpose	announced	the	publication	of	a	new	white	paper,	
Reinventing	a	Better	Safety	Heelstick:	Obtaining	US	FDA	510(k)	
for	Sharps	Prevention	Features.	The	white	paper	illustrates	the	
meaning	and	significance	of	a	510(k)	for	medical	devices	with	
sharps	injury	prevention	features,	why	MediPurpose	applied	for	
a	new	510(k)	for	its	babyLance	safety	heelstick	despite	having	
already	received	clearance	for	its	first	generation	heelstick	
device,	how	MediPurpose	identified	and	met	the	requirements	
for	the	510(k)	application,	and	the	procedures	for	submitting	
a	510(k)	application.	The	new	510(k)	was	granted	in	February	
2013,	permitting	the	company	to	market	and	label	its	product	as	
the	“babyLance	safety	heelstick.”	To	download	the	white	paper,	
visit	www.medipurpose.com/downloads.	

CANADIAN TRADEMARK
MediPurpose	announced	that	its	babyLance	safety	heelstick	
logo	has	been	granted	trademark	protection	in	Canada.	
Trademark	registration	with	the	Canadian	Intellectual	Property	
Office	protects	both	the	word	“babyLance”	and	the	neonatal	
heelstick’s	unique	blue	and	green	logo.	After	investing	more	
than	a	year	in	the	redesign	of	its	babyLance	safety	heelstick,	
MediPurpose	launched	its	all-new	neonatal	heel	incision	device	
in	2012.	babyLance	recently	gained	FDA	510(k)	clearance	for	its	
sharps	injury	prevention	feature	and	is	available	in	two	models,	
each	with	a	specific	blade	penetration	depth:		babyLance	BLP	
(preemie):	0.85	mm	depth;	babyLance	BLN	(newborn):	1.0	mm	
depth.	Contact	medipurpose.com/babylance.

CUFFLESS
Covidien	added	a	new	product	to	its	family	of	Shiley	neonatal	
and	pediatric	tracheostomy	tubes.	The	new	cuffless	product	
will	help	enhance	patient	care	and	safety	within	the	hospital	
and	home	care	environments.	Shiley	portfolio	innovations	for	
the	cuffless	design	include:	•	An	expanded	range	of	tube	sizes	
down	to	a	2.5mm	inner	diameter	to	accommodate	the	smallest	
patients	–	an	option	that	hasn’t	previously	existed	in	the	Shiley	
portfolio.	•		A	soft,	clear	flange	that	facilitates	easier	examination	
of	the	underlying	skin	for	infection	and	eases	trach-tube	holder	
insertion.	•	Tubes	manufactured	with	a	medical	grade	PVC,	with	
a	citric-based,	non-phthalate	plasticizer	to	meet	the	latest	patient	
safety	standards.	The	Shiley	neonatal	and	pediatric	tracheostomy	
tubes	were	recently	approved	for	sale	in	the	United	States,	
Canada	and	Europe.	More	information	on	the	product	portfolio	
is	available	by	visiting	Covidien.com/RMS.	Covidien	also	offers	
tracheostomy	support	resources	for	patients	and	physicians	
through	its	recently	enhanced	website	Livingwithavent.com.	

TOLERANCE
A	new	independent,	multi-center	study	on	cow’s	milk	allergy	
has	been	published	in	the	May	2013	edition	of	the	Journal	of	
Pediatrics.	The	study	shows	significantly	more	infants	with	
cow’s	milk	allergy	who	received	Nutramigen	LGG,	an	extensively	
hydrolyzed	formula	that	includes	Lactobacillus	rhamnosus	
GG	(LGG),	built	a	tolerance	to	cow’s	milk	than	those	fed	other	
formulas	in	the	study.	Specifically,	nearly	four	out	of	five	infants	
(78.9%)	fed	Nutramigen	LGG	built	tolerance	to	cow’s	milk	
protein	at	12	months,	compared	with	infants	fed	other	study	
products,	such	as	extensively	hydrolyzed	casein	formula	(43.6%),	
hydrolyzed	rice	formula	(32.6%),	soy	based	formula	(23.6%)	or	
amino-acid	based	formula	(18.2%).	Historically,	children	with	
cow’s	milk	allergy	didn’t	build	tolerance	until	three	to	five	years	
of	age.	Nutramigen	is	the	only	brand	with	extensively	hydrolyzed	
protein	and	LGG.	It	contains	a	milk	protein	that	is	broken	down	
into	tiny	pieces	to	virtually	eliminate	allergic	reactions.	While	
LGG	is	one	of	the	most	studied	probiotics	for	allergy,	this	is	the	
first	study	to	compare	the	impact	of	Nutramigen	LGG	to	other	
formulas	based	on	symptom	duration	in	infants	with	cow’s	milk	
allergy.	The	study	is	specific	to	Nutramigen	with	LGG	infant	
formula.	The	results	cannot	be	generalized	to	other	probiotics	or	
other	Lactobacillus	strains,	since	they	all	have	different	modes	
of	action	and	varied	effectiveness	in	model	immune	cell	systems.	
The	open	non-randomized	12-month	trial	evaluated	the	rate	of	
tolerance	to	cow’s	milk	in	260	children	aged	one	to	12	months	
diagnosed	with	cow’s	milk	allergy	who	were	fed	extensively	
hydrolyzed	casein	formula	(n=55),	extensively	hydrolyzed	casein	
formula	plus	Lactobacillus	GG	(n=71),	hydrolyzed	rice	formula	
(n=46),	soy	formula	(n=55)	or	amino	acid	based	formula	(n=33).	
Full	clinical	evaluations	were	performed	at	six	and	12	months	to	
evaluate	whether	subjects	had	achieved	oral	tolerance	to	cow’s	
milk	protein.	Contact	mjn.com.

CORD BLOOD
ViaCord,	PerkinElmer’s	family	cord	blood	and	tissue	
preservation	business,	is	collaborating	with	the	Center	for	
International	Blood	and	Marrow	Transplant	Research	(CIBMTR)	
to	collect,	maintain	and	publish	research	from	ViaCord’s	cord	
blood	stem	cell	transplants.	This	collaboration	will	expand	
knowledge	of	cord	blood-derived	stem	cell	applications	
throughout	the	medical	and	research	community.	To	date,	
CIBMTR’s	large	network	of	transplant	centers	has	resulted	in	
the	development	of	a	clinical	database	of	more	than	30,000	cord	
blood	transplant	recipients	for	clinical	decision-making,	use	in	
studies,	and	other	research	purposes	with	the	goal	of	making	
a	profound	impact	on	the	survival	of	cord	blood	transplant	
patients	around	the	world.	CIBMTR	will	work	directly	with	
ViaCord	to	collect	and	analyze	data	to	better	understand	the	
quality	and	any	outcome	metrics	of	ViaCord’s	released	cord	
blood	stem	cell	units	as	well	as	how	the	units	are	being	used.	
ViaCord’s	family	cord	blood	banking	services	currently	offers	
expectant	families	the	opportunity	to	preserve	their	baby’s	
umbilical	cord	blood	for	potential	medical	use	by	the	child	or	
a	related	family	member.	Families	are	also	preserving	their	
baby’s	umbilical	cord	tissue	because	research	suggests	that	one	
day	these	special	cells	may	have	the	potential	to	treat	medical	
conditions	that	are	untreatable	today.	ViaCord	has	preserved	the	
umbilical	cord	blood	of	more	than	300,000	newborns.	Twenty	
years	ago,	cord	blood	stem	cells	were	used	to	treat	just	one	
disease,	Fanconi’s	anemia.	Today,	cord	blood	stem	cells	have	
been	used	in	the	treatment	of	nearly	80	diseases,	including	
cancers,	certain	blood	disorders	and	immunodeficiencies.	Please	
visit	viacord.com.		
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BILI VALUES
BiliBaby,	available	at	BiliBaby.com,	is	a	graphical	decision	
support	tool	for	the	analysis	of	bilirubin	levels	as	a	function	
of	age.	The	baby’s	age	in	hours	or	the	date-time	of	birth	are	
entered	as	well	as	the	gestational	age	and	birthweight	categories.	
One	or	more	bilirubin	values	can	be	entered	with	the	date-
time	or	the	age	in	hours	at	which	the	test	was	obtained.	The	
results	are	displayed	on	the	familiar	phototherapy	guideline	
chart,	the	exchange	transfusion	guideline	graph,	and	the	risk	
prediction	graph.	The	risk	factors	that	impact	decision-making	
around	phototherapy	and	exchange	transfusion	are	explicitly	
enumerated,	and	the	graphs	dynamically	update	depending	on	
the	risk	factors	entered.	Specific	follow-up	instructions	in	line	
with	published	recommendations	are	highlighted	and	displayed	
based	on	the	bilirubin	and	the	infant’s	risk	status.	The	graphs	
can	be	printed	and	included	with	the	patient’s	chart.	Unlike	
other	tools,	BiliBaby	includes	all	of	the	applicable	charts	and	
recommendations	for	bilirubin	assessment.	It’s	easy	to	use	and	
comprehensive,	and	the	graphical	presentation	helps	the	clinical	
staff	interpret	the	data	and	recommendations.	BiliBaby	can	be	
used	universally	by	nurses	and	doctors	for	all	babies	at	the	time	
of	discharge	to	assess	the	risk	of	severe	hyperbilirubinemia.	
Combined	with	adherence	to	the	follow-up	recommendations,	
it	is	believed	the	risk	of	kernicterus	can	be	reduced.	BiliBaby	
is	a	free	web-based	application	that	is	powered	by	the	analytic	
algorithms	used	in	Crib	Notes,	the	NICU	EHR	system.	Go	to	
BiliBaby.com	to	view	and	use	the	tool,	or	contact	cribnotes.com,	
(800)	323-9167.

COMPANY PROFILE

NeoRay
Improve	your	neonate’s	outcome	and	enhance	early	discharge	
with	the	NeoRay	Digital	Imaging	System,	now	offered	by	
Swissray	International,	Inc.	It	was	developed	specifically	for	the	
Neonatal	Intensive	Care	Unit	in	cooperation	with	NICU	doctors	
and	nurses,	and	is	the	only	FDA	510(k)	approved	X-ray	system	
specifically	designed	for	neonates.

NeoRay	is	a	highly	portable,	light	weight,	fully	functional	X-ray	
system,	and	can	minimize	procedure	time	by	displaying	X-ray	
images	in	just	seconds	at	bedside,	facilitating	quick	placement	
of	life	supporting	devices	such	as	UVC,	endotracheal	tubes	and	
PICC	lines.		ECMO	cannulation,	broviac	placement,	duodenal	
tubes	and	needle	aspiration	are	a	number	of	other	procedures	
that	will	benefit	from	this	device.

Utilizing	a	digital	flat	panel	that	refreshes	itself	in	seconds,	
NeoRay	minimizes	the	need	for	re-positioning	X-ray	cassettes	
or	CR	cassettes	for	repeat	X-rays	and	reduces	the	need	for	
repeating	sterilization	procedures.	With	its	small	footprint,	
NeoRay	can	be	used	and	stored	within	the	NICU	reducing	the	
risk	of	cross	contamination	of	the	imaging	unit	between	the	
NICU	and	other	areas	of	the	hospital.

This	digital	imaging	unit	utilizes	sensitive	cesium	iodide	digital	
receptors	which	require	less	exposure,	therefore	decreasing	
“radiation	dose”	between	50%	and	70%	when	compared	to	film	or	
CR	technology.	Its	compact	image	receptor	panel	is	protected	by	
an	outer	case	to	prevent	damage.

The	NeoRay	Digital	Imaging	System	features	a	19”	high	resolution	
display	monitor,	and	fully	functional	custom	workstation,	which	
simplifies	NICU	workflow	and	documentation.	The	workstation	
also	features	auto	image	optimization,	automatic	shutters,	image	
annotation,	measuring	tools,	image	enhancement	tools,	PACS	
worklist,	network	and	storage	and	is	DICOM	compliant.	An	
optional	DAP	Meter	Chamber	is	also	available	so	the	X-ray	dose	
could	be	recorded	for	each	image.	

The	purchase	of	NeoRay	includes	three	days	of	onsite	
applications	training	and	a	twelve	month	standard	warranty.		For	
additional	information	on	how	NeoRay	can	benefit	your	facility,	
please	contact	us	either	via	email,	info@swissray.com	or	by	
telephone,	(800)	503-9943.		

PRODUCT UPDATE
MAICO Diagnostics’ MB 11 Beraphone Infant Hearing 
Screening System: Hearing Screening Company saves 
$340,000 in disposable fees

Infant	Hearing	Screening	Specialists	(IHSS)	provides	newborn	
hearing	screening	services	for	55	hospitals	across	the	state	of	
California.	In	2009,	IHSS	began	using	the	MAICO	MB	11	BERA-
phone	auditory	brainstem	response	(ABR)	screening	system	in	
many	of	our	hospitals,	replacing	the	traditional	ABR	screening	
systems	that	use	disposable	electrodes	and	ear	couplers.	The	
BERAphone	features	reusable	stainless	steel	electrodes	and	a	
reusable	ear	cushion,	avoiding	the	expense	of	disposables	and	of-
fering	an	eco-friendly	screening	ABR	option,	reducing	the	amount	
of	waste.	A	small	amount	of	water-soluble	electrode	gel	is	used	
to	prepare	the	baby’s	skin	at	the	electrode	sites	and	a	disinfectant	
wipe	is	used	to	disinfect	the	device	after	use.	Considering	the	
cost	of	these	consumables,	each	screening	using	the	BERAphone	
costs	approximately	$0.25	for	supplies.	This	is	in	contrast	to	the	
$1.00-13.00	per	screening	that	IHSS	spent	using	legacy	OAE	and	
ABR	screening	devices.	In	2012,	IHSS	screened	72,509	newborns	
using	the	BERAphone	for	a	cost	savings	of	$340,000.00 compared	
to	what	it	would	have	cost	using	disposables.

In	2012,	the	average	refer	rate	across	the	30	IHSS	hospitals	
in	which	the	BERAphone	was	used	was	3.1%	with	a	range	of	
1.1-5.7%.	This	refer	rate	was	comparable	to	the	refer	rates	
achieved	in	other	hospitals	that	have	not	yet	transitioned	to	the	
BERAphone.

The	transition	from	a	traditional	ABR	screener	to	the	
BERAphone	presented	some	early	challenges	for	screening	
staff.	The	BERAphone	must	be	hand-held	over	the	baby’s	ear	to	
maintain	electrode	contact	to	the	scalp	during	the	screening.	The	
skin	preparation	procedure	was	different	from	the	other	devices	
they	had	been	using.	Changing	the	behavior	of	individuals	who	
had	become	comfortable	with	a	device	that	used	disposables	
was	not	easy	for	everyone.	There	was	a	period	of	resistance	
and	frustration	from	some	of	the	screeners	as	they	worked	to	
master	the	new	procedure	and	techniques	needed	to	use	the	
BERAphone.

Using	the	MAICO	MB	11	BERAphone,	IHSS	is	saving	money	and	
reducing	waste	sent	to	landfills,	while	continuing	to	provide	high	
quality	hearing	screening	outcomes	for	our	partner	hospitals.	
IHSS	screeners	have	adapted	to	the	BERAphone	and	now	prefer	
Continued on page 23…
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Abstract
Objective: The	study	is	designed	to	present	survival	rate,	
motor	and	cognitive	outcome	data	for	932	very	low	birth	weight	
(VLBW)	infants	based	on	both	gestational	age	(GA)	and	birth	
weight	(BW).	

Study Design: Survival	to	discharge	and	serial	cognitive	
and	motor	development	measured	by	Bayley	Scales	of	Infant	
Development	were	analyzed	for	a	cohort	of	932	VLBW	infants	of	
GA	≥	22	weeks	born	between	1998	and	2007	in	a	single	medical	
center.	Outcome	information	was	stratified	by	GA	in	one-week	
increments	and	BW	in	100	g	increments	for	GA	between	22	to	
≥33	weeks,	and	BW	between	400	to	1499	g.

Results: Of	the	932	infants,	58	received	comfort	care	and	88	
expired	during	their	hospital	care.		Survival	rate	was	84%.	
Adjusted	survival	rate	was	90%.	Of	the	786	surviving	infants,	452	
infants	were	followed	for	cognitive	and	motor	development	at	a	
mean	±	SD	corrected	age	of	15.6	±	7.9	months.	Survival	rates	and	
cognitive	and	motor	outcomes	of	all	patients	were	summarized	
in	GA	and	BW	stratified	matrix	tables.	Among	the	23	to	26	weeks’	
GA	infants,	a	range	of	41	to	87%	survived,	while	the	frequency	
of	normal	cognitive	skills	ranged	from	33	to	80%,	and	frequency	
of	normal	motor	skills	ranged	from	43	to	73%.	Increasing	GA	
correlated	with	positive	outcomes.

Conclusions: Gestational	age	and	BW	stratified	matrix	outcomes	
presentation	of	VLBW	infants	from	a	single	medical	center	
provide	parents	and	health-care	professionals	with	center	
specific	prognoses,	enabling	them	to	make	well-informed	
decisions.

Very	low	birth	weight	(VLBW)	infants	account	for	approximately	
64,000	live	births	per	year	(1.48%	of	4.3	million	live	births)	
in	the	United	States.1	The	gestational	age	(GA)	at	which	
premature	infants	have	50%	chance	of	survival	decreased	from	
approximately	30	weeks	in	the1960s2	to	24	weeks	in	the	1990s.3	
Decisions	to	initiate	or	discontinue	life	support	for	very	small	
premature	infants	are	complex.4	A	recent	study	of	pregnant	
women	threatening	birth	of	extremely	preterm	neonates	between	
22	0/7	and	26	6/7	weeks’	gestation	showed	that	a	substantial	

proportion	of	parents	will	choose	palliative	comfort	care	for	
their	infant	up	to	25	6/7	weeks.5	

Survival	rate	and	outcomes	data	often	are	GA-specific	or	birth	
weight	(BW)-specific.	However,	both	parameters	have	significant	
limitations.	A	more	accurate	prediction	of	outcome	can	be	
reached	by	assigning	both	GA	and	BW	to	each	infant.	

Methods
A	cohort	of	932	VLBW	(<	1500	g)	infants	≥	22	weeks’	GA	born	
at	Cedars-Sinai	Medical	Center	between	January	1,	1998	and	
December	31,	2007,	was	studied.	The	Institutional	Review	Board	
approved	this	study.

Study	infants	were	born	and	cared	for	in	a	single,	regional,	
tertiary	care	center	with	integrated	academic	Obstetrical	and	
Neonatal	Intensive	Care	Unit	(NICU)	services,	and	defined	
protocols	for	treatment	of	specific	neonatal	conditions.	Fifty	
eight	infants	received	comfort	care	as	per	parental	wishes	due	
to	premature	birth	of	≤	25	weeks’	GA	(52	infants)	or	due	to	
lethal	congenital	conditions	(6	infants).	Of	the	remaining	874	
infants,	88	expired	during	their	hospital	care.	The	remaining	786	
surviving	infants	were	analyzed	for	morbidities	at	discharge	from	
the	NICU.	None	of	the	surviving	infants	had	major	congenital	
anomalies.	Seven	infants	had	lateral	transfer	to	other	medical	
centers	due	to	non-medical	reasons.

Discharged	infants	of	≤	31	weeks	gestation	and	<	1500	g	were	
routinely	followed	in	a	single	Infant	Progress	Clinic.	Some	
infants	who	were	>	31	weeks	gestation	and	<	1500	g	were	
also	followed	at	the	discretion	of	the	attending	neonatologist.	
A	physician	with	subspecialty	training	in	developmental	
pediatrics,	pediatric	rehabilitation	medicine,	clinical	genetics	
or	neonatology	assessed	the	growth	and	medical	status	of	
each	infant.	An	occupational	or	physical	therapist	conducted	
Bayley	Scales	of	Infant	Development	(BSID)	assessment	in	each	
infant	one	to	three	times,	between	corrected	ages	of	6	months	
to	three	years.	Only	the	results	of	the	latest	assessment	were	
incorporated	in	this	study.	From	1998	to	2006,	BSID	(Bayley	II)6	
was	performed	while	the	newer	BSID	(Bayley	III)7	was	initiated	
in	2007.	Normal	scores	for	Bayley	II	cognitive/motor	skills,	and	
Bayley	III	cognitive/motor	skills	were	≥85	and	≥25,	respectively.	

Survival	rate	and	neurodevelopmental	(cognitive	and	motor)	
outcomes	constitute	the	most	important	medical	information	
facing	parents	and	health	care	professionals	when	presented	
with	the	birth	of	premature	infants.	Therefore,	to	enable	better	

Very Low Birth Weight Infant Outcome 
Stratified by Gestational Age and Birth Weight
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evidence-based	decision-making,	these	outcomes	were	compiled	
into	BW	and	GA	matrix	tables.	Each	patient	was	assigned	GA	and	
BW.	A	table	was	created	where	the	vertical	columns	represented	
GA	in	one-week	increments	ranging	from	22	to	≥33	weeks,	and	
the	horizontal	rows	represented	BW	in	100	g	increments	ranging	
from	400	to	1499	g.	Each	table-cell	represented	GA	and	BW	
stratified	patient	outcomes	that	are	conveniently	calculated	and	
visualized	as	a	composite.

We	explored	which	factors	may	impact	survival	rate.	The	factors	
analyzed	were	prenatal	steroids,	gender,	Apgar	score	of	<	7	at	
5	minutes,	ethnicity,	singleton	delivery	vs	multiples	delivery,	
vaginal	delivery	vs	cesarean	section	delivery,	and	IUGR	status.	
The	statistical	analysis	for	these	factors	used	two-tailed	Fisher’s	
exact	test	to	compare	proportions	across	groups.	Groups	were	
considered	statistically	different	when	the	p-value	was	<	0.05.

Within	the	group	of	VLBW	infants,	extremely	preterm	neonates	
(22	-26	weeks	gestation)	pose	the	most	difficult	life	support	
choices.	Therefore,	survival	rates,	neurodevelopmental	
outcomes,	hearing	tests	and	retinopathy	of	prematurity	
findings,	and	growth	outcomes	in	these	infants	were	analyzed	
separately.	In	this	group,	we	also	included	mild	abnormal	
neurodevelopmental	scores	in	the	analysis	to	expand	the	
range	of	informed	decision-making	for	parents	and	health-care	
professionals.	Mild	abnormal	scores	were	defined	as	composite	
scores	below	normal	at	78-84	(normal	≥85)	for	Bayley	II	and	
16-24	(normal	≥25)	for	Bayley	III.	We	used	normal	growth	
measurements	(10	to	90	percentile)	of	the	2000	CDC	growth	
charts	for	the	USA	as	a	reference.8	To	rule	out	a	potential	bias	of	
the	outcome	results	between	the	infants	who	had	follow-up	and	
the	infants	who	did	not	have	follow-up	in	Infant	Progress	Clinic,	
a	comparison	of	morbidities	at	discharge	was	done	between	the	
two	groups	of	extremely	preterm	neonates.	

Results
Characteristics,	and	overall	morbidities	at	NICU-discharge	of	the	
786	surviving	VLBW	infants	are	depicted	in	Table	1.	Morbidities	
by	100	g	weight	increments	ranging	from	400	to	1499	g	are	shown	
in	Figure	1.	Morbidities	of	the	groups	weighing	1300-1399	g	and	
1400-1499	g	were	similar;	therefore,	these	groups	were	combined	
to	one	weight	class	group	of	1300-1499.

Overall	survival	rate	was	84%	(786/932).	Adjusted	survival	
rate	(excluding	infants	who	received	comfort	care)	was	90%	
(786/874),	and	is	depicted	in	Table	2a.	Risk	factors	associated	
with	survival	are	depicted	in	Table	2b.	One	patient	with	BW	of	
344	g	and	GA	of	24	weeks	survived,	and	he	was	included	in	the	
400-499	g	BW	category.	

Six	hundred	fifty	six	infants	were	eligible	for	follow-up	in	
Infant	Progress	Clinic.	Of	those,	452	infants	(452/656,	69%)	had	
assessment	via	Bayley	II	(N=356)	or	Bayley	III	(N=96)	at	mean	
±	SD,	corrected	GA	of	15.6	±	7.9	months	(Table	3).	Of	these	
infants,	19%	were	seen	between	4	to	6	months,	20%	between	7	to	
12	months,	46%	between	13	to	24	months,	and	15%	between	25	to	
33	months	corrected	age.	One	patient	with	GA	of	22	weeks	and	
BW	of	430	g	who	had	developmental	assessment	was	included	in	
the	23	weeks	GA	category.	Of	the	452	infants	followed	in	Infant	
Progress	Clinic,	92%	(412/452)	had	weight	(g),	length	(cm)	and	
head	circumference	(cm)	growth	parameter	measurements.	Of	
these	infants,	74%,	77%	and	79%	had	normal	weight,	length,	and	
head	circumference	for	corrected	age,	respectively.	

Twenty	seven	infants	(mean	±	SD)	26	±	2.4	weeks’	GA	and	
(mean	±	SD)	889	±	241	g	BW	who	had	grade	III,	and/or	
grade	IV	intraventricular	hemorrhage	(IVH),	and/or	isolated	
periventricular	leukomalacia	during	their	NICU	stay	had	BSID	
follow	up.	Of	these	infants,	30%	(8/27)	had	normal	cognitive	
and	motor	outcome.	Specifically,	42%	(5/12)	with	grade	III	IVH,	
20%	(2/10)	with	grade	IV	IVH,	and	20%	(1/5)	with	periventricular	
leukomalacia,	had	normal	outcomes.	

Among	164	infants,	100	infants	(mean	±	SD)	GA	25	±	0.93	weeks	
and	BW	796	±	159	g,	had	their	neurodevelopmental	and	growth	
outcomes	performed	in	Infant	Progress	Clinic,	and	64	infants	
GA	25	±	0.93	weeks	and	BW	744	±	148	g,	did	not	have	follow-up	
by	Infant	Progress	Clinic.	There	were	no	statistically	significant	
differences	in	the	demographic,	clinical	and	morbidity	data	
between	the	group	of	infants	who	did	have	follow-up	in	Infant	
Progress	Clinic	and	the	group	who	did	not	(data	not	shown).	
Fifty-five	infants	between	22-26	weeks	gestation	expired	in	
the	NICU.	Outcomes	and	risk	factor	analysis	of	a	total	of	219	
extremely	preterm	neonates	are	depicted	in	Table	4.	

Discussion
This	observational	study	is	important	as	it	includes	ten	years	of	
clinical	information	for	a	large	cohort	of	VLBW	infants,	born	and	
cared	for	at	a	single	regional,	tertiary,	academic	medical	center,	
with	Obstetrical	and	NICU	services,	with	defined	protocols	
for	treatment	of	specific	neonatal	conditions,	and	followed	by	
a	single	Infant	Progress	Clinic.	The	information	for	the	three	
most	important	outcomes:	survival	rate,	cognitive	and	motor	
developments	are	reported	as	BW	and	GA	stratified	matrix	
tables.	In	each	table-cell,	rather	than	presenting	percentage	of	
the	outcome,	the	actual	number	of	patients	is	displayed.	
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Figure 1. Morbidity rate at discharge of VLBW infants (N = 786).
Panel A: IUGR = Intrauterine growth restriction; PDA = Patent ductus arteriosus; CLD = Chronic lung disease;
RDS = Respiratory distress syndrome.
Panel B: HS = Hearing screen; GI = Gastrointestinal surgery due to NEC or perforation; NEC = Necrotizing enterocolitis;
IVH = Intraventricular hemorrhage; PVL = Periventricular leukomalacia; ROP = Retinopathy of  prematurity.

A

B

0

10

20

30

40

50

60

70

80

90

100

0

10

20

30

40

50

60

70



20	 neonatal INTENSIVE CARE Vol. 26 No. 4 n July-August 2013

The	concept	of	matrix	display	of	outcome	data,	which	is	based	
on	both	BW	and	GA	is	not	new.	In	1972,	Lubchenco	et	al13	
stressed	the	importance	of	using	both	BW	and	GA	in	display	of	
clinical	outcomes	of	premature	infants.	For	example,	in	their	
study	the	male	infant	has	higher	mortality	than	does	the	female	
when	taking	to	account	BW	or	GA.	However,	no	significant	effect	
on	the	mortality	rate	could	be	demonstrated	between	the	sexes	
when	both	BW	and	GA	were	taken	to	account.		Furthermore,	the	
need	to	relate	morbidities	such	as	respiratory	distress	syndrome	
type	II	to	both	BW	and	GA	was	previously	emphasized.14

During	the	ten	year	study	period	(1998	to	2007)	clinical	practices	
and	characteristics	of	patient	populations	may	vary.	Our	analysis	
showed	that	patients’	characteristics,	morbidities,	rate	of	
antenatal	steroid	administration,	mode	of	delivery	(vaginal	vs	
cesarean	section,	singleton	vs	multiples),	and	Apgar	scores	less	
than	7	at	5	minutes	of	age,	were	not	different	during	the	first	five	
year	study	period	(1998	to	2002)	in	comparison	to	the	second	
five	year	study	period	(2003	to	2007)	(data	not	shown).	However,	
rates	of	patent	ductus	arteriosus	(PDA)	and	surgical	ligature	of	
PDA	during	the	first	period,	in	comparison	to	the	second	period,	
were	significantly	lower.	The	probable	reason	for	this	difference	
was	the	routine	use	of	indomethacin	for	IVH	prophylaxis	

during	the	first	period	but	not	during	the	second	period.	
Indomethacin	use	increased	the	incidence	of	PDA	non-
surgical	closure	(71	v	26	cases;	p<0.001),	and	decreased	
the	number	of	grade	III	and	IV	IVH	(13	v	19	cases),	but	
did	not	reach	statistical	difference.15

In	the	Infant	Progress	Clinic	we	captured	69%	of	the	
eligible	infants.	The	reason	for	not	capturing	a	higher	
percentage	of	infants	is	likely	that	private	pediatricians	
cared	for	more	than	90%	of	the	discharged	infants,	
and	some	of	these	pediatricians	did	not	use	the	Infant	
Progress	Clinic	for	follow-up.	Given	this	factor,	and	
the	social	mobility	of	families,	the	number	of	infants	
captured	in	the	Infant	Progress	Clinic	was	as	expected.	
Notably,	there	were	no	statistical	differences	regarding	
demographic,	clinical	and	morbidity	data	at	discharge	of	
the	extremely	preterm	neonates	who	had	the	follow-up	
and	those	who	did	not	have	the	follow-up	by	the	Infant	
Progress	Clinic.	

A	crucial	step	in	estimating	risks	for	premature	infants	is	
an	accurate	assessment	of	GA	and	BW.	Estimates	of	GA	
by	ultrasound	examination	have	an	error	(±2	SD)	of	7	
days	at	14	to	22	weeks’	GA.16	Assessment	of	GA	assigned	
by	the	date	of	the	last	menstrual	period	and	ultrasound	
studies	is	based	on	window	of	conception,	and	variability	
of	fetal	growth	in	the	second	and	third	trimester,	and	
therefore	has	a	large	margin	of	error.17	Furthermore,	
VLBW	infants,	have	a	high	rate	of	IUGR.18	A	growth-
restricted	infant	with	a	certain	GA	may	demonstrate	
better	survival	rate	or	outcome,	based	on	BW-specific	
outcomes.	At	lower	GA,	a	100	g	increase	in	BW	has	a	
more	positive	effect	on	survival	than	in	mid	and	higher	
GA	infants.19	Although	our	survival	rate,	morbidities	and	
neurodevelopmental	outcomes	are	overall	comparable	to	
outcomes	from	similar	tertiary	academic	centers,20,	21,22	
our	GA	and	BW	matrix	outcomes	are	more	patient	
specific.

In	the	present	study,	a	substantial	number	of	extremely	
preterm	neonates	(30%)	who	sustained	severe	brain	

injuries	in	the	perinatal	period	demonstrated	normal	BSID	scores	
at	follow-up.	Infants	of	24,	25,	or	26	weeks’	gestation	have	more	
than	a	50%	survival	to	discharge,	but	only	infants	of	25	or	26	
weeks’	gestation	have	greater	than	50%	likelihood	of	normal	or	
normal/mild	BSID	scores	(Table	4a).	

Although	the	long-term	predictive	validity	of	BSID	scores	has	
been	challenged	by	some	authors23,24	it	is	the	most	commonly	and	
widely	used	measure	of	function	in	premature	infants,	and	serves	
as	a	predictor	for	risk	of	diminished	academic,	motor	and	social	
functioning.	In	the	present	study,	BSID	scores	were	obtained	at	
a	young	mean	age	of	15.6	±	7.9	months,	and	therefore	may	not	
reflect	the	ultimate	score	at	older	age.	In	a	study	using	Peabody	
Picture	Vocabulary	Test-Revised	testing	regarding	changes	in	
cognitive	functions	over	time,	it	was	found	that	the	majority	of	
VLBW	infants	had	improvement	in	verbal	and	IQ	test	scores	by	
the	age	of	eight	years.25		

In	extremely	preterm	neonates	(N	=	100),	our	center-specific	data	
showed	that	prenatal	steroids,	Apgar	score	of	≥	7	at	5	minutes	
of	age,	and	cesarean	section	had	favorable	effect	on	survival	
(Table	4b).	Notably,	female	sex	and	singleton	delivery	were	not	
associated	with	better	survival.	Factors	such	as	prenatal	steroids,	

1102 ± 270 g

28.7 ± 2.7 week GA based on LMP and/or early US

91% (704/774a)

38% (296/786)

16% (124/786)

61% (482/786)

17% (130/786) BW < 10th percentile9

48%/52% (380/406)

49% (389/786)

29% (225/786)

16% (129/786)

5% (43/786)

84% (786/932)

90% (786/874)

64% (503/786)

32% (250/781b)

22% (175/786)

12% (97/786)

4% (32/786)

2% (18/786)

5% (37/781b)

5% (42/786)

2% (9/395c)

BW (Mean ± SD)

GA (Mean ± SD)

Steroids

Vaginal delivery

Apgar scores <7 at 5 min

Singletons

Intrauterine growth restrictions

Male/Female

White

Black

Hispanic

Asian

Survival

Adjusted survival

Respiratory distress syndrome

Chronic lung disease

Sepsis

Exclude CC infants

O2 requirement  ≤ 6 hours + symptoms +
chest X-ray consistent with RDS 

O2 requirement at 36 weeks gestation

≥ 1 positive blood culture

PDA surgical ligature

IVH Grade III-IV Papile classification10

PVL

Retinopathy of prematurity
Grade III-IV

Necrotizing enterocolitis

Abnormnal hearing screen

Committee on ROP Classification from
1984 and 200511

Bell’s criteria stage II or greater12

Hearing loss of  ≥ 35 dB in the good ear

a = Twelve infants were excluded since >34 wks GA (786 - 12 = 774); b = 5 infants were transferred out before their
eyes were examined (786 - 5 = 781); c = Universal hearing screen started in 2003; Steroids = Prenatal betamethasone;
RDS = Respiratory distress syndrome; PDA = Patent ductus arteriosus; IVH = Intraventricular hemorrhage;
PVL = Periventricular leukomalacia; LMP = Last menstrual period; US = Prenatal ultrasound; CC = Comfort care 

Table 1. Characteristics of study infants (N=786)

Characteristics Results Comments
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female	sex,	Apgar	scores	of	<	7	at	5	minutes	of	age,	ethnicity,	
singletons,	mode	of	delivery,	and	IUGR	status	were	not	found	
to	influence	the	rate	of	cognitive	and	motor	outcomes	(data	
not	shown).	In	the	entire	group	of	VLBW	infants	(N	=	874),	our	
center-specific	data	showed	that	prenatal	steroids,	Apgar	score	
≥7	at	5	minutes,	and	singleton	delivery	had	favorable	effect	on	
survival,	while	female	sex	had	borderline	statistical	significance	
(p	=	0.0570)	as	a	favorable	factor	for	survival	(Table	2b).	

In	a	multivariable	analysis	of	1,126	infants	born	in	12	centers	of	
the	Neonatal	Research	Network	at	501	to	800	g	BW,	maternal	
steroids,	female	sex	and	IUGR	status	had	favorable	effect	on	
both	survival	and	survival	without	major	brain	injury,	but	race	
or	ethnic	group	had	no	association	with	outcomes.26	In	a	recent	
multivariable	analysis	of	4,446	infants	born	in	19	centers	of	
the	Neonatal	Research	Network	at	22	to	25	weeks’	gestation,	
female	sex,	antenatal	corticosteroid	therapy,	singleton	birth,	
were	each	associated	with	better	outcome	as	was	increase	of	
approximately	one	week	in	GA.27	In	that	study,	survival	and	
survival	without	profound	impairment	were	analyzed	by	taking	
into	account	both	GA	and	BW.	However,	that	analysis	did	not	
include	the	entire	VLBW	infants	as	in	the	present	study,	but	was	

limited	to	BW	of	401-600	g	and	GA	of	22-24	weeks.	

Group	data	from	multiple	medical	centers	are	robust	
and	constitute	very	important	clinical	information.	
However,	between	individual	medical	centers	there	may	
be	wide	variation	in	outcomes.	Therefore,	center-specific	
outcomes	are	useful	to	reflect	probability	of	actual	
outcome	for	an	individual	patient	in	a	given	medical	
center.

Studies	of	the	National	Institute	of	Child	Health	&	Human	
Development	(NICHD)	Neonatal	Research	Network20,28	

showed	mean	morbidities	and	BW-specific	survivals	
for	VLBW	infants	derived	from	multiple	centers.	The	
differences	in	the	rate	of	morbidities	for	the	participating	
medical	centers	were	very	large.	For	example,	chronic	
lung	disease	varied	from	10	to	50%,	grade	IV	IVH	varied	
from	3	to	8%,	necrotizing	enterocolitis	varied	from	4	to	
11%	(Table	2	in	reference	20).	

Although	the	number	of	patients	in	the	present	study	is	
large,	the	dataset	of	22-26	weeks	GA	infants	is	relatively	
small.	This	raises	the	issue	of	applicability	of	the	data	
to	other	hospitals.	In	comparison,	large	dataset	of	22-
25	weeks	GA	infants	obtained	from	multiple	centers	
may	also	pose	a	serious	question	on	applicability.	For	
example,	survival	rate	data	obtained	from	19	centers	
showed	variability	between	the	individual	participating	
Neonatal	Intensive	Care	Units	for	infants	of	22,	23,	24,	
25,	and	26	weeks	GA	of	0	to	50%,	2	to	23%,	20	to	100%,	50	
to	90%,	and	61-100%,	respectively	(Figure	1	in	reference	
28).	Furthermore,	large	datasets	derived	from	multiple	
centers	are	frequently	composed	of	Neonatal	Intensive	
Care	Units	of	different	assigned	levels	of	care,	with	
academic	or	non-academic	affiliation,	and	variability	of	
consistent	or	defined	protocols	for	treatment	of	specific	
neonatal	conditions.29	

The	goal	of	health	care	professionals	caring	for	
premature	infants	is	to	provide	individualized	and	
accurate	medical	information	concerning	their	patients.	
For	parents,	knowledge	of	survival	rates,	morbidities,	and	

neurodevelopmental	outcomes	are	essential	for	delivery	planning	
and	realistic	expectations	concerning	outcomes.	Indeed,	the	
Committee	on	Fetus	and	Newborn	has	recently	suggested	that	
each	institution	caring	for	women	at	risk	for	delivering	extremely	
preterm	infants	should	provide	comprehensive	and	consistent	
guidelines	for	antenatal	counseling.30	Institution-specific	matrix	
outcome	tables	which	take	account	of	both	BW	and	GA	can	
provide	better	evidence	for	both	parents	and	physicians	to	make	
better-informed	decisions.	Future	reporting	of	the	institutional-
specific	occurrence	rate	of	all	major	morbidities	by	BW	and	GA	
will	be	an	important	step	towards	improved	evidence	based	
decision-making.
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Survival (%)

Normal weight (%)

Normal length (%)

Normal HC (%)

Normal HS (%)

ROP-free (%)

Normal
BSID (%) C

Normal
BSID (%) MO

Normal
BSID (%) C + MO
Normal and Mild

BSID (%) C
Normal and Mild

BSID (%) MO
Normal and Mild

BSID (%) C + MO

BSID = Bayley scales of  infant development; C = Cognitive; MO = Motor; Normal = Normal BSID; Mild = Mild-disability
BSID; HC = Head circumference; HS = Hearing screen; ROP-free = No grade 3 or 4 ROP; a = One 22 weeks GA surviving
infant was included in the 23 weeks GA category; b = Universal hearing screen started in 2003; Hearing screen and
retinopathy of  prematurity examination-results are at the time of  discharge from the NICU

Table 4b. Risk factors for survival of 22 - 26 weeks’ gestation infants

Table 4a. Survival, cognitive and motor outcomes of 23 - 26 weeks’ gestation infants 

Gestational age (week)

23 24 25 26
Overall

Outcome
23-26

Analyzed
Infants

(N)

219

100

100

100

100

100

100

94

94

94

137b

66
(23/35)

76
(44/58)

92
(56/61)

70
(7/10) 164

Variable

Total patients
(N = 219)

N

Deceased
(N = 55)

184 37 67

34 62

21 38

34 62

24 44

21 38

8 14

2 4

44 80

11 20

29 53

26 47
3 5

114
105

77

80

95

36

8

174

45

84
135

7

P value

< 0.0001

<0.0001

0.1187

0.6617

1.000

0.0158

0.3704

Steroids

        Hispanic

        Asian

Singletons

Multiples

Delivery

        Vaginal

Male

        Black

        Cesarean

IUGR status

Female

Apgar score <7
at 5 min

Ethnicity

        White

N %

Alive
(N = 164)

147 90

80 49

84 51

43 26

56 34

74 45

28 17

6 4

130 79

34 21

55 34

109 66
4 2

N %

79
(130/164)

it	to	disposable-based	ABR	devices.	Their	experience	with	the	
BERAphone	is	that	testing	is	faster	than	with	traditional	systems.	
Additionally,	there	is	less	discomfort	for	the	baby	since	there	are	
no	adhesive	disposables	to	remove	after	the	screening,	which	
parents	greatly	appreciate.

IHSS	now	uses	the	MAICO	MB	11	BERAphone	as	the	ABR	screen-
ing	device	of	choice	in	34	of	its	hospitals	and	is	working	toward	
replacing	all	remaining	traditional	systems	currently	in	use.

Product update…continued from page 17
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“Feeding	the	Preterm	Infant,”	a	supplement	published	in	the	
March	2013	edition	of	The	Journal	of	Pediatrics,	provides	new	
insights	into	the	nutritional	needs	of	preterm	infants,	including	
updated	nutritional	recommendations,	new	science	about	
host	defenses	in	preterm	infants,	unique	needs	of	different	
subpopulations	and	guidance	to	address	existing	knowledge	
gaps	in	preterm	infant	nutrition.	

Thirty-one	international	academic	neonatal	nutrition	experts	
who	took	part	in	the	Global	Neonatal	Consensus	Symposium	
developed	global	consensus	for	neonatal	nutrition	practices	in	
the	following	areas:	(1)	updated	nutritional	recommendations	for	
preterm	infants,	(2)	nutritional	needs	of	specific	subpopulations	
of	preterm	infants,	such	as	micropreterm	infants,	late	preterm	
infants	and	post-discharge	infants,	(3)	new	science	about	host	
defenses	in	preterm	infants	and	(4)	challenges	in	translating	the	
latest	science	to	practical	application.	The	symposium	which	
provided	the	content	of	the	supplement	was	sponsored	by	Mead	
Johnson	Nutrition.

To	gain	further	insight	into	the	subject,	Neonatal	Intensive	
Care	interviewed	Dr	Carol	Berseth,	Director,	Global	Clinical	
Innovation,	Meade	Johnson	Nutrition.	

NIC:	Why	do	you	think	it’s	been	nearly	a	decade	since	the	latest	
preterm	infant	nutrition	guidelines	were	updated?	

CB:	These	sorts	of	efforts	always	take	a	long	time	to	accomplish,	
in	terms	of	the	sheer	logistics	involved.	For	instance,	it	takes	
years	for	neonatal	textbooks	to	publish	updated	editions.	

NIC:	Why	were	these	recommendations	for	preterm	infant	
nutrition	developed?	

CB:	Meade	Johnson	has	been	the	sponsor	of	the	two	previous	
editions	of	the	guidebooks	that	focused	on	preterm	nutrition.	
Life	has	become	increasingly	more	intense	and	dynamic	and	
the	same	is	true	of	neonatal	research.	We	looked	at	how	long	
it	had	been	since	updated	guidelines	had	been	published	and	
noticed	that	there	was	a	lot	of	information	emerging	that	hadn’t	
been	addressed	in	the	second	edition.	There	was	a	need	to	get	
something	in	the	literature	now	that	could	address	these	new	
developments.	

NIC:	What	new	information	is	included	in	the	recommendations?	

CB:	When	we	designed	this	project,	we	took	a	global	view,	which	

is	a	little	different	from	how	these	topics	had	been	approached	
in	the	past.	Many	of	the	previous	efforts	were	US	and	European	
based.	But	the	world	is	getting	smaller.	Our	sense	was	that	we	
needed	to	make	sure	we	were	inclusive	in	understanding	what	
the	variety	of	needs	were	for	neonatologists	around	the	world.	
We	needed	to	look	at	bigger	needs	and	issues.	What’s	different	
in	these	guidelines	is	the	global	perspective.	For	example,	we	
addressed	issues	concerning	the	immune	function	of	the	GI	tract,	
a	topic	that	didn’t	exist	ten	years	ago.	We	broke	down	the	subject	
into	two	components,	one	based	on	microflora	and	the	other,	
bioactive	nutrients.	The	additional	insight	we	had	is	that	there’s	
an	emerging	group	of	babies	whose	nutritional	needs	haven’t	
been	fully	addressed	—	the	late	premature	baby,	a	phenomenon	
that	is	spreading	globally.	We	also	wanted	to	address	the	needs	
of	the	post-discharge	baby	who	has	been	managed	nutritionally	
in	the	ICU.	We	know	that	these	babies	don’t	have	the	same	
nutritional	needs	as	babies	born	at	term.	When	we	talked	to	our	
international	experts,	one	of	the	concerns	they	raised	was	that	
outside	of	the	US,	as	many	as	25	to	33%	of	babies	are	born	small	
for	gestational	age;	this	was	another	infant	population	whose	
needs	had	not	been	addressed.	We	also	wanted	to	include	the	
new	information	and	newly-available	research	on	the	nutritional	
needs	of	preterm	babies,	specifically	regarding	protein	and	the	
advantage	of	using	breast	milk.	

NIC:	Why	are	these	recommendations	important	to	those	who	
care	for	preterm	infants?	

CB:	If	preterm	infant	caregivers	refer	to	some	of	the	current	
textbooks,	they’ll	note	that	some	of	these	topics	haven’t	been	
addressed,	such	as	use	of	probiotics.	Neonatologists	who	care	
for	small	for	gestational	age	babies	need	to	be	aware	of	new	
information	available	about	protein	needs	and	the	advantages	of	
using	breast	milk.	

NIC:	What	are	some	of	the	key	challenges	we	need	to	address	to	
ensure	quality	care	for	preterm	infants,	moving	forward?	

CB:	The	major	challenge	is	to	foster	an	increased	awareness	
and	to	focus	on	providing	optimal	nutrition.	Historically,	
neonatologists	have	been	pulmonologists,	and	the	successes	
we’ve	had	in	NICUs	reflects	that	focus.	We’re	enjoying	
extraordinary	survival	rates	from	lung	disease;	now	our	attention	
needs	to	turn	to	nutrition.	Because	of	the	history	of	the	neonatal	
specialty,	this	has	not	been	the	case.	Nutrition	as	a	primary	
concern	is	now	an	important	aspect	of	neonatal	care.	

Feeding The Preterm Infant

Continued on page 35…
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Abstract
Background: Neonatal	Intensive	Care	(NICU)	patients	often	
require	nutritional	support	via	enteral	feeding	tubes	(EFTs).	
Various	designs	are	available	on	the	market.	Parts	such	as	caps,	
inlet	hubs,	and	distal	ends	vary	from	product	to	product.	It	is	
possible	that	certain	EFT	designs	may	increase	the	risk	for	
nosocomial	infection	by	promoting	bacterial	overgrowth.	

Objectives: To	compare	in	vitro	bacterial	overgrowth	of	design	
components	of	commercially	available	8	French	EFTs,	including	
the	proximal	hub	(H),	cap	(C),	and	distal	end	(DE)	outlet.	

Design/Methods: EFT	caps	(plunger	(PC),	recessed	(RC)	and	
threaded	(TC));	hubs	(single	or	double	port);	and	distal	ends	
(open	(OE)	or	pouch	(POE))	were	assessed.	Four	polyurethane	
(PE)	and	1	silicone	(S)	EFT	were	selected.	EFTs	were	inoculated	
with	a	2:1	mixture	of	ready-feed	24	kcal/oz.	premature	formula	
and	human	saliva,	placed	in	a	75%	humidified	isolette	at	34°C,	
and	removed	at	3,	24	or	72	hours.	EFTs	were	sterilely	sectioned;	
caps,	hubs	and	distal	ends	were	placed	in	PBS	and	cultured	
using	standard	microbiological	procedures.	Bacterial	colony	
forming	units	(CFUs)	were	determined	for	each	specimen	and	
standardized	for	maximum	growth	by	time	and	component,	
creating	a	“0-100”	scale	for	two-tailed	t-test	comparisons.

Results: Maximal	growth	was	detected	for	specimens	at	3	hours.	A	
significant	difference	existed	between	PC	and	RC	caps	at	3	and	24	
hours;	this	difference	disappeared	by	72	hours.	Despite	a	significant	
amount	of	growth	in	the	DEs,	there	was	no	difference	between	
design	types.	Hubs	also	had	abundant	bacterial	growth	at	3	and	
24	hours	but	no	differences	between	designs	(single	port	with	
recessed	or	plunger	cap,	Y-shaped	design	or	threaded	hub)	were	
detected.	EFTs	made	of	PE	and	S	had	similar	growth	burdens.

Introduction
Neonates	admitted	to	the	neonatal	intensive	care	unit	typically	
have	varying	degrees	of	feeding	difficulties	requiring	gavage	
feeding	assistance.	A	very	high	percentage	of	these	neonates	
admitted	to	the	NICU	require	enteral	feeding	tubes	(EFTs).	EFTs	
are	an	essential	component	in	the	care	for	sick	neonates	in	the	
neonatal	intensive	care	unit	(NICU).	Sick	neonates	depend	on	

such	nutrition	for	growth	and	development.	Without	EFTs,	many	
infants	would	suffer	from	malnutrition	and	its	complications.	

The	introduction	of	enteral	feeding	is	not	only	essential	for	
nutrition	but	also	for	the	maturation	of	the	gastrointestinal	tract	
(GIT).	The	GIT	is	an	important	organ	for	digestion,	absorption,	
immunity	and	endocrine	functions.	In	a	healthy	term	infant,	the	
GIT	is	sterile	at	birth	and	subsequently	colonized	by	millions	
of	microorganisms.	These	organisms	play	a	commensal	role	in	
humans	benefiting	the	host	not	only	nutritionally,	but	also	in	
processes	of	angiogenesis,	and	mucosal	immunity.1	

Sick	neonates	are	inherently	vulnerable	and	these	feeding	delays	
often	add	to	their	vulnerability.	Many	babies	in	the	NICU	are	
born	via	cesarean	section	and	do	not	pass	through	the	vaginal	
canal,	further	delaying	and	altering	the	“normal”	bacterial	
colonization	of	their	intestinal	mucosa,2	thus	delaying	and	
altering	GIT	absorption	of	essential	nutrients	and	the	GIT’s	role	
in	immunity.	Once	they	are	introduced	to	the	NICU	environment	
and	are	exposed	to	many	abnormal	environmental	factors,	such	
as	antibiotics,	altered	colonization	of	others	in	the	NICU	and	
the	insertion	of	foreign	bodies	such	as	central	lines	and	EFTs,	
their	GIT’s	adaptation	to	the	extra	uterine	environment	is	further	
altered.	Many	believe	that	this	alteration	plays	a	crucial	role	not	
only	in	neonatal	diseases	and	complications	but	also	in	long-term	
health	of	these	neonates.1,2

The	exact	role	this	alteration	in	GIT	maturation	and	colonization	
plays	in	the	development	of	various	neonatal	diseases	is	unclear.	
It	is	very	clear,	however,	that	being	premature	and	or	ill	in	the	
neonatal	period	predisposes	babies	to	sepsis,	growth	restrictions,	
and	necrotizing	enterocolitis	(NEC).	Enteral	feedings	(breast	
milk	or	formula)	have	been	identified	as	a	source	of	nosocomial	
infections.3	It	has	been	documented	that	enteral	delivery	systems	
such	as	bags,	tubing	and	EFTs	themselves	are	susceptible	to	
bacterial	growth;4	however,	there	are	no	studies	linking	bacterial	
colonization	of	enteral	feeding	systems	to	actual	patient	disease	
or	infection.	It	is	well	known	that	foreign	bodies	such	as	central	
lines	increase	the	risk	of	blood	stream	infections	in	neonate,	but	
this	has	not	been	replicated	for	enteral	feeding	systems.	Bacterial	
translocation	in	the	GIT,	though,	which	occurs	frequently	in	
newborns,	may	be	further	amplified	by	delayed	GIT	colonization	
and	buildup	of	bacteria	on	EFTs	and	subsequently	leave	babies	
more	susceptible	to	bacterial	sepsis	and	NEC.	

Anderton	in	1984	demonstrated	that	adhesion	of	micro-
organisms	to	the	interior	walls	EFTs	occurs	very	readily	after	
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8	hours	of	perfusion	with	a	milk-based	feed	experimentally	
contaminated	with	Staphylococcus	aureus.	The	EFTs	that	were	
studied	had	such	irregularities	of	their	internal	surface	that	
microorganisms	became	trapped,	potentially	allowing	a	large	
and	harmful	amount	of	bacteria	to	be	introduced	into	a	patient’s	
intestine.	This	theory	was	again	tested	in	2009	by	Hurrell	et	al.	
This	group	demonstrated	that	biofilm	formation	on	EFTs	by	
pathogens	such	as	Salmonella	can	form	in	as	little	as	24	hours,	
possibly	inoculating	subsequent	feedings	through	the	same	EFT.6

EFTs	are	composed	of	various	materials	ranging	from	
polyurethane	to	silicone	and	come	in	a	variety	of	designs.	There	
are	three	main	components	of	each	EFT	design	in	which	they	
vary:	the	hub	(H)	to	which	a	cap	(C)	is	attached	and	the	distal	
end	(DE)	which	sits	in	the	stomach.	Hubs	either	consist	of	single	
or	double	ports.	The	caps	to	the	hubs	are	manufactured	in	three	
different	varieties:	plunger	(PC),	recessed	(RC)	and	threaded	
cap	(TC).	Finally,	the	distal	end	which	drains	the	feed	into	the	
patient’s	stomach	is	either	open	(OE)	or	manufactured	with	a	
pouch	design	(POE)	with	side	ports	for	feeding	drainage.	

There	are	no	studies	investigating	EFT	design,	the	issue	of	
bacterial	colonization	and	its	possible	clinical	significance/
ramifications.	This	topic	is	intriguing	in	neonates,	especially,	due	
to	their	vulnerability	to	infection	and	predilection	to	NEC.	This	
study	was	an	in	vitro	design	examining	the	potential	of	bacterial	
contamination/colonization	of	the	three	EFTs’	components	of	
various	manufactured	commercially	available	designs.	

Figure 1. Schematic demonstrating plunger and recessed caps, open versus 
closed distal end, and Y-type hub.

Materials and Methods
Five	EFTs	(all	8	French	catheters)	were	chosen	based	on	their	
designs.	Four	polyurethane	(PE)	EFTs	were	tested	and	one	
silicone	(S)	EFT.	The	PE	tubes	included:	Corpak	Y-hub	EFT	with	
both	types	of	caps	on	the	hub	and	a	closed	distal	end	(POE);	two	
NeoMed	EFTs:	one	made	of	S	the	other	PE.	Both	NeoMed	EFTs	
had	plunger	caps	and	open	distal	ends.	The	third	PE	EFT	was	
manufactured	by	Vygon;	it	had	a	threaded	recessed	cap	(TC)	
and	POE	type	distal	segment.	The	final	EFT	was	a	product	of	
Kendall.	This	final	tube	was	made	of	PE,	had	a	recessed	cap	and	
a	pouch	type	distal	segment	(Table	1	and	Figure	1).	

EFT Substance Cap Hub Distal End

Corpak PE Recessed/ 
Plunger

Y-type Open

NeoMed PE Plunger Single Open

NeoMed S Plunger Single Open

Vygon PE Recessed/
threaded

Single Pouch

Kendall PE Recessed Single Pouch

Table 1. Design Summary of five EFTs studied. 

Each	feeding	tube	was	inoculated	with	a	mixture	of	sterile	ready-
feed	Special	Care	24	formula	(Abbott	Nutrition)	and	human	
saliva	(ratio	2:1)	to	simulate	a	patient’s	mouth.	The	tubes	were	
then	placed	in	a	75%	humidified	isolette	at	34°	C	to	simulate	a	
premature	infant’s	environment.	Nine	tubes	of	each	variety	were	
inoculated	simultaneously	using	the	same	saliva	source.	

Three	of	each	of	the	tubes	were	removed	sterilely	from	the	
isolette	at	3,	24	and	72	hours	respectively.	At	each	time	point,	
the	three	tubes	were	cut	with	sterile	blades.	The	caps,	hubs	and	
distal	ends	were	placed	in	PBS	solution	separately.	Cultures	were	
then	performed	by	standard	microbiological	procedures	(BCS	
Laboratory,	Gainesville,	FL)	to	assess	amount	of	bacterial	growth	
at	each	time	point.	The	72	hour	cultures	did	not	include	the	distal	
tip	because	this	was	felt	to	be	clinically	irrelevant	since	EFTs	are	
flushed	regularly	when	in	place.	Results	were	reported	in	colony	
forming	units	(CFU).	This	is	a	measure	of	viable	cells	(Figure	2).

Another	set	of	feeding	tubes	were	inoculated	and	incubated	in	a	
similar	manner	as	described	above.	These	tubes	were	removed	
from	the	isolette	at	3	hours	and	sectioned	sterilely.	They	were	
processed	by	the	University	of	Florida,	Interdisciplinary	Center	
for	Biotechnology	Research,	Electron	microscopy	and	Bio-
Imaging	Core.	Electron	Microscopy	(EM)	and	Transmission	
Electron	Microscopy	(TEM)	were	performed	to	obtain	detailed	
photographs	of	the	surface	of	the	plunger	and	recessed	caps	
(Figure	3).

Statistical Analysis: The	CFU	for	each	EFT	at	each	time	point	
were	analyzed.	CFU	were	standardized	using	maximum	growth	
for	both	time	point	and	location	on	the	EFT	(hub,	cap	or	distal	
end).	For	a	given	time	point	and	site,	the	maximum	CFU	was	
used	to	create	a	scale	of	0-100	for	the	culture	results.	Two-tailed	
t-test	was	performed	to	analyze	these	results.	P values	were	
calculated	from	means	and	standard	deviations.	A	p-value	of	less	
than	0.05	was	considered	statistically	significant.	

Results
CFU	were	analyzed	by	time	point	and	location.	The	most	overall	
growth	occurred	in	the	first	3	hours	of	incubation,	especially	
at	the	hub	and	distal	end.	The	amount	of	bacterial	growth	then	
decreases	at	24	hours	and	again	further	subsides	by	72	hours	
overall	(Figure	2).



NeoMed Enteral Safety System

Make the right connection.

www.neomedinc.com 1-888-876-2225

NeoMed is a Registered Trademark. ©2013 NeoMed, Inc. All Rights Reserved.

NeoMed is an industry leader of innovative enteral safety 

devices for the Neonatal Intensive Care Unit. NeoMed’s 

Enteral Safety System sets a new standard for the 

management of breast milk.

To promote safety and improved clinical outcomes, 

NeoMed’s ESS features an easily cleaned hub with a 

plugged (not capped) closure. Plugged closure designs 

have been shown to have less bacterial growth than 

difficult-to-clean cap closures.

To support quality developmental care, NeoMed’s Feeding 

Tubes are made of soft medical grade polymers and have 

an open distal tip, with no sharp edges or hidden cavities.

All NeoMed devices meet the FDA, Joint Commission, and 

APSEN recommendations to be incompatible with IV and 

Luer devices.

NeoMed Enteral Safety System, make the right connection.

Plugged Closure

Open Distal Tip

NM-SMM-001



28	 neonatal INTENSIVE CARE Vol. 26 No. 4 n July-August 2013

Figure 2. Summary of CFU trends after standardization for max CFU 
growth per time point and location (y-axis).

When	each	EFT	part	was	analyzed	separately,	differences	in	
design	appeared	to	play	a	role	in	bacterial	growth	in	the	caps	
(recessed	versus	plunger)	only,	but	only	in	the	first	24	hours.	
The	growth	observed	in	the	recessed	hub	was	significantly	more	
at	both	the	3	hour	and	24	hour	time	point	(p	values	.04	and	.001	
respectively).	The	difference	disappears	by	the	72	hour	time	
point	(Figure	4).

Figure 3. Electron microscopy (EM) images of bacterial growth in the EFT 
caps 3 h after inoculation and incubation. Plunger caps (A & B) and a 
recessed cap (C). There are several bacteria present on the recessed cap 
pictured in C.

Figure 4. Analysis of caps by type (plunger versus recessed). Mean growth 
with standard deviations and t-test analysis are listed. P values were 0.04 
and 0.001 at 3 and 24 hours respectively.  ± n=13  † n=8

Though	there	was	a	significant	amount	of	growth	in	the	distal	
end	of	the	EFTs,	the	design	of	the	distal	end	did	not	alter	the	
amount	of	growth	at	any	time	point.	At	both	3	and	24	hours,	the	
growth	was	similar	in	both	the	open-ended	and	closed-ended	
EFTs	(Figure	5).

Figure 5. Analysis of distal ends at each time point. Mean growth with 
standard deviations and t-test analysis are listed.

Following	the	same	trend	as	the	distal	ends,	the	hubs	had	
abundant	bacterial	growth	at	3	and	24	hours.	The	design	of	the	
hub,	whether	it	was	a	single	port	with	recessed	or	plunger	cap,	
Y-shaped	design	or	threaded	hub,	did	not	appear	to	influence	
the	bacterial	growth	(Figure	6).	Of	note,	there	was	also	no	
difference	in	bacterial	growth	when	comparing	silicone	versus	
polyurethane	EFTs.	

Figure 6. Hub growth analyzed by cap type. Hub growth did not differ with 
Cap design. P values are listed.

Discussion
EFTs,	like	many	other	medical	devices,	are	an	essential	
component	in	the	care	of	a	fragile	neonate.	Like	other	common	
indwelling	foreign	bodies,	contamination	with	bacteria	is	highly	
likely.	Central	line	catheters,	for	instance,	are	a	well-known	
source	of	nosocomial	infections	in	all	hospitalized	patients.	
Much	less	is	known	about	EFTs	and	their	role	in	disease	
processes,	but	they	are	still	a	possible	source	of	bacteria.	This	
is	the	first	study	investigating	the	potential	for	bacterial	growth	
based	on	design	of	the	feeding	tube.	

The	EFT	material	and	composition	may	play	an	important	
role	in	the	extent	of	bacterial	growth	on	the	catheter	itself,	
and	then	possibly	lead	to	significant	clinical	consequences.	
Bacterial	growth	can	build	up	over	time	and	when	a	critical	
mass	of	growth	has	been	achieved,	it	could	be	dislodged	into	the	
gastrointestinal	system	of	compromised	NICU	patients.	Many	
fragile	neonates	experience	translocation	of	bacteria	from	the	
intestinal	lumen	into	the	blood	stream.	Bacterial	translocation	
is	defined	as	the	passage	of	both	viable	and	non-viable	microbes	
and	microbial	products,	such	as	endotoxin,	from	the	lumen	
through	the	mucosa	into	the	lymphatic	system.	This	source	of	
infection	is	well-studied	in	neonates	and	other	compromised	
patients.7,8	
Continued on page 32…
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As	NICU	staff	members	see	day	in	and	day	out,	the	premature	
birth	rate	continues	at	a	pace	that	organizations	such	as	the	
World	Health	Organization	and	the	March	of	Dimes	deem	too	
high.	NICUs	are	at	a	constant	struggle	with	providing	enough	
beds	and	enough	staff	to	meet	the	numerous	needs	of	these	
tiny	infants.	With	money	pouring	into	research	on	the	causes	
of	preterm	labor,	there	are	companies	on	the	market	that	are	
focused	on	solutions	that	help	to	perinatal	professionals	get	an	
edge	on	preterm	labor	now.	I	talked	to	Chairman	of	the	Board	
and	Chief	Technology	Officer	Dr	Andrea	Ziarno,	whose	company,	
Lumeden,	is	doing	just	that.	

Lumeden has been on the market since 2009 providing 
wireless healthcare solutions. What pushed the company 
towards women’s healthcare needs?
Lumeden	was	founded	in	2009	to	address	the	needs	of	expectant	
mothers	at	high	risk	for	premature	birth	using	mobile	technology.	
As	the	WHO	reports,	there	are	over	15	million	mothers	who	have	
a	preemie	annually,	resulting	in	a	global	healthcare	crisis.	Dr	
Erin	Clark,	Assistant	Professor	of	Obstetrics	and	Gynecology,	
University	of	Utah	Health	Sciences	Center	has	stated:	“Our	
ability	to	predict	preterm	birth	remains	sub-optimal	…	Even	with	
a	detailed	history	and	physical	exam,	we	remain	largely	unable	to	
tell	pregnant	women	when	their	baby	will	deliver.	And	because	
we	can’t	tell	who	will	deliver	early,	we	have	little	opportunity	to	
try	to	intervene	before	labor	starts.”

And from what I hear this was also a personal mission, 
yes? 
Indeed.	The	technologists	who	developed	the	FULLTERM	
technology	were	both	affected	by	the	problems	associated	
with	premature	birth.	One	technologist,	an	expert	in	wireless	
technologies,	lost	his	niece	after	a	three-month	battle	in	an	NICU	
in	Europe.	She	was	born	after	28	weeks	of	gestation.	Her	death	
moved	him	to	help	develop	FULLTERM.	A	second	technologist,	
working	in	the	medical	device	sector	at	an	Italian	medical	device	
company,	had	work	experience	at	the	NICU	at	the	University	
of	Chicago	Hospitals	during	the	1980s.	His	mother	was	an	OB/
GYN	nurse	at	Chicago	Osteopathic	Hospital	until	her	death	from	
breast	cancer	in	1986,	so	that	he	was	knowledgeable	about	the	
problems	facing	healthcare	professionals,	parents,	families	and	
preemies.	

How is FULLTERM used by professionals in a hospital 
setting and/or an office setting to help in the prevention 
of premature birth?
FULLTERM	focuses	on	using	a	mobile	app	platform	and	
diagnostic	device	to	provide	real	time,	critical,	time	sensitive	
information	for	high-risk	pregnancy	management	anytime,	
anywhere;	information	that	was	not	available	at	all	due	to	the	
expectant	mother’s	location	or	historically	obtained	in	clinic	or	
hospital	relating	to	the	cervix.	The	two	critical	events	that	occur	
when	a	preemie	is	about	to	be	born	are	that	the	cervical	effaces	
and	dilates,	eg	cervical	effacement	and	dilation.	FULLTERM	
provides	the	high-risk	patient’s	doctor	with	early	warning	of	
these	two	critical	events	on	the	doctor’s	smart	phone	or	tablet.

Discuss how FULLTERM is used.
FULLTERM	has	three	main	components:	the	FULLTERM	
intravaginal	monitoring	device	(IMD),	the	patient’s	mobile	app	
subscription,	and	the	doctor’s	smart	phone	or	tablet.	The	IMD	
is	tampon	sized	and	has	an	ultrasound	and	CMOS	sensor.	The	
patient’s	mobile	app	subscription	is	web-based	and	runs	on	the	
patient’s	smart	phone.	The	IMD	periodically	harvests	patient	
cervical	effacement	and	dilation	data	and	communicates	it	
to	the	patient’s	smart	phone.	The	patient’s	smart	phone	then	
communicates	the	data	to	the	Lumeden	server.	The	Lumeden	
server	processes	the	data	to	provide	the	doctor	with	cervical	
effacement	and	cervical	dilation	tracings	over	time.	In	clinic,	
HRPTLD	patients	are	prescribed	FULLTERM.	The	patient	
downloads	the	web	based	FULLTERM	HRPTLD	mobile	app	
from	the	Lumeden	website,	is	provided	the	FULLTERM	IMD,	
and	shown	by	the	doctor	how	to	use	FULLTERM.	The	patient	
inserts	the	IMD	once	a	day	for	less	than	2	minutes	to	obtain	the	
cervical	data	harvest	and	then	removes	the	FULLTERM	IMD.	
The	process	is	very	similar	to	insertion	and	removal	of	a	tampon.	
The	patient	enjoys	the	privacy	of	using	FULLTERM	wherever	
she	is,	for	example,	at	home	or	at	work.	FULLTERM	and	the	
patient’s	doctor	take	it	from	there.	All	wireless	data	transmission	
is	outside	of	the	patient’s	body	after	removal	of	the	device.	
With	respect	to	use	in	a	hospital,	many	HRPTLD	expectant	
mothers	experience	false	labor	symptoms.	These	include	false	
contractions,	for	example,	Braxton-Hicks	contractions,	lower	
back	pain,	and	other	symptoms	that	manifest	without	the	cervix	
effacing	or	dilating.	These	patients	come	in	unnecessarily	for	
examination	and	are	sent	back	home.	Using	FULLTERM,	the	
patients’	doctor	determines	if	the	patient	is	required	to	come	into	
the	hospital	or	stay	at	home	in	the	first	place	by	simply	looking	
at	his	or	her	smart	phone	cervical	tracings.	In	many	cases,	the	
uterus	is	simply	dehydrated,	and	symptoms	manifest.	All	that	

Giving Preemies a Better Outcome: Advances 
in Perinatal Medicine
Deb Discenza

Deb Discenza is the mother of a 30-weeker preemie now 9 years old and 
the author of The Preemie Parent’s Survival Guide to the NICU available 
at www.PreemieWorld.com. Read more about FULLTERM at www.
lumedenmedical.com. FULLTERM is a registered trademark of Lumeden.
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is	required	is	a	call	from	the	doctor	instructing	the	patient	to	
re-hydrate,	and	the	false	labor	symptoms	subside.	The	doctor-
patient	interaction	can	take	place	over	the	phone	without	the	
need	for	stressful,	unnecessary	and	costly	hospital	admissions	
and	examination.

In the cases where a premature birth is still possible, 
how does this technology aid the team as well as the 
expectant mother? 
FULLTERM	focuses	on	managing	premature	births,	and	
directly	involves	the	patient	in	her	care.	The	expectant	mother	
is	empowered,	and	she	becomes	part	of	the	team.	She	helps	
the	doctors	see	what	is	appearing.	For	doctors,	being	able	to	
see	these	changes	early	is	a	tremendous	advantage.	So	while	
FULLTERM	does	not	directly	prevent	premature	birth,	it	focuses	
on	managing	the	patient	to	provide	the	best	outcome	for	the	
preemie.	When	a	doctor	gets	early	warning	of	the	patient’s	
cervical	effacement	and	dilation	with	FULLTERM,	he	or	she	has	
enough	time	to	call	the	patient	to	get	her	to	a	center	with	a	NICU	
for	the	premature	delivery,	increasing	the	preemie’s	chance	of	
survival.	

What have the studies shown in relation to FULLTERM 
and its success rate?
FULLTERM	multi-center	European	clinical	trials	are	slated	for	
the	third	quarter	of,	2014	and	are	designed	for	European	CE	
mark	and	FDA	approvals.	Two	groups	of	patients	will	participate	
in	the	trials:	a	group	who	receives	FULLTERM	wireless	
pregnancy	management	(FULLTERM	group),	and	a	group	who	
received	standard	care	without	the	adjunctive	outpatient	service	
(control	group).	Study	endpoints	will	focus	on	pregnancy	and	
neonatal	outcome:	gestational	age	at	delivery,	less	than	35	weeks	
at	delivery,	less	than	32	weeks	at	delivery,	birth	weight,	regular	
nursery	days,	level	II	nursery	days,	NICU	days,	total	nursery	
days,	neonatal	mortality,	and	survivability.

When will this product be available for use by perinatal 
professionals?
FULLTERM	is	targeted	for	CE	mark	approval	in	the	fourth	
quarter	of	2014,	and	will	be	available	in	Europe	upon	CE	mark	
approval.	FDA	approval	is	slated	for	the	first	quarter	2015,	and	
will	be	available	in	the	US	after	FDA	approval.

Preemie info you can use

National Perinatal Association – Mission: To promote 
the health and well-being of mothers and infants enriching 
families, communities and our world. Website: www.
nationalperinatal.org 

Keep ‘Em Cookin’ – Keep ’Em Cookin’ is an educational 
organization that gives pregnant women the greatest 
opportunity to prevent preterm birth by providing them with 
current information on high-risk pregnancy and by offering 
them an online bed rest support group. Website: www.
keepemcookin.com. 

The	parts	of	the	EFT	that	are	outside	the	neonates	(cap	and	hub)	
had	the	greatest	potential	for	prolonged	bacterial	contamination.	
The	cap	and	the	hub	had	the	most	sustained	growth	through	72	
hours.	The	distal	end	had	the	most	growth	initially,	but	it	tapered	
off	significantly	by	72	hours	(Table	6).	Because,	the	distal	portion	
is	regularly	flushed	with	feedings	and	sits	in	an	acidic	gastric	
environment,	bacterial	growth	in	this	portion	of	the	EFT	is	most	
likely	the	least	clinically	significant.	Though	a	pouch	type	distal	
end	would	logically	seem	more	likely	to	accumulate	bacteria,	the	
results	only	showed	a	trend	of	increased	growth	in	the	pouched-
end	compared	to	the	open	end	at	3	hours	(p=.07).	This	difference	
in	growth	disappeared	at	the	24	hour	time	point.	In	this	study,	the	
hub,	or	point	of	entrance	of	the	EFT,	had	significant	growth	in	
all	designs,	but	it	appears	the	cap	has	the	most	influence	on	the	
amount	of	bacterial	growth.	The	growth	at	72	hours	appears	to	
diminish	and	this	is	most	likely	do	to	loss	of	substrate	to	support	
bacterial	growth,	since	formula	was	not	reintroduced	into	the	
catheters	as	it	would	be	in	real	clinical	scenarios.	

Though	more	studies	are	needed	to	prove	the	association	of	
bacterial	contamination	of	EFTs	and	nosocomial	infections	or	
NEC,	the	potential	seems	great.	If	a	recessed	cap	increases	the	
risk	of	bacterial	translocation,	the	design	of	EFTs	should	be	
directed	towards	preventing	an	increased	risk	to	fragile	infants.	
Or,	instead	of	changing	the	design,	the	care	for	EFTs	should	
mimic	the	care	of	central	line	catheters	and	include	regular	
sterilization	of	the	area	where	feeds	are	introduced	many	times	
per	day.	

The	limitations	to	this	study	include	the	small	numbers	of	
catheters	used	for	culture	and	the	fact	that	the	cultures	were	in	
vitro	and	not	performed	in	actual	patients.	Also,	though	a	single	
donor	was	used	for	the	saliva,	the	EFT	inoculation	may	have	
not	been	uniform.	Further	studies	are	needed	to	draw	more	
conclusions.	
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The	Affordable	Care	Act	(ACA),	which	was	signed	into	law	in	
March	2010,	initiated	an	extensive	set	of	health	reforms	aimed	
at	improving	healthcare	and	healthcare	access	for	people	in	
the	US.	There	are	numerous	provisions	to	the	ACA,	but	one	of	
the	most	valuable	is	that	the	ACA	includes	preventive	services	
for	breastfeeding	support	and	equipment	such	as	breast	
pumps.	Members	of	several	major	health	insurance	companies	
have	received	notifications	that	policies	would	reimburse	for	
breastfeeding-related	care	and	supplies;	many	of	them	starting	in	
2013.

Hospital-grade,	double	electric	breast	pumps	are	necessary	when	
preterm	infants	are	discharged	from	the	NICU	either	not	fully	
breast	feeding,	or	when	mothers	are	pump-dependent.	Members	
of	insurance	companies	were	excited	to	learn	their	policies	
would	cover	costs	of	an	appropriate	pump	type;	yet	many	times	
insurances	are	covering	the	costs	of	hand-held	or	purchased	
breast	pumps.	These	types	of	pumps	are	not	deemed	clinically-
sufficient	for	the	maintenance	of	milk	supply	for	mothers	of	
preterm	infants	discharged	from	the	NICU.		

Expanding Access to Preventive Services for Women
The	ACA	passed	by	Congress	and	signed	into	law	by	President	
Obama	on	March	23,	2010	is	intended	to	make	health	care	
prevention	affordable	and	accessible	for	all	Americans.	It	
requires	most	health	plans	to	cover	recommended	preventive	

services	without	cost	sharing	(Healthcare.gov,	2011).	Cost	
sharing	(including	copayments,	co-insurance,	and	deductibles)	
reduces	the	likelihood	that	preventive	services	will	be	used.	
On	August	1,	2011,	the	US	Department	of	Health	and	Human	
Services	(HHS)	issued	comprehensive	coverage	guidelines	
for	women’s	preventive	care.	One	of	the	eight	preventive	
services	included	is	that	of	breastfeeding	support,	supplies,	
and	counseling.	Pregnant	and	postpartum	women	have	access	
to	comprehensive	lactation	support	and	counseling	as	well	
as	breastfeeding	equipment.	Research	findings	demonstrate	
breastfeeding	as	effective	in	the	prevention	of	many	health	
illnesses	and	diseases	for	women	and	children.	One	major	
barrier	for	breastfeeding	is	the	cost	for	the	purchase	or	rental	of	
breast	pumps	and	related	supplies.

Progress	towards	the	goals	of	the	ACA	to	provide	breast	pumps	
has	led	to	confusion	for	members,	health	care	providers,	and	the	
insurances	themselves.	Mothers	are	getting	misinformation	on	
types	of	breast	pumps	being	covered.	Having	the	correct	pump	
type	when	infants	are	separated	from	mothers	by	extended	
hospital	stays	in	the	NICU	is	vital	for	optimizing	milk	volume	
in	pump-dependent	situations.	Hospital-grade,	double	electric	
breast	pumps	which	are	available	on	a	rental	basis	are	deemed	
by	research	to	be	best	practice	for	sustaining	maternal	milk	
supply.	Pump	needs	for	preterm	infants	discharged	from	the	
NICU	not	fully	breast	feeding,	or	for	pump-dependent	mothers	
necessitates	the	hospital-grade,	double	electric	breast	pump.	The	
diversity	of	pump	types	being	shipped	to	mothers	by	insurers	
range	from	the	hand-held	manual	pump,	to	purchased	double	
electric	pumps,	and	in	some	instances	hospital-grade	pumps.	
Some	insurers	are	misinformed	about	pump	types	and	providing	
reimbursement	for	only	hand-held	or	purchased	pumps.

Rates of Breastfeeding
In	addition	to	the	inclusion	of	breastfeeding	support,	supplies,	
and	counseling	by	the	ACA,	a	national	campaign	for	the	
promotion	of	breastfeeding	has	been	implemented	to	address	
exclusivity	and	duration	rates	which	remain	low.	According	
to	the	Centers	for	Disease	Control	and	Prevention	(CDC)	
Breastfeeding	Report	Card	—	United	States,	2012,	76.9%	of	
infants	ever	breastfed,	and	exclusivity	rates	at	3	months	and	
at	6	months	were	36%	and	16.3%	respectively.	Duration	rates	
of	breastfeeding	were	47.2%	and	25.5%	at	6	months	and	at	12	
months	respectively.	Participation	in	the	promotion	and	support	
for	breastfeeding	in	recent	years	includes	the	Healthy	People	
2020	targets	to	increase	the	proportion	of	infants	who	are	ever	
breastfed	to	81.9%,	and	targets	for	exclusivity	and	duration	are:

Impact of Affordable Care Act Post-Discharge 
from NICU
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•		 exclusivity	rates	of	46.2%	and	25.5%	at	three	and	six	months	
respectively

•		 duration	rates	to	60.6%	at	six	months	and	34.1%	at	12	months		

Although	more	mothers	are	initiating	breastfeeding,	too	many	
quit	breastfeeding	shortly	after	delivery,	causing	current	national	
rates	of	duration	and	exclusivity	to	fall	far	below	the	targets.	

Health Benefits for All Newborns
According	to	The	Surgeon	General’s	Call	to	Action	to	Support	
Breastfeeding	(2011),	breastfeeding	for	a	year	provides	many	
health	benefits	for	infants	including	protection	from	several	
infections	and	illnesses	such	as	diarrhea,	ear	infections,	
and	pneumonia.	Infants	who	were	breastfed	are	less	likely	
to	develop	asthma,	become	obese,	and	have	reduced	risks	
of	sudden	infant	death	syndrome	(SIDS)	(The	Surgeon	
General’s	Call	to	Action	to	Support	Breastfeeding,	2011;	Policy	
Statement	—	Breastfeeding	and	the	Use	of	Human	Milk,	2012);	
Ip,	Chung,	Raman,	Chew,	Magula,	DeVine,	Trikalinos,	&	Lau	
(2007).	Besides	the	health	benefits	of	breastfeeding,	there	
are	economic	benefits.	When	optimal	breastfeeding	practices	
are	followed,	the	savings	on	infant	formula	for	the	first	year	
of	life	is	estimated	to	be	about	$1,200-$1,500	(The	Surgeon	
General’s	Call	to	Action	to	Support	Breastfeeding,	2011;	Policy	
Statement	—	Breastfeeding	and	the	Use	of	Human	Milk,	2012).	
Furthermore,	according	to	Bartick	(2010),	the	cost	savings	
from	reduced	medical	costs	if	mothers	were	to	breastfeed	for	
six	months	is	estimated	to	be	between	three	and	13	billion	
dollars	for	the	United	States.	

Further Benefits for Preterm and Low Birthweight Infants
According	to	the	United	States	Breastfeeding	Committee	
(2002),	breastfeeding	provides	benefits	not	just	for	full-term	
infants	but	also	for	preterm	and	low	birthweight	infants.	
Preterm	infants	receiving	formula	rather	than	breast	milk	have	
future	IQ’s	that	are	8-15	points	lower	than	those	receiving	
breast	milk.	For	preterm	infants,	breast	milk	significantly	
shortens	length	of	hospital	stays,	reduces	hospital	costs,	
and	reduces	the	risk	of	life-threatening	disease	of	the	
gastrointestinal	system	and	other	infectious	diseases	(Meier,	
Furman,	and	Degenhardt,	2007).	

Cost Benefits   
A	benefit	of	breastfeeding	for	society	not	only	provides	health	
benefits,	but	has	economic	and	environmental	benefits.	The	
cost	savings	for	an	NICU	hospitalization	as	a	goal	of	the	ACA	
is	encountered	by	insurers,	families,	and	for	Medicaid	(U.S.	
Breastfeeding	Committee,	2002).	Estimated	costs	spent	by	
families	on	breast	milk	substitutes	such	as	infant	formula	is	$2	
billion	per	year.	The	U.S.	Department	of	Agriculture’s	Special	
Supplemental	Nutrition	Program	for	Women,	Infants	and	
Children	(WIC)	spends	$578	million	per	year	to	buy	formula	
for	infants	who	are	not	breastfed.	Another	aspect	of	cost-
savings	is	3.6	to	7	billion	dollars	spent	every	year	on	conditions	
and	diseases	preventable	by	breastfeeding.	Weimer’s	(2001)	
report	on	the	determination	of	the	costs	per	case	per	
disease/condition	has	been	reported	by	the	United	States	
Breastfeeding	Committee	(2009-2013)	based	on	estimates	of	
the	current	costs	to	the	economy.	An	estimated	$3.6	billion	
must	be	paid	each	year	for	private	and	government	insurers	
to	treat	diseases	and	conditions	preventable	by	breastfeeding.	
Costs	for	hospital	stays	related	to	respiratory	infections	among	
1,000	never-breastfed	infants	range	from	$26,585	to	$30,750	
more	than	for	1,000	infants	who	exclusively	breastfed.	

Effective, Efficient Breast Pump
Mothers	of	preterm	infants	are	dependent	on	effective	hospital-
grade,	double	electric	breast	pumps	(Symphony,	Medela,	Inc.,	
McHenry,	IL),	for	the	initiation	and	maintenance	of	milk	supply.	
Mothers	often	experience	problems	with	providing	enough	
breast	milk	for	their	infants.	Access	to	a	hospital-grade	pump	
enables	mothers	to	express	enough	milk	by	adequate	milk	
removal	(Meier,	et	al,	2010).	Several	types	of	breast	pumps	are	
being	reimbursed	by	health	insurers	that	are	not	based	on	the	
evidence	for	best	practice	in	optimizing	milk	volume.	There	is	
an	urgent	need	for	education	to	occur	for	the	insurers	to	offer	
an	evidence-based	hospital-grade	electric	breast	pump	for	
NICU	infants	at	the	time	of	discharge.	According	to	Meier,	et	al	
(2011),	mothers	need	to	use	an	effective	pump	until	their	infants	
consume	all	milk	directly	from	the	breast.	Evidence	shows	that	
most	infants	achieve	breast	feeding	post-discharge	from	the	
NICU	when	they	are	at	term	or	later.

According	to	Meier,	et	al	(2011),	breast	pump	suction	patterns	
(BPSPs)	for	preterm	infants	should	mimic	the	sucking	rates	and	
rhythms	used	by	healthy-term	infants.	The	Preemie+	pattern	
utilized	on	the	hospital-grade,	double	electric	breast	pump	was	
designed	based	on	these	research	findings	to	maximize	milk	
expression.	This	new	technology	provides	the	most	effective	
and	comfortable	pumping	strategy	for	effective	stimulation	
and	removal	of	breast	milk.	Consequently,	future	direction	for	
insurances	is	to	understand	the	necessity	to	cover	the	costs	
of	the	rental	fees	for	this	type	of	pump	for	pump-dependent	
mothers	of	preterm	infants	after	discharge	from	the	NICU.

Case Scenario
Infant	born	preterm	at	31	weeks	gestation	and	mother	is	assisted	
with	the	initiation	of	pumping	within	6	hours	of	delivery	using	
the	Preemie+	card.	Within	14	days	of	pumping,	mother	is	able	to	
express	750-800	ml	of	milk	output.	This	preterm	infant	spends	4	
weeks	in	the	NICU	before	being	discharged.	

At	the	time	of	discharge,	mother	receives	a	purchased	pump	
type	from	her	insurance.	She	returns	her	Symphony	pump	to	
the	rental	location,	and	begins	using	her	pump.	After	2	weeks	
she	meets	with	her	lactation	specialist	in	her	pediatric	practice	
setting	and	finds	out	her	infant	is	not	having	enough	milk	intake	
from	breast.	Mother	is	expressing	only	30ml	per	pumping	7-8	
times	in	24	hours	(210-240	ml)	and	does	not	understand	the	
reason	her	milk	volume	has	lessened	since	her	preterm	infant	
came	home	from	the	NICU.	

During	the	post-discharge	appointment,	the	lactation	specialist	
educates	mother	on	the	importance	of	a	correct	pump	type	for	
maintaining	milk	volume	since	her	preterm	infant	is	not	yet	fully	
taking	feeds	at	breast,	and	she	is	still	pump-dependent.	Mother	
gains	a	full	understanding	that	her	insurance	did	not	provide	her	
with	a	clinically-effective	breast	pump	for	her	preterm	infant’s	
needs,	and	proceeds	again	to	rent	the	hospital-grade,	double	
electric	breast	pump	(namely,	the	Medela	Symphony).	Within	
7	days	of	use,	mother’s	milk	volume	exceeds	her	prior	24	hour	
volume	to	800-850	ml.	ACA	is	intended	to	offer	health	insurance	
coverage	for	all	Americans,	yet	has	its	limitations	in	the	
provision	of	the	right	choice	for	breast	pump	distribution	based	
on	clinical	findings.

Summary
Determination	of	breast	pump	type	for	mothers	of	preterm	
infants	post-NICU	stays	is	being	conducted	by	insurers	for	
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purposes	of	reimbursement	and	compliance	with	the	new	ACA.	
Many	insurers	have	out-sourced	the	dispensing	of	pumps	to	
agencies	with	a	durable	medical	equipment	(DME)	license,	
similar	to	other	healthcare-related	equipment,	such	as	nebulizers	
and	oxygen.	Insurances	need	to	provide	the	correct	pump	
type	for	preterm	infants	based	on	evidence	to	support	the	
continuation	of	breast	milk	feedings.
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NIC:	Why	did	Mead	Johnson	Nutrition	sponsor	the	Global	
Neonatal	Consensus	Symposium:	Feeding	the	Preterm	Infant	and	
the	resulting	supplement	in	The	Journal	of	Pediatrics?	

CV:	We	provided	for	the	transportation	costs,	meeting	room,	
and	similar	aspects	of	the	symposium.	From	the	beginning	we	
told	the		editors	that	this	was	their	production.	It	wasn’t	our	
intent	to	provide	input	about	the	content	of	the	supplement.	
The	reason	we	sponsored	the	symposium	is	that		it	takes	a	long	
time	for	a	project	like	this	to	come	to	fruition,	and	there	is	also	
a	lack	of	funding	in	academia.	We	wanted	to	remove	some	of	
these	barriers.	We	had	a	firm	understanding	that	our	role	was	
supportive.

NIC:	For	neonatologists,	what	are	the	major	benefits	of	studying	
these	guidelines?	

CV:	Depending	on	where	they’re	practicing,	there’s	a	need	for	
neonatologists	to	read	through	this	supplement,	because	there’s	
such	a	wealth	of	new	information;	for	example,	the	supplement	
offers	a	nice	set	of	growth	curves	for	transitioning	babies	from	
the	NICU	to	World	Health	Organization	growth	curves,	and	a	
discussion	about	the	use	of	probiotics	and	prebiotics	as	immune-
influencing	agents.	For	those	dealing	with	small	for	gestational	
age	babies,	there’s	a	lot	of	richness	in	the	supplement.	

Feeding The Preterm Infant…continued from page 24
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Abstract 
Background: There	are	several	studies	that	have	shown	
an	increased	risk	of	premature	birth	and	developmental	
abnormalities	with	in	vitro	fertilization	(IVF);	however,	the	data	
on	preterm	mortality	and	morbidity	are	limited.

Aim: Our	aim	was	to	investigate	whether	IVF	had	an	effect	on	
the	mortality	and	morbidity	in	neonates	admitted	to	the	neonatal	
intensive	care	unit.

Methods: A	total	of	940	term	and	preterm	babies	who	were	
admitted	to	the	intensive	care	unit	over	a	period	of	2	years	were	
enrolled.	Of	these,	121	babies	were	born	after	IVF	and	810	were	
born	after	a	natural	conception	and	9	were	born	after	ovulation	
induction.	Of	these,	112	preterm	babies	were	born	after	IVF	and	
405	preterm	babies	were	born	after	a	natural	conception.

Results: In	the	IVF	group,	the	gestational	age	and	birth	weight	
were	significantly	lower	than	in	the	non-IVF	group.	Additionally,	
in	the	IVF	group,	multiple	births	were	significantly	higher	than	
in	the	non-IVF	group.	IVF	pregnancies	increase	preterm	delivery	
but	did	not	increase	preterm	mortality,	and	preterm	morbidity	
did	not	differ	among	groups,	except	for	intraventricular	
hemorrhage	(IVH).	Gestational	age	was	shown	to	be	the	primary	
risk	factor	for	IVH	using	a	logistic	regression	analysis.	Also	when	
newborns	at	gestational	age	<32	weeks	were	compared	using	
regression	analysis,	gestational	age	was	the	major	risk	factor	for	
IVH.

Conclusion: IVF	appears	to	be	associated	with	premature	
delivery	and	the	known	risks	associated	with	prematurity.

Introduction
Assisted	reproductive	technique	rates	are	increasing	worldwide.	
Parallel	to	the	rise	in	assisted	reproductive	technique	rates,	
publications	that	demonstrate	intrauterine	growth	retardation,	
premature	birth,	perinatal	mortality,	very	low	birth	weight,	and	
congenital	anomalies	as	contributing	factors	for	poor	perinatal	
outcomes	have	also	increased.1–7	The	mortality	of	premature	

infants	has	decreased	in	our	country	and	in	neonatal	intensive	
care	units	(preterm	mortality	5%)	over	the	past	decades;	yet,	
our	country	still	has	higher	mortality	than	other	developed	
countries.8,9	In	particular,	multiple	gestations	are	increased	after	
in	vitro	fertilization	(IVF).10–12	The	risk	for	low-birth-weight	and	
very-low-birth-weight	infants	or	adverse	perinatal	outcomes	is	
increased	in	singletons	and	multiples	after	IVF	when	compared	
to	natural	conception.13–15

Studies	that	have	investigated	the	effects	of	IVF	on	neonatal	
mortality	and	morbidity	are	increasing	recently.	However,	studies	
on	the	outcome	of	preterm	infants,	especially	very-low-	birth-
weight	infants,	after	IVF	are	limited.	In	this	study,	we	aimed	to	
study	whether	IVF	had	an	effect	on	the	mortality	and	morbidity	
in	neonates	admitted	to	the	neonatal	intensive	care	unit.

Methods 
Study	population:	The	University	Hospital	is	the	only	referral	
center	in	this	region	with	a	20-bed	critical	care	neonatal	unit	
and	an	IVF	center.	Thus,	many	high-risk	pregnancies	(including	
fetuses	with	cardiac	defects)	are	referred	to	this	obstetric	
department,	and	nearly	50%	of	these	newborns	are	hospitalized.	
All	of	the	newborns	treated	in	the	neonatal	intensive	care	
unit	between	2009	and	2010	were	included	in	this	study.	
There	were	121	infants	born	after	IVF	pregnancies	including	
intracytoplasmatic	sperm	injection,	9	infants	born	after	ovulation	
induction	and	810	infants	born	after	naturally	conceived	
pregnancies.	After	the	9	infants	with	ovulation	induction	were	
excluded	from	our	analysis	and	931	newborns	were	finally	
studied.

Data	Collection:	All	medical	records	were	retrospectively	
collected	through	specially	designed.	These	data	were	entered	
into	a	computerized	relational	database.	For	each	newborn,	the	
basic	demographic	information,	biological	data,	and	clinical	
outcomes	(diagnosed	or	suspected)	during	the	observation	
period	were	recorded.	The	local	ethical	committee	gave	approval	
to	the	study.

Preterm	infants	were	defined	as	a	gestational	age	below	37	
weeks.

Small	for	gestational	age	was	defined	as	a	birth	weight	below	the	
10th	percentile.

Patent	ductus	arteriosus	(PDA):	The	occurrence	of	
hemodynamic	PDA	was	defined	according	to	echocardiographic	
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criteria	(left	atrial	to	aortic	root	ratio	>1.5,	pulsed	Doppler	
signal	within	the	duct	and	ductal	diameter	>1.5	mm	in	the	
first	30	hours	after	delivery,	pulsatile	transductal	flow	(Vmax)	
<1.8	m/sec,	reverse	end-diastolic	flow	in	the	descending	
aorta/mesenteric	artery)	and/or	clinical	signs	and	symptoms	

of	significant	left-to-right	ductal	shunting,	such	as	an	active	
precordium,	bounding	pulses,	wide	pulse	pressure,	and	systemic	
hypotension.	According	to	our	neonatal	intensive	care	unit	
standards,	preterm	infants	at	gestational	age	<32	weeks	had	
screening	echocardiograms	for	PDA	between	days	one	and	four	

Table 1 Morbidity and mortality of preterm infants after in vitro fertilization (IVF) and after natural conception (non-IVF)

Variable IVF group n =112 Non-IVF group n =405 p-value

*Maternal age 30 (23–39) 28 (16–46) <0.001

*Gravidity 2 (1–3) 2 (1–6) <0.001

**Preeclampsia 16 (14) 81 (20) 0.2

Male/female (n) 50/62 252/153 0.2

**Intrauterine growth retardation 7 (6) 51 (13) 0.1

**Cesarean section 93 (83) 326 (80) 0.015

**Meconium-stained amniotic fluid 1 (1) 5 (1) 0.7

**Preterm premature rupture of fetal membranes 15 (13) 63 (16) 0.8

**Outborn newborn 6 (5) 42 (10) 0.1

**No prenatal maternal management 3 (3) 19 (5) 0.1

**Antenatal steroid 73 (18) 96 (24) <0.001

*Gestational age (week) 31 (23–36) 32 (22–36) <0.001

*Birth weight (g) 1770 (480–4060) 1980 (380–4200) <0.001

**Multiple birth

Twins 57 (51) 56 (14) <0.001

Triplets 30 (27) 10 (3)

Quadruplets - 1

**Necessitating mechanical ventilation at admission 48 (43) 109 (27) <0.001

**Respiratory distress syndrome 48 (43) 117 (29) 0.005

**Bronchopulmonary dysplasia 16 (13) 36 (9) <0.001

**Intraventricular hemorrhage <0.001

Grade 1 14 (13) 36 (9)

Grade 2 7 (6) 12 (3)

Grade 3 4 (4) 4 (1)

Grade 4 3 (3) 3 (1)

**Patent ductus arteriosus 19 (17) 42 (10)

Ligation 2 1

Ibuprofen treatment 10 14 <0.001

Indomethacin treatment 6 14

**Necrotizing enterocolitis

Grade 1 11 (10) 34 (9)

Grade 2 7 (6) 21 (5) 0.001

Grade 3 2 (1)

** Retinopathy of prematurity

Grade 1 6 (5) 5 (1) 0.073

Grade 2 2 (2) 8 (7)

Grade 3 2 (2) 4 (1)

**Sepsis

Early 28 (25) 64 (16) 0.052

Late 12 (11) 37 (9)

*Hospitalization time 9 (0–97) 8 (0–97) 0.064

**Mortality 7 (6) 36 (9) 0.2

* Results are presented as median (minimum-maximum).
** Results are presented as number and percentage, n (%).
p < 0.05 is statistically significant. *Mann–Whitney U test or **chi-squared test was used.
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of	life	routinely.	Indomethacin	or	ibuprofen	infusion	was	given	to	
preterm	newborns	if	clinical	symptoms	were	present	and	if	the	
echocardiographic	criteria	for	hemodynamic	PDA	were	met.

Intraventricular	hemorrhage	(IVH):	Cranial	sonograms	were	
performed	routinely,	daily	in	the	first	week	of	life	and	weekly	
thereafter	until	hospital	discharge,	or	more	frequently	if	clinically	
indicated	for	all	preterm	newborns.	IVH	was	classified	from	
grade	I	to	IV	according	to	the	grading	system	of	Papile	et	al.

Bronchopulmonary	dysplasia	(BPD):	The	classic	diagnosis	of	
BPD	was	identified	as	oxygen	dependency	at	36	weeks	post-
conception	age.

Retinopathy	of	prematurity	(ROP):	An	ophthalmologic	
examination	was	performed	in	the	fourth	week	of	life.	It	
was	repeated	every	two	weeks	by	the	same	examiners.	After	
pupillary	dilatation,	indirect	ophthalmoscopy	was	performed.	
Fundoscopic	findings	were	recorded	in	accordance	with	the	
International	Classification	of	ROP.	Examinations	were	repeated	
until	the	retina	was	completely	vascularized	or	until	the	
retinopathy	was	stable	for	at	least	3	months.

Necrotizing	enterocolitis	(NEC):	Necrotizing	enterocolitis	was	
diagnosed	according	to	Bell’s	classification	stage	>2.

Sepsis:	Sepsis	was	diagnosed	when	positive	blood	culture	and	
CRP.

Criteria	for	rescue	treatment	of	respiratory	distress	syndrome	
(RDS):	Early	rescue	treatment	with	a	surfactant	was	given	
to	preterm	infants	with	respiratory	distress	who	required	
continuous	nasal	positive	pressure	or	assisted	ventilation	and	
did	not	present	with	radiological	evidence	of	another	disease	
process.

Life-threatening	congenital	anomalies	are	chromosomal	
abnormalities	(trisomy	13,	18),	renal	agenesis,	pulmonary	
hypoplasia,	diaphragm	hernia	and	the	other	major	malformations

Statistical	analysis:	For	many	variables	in	the	collected	data,	
the	standard	deviations	were	wide	and	the	distributions	were	
not	normal.	Therefore,	a	statistical	analysis	was	performed	

using	medians	and	ranges.	Differences	between	groups	were	
analyzed	using	the	Mann–Whitney	U	test	or	the	chi-squared	test.	
Risk	factors	of	mortality	were	evaluated	with	binary	logistic	
regression	analysis	in	all	preterms	(Table	1).	Independent	risk	
factors	of	mortality	in	all	of	the	newborns	were	IVF,	gestational	
age,	SGA,	preterm	premature	rupture	of	membranes	(pPROM),	
preeclampsia,	Apgar	score	at	5	minutes,	duration	of	surfactant	
administration,	congenital	anomalies	(non-life-threatening	or	
life-threatening)	and	multiple	gestations.	The	risk	factors	for	
morbidity,	including	the	administration	of	surfactant,	need	of	
mechanic	ventilation,	PDA	and	IVH,	were	evaluated	with	a	
binary	logistic	regression	analysis	only	in	preterm	newborns	
(Table	2).	The	independent	risk	factors	of	surfactant,	the	need	
of	mechanic	ventilation,	PDA	and	IVH	were	IVF,	gestational	age,	
SGA,	preterm	premature	rupture	of	fetal	membranes	(pPROM),	
preeclampsia,	Apgar	score	at	5	minutes,	duration	of	surfactant	
administration	and	multiple	gestations	(Table	2).	Additionally,	
the	risk	factors	of	IVH	in	newborns	at	gestational	age	<32	weeks	
were	evaluated	using	a	binary	logistic	regression	analysis	(Table	
3).	Independent	risk	factors	of	IVH	in	newborns	at	gestational	
age	<32	weeks	were	IVF,	gestational	age,	multiple	gestations	and	
antenatal	steroid	administration.	The	variables	were	studied	as	
independent	risk	factors	in	logistic	regression	analyses	and	were	
significantly	different	in	the	IVF	group	when	compared	to	the	
non-IVF	group.	Statistical	analyses	were	performed	using	the	
Statistical	Package	for	Social	Sciences	for	Windows	(SPSS,	Inc,	
Chicago,	Illinois).	Statistical	significance	was	defined	as	a	p-value	
<	0.05.

Results
The	distributions	of	the	study	population	according	to	the	
gestational	age	at	birth	and	the	order	of	gestation	are	shown	in	
Table	4.

In	vitro	fertilization	cases	were	compared	to	non-IVF	cases	for	
prenatal	findings	preterm	newborns	(Table	4).	In	the	IVF	group,	
gestational	age	and	birth	weight	were	significantly	lower	than	in	
the	non-IVF	group.	Additionally,	in	the	IVF	group,	multiple	births,	
cesarean	section	and	antenatal	steroid	administration	were	
significantly	higher	than	in	the	non-IVF	group	(p	<	0.05)	(Table	
4).	In	the	non-IVF	group,	the	number	of	out	born	newborns	
and	the	lack	of	or	poor	prenatal	maternal	management	was	
significantly	higher	than	in	the	IVF	group.	Compared	to	the	

significantly lower than in the non-IVF group. Additionally,
in the IVF group, multiple births, cesarean section and
antenatal steroid administration were significantly higher
than in the non-IVF group (p < 0.05) (Table 1). In the non-
IVF group, the number of out born newborns and the lack
of or poor prenatal maternal management was signifi-
cantly higher than in the IVF group. Compared to the
IVF group, non-life-threatening and life-threatening
congenital anomalies were significantly higher in the
non-IVF group. The incidence of non-life-threatening con-
genital heart disease in the non-IVF group was not different
from the IVF group. In the preterm IVF subgroup, respira-
tory distress syndrome, PDA and IVH were also signifi-
cantly higher than in the non-IVF preterm subgroup (p <
0.05) (Table 1). Early or late neonatal sepsis, BPD, NEC
ROP, hospitalization time and mortality in preterm infants
born after IVF were not different from those in the non-
IVF group (Table 1). When newborns at gestational age
<32 weeks were compared, only multiple birth and IVH
were significantly higher in the IVF subgroup when com-
pared to the preterm non-IVF subgroup (Table 3). In only
preterm infants; using a binary logistic regression analysis,
gestational age, the 5-minute Apgar score and congenital
anomalies (non-life-threatening and life-threatening) were
found to affect mortality. IVF has no impact on newborn
mortality especially preterm mortality and morbidity
(Table 2 and 4). In only preterm newborns gestational age
predicted the requirement for surfactant replacement
therapy, whereas IVF, gestational age, and late surfactant
replacement therapy predicted the need for mechanical
ventilation at admission with binary logistic regression
analysis (Table 2). Only gestational age had an effect on
PDA and IVH in the same logistic regression analysis
(Table 2). Multiple pregnancies and PROM did not have
effects on mortality, the incidence of PDA or IVH, or the

need for surfactant replacement therapy and mechanical
ventilation (Table 2).
When newborns at gestational age <32 weeks were

compared using a binary logistic regression analysis,
gestational age was the only risk factor for IVH (Table 5).
Multiple gestations and antenatal steroid administration
did not have effects on IVH in this subgroup of preterm
newborns (Table 5).

Discussion
In accordance with the literature, premature births
and multiple births were common among IVF preg-
nancies in our study. In the multicenter study of the
Turkish Neonatal Society, the frequencies of neonatal
intensive care unit admissions, PDA, IVH, surfactant
administration and mechanical ventilation were higher in
infants born after assisted reproductive techniques, in-
cluding IVF [15]. However, unlike previous studies, IVF
had no effect on mortality and morbidity in our study,
despite an increased risk of preterm births and multiple
births [14-24]. When newborns at gestational age <32 -
weeks were compared, only multiple births and IVH were
significantly higher in the IVF subgroup compared to the
non-IVF preterm subgroup. However, only gestational age
was a risk factor for IVH using the logistic regression
analysis; IVF was not. Additionally, in some recently
published studies, there no effects were reported on
short-term mortality and morbidity in preterm infants
after IVF [25-27].
In vitro fertilization had no effect on the incidence of

PDA and IVH, surfactant and mechanical ventilation
requirements, BPD, or ROP. Similar to infants conceived
naturally, the major risk factor for morbidity in prema-
ture babies was early gestational age. Multiple pregnan-
cies are also known to increase the morbidity in

Table 2 Risk factors for morbidity in preterm newborns

Surfactant
administration

Necessitating mechanical
ventilation

PDA IVH

Independent variables P value OR (%95CI) P value OR (%95CI) P value OR (%95CI) P value OR (%95CI)

Constant <0.001 <0.001 <0.001 <0.001

IVF 0.2 1.02 (0.6-1.6) 0.023 2.1 (1.1-4.2) 0.12 2.02 (0.83-4.91) 0.21 1.65 (0.75-3.63)

Gestational age <0.001 0.76 (0.68-0.82) 0.005 0.87 (0.81-0.94) <0.001 0.67 (0.6-0.73) <0.001 0.72 (0.65-0.79)

SGA 0.30 0.6 (1.2-1.5) 0.63 0.9 (0.4-1.92) 0.62 1.2 (0.49-3.14) 0.062 2.1 (0.97-4.8).

pPROM 0.71 087 (0.42-1.81) 0.81 1.07 (0.58-1.97) 0.31 0.66 (0.29-1.51) 0.41 0.75 (0.36-1.5)

Preeclampsia 0.1 0.76 (0.45-1.2) 0.86 0.95 (0.6-1.98) 0.23 1.6 (0.8-3.1) 0.057 0.44 (0.2-0.99)

5-minute Apgar score 0.81 1.04 (0.98-1.1) 0.011 0.93 (0.88-0.98) 0.35 1.03 (0.9-1.12) 0.67 1.02 (0.95-1.09)

Duration of surfactant administration <0.001 1.08 (1.05-1.11) 0.31 1.01 (0.98-1.03) 0.095 1.02 (1.004-1.05)

Multiple gestation 0.33 0.7 (0.4-138) 0.4 0.82 (0.51-13) 0.45 0.67 (0.3-1.5) 0.66 1.2 (0.5-2.2)

Binary (enter) logistic regression analysis was used.
Dependent variable: surfactant administration, necessitating mechanical ventilation, PDA, IVH.
Independent variables: IVF, gestational age, SGA, pPROM, preclampcia, Apgar score at 5 minutes, duration of surfactant administration, multiple gestations.
IVF, in vitro fertilization; IVH, intraventricular hemorrhage; pPROM, preterm premature rupture of membrane; SGA, small for gestational age.
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IVF	group,	non-life-threatening	and	life-threatening	congenital	
anomalies	were	significantly	higher	in	the	non-IVF	group.	The	
incidence	of	non-life-threatening	congenital	heart	disease	in	
the	non-IVF	group	was	not	different	from	the	IVF	group.	In	the	
preterm	IVF	subgroup,	respiratory	distress	syndrome,	PDA	and	
IVH	were	also	significantly	higher	than	in	the	non-IVF	preterm	
subgroup	(p	<	0.05)	(Table	4).	Early	or	late	neonatal	sepsis,	BPD,	
NEC	ROP,	hospitalization	time	and	mortality	in	preterm	infants	
born	after	IVF	were	not	different	from	those	in	the	non-IVF	
group	(Table	4).	When	newborns	at	gestational	age	<32	weeks	
were	compared,	only	multiple	birth	and	IVH	were	significantly	
higher	in	the	IVF	subgroup	when	compared	to	the	preterm	non-
IVF	subgroup	(Table	5).	In	only	preterm	infants;	using	a	binary	
logistic	regression	analysis,	gestational	age,	the	5-minute	Apgar	
score	and	congenital	anomalies	(non-life-threatening	and	life-

threatening)	were	found	to	affect	mortality.	IVF	has	no	impact	on	
newborn	mortality	especially	preterm	mortality	and	morbidity	
(Table	1	and	2).	In	only	preterm	newborns	gestational	age	
predicted	the	requirement	for	surfactant	replacement	therapy,	
whereas	IVF,	gestational	age,	and	late	surfactant	replacement	
therapy	predicted	the	need	for	mechanical	ventilation	at	
admission	with	binary	logistic	regression	analysis	(Table	2).	Only	
gestational	age	had	an	effect	on	PDA	and	IVH	in	the	same	logistic	
regression	analysis	(Table	2).	Multiple	pregnancies	and	PROM	
did	not	have	effects	on	mortality,	the	incidence	of	PDA	or	IVH,	
or	the	need	for	surfactant	replacement	therapy	and	mechanical	
ventilation	(Table	2).

When	newborns	at	gestational	age	<32	weeks	were	compared	
using	a	binary	logistic	regression	analysis,	gestational	age	was	

naturally conceived, premature babies. However, similar
to IVF, multiple pregnancies were not associated with
mortality and morbidity in this study. Congenital ano-
malies, particularly imprinting-type single mutations, are
more common in IVF. In this study, the increased rates
of congenital anomalies, particularly cardiac anomalies,
in the non-IVF group were remarkable. In our region,
due to the poor or absent prenatal follow-up in mothers
who conceived naturally than prenatal follow-up in

mothers who conceived using IVF, the increased rate of
congenital anomalies in the mothers who conceived nat-
urally may be misinterpreted. Also antenatal screening
for congenital anomalies has reduced congenital anoma-
lies through termination of pregnancy in IVF pregna-
ncies. But in pregnancies with natural conception our
countries that have not introduced the use of prenatal
diagnostic techniques and access to termination of preg-
nancy because of congenital anomaly have seen large

Table 3 Characteristics of the in vitro fertilization (IVF) and non-IVF premature newborns with gestational
age <32 weeks

Variable IVF group n =40 Non-IVF group n =113 p value

*Maternal agec 28 (20–43) 29 (20–36) 0.001

*Gravidity 1 1 (1–6) 0.024

**Preeclampsia 9 (23) 28 (25) 0.7

Male/female (n) 22/18 62/51 0.9

**Multiple birth

Twins 20 (50) 13 (12) <0.001

Triplets 10 (25) 3 (2.7) <0.001

*Gestational age (weeks) 28 (22–31) 29 (23–31) 0.034

*Birth weight (grams) 1180 (550–2350) 1100 (380–2370) 0.2

**Intrauterine growth retardation 1 (3) 16 (14) 0.028

**Cesarean section 32 (80) 85 (75) 0.54

**Preterm premature rupture of fetal membranes 13 (33) 23 (20) 0.12

**Out born newborn 2 (5) 13 (12) 0.23

**No or prenatal maternal management 40 (100) 106 (94) 0.27

**Antenatal steroid 28 (70) 74 (36) 0.002

**Doppler 3 (8) 21 (19) 0.24

**Resuscitation 10 (25) 29 (26) 0.8

**Oligohydramnios 9 (23) 24 (21) 0.86

**Congenital anomaly, non-life-threatening/ life-threatening 1/0 (3) 6/0 (5) 0.67

**Congenital heart anomaly 4 (10) 6 (5) 0.32

*1-minute Apgar score (0–10) (1–9) 0.6

*5-minute Apgar score (0–10) (1–9) 0.9

**Respiratory distress syndrome 33 (83) 84 (79) 0.05

**Bronchopulmonary dysplasia 16 (40) 28 (25) 0.068

**ROP

Grade 1 6 (15) 5 (4) 0.1

Grade 2 2 (5) 6 (5)

Grade 3 2 (5) 3 (3)

**Intraventricular hemorrhage

Grade 1 11(28) 21 (19) <0.001

Grade 2 7 (18) 7 (6)

Grade 3 4 (10) 3 (3)

Grade 4 3 (8) 3 (3)

* Results are presented as median (minimum-maximum).
** Results are presented as number and percentage, n (%).
p < 0.05 is statistically significant. *Mann–Whitney U test or **chi-squared test was used.
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the	only	risk	factor	for	IVH	(Table	3).	Multiple	gestations	and	
antenatal	steroid	administration	did	not	have	effects	on	IVH	in	
this	subgroup	of	preterm	newborns	(Table	3).

Discussion
In	accordance	with	the	literature,	premature	births	and	multiple	
births	were	common	among	IVF	pregnancies	in	our	study.	
In	the	multicenter	study	of	the	Turkish	Neonatal	Society,	the	
frequencies	of	neonatal	intensive	care	unit	admissions,	PDA,	
IVH,	surfactant	administration	and	mechanical	ventilation	were	
higher	in	infants	born	after	assisted	reproductive	techniques,	
including	IVF.15	However,	unlike	previous	studies,	IVF	had	no	
effect	on	mortality	and	14-24	morbidity	in	our	study,	despite	an	
increased	risk	of	preterm	births	and	multiple	births.

When	newborns	at	gestational	age	<32	weeks	were	compared,	
only	multiple	births	and	IVH	were	significantly	higher	in	the	IVF	
subgroup	compared	to	the	non-IVF	preterm	subgroup.	However,	
only	gestational	age	was	a	risk	factor	for	IVH	using	the	logistic	
regression	analysis;	IVF	was	not.	Additionally,	in	some	recently	
published	studies,	there	no	effects	were	reported	on	short-term	
mortality	and	morbidity	in	preterm	infants	after	IVF.25–27

In	vitro	fertilization	had	no	effect	on	the	incidence	of	PDA	and	
IVH,	surfactant	and	mechanical	ventilation	requirements,	BPD,	
or	ROP.	Similar	to	infants	conceived	naturally,	the	major	risk	
factor	for	morbidity	in	premature	babies	was	early	gestational	
age.	Multiple	pregnancies	are	also	known	to	increase	the	
morbidity	in	naturally	conceived,	premature	babies.	However,	
similar	to	IVF,	multiple	pregnancies	were	not	associated	with	
mortality	and	morbidity	in	this	study.	Congenital	anomalies,	
particularly	imprinting-type	single	mutations,	are	more	common	
in	IVF.	In	this	study,	the	increased	rates	of	congenital	anomalies,	
particularly	cardiac	anomalies,	in	the	non-IVF	group	were	

remarkable.	In	our	region,	due	to	the	poor	or	absent	prenatal	
follow-up	in	mothers	who	conceived	naturally	than	prenatal	
follow-up	in	mothers	who	conceived	using	IVF,	the	increased	
rate	of	congenital	anomalies	in	the	mothers	who	conceived	
naturally	may	be	misinterpreted.	Also	antenatal	screening	
for	congenital	anomalies	has	reduced	congenital	anomalies	
through	termination	of	pregnancy	in	IVF	pregnancies.	But	in	
pregnancies	with	natural	conception	our	countries	that	have	not	
introduced	the	use	of	prenatal	diagnostic	techniques	and	access	
to	termination	of	pregnancy	because	of	congenital	anomaly	
have	seen	large	increments	in	congenital	anomaly	rates,	unlike	
those	countries	with	more	restrictive	policies	on	pregnancy	
termination.	Therefore	it	is	difficult	to	interpret	the	effects	of	
IVF	on	the	incidence	of	congenital	anomalies	because	only	the	
infants	in	the	intensive	care	unit	were	studied.	Similarly,	the	
results	of	the	actual	incidence	of	premature	birth	or	factors	
related	to	premature	birth	in	IVF	pregnancies	may	be	misleading.	
The	predominance	of	premature	newborns	among	IVF	babies	
in	the	intensive	care	unit	was	notable,	in	particular,	extreme	
prematurity	(birth	before	29	weeks	gestation).28	The	prognosis	
for	these	very	preterm	infants	is	poor,	and	there	is	a	very	low	
chance	of	intact	survival	if	born	before	26	weeks.20	The	risk	
of	cerebral	palsy	in	twins	has	been	estimated	to	be	four	times	
that	of	singletons,	and	even	moderate	prematurity	is	associated	
with	long-term	educational	and	behavioral	problems	and	infant	
death.20,29-32

Several	studies	have	demonstrated	that	premature	birth	and	
congenital	anomaly	rates	were	increased	in	IVF	pregnancies	
when	compared	to	naturally	conceived	pregnancies.3–14	However,	
recent	publications	did	not	report	an	increase	in	preterm	
births	or	SGA.27	In	this	study	by	Messerschmid	et	al,	multiple	
pregnancies	and	IVF	did	not	have	effects	on	preterm	mortality	
and	morbidity,	as	in	our	study.27	They	found	only	that	the	initial	
venous	pH	value	was	higher	(7.25	vs	7.23)	in	multiples	with	
weights	between	1000–1499	g	after	IVF	than	naturally	conceived	
infants.	They	suggested	that	this	small	difference	does	not	
appear	to	be	relevant	from	a	clinical	standpoint.27	We	observed	a	
higher	rate	of	multiples	after	IVF	than	after	natural	conception,	
as	in	their	study.	Additionally,	we	did	not	assess	the	number	
of	monozygotic	multiples,	as	in	their	study.	According	to	the	
results	of	15	different	national	obstetrics	centers,	mortality	is	
approximately	15%	in	twin	pregnancies,	at	least	in	one	of	the	
twin	pairs.	The	perinatal	mortality	ratio	is	107	per	thousand.	
Discordant	females	born	before	the	30th	gestational	week	have	
the	highest	mortality	risk.33	Both	morbidity	and	mortality	are	
known	to	be	higher	in	monozygotic	twins	compared	to	dizygotic	
twins.13	Therefore,	Messerschmid	et	al.	concluded	that	they	
expect	the	outcome	of	multiples	after	IVF	to	be	better	than	in	
multiples	after	natural	conception.27	However,	we	may	suggest	
that	the	cause	of	the	similar	morbidity	and	mortality	rates	after	
IVF	and	natural	conception	is	related	to	advanced	therapeutic	
measures	in	newborn	intensive	care	units	because	we	found	
that	multiple	pregnancies	were	not	a	risk	factor	for	increased	
mortality	and	morbidity.

There	are	several	limitations	to	this	study,	including	the	small	
sample	size	of	premature	newborns	born	before	32	weeks	of	
gestation.	However,	IVH	was	significantly	higher	in	the	IVF	
subgroup	than	the	non-IVF	preterm	subgroup	when	newborns	
at	gestational	age	<32	weeks	were	compared.	It	is	difficult	to	
adjust	for	IVH	in	the	IVF	group	because	multiple	births	are	
more	common	in	the	IVF	group.	However,	when	newborns	at	
gestational	age	<32	weeks	were	compared	using	a	regression	

increments in congenital anomaly rates, unlike those
countries with more restrictive policies on pregnancy
termination. Therefore it is difficult to interpret the effects
of IVF on the incidence of congenital anomalies because
only the infants in the intensive care unit were studied.
Similarly, the results of the actual incidence of premature
birth or factors related to premature birth in IVF pregnan-
cies may be misleading. The predominance of premature
newborns among IVF babies in the intensive care unit
was notable, in particular, extreme prematurity (birth
before 29 weeks gestation) [28]. The prognosis for these
very preterm infants is poor, and there is a very low chance
of intact survival if born before 26 weeks [20]. The
risk of cerebral palsy in twins has been estimated to
be four times that of singletons, and even moderate
prematurity is associated with long-term educational
and behavioral problems and infant death [20,29-32].
Several studies have demonstrated that premature birth

and congenital anomaly rates were increased in IVF preg-
nancies when compared to naturally conceived pregnancies
[3-14]. However, recent publications did not report an in-
crease in preterm births or SGA [27]. In this study by
Messerschmid et al., multiple pregnancies and IVF did not
have effects on preterm mortality and morbidity, as in our
study [27]. They found only that the initial venous pH value
was higher (7.25 vs 7.23) in multiples with weights between

1000–1499 g after IVF than naturally conceived infants.
They suggested that this small difference does not appear
to be relevant from a clinical standpoint [27]. We observed
a higher rate of multiples after IVF than after natural con-
ception, as in their study. Additionally, we did not assess
the number of monozygotic multiples, as in their study.
According to the results of 15 different national obstetrics
centers, mortality is approximately 15% in twin pregnan-
cies, at least in one of the twin pairs. The perinatal mortal-
ity ratio is 107 per thousand. Discordant females born
before the 30th gestational week have the highest
mortality risk [33]. Both morbidity and mortality are
known to be higher in monozygotic twins compared
to dizygotic twins [13]. Therefore, Messerschmid
et al. concluded that they expect the outcome of mul-
tiples after IVF to be better than in multiples after
natural conception [27]. However, we may suggest
that the cause of the similar morbidity and mortality
rates after IVF and natural conception is related to
advanced therapeutic measures in newborn intensive care
units because we found that multiple pregnancies were
not a risk factor for increased mortality and morbidity.
There are several limitations to this study, including

the small sample size of premature newborns born before
32 weeks of gestation. However, IVH was significantly
higher in the IVF subgroup than the non-IVF preterm
subgroup when newborns at gestational age <32 weeks
were compared. It is difficult to adjust for IVH in the IVF
group because multiple births are more common in the
IVF group. However, when newborns at gestational
age <32 weeks were compared using a regression analysis,
only gestational age was found to be a risk factor for IVH.
Therefore, we conclude that gestational age has an effect
on IVF. Two or three eggs are fertilized in each treatment
in our IVF center. Therefore, if one egg is fertilized in each
treatment in our center, we may decrease the rate of
premature birth and IVH.
The main drawback of our study is that the study

population did not include the general population; it
only included the babies in the intensive care unit.
Therefore, the factors of infertility and its effects on
preterm births and anomalies were not investigated.
In the light of these studies and the similar data that
we obtained, studies that investigate the effects of
antenatal follow-up and the major factors of infertility
on mortality and morbidity are required rather than
studies on the use of IVF methods. Finally, these conclu-
sions can be reached only by appropriately designed and
powered randomized studies.

Conclusion
On the basis of our study, we conclude that IVF appears
to be associated with premature delivery and the known
risks associated with prematurity.

Table 5 Risk factors of intraventricular hemorrhage (IVH)
in premature newborns with gestational age <32 weeks

IVH

Independent variables P values OR (%95CI)

IVF 0.054 2.58 (0.98-6.82)

Gestational age <0.014 0.81 (0.68-0.95)

Multiple gestations 0.12 1.65 (0.98-6.82)

Antenatal steroid 0.57 1.07 (0.83-1.37)

Binary (enter) logistic regression analysis was used.
Dependent variable: IVH.
IVF, in vitro fertilization; IVH, intraventricular hemorrhage.

Table 4 Risk factors for mortality in all preterm

Mortality

Independent variables P value OR (%95CI)

IVF 0.08 0.33 (0.09-1.17)

Gestational age <0.001 0.71 (0.63-0.80)

SGA 0.4 0.6 (0.15-2.3)

pPROM 0.2 1.6 (0.6-3.9)

Preeclampsia 0.2 0.38 (0.1-1.9)

5-minute Apgar score 0.006 0.84 (0.76-0.93)

Duration of surfactant administration 0.2 1.01 (0.98-1.04)

Multiple gestation 0.36 1.48 (0.7-3.1)

Congenital hearth disease,
non-life-threatening/ life-threatening

<0.001 9.2 (3.4-24.7)
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on mortality and morbidity are required rather than
studies on the use of IVF methods. Finally, these conclu-
sions can be reached only by appropriately designed and
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On the basis of our study, we conclude that IVF appears
to be associated with premature delivery and the known
risks associated with prematurity.
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analysis,	only	gestational	age	was	found	to	be	a	risk	factor	for	
IVH.	Therefore,	we	conclude	that	gestational	age	has	an	effect	on	
IVF.	Two	or	three	eggs	are	fertilized	in	each	treatment	in	our	IVF	
center.	Therefore,	if	one	egg	is	fertilized	in	each	treatment	in	our	
center,	we	may	decrease	the	rate	of	premature	birth	and	IVH.

The	main	drawback	of	our	study	is	that	the	study	population	did	
not	include	the	general	population;	it	only	included	the	babies	in	
the	intensive	care	unit.	Therefore,	the	factors	of	infertility	and	its	
effects	on	preterm	births	and	anomalies	were	not	investigated.	In	
the	light	of	these	studies	and	the	similar	data	that	we	obtained,	
studies	that	investigate	the	effects	of	antenatal	follow-up	and	
the	major	factors	of	infertility	on	mortality	and	morbidity	are	
required	rather	than	studies	on	the	use	of	IVF	methods.	Finally,	
these	conclusions	can	be	reached	only	by	appropriately	designed	
and	powered	randomized	studies.

Conclusion
On	the	basis	of	our	study,	we	conclude	that	IVF	appears	to	
be	associated	with	premature	delivery	and	the	known	risks	
associated	with	prematurity.
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Abstract
Background: One	area	where	the	use	of	information	and	
communication	technology	(ICT),	or	eHealth,	could	be	
developed	is	the	home	health	care	of	premature	infants.	The	aim	
of	this	randomized	controlled	study	was	to	investigate	whether	
the	use	of	video	conferencing	or	a	web	application	improves	
parents’	satisfaction	in	taking	care	of	a	premature	infant	at	
home	and	decreases	the	need	of	home	visits.	In	addition,	nurses’	
attitudes	regarding	the	use	of	these	tools	were	examined.

Method: Thirty-four	families	were	randomized	to	one	of	three	
groups	before	their	premature	infant	was	discharged	from	the	
hospital	to	home	health	care:	a	control	group	receiving	standard	
home	health	care	(13	families);	a	web	group	receiving	home	health	
care	supplemented	with	the	use	of	a	web	application	(12	families);	
a	video	group	with	home	health	care	supplemented	with	video	
conferencing	using	Skype	(9	families).	Families	and	nursing	staff	
answered	questionnaires	about	the	usefulness	of	ICT.	In	addition,	
semi-structured	interviews	were	conducted	with	16	families.

Results: All	the	parents	in	the	web	group	found	the	web	
application	easy	to	use.	83%	of	the	families	thought	it	was	good	
to	have	access	to	their	child’s	data	through	the	application.	All	
the	families	in	the	video	group	found	Skype	easy	to	use	and	were	
satisfied	with	the	video	calls.	88%	of	the	families	thought	that	
video	calls	were	better	than	ordinary	phone	calls.	33%	of	the	
families	in	the	web	group	and	75%	of	those	in	the	video	group	
thought	the	need	for	home	visits	was	decreased	by	the	web	
application	or	Skype.	50%	of	the	families	in	the	web	group	and	
100%	of	those	in	the	video	group	thought	the	web	application	
or	the	video	calls	had	helped	them	feel	more	confident	in	caring	
for	their	child.	Most	of	the	nurses	were	motivated	to	use	ICT	but	
some	were	reluctant	and	avoided	using	the	web	application	and	
video	conferencing.

Conclusion: The	families	were	satisfied	with	both	the	web	

application	and	video	conferencing.	The	families	readily	
embraced	the	use	of	ICT,	whereas	motivating	some	of	the	nurses	
to	accept	and	use	ICT	was	a	major	challenge.

Background
eHealth,	the	use	of	information	and	communications	technology	
(ICT)	in	health	care,1,2	is	a	steadily	growing	area	of	interest.	
Technological	advances	and	increasing	use	of	ICT	among	the	
general	public	have	driven	health	care	providers	to	develop	new	
ICT	tools	and	applications	for	improving	the	quality	of	care	and	
services	provided	to	the	patients.	Sweden	has	already	adopted	
several	eHealth	services	in	practical	health	care.	For	example,	
all	primary	care	units	in	Sweden	today	have	access	to	electronic	
health	records,3	and	more	than	80%	of	all	prescriptions	are	now	
transferred	electronically.4

Neonatology,	the	care	of	the	diseases	of	newborn	infants,	is	a	
field	where	eHealth	has	not	yet	been	applied	to	any	significant	
extent,	but	where	it	could	potentially	be	useful.	Because	of	their	
immaturity	and	associated	illnesses,	premature	infants	(ie	infants	
born	at	gestational	ages	23-37	weeks)	often	need	hospital	care	
at	a	neonatal	intensive	care	unit	(NICU)	for	several	weeks	after	
birth.	The	illness	and	prolonged	hospitalization	of	the	infant	are	
very	stressful	for	the	parents	and	inhibit	the	development	of	a	
normal	parent-infant	relationship.5	Infants	who	have	become	
sufficiently	mature	and	physiologically	stable	can	be	taken	
care	of	in	the	home	environment.	This	usually	requires	that	the	
infant	has	reached	a	postmenstrual	age	of	at	least	34	weeks.	
Caring	for	the	child	at	home	has	been	shown	to	be	beneficial	for	
families,	since	the	parents	can	connect	with	their	child	better	
than	is	possible	in	the	hospital.5	It	also	decreases	the	newborn’s	
exposure	to	bacteria	prevalent	in	neonatal	intensive	care	units.6,7	
In	recent	years,	the	Sahlgrenska	University	Hospital	in	the	
Gothenburg	area	in	Sweden	has	had	a	home	health	care	program	
for	newborn	infants.	The	medical	issues	that	these	children	have	
include	poor	weight	gain	or	need	of	tube	feeding	or	supplemental	
oxygen	therapy.	During	the	first	weeks	at	home	the	family	is	
supported	by	regular	visits	2-3	times	per	week	by	a	neonatal	
nurse	who	weighs	and	measures	the	child,	helps	the	parents	with	
the	care	of	the	child,	and	answers	questions	that	come	up.

Having	the	baby	at	home	can	initially	be	difficult	for	parents	
who	may	not	yet	feel	confident	taking	care	of	their	infant	and	
who	often	have	concerns	and	questions	about	the	infant’s	health	
and	development.8-10	On	the	other	hand,	home	visits	by	nurses	
represent	a	large	investment	of	resources,	since	one	nurse	can	
only	make	a	few	visits	per	day.
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Already	in	1994,	a	project	on	using	telemedicine/eHealth	in	the	
care	of	prematurely	born	infants	in	the	home	was	performed	in	
Gothenburg.11	In	this	project	a	system	for	monitoring	of	infants	
with	respiratory	distress	syndrome	in	need	of	oxygen	therapy	
was	developed	and	adapted	to	a	home	environment.	The	system	
was	accepted	by	the	participating	families,	and	the	project	
showed	that	telemedicine/eHealth	applications	are	adaptable	for	
use	in	care	of	infants	at	home.

Another	uncontrolled	study	where	video	conferencing	was	
offered	to	a	small	group	of	parents	whose	premature	infants	
were	discharged	from	the	hospital	showed	that	parents	
experienced	video	conferencing	as	positive.12	The	families	
only	had	support	through	the	video	conferencing	system	not	
complemented	by	visits	by	a	nurse.12	In	the	United	Kingdom,	two	
studies	showed	that	video	conferencing	could	be	used	to	provide	
support	for	parents	of	children	born	with	congenital	heart	
disease	after	discharge	from	the	hospital.13,14	In	this	study,	video	
conferencing,	which	was	used	to	supervise	the	children	visually	
as	well	as	to	communicate	with	the	parents,	was	found	to	be	
more	useful	than	ordinary	phone	calls.13,14	In	the	Baby	CareLink	
study,	families	of	hospitalized	very	low	birth	weight	infants	
could	use	a	videoconferencing	module	for	virtual	visits	from	
their	home	to	the	NICU	and	a	website	to	access	information	
on	the	issues	confronting	them.15	This	study	showed	that	the	
use	of	videoconferencing	and	Internet	support	increased	the	
parents’	satisfaction	with	the	care	of	the	infants	and	facilitated	
earlier	discharge	home	of	the	infants.15	Prototype	systems	have	
been	developed	for	monitoring	and	tracking	observations	of	
behavioral	and	health-related	data	of	premature	infants	in	the	
home.16	The	FitBaby	prototype	includes	a	mobile	phone-based	
application	for	parents	entering	observations	about	their	infant’s	
health	as	well	as	a	networked	data-	base	in	which	these	data	are	
stored	for	clinician	access.16,17	Estrellita	is	a	prototype	system	
that	includes	a	mobile	application	that	parents	use	to	track	and	
share	information	and	a	web	interface	that	parents	and	health	
professionals	use	to	view	and	analyze	the	resulting	data.18	This	
system	gives	parents	the	ability	to	easily	share	information	with	
social	networks	and	health	care	professionals.18	NICU-2-HOME	
is	a	project	in	the	USA	that	deals	with	making	the	transition	from	

hospital	to	home	easier	for	the	parents	with	prematurely	born	
infants	using	a	mobile	application.19

In	the	present	study,	we	hypothesized	that	use	of	eHealth	would	
improve	communication	between	parents	of	premature	infants	
and	home	health	care	nurses	and	enhance	the	families’	feeling	
of	confidence	in	caring	for	their	infant.	The	families	were	
randomized	to	one	of	three	study	groups,	one	receiving	standard	
home	health	care,	one	receiving	home	health	care	supplemented	
by	the	use	of	a	customized	web-based	eHealth	system,	and	a	
third	group	receiving	home	heath	care	supplemented	by	video	
conferencing	using	Skype	to	communicate	with	neonatal	nurses.	
The	results	show	that	the	telecommunication	methods	were	well	
accepted	by	the	parents	and	that	their	use	made	parents	more	
confident	taking	care	of	their	infant	at	home.	Many	families	also	
felt	that	telecommunication	could	decrease	the	need	of	home	
visits	and	could	therefore	make	home	health	care	more	cost-
effective.

Methods
The	web	application:	Care@Distance20	is	a	generic	web-based	
system	solution	through	which	healthcare	professionals	
and	patients	can	communicate	and	exchange	health-related	
information	using	various	webpages	tailored	to	fit	specific	
clinical	applications	and	needs.	All	users	can	access	the	web	
application	through	any	of	the	most	commonly	used	web	
browsers,	eg	Microsoft	Explorer.	Consequently	no	application-
specific	software	needs	to	be	installed	by	either	patient	or	
caregiver.	All	information	is	stored	in	a	Microsoft	SQL	Server	
2005	database,	on	a	virtual	server	running	Microsoft	Server	2008.	
The	web	application	itself	is	written	in	a	combination	of	PHP,	
HTML	and	Javascript.

The	neonatal	application	of	Care@Distance	contains	a	formulary	
(Figure	1)	with	questions	about	the	child’s	health	and	nutrition	
status	as	well	as	about	how	the	parents	were	coping	with	the	
care	of	the	infant.	The	families	could	view	the	data	that	they	or	
the	health	care	staff	had	entered,	including	the	child’s	weight	and	
head	circumference	data,	in	graphic	form	as	well	as	exchange	
internal	messages	with	the	staff.	The	application	also	includes	

Figure 1. Screenshots of web pages from the web application used in the study.
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general	information	about	preterm	babies’	health,	development,	
and	medical	conditions	that	the	families	could	access.	The	nursing	
staff	could	view	the	data	that	they	or	the	parents	had	entered,	
enter	specifics	about	the	patients’	health,	administer	the	system	
(eg	add	new	families,	change	passwords,	edit	forms,	etc.),	and	
exchange	internal	messages	with	both	families	and	other	staff.

Internet	calls	using	Skype:	Skype	is	a	commercially	available,	
widely	used,	off-the-shelf	program	for	video	conferencing	over	
the	internet.	It	is	free	of	charge,	and	easy	to	install	and	use.	The	
user	logs	in	with	a	username	and	a	password	and	can	call	other	
Skype	users	with	voice	or	video	calls	through	a	contact	list,	and	
also	send	them	text	messages.	Hardware	requirements	are	a	
Windows	or	Macintosh	computer	with	internet	access.	For	video	
calls,	a	web	camera,	a	microphone,	and	speakers	are	necessary.	
For	video	calls,	Skype	recommends	a	broadband	connection	with	
a	minimum	of	128	kilobits	per	second	down-and	upload	speed.21	
For	high	definition	(HD)	video	calls	the	minimum	requirements	
are	1.2	Megabits	per	second	down-and	upload	speed.21

Eligibility	of	patients,	randomization,	and	study	groups:	All	
families	with	preterm	babies	who	were	treated	at	Sahlgrenska	
University	Hospital	and	who	were	going	to	be	assigned	to	health	
care	at	home	were	eligible	for	the	study	if	they	did	not	meet	any	
of	the	following	exclusion	criteria:	the	parents	had	inadequate	
knowledge	of	Swedish,	the	parents	did	not	have	a	computer	and	
internet	connection	at	home,	the	infant	was	expected	to	need	
home	health	care	for	a	very	short	time	(less	than	a	week),	or	the	
parents	did	not	want	to	use	a	computer	or	a	web	camera.

After	informed	consent,	the	families	were	randomized	into	one	
of	three	groups.	Group	1	was	a	control	group	receiving	standard	

home	health	care.	Group	2	(web	group)	had	home	health	care	
complemented	with	the	web	application,	and	were	asked	to	
answer	the	questions	presented	there	once	a	day.	They	were	
also	encouraged	to	write	individual	messages	or	questions	to	
the	nurses	either	through	the	form	or	through	the	internal	mail	
function.	If	interested,	the	families	could	follow	their	child’s	
progress	using	the	web	application	graphs.	In	addition	to	oral	
explanation	the	families	were	given	written	instructions	about	
the	use	of	the	web	application.	The	families	in	group	3	(video	
group)	had	similar	home	care	to	those	in	Group	1,	except	
that	they	had	video	conferencing	with	nurses	instead	of	the	
traditional	phone	calls.	The	families	in	group	3	were	given	a	bag	
containing	a	HD	web	camera	(Logitech	QuickCam	Pro9000	for	
PC	users	and	Logitech	QuickCam	Vision	Pro	for	Mac	users),	a	
set	of	speakers	(Ace	G35)	and	a	compact	disc	containing	the	
installation	program	for	Skype	version	5.3.	The	families	were	
given	both	oral	and	written	instructions	about	the	use	of	the	web	
camera	and	Skype.	Each	family	participated	in	the	study	for	as	
long	as	they	were	included	in	the	home	health	care	program.

Nursing	personnel:	Six	nurses	at	the	hospital	were	involved	in	
the	home	health	care	program.	All	of	them	participated	in	the	
study.	Each	nurse	worked	in	home	health	care	for	a	period	of	6	
weeks	and	then	for	12	weeks	either	at	the	level	II	nursery	or	at	
the	level	II	of	the	hospital.	At	any	given	time,	two	of	the	nurses	
did	home	visits,	two	worked	at	the	level	II	nursery,	and	two	at	
the	NICU.

When	it	was	clear	that	a	baby	would	eventually	receive	home	
health	care,	a	nurse	at	the	hospital	gave	the	family	information	
about	the	home	health	care	and	about	the	study,	obtained	
informed	consent,	and	randomized	the	family.	The	nurse	who	

postmenstrual age of the infants was 35 wk + 2 d. The
mean length of stay in the home health care program
was 20 ± 1 days. The mean postmenstrual age at which
the infants were discharged from home health care was
38 wks + 1 d.

Families’ opinions about the home health care in general
Almost all the parents were very satisfied with the home
health care (Table 2). They were also well prepared for
the transfer of the infant from the hospital to home
health care, confident with the care of their infant at
home, and satisfied with the home visits by the nurses
(Table 2). All but two families (94%) felt that the number
of home visits was appropriate, one family (3%) felt that
they would have needed more visits, and one (3%) had
no opinion. All the families thought that the visits were
long enough and that the instructions given by the
nurses during the home visits were easy to understand.
In their free-response comments on the questionnaires

as well as during the semi-structured interviews, all the
parents expressed great satisfaction with the home care
they had received.

“It was luxurious to have someone come and meet us
in our own home. Very nice and pleasant.”

They were relieved and happy to be able to leave the
hospital and felt that the home visits helped them to feel
confident at home with their baby.

“It was great that the nurse came, it was so nice to
know that she would come in a day or two and one
could ask her if one was wondering about something.”

All the parents reported that the visits at home worked
very well. They felt that the nurses were very competent
and friendly and appreciated the possibility of being able
to discuss problems and ask questions without feeling
time pressure. The parents particularly appreciated being
able to contact the hospital neonatal unit at any time of
the day, although few of them needed to call.

“Wonderful to have nursing staff within easy reach by
phone if there was something and very convenient
that they came home.”

Results specific to the use of the web application
Computer experience of the families
All the families estimated that their computer experience
was extensive (Table 3). All the parents used computers

Table 1 Characteristics of the mothers and infants

Mean ± SEM Median (range)

Mothers

Age (years) 30.9 ± 0.9 31 (23–40)

Infants

Gestational age (weeks + days) 33 wks + 2 d ± 3 d 33 wks + 5 d (25 wks + 6 d– 37 wks + 4 d)

Birth weight (g) 2073 ± 105 1948 (870 – 3750)

Postmenstrual age at the time of discharge from hospital to home health care
(weeks + days)

35 wks + 2 d ± 2 d 35 wks (35 wks + 2 d – 42 wks + 2 d)

Length of stay in home health care (days) 20 ± 1.4 18.5 (9–39)

Postmenstrual age at the time of discharge from home health care
(weeks + days)

38 wks + 1 d ± 2 d 37 wks + 4 d (35 wks + 2 d– 42 wks + 2 d)

Table 2 Opinions of the parents about the home health care in general

Questions with Likert-like scale 1 2 3 4 5

How satisfied were you with the home health care in general? 0 (0%) 0 (0%) 0 (0%) 3 (9%) 29 (91%)

How well prepared were you when your baby was discharged from the hospital to home health care? 0 (0%) 0 (0%) 0 (0%) 10 (31%) 22 (69%)

How confident did you feel in the care of your baby at home? 0 (0%) 0 (0%) 0 (0%) 7 (22%) 25 (78%)

How satisfied were you with the home visits by the nurses? 0 (0%) 0 (0%) 0 (0%) 2 (6%) 30 (94%)

Questions with No/Yes answers No Yes

Were the home visits stressful for your family? 31 (97%) 1 (3%)

Did you have a sufficient number of home visits? 1 (2%) 31 (97%)

Were the home visits long enough? 0 (0%) 32 (100%)

The number of families is shown with the percentage in parentheses. For the Likert-like scale, 1 = very dissatisfied, very poorly prepared, very insecure; 0 = neutral
(neither/nor); 5 = very satisfied, very well prepared, very confident.
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subsequently	took	care	of	the	family	at	home	was	not	necessarily	
the	same	one	who	had	given	the	information	and	randomized	
the	family.	The	family	was	allocated	to	a	home	health	care	
nurse	depending	on	the	number	of	patients	each	nurse	had	and,	
to	minimize	driving	times,	on	the	area	where	the	family	lived.	
Although	it	was	preferable	to	have	only	one	nurse	during	the	
whole	home	health	care	period,	this	was	not	always	possible	due	
to	the	rotation	and	vacations	of	the	nurses.	All	the	nurses	were	
trained	in	the	use	of	both	the	web	application	and	Skype.

All	three	patient	groups	received	regular	home	visits	where	the	
nurse	measured	the	weight	and	head	circumference	of	the	child.	
The	nurse	also	helped	the	parents	take	care	of	the	baby,	assisted	
with	tube	and	breast	feeding,	answered	any	questions	the	
parents	might	have,	and	changed	the	nasogastric	feeding	tube	
when	indicated.

For	the	families	in	the	web	group,	the	nurses	were	supposed	to	
enter	the	weight	and	head	circumference	data	of	the	children	
into	the	web	application.	They	were	also	supposed	to	give	daily	
feedback	though	the	application	to	the	families	who	had	sent	
a	report	about	their	child’s	health	status	and	to	answer	any	
questions	the	parents	had	presented	via	the	application.

In	all	groups,	the	nurses	called	the	families	to	check	on	how	the	
baby	was	doing	and	to	make	plans	for	the	next	home	visit.	The	
families	in	the	Skype	group	were	supposed	to	receive	video	calls	
instead	of	regular	telephone	calls.	The	equipment	the	nurses	
used	was	a	lap-	top	PC	(Asus	K72DR-TY030V)	with	HD	web	
camera	(Logitech	QuickCam	Pro9000)	and	speakers	(Logitech	
X-140)	or	a	headset	(Logitech	Headset	Premium).

Evaluation	methods	—	Parent	questionnaire:	After	discharge	
from	the	home	health	care	program,	the	families	were	asked	to	
answer	a	questionnaire	about	their	experience	of	various	aspects	
of	the	home	health	care.	The	questionnaire	contained	questions	
about	the	home	health	care	program	in	general	and	about	the	
home	visits.	These	questions	were	the	same	for	all	the	three	
groups.	In	addition,	the	Skype	group	and	the	web	group	had	
questions	concerning	their	respective	methods.	Most	questions	
were	answerable	on	a	five-point	Likert-like	scale,	and	for	the	rest,	
three	alternatives	were	given	(yes,	no,	or	no	opinion).	Families	
were	also	encouraged	to	write	freely	worded	comments.

Interviews	of	parents:	Semi-structured	interviews	were	
performed	on	16	families,	7	in	the	control	group,	6	in	the	web	
group,	and	3	in	the	Skype	group.	All	parents	were	interviewed	

in	their	homes.	The	interviews	lasted	from	45	min	to	1	hour	
and	were	audio-recorded	and	transcribed.	The	interviews	
were	conducted	mean	5.5	±	0.84	months	after	the	infant	was	
discharged	from	home	health	care.

Nurse	questionnaire:	In	order	to	get	information	about	nurses’	
experiences	of	and	attitudes	about	the	use	of	the	web	application	
or	of	Skype,	they	were	likewise	asked	to	fill	out	a	questionnaire	
that	contained	questions	on	the	usage	and	user	acceptance	of	
both	the	web	application	and	communication	by	Skype.

Presentation	of	numerical	data:	Data	is	expressed	as	means	
±	standard	error	of	the	mean	(SEM)	or	as	median	(range).	
Gestational	ages	are	expressed	as	weeks	(wks)	+	days	(d).

Results
Characteristics	of	the	mothers	and	infants:	Characteristics	of	the	
mothers	and	infants	are	shown	in	Table	1.	The	mean	age	of	the	
mothers	was	31	±	1	years.	The	infants’	gestational	ages	varied	
from	25	wks	+	6d	to	37	wks	+	4d.	Most	infants	were	moderately	
premature,	since	the	median	gestational	age	was	33	wks	±	5d.	
They	were	discharged	to	home	health	care	when	they	were	
physiologically	stable	and	did	not	have	apnea,	and	when	the	
family	had	received	sufficient	training	to	be	able	to	take	care	of	
the	infant	at	home.	At	that	time,	the	mean	postmenstrual	age	of	
the	infants	was	35	wk	+	2	d.	The	mean	length	of	stay	in	the	home	
health	care	program	was	20	±	1	days.	The	mean	postmenstrual	
age	at	which	the	infants	were	discharged	from	home	health	care	
was	38	wks	+1	d.

Families’	opinions	about	the	home	health	care	in	general:	Almost	
all	the	parents	were	very	satisfied	with	the	home	health	care	
(Table	2).	They	were	also	well	prepared	for	the	transfer	of	the	
infant	from	the	hospital	to	home	health	care,	confident	with	the	
care	of	their	infant	at	home,	and	satisfied	with	the	home	visits	
by	the	nurses	(Table	2).	All	but	two	families	(94%)	felt	that	the	
number	of	home	visits	was	appropriate,	one	family	(3%)	felt	
that	they	would	have	needed	more	visits,	and	one	(3%)	had	no	
opinion.	All	the	families	thought	that	the	visits	were	long	enough	
and	that	the	instructions	given	by	the	nurses	during	the	home	
visits	were	easy	to	understand.

In	their	free-response	comments	on	the	questionnaires	as	well	as	
during	the	semi-structured	interviews,	all	the	parents	expressed	
great	satisfaction	with	the	home	care	they	had	received:	“It	was	
luxurious	to	have	someone	come	and	meet	us	in	our	own	home.	
Very	nice	and	pleasant.”

at home and 11 of 12 (92%) used computers also at
work.

Web application: ease of use, content, and usefulness
The general impression of the web application was
positive. Ten out of 12 families (83%) found the appli-
cation to be good or very good, and the rest thought it
was neither good nor bad. All the families found the
application easy to use (Table 3).
Most families answered the questions about their

baby’s health every day.
During the interviews, the families described their

positive experiences as follows:

“The webpage was another possibility of contacting
the home care nurse. It was easy to use, a
complement to the home visits. Answering the
questions on the webpage was an opportunity for
reflection, how has the day been, how has our
daughter been.”

“The questions on the webpage reminded us of what
is important for our child.”

“The webpage gave us a possibility of more frequent
updates than the home visits.”

On the other hand, some of the infants were so stable
throughout the period they were included in home health
care that the families felt no need for the web application:

“The webpage was not so interesting for us since she
was so healthy and easy to take care of that it did not
make that much difference.”

“We wrote the same answers every day since our
daughter was doing so well. We could have been fine
without the webpage, but it was nice to have it

anyway. It was nice that the nurse knew how we were
doing when she came so we did not need to explain it
to her during the home visits.”

The answers entered by the parents and the weight
and head circumference measurements of the infant
entered by the nurses could be seen in graphic form util-
izing the web application. Thereby the progress of the
infant could be easily visualized. This feature was
appreciated by the parents.
The nurses were supposed to read the parents’ answers

and send a comment back to them. Most families (8 of
12 families, or 67%) reported having received feedback
from the nurse about the data they entered both through
the applications message function and during home
visits. However, one family (8%) felt that it had received
very little feedback and 4 families (25%) claimed they
had received no feedback from the nurse about the in-
formation they had entered. Several families commented
about the importance of getting feedback.
For acute questions, the families were asked to call the

neonatal nursery at the hospital, but in less urgent cases,
they could ask the home health nurse questions through
the web application. The families reported having asked
the nurses about the infant’s weight, nutrition, vomiting,
stooling pattern, and stomach problems, as well as about
the use of skin-to-skin. In most cases, the nurses
answered the question the same day or the following
morning. All of the families participating in the study
had the possibility of reaching the nurses at any time by
calling on their mobile phone. Some families
commented that although using the web application was
easy, calling the nurses on the phone was even more
straightforward and that they preferred to have a per-
sonal contact with the nurse.

“The web was like a phone call with a long response
time. Some phone calls could perhaps be replaced by

Table 3 Opinions of the families about using the web application

Questions with Likert-like scale 1 2 3 4 5

How extensive is your computer experience? 0 (0%) 0 (0%) 0 (0%) 2 (16.7%) 10 (83.3%)

How good is your general impression of the web application? 0 (0%) 0 (0%) 2 (16.7%) 6 (58.3%) 4 (37.5%)

How easy was the web application to use? 0 (0%) 0 (0%) 0 (0%) 2 (16.7%) 10 (83.3%)

Questions with Yes/No answers No Yes No opinion

Was it good to be able to view your child’s data? 1 (8.3%) 10 (83.3%) 1 (8.3%)

Did you get feedback from the nurses regarding the data you entered? 3 (25%) 9 (75%) 0 (0%)

Did you get answers to any questions by using the information link? 1 (8.3%) 11 (91.7%) 0 (0%)

Did the webpage help you feel more confident in the care of your child at home? 6 (50%) 6 (50%) 0 (0%)

Do you feel that the application reduced your need of home visits? 5 (66.7%) 3 (33.3%) 0 (0%)

The number of families is shown, with the percentage given in parentheses.
For the Likert-like scale, 1 = very slight, very bad, very difficult, much more stressful; 0 = neutral (neither/nor); 5 = very extensive, very good, very easy.

Gund et al. BMC Medical Informatics and Decision Making 2013, 13:22 Page 6 of 11
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They	were	relieved	and	happy	to	be	able	to	leave	the	hospital	
and	felt	that	the	home	visits	helped	them	to	feel	confident	at	
home	with	their	baby:	“It	was	great	that	the	nurse	came,	it	was	
so	nice	to	know	that	she	would	come	in	a	day	or	two	and	one	
could	ask	her	if	one	was	wondering	about	something.”

All	the	parents	reported	that	the	visits	at	home	worked	very	well.	
They	felt	that	the	nurses	were	very	competent	and	friendly	and	
appreciated	the	possibility	of	being	able	to	discuss	problems	
and	ask	questions	without	feeling	time	pressure.	The	parents	
particularly	appreciated	being	able	to	contact	the	hospital	
neonatal	unit	at	any	time	of	the	day,	although	few	of	them	
needed	to	call:	“Wonderful	to	have	nursing	staff	within	easy	
reach	by	phone	if	there	was	something	and	very	convenient	that	
they	came	home.”

Results	specific	to	the	use	of	the	web	application	—	Computer	
experience	of	the	families:	All	the	families	estimated	that	their	
computer	experience	was	extensive	(Table	3).	All	the	parents	
used	computers	at	home	and	11	of	12	(92%)	used	computers	also	
at	work.

Web	application:	ease	of	use,	content,	and	usefulness:	The	
general	impression	of	the	web	application	was	positive.	Ten	out	
of	12	families	(83%)	found	the	application	to	be	good	or	very	
good,	and	the	rest	thought	it	was	neither	good	nor	bad.	All	the	
families	found	the	application	easy	to	use	(Table	3).

Most	families	answered	the	questions	about	their	baby’s	health	
every	day.	During	the	interviews,	the	families	described	their	
positive	experiences	as	follows:	“The	webpage	was	another	
possibility	of	contacting	the	home	care	nurse.	It	was	easy	to	
use,	a	complement	to	the	home	visits.	Answering	the	questions	
on	the	webpage	was	an	opportunity	for	reflection,	how	has	the	
day	been,	how	has	our	daughter	been.”	—	“The	questions	on	
the	webpage	reminded	us	of	what	is	important	for	our	child.”	
—		“The	webpage	gave	us	a	possibility	of	more	frequent	updates	
than	the	home	visits.”

On	the	other	hand,	some	of	the	infants	were	so	stable	throughout	
the	period	they	were	included	in	home	health	care	that	the	
families	felt	no	need	for	the	web	application:	“The	webpage	was	
not	so	interesting	for	us	since	she	was	so	healthy	and	easy	to	
take	care	of	that	it	did	not	make	that	much	difference.”	—	“We	
wrote	the	same	answers	every	day	since	our	daughter	was	doing	

so	well.	We	could	have	been	fine	without	the	webpage,	but	it	was	
nice	to	have	it	anyway.	It	was	nice	that	the	nurse	knew	how	we	
were	doing	when	she	came	so	we	did	not	need	to	explain	it	to	
her	during	the	home	visits.”

The	answers	entered	by	the	parents	and	the	weight	and	head	
circumference	measurements	of	the	infant	entered	by	the	nurses	
could	be	seen	in	graphic	form	utilizing	the	web	application.	
Thereby	the	progress	of	the	infant	could	be	easily	visualized.	
This	feature	was	appreciated	by	the	parents.

The	nurses	were	supposed	to	read	the	parents’	answers	and	
send	a	comment	back	to	them.	Most	families	(8	of	12	families,	
or	67%)	reported	having	received	feedback	from	the	nurse	about	
the	data	they	entered	both	through	the	applications	message	
function	and	during	home	visits.	However,	one	family	(8%)	felt	
that	it	had	received	very	little	feedback	and	4	families	(25%)	
claimed	they	had	received	no	feedback	from	the	nurse	about	the	
information	they	had	entered.	Several	families	commented	about	
the	importance	of	getting	feedback.

For	acute	questions,	the	families	were	asked	to	call	the	neonatal	
nursery	at	the	hospital,	but	in	less	urgent	cases,	they	could	ask	
the	home	health	nurse	questions	through	the	web	application.	
The	families	reported	having	asked	the	nurses	about	the	infant’s	
weight,	nutrition,	vomiting,	stooling	pattern,	and	stomach	
problems,	as	well	as	about	the	use	of	skin-to-skin.	In	most	cases,	
the	nurses	answered	the	question	the	same	day	or	the	following	
morning.	All	of	the	families	participating	in	the	study	had	the	
possibility	of	reaching	the	nurses	at	any	time	by	calling	on	their	
mobile	phone.	Some	families	commented	that	although	using	
the	web	application	was	easy,	calling	the	nurses	on	the	phone	
was	even	more	straightforward	and	that	they	preferred	to	have	a	
personal	contact	with	the	nurse:	“The	web	was	like	a	phone	call	
with	a	long	response	time.	Some	phone	calls	could	perhaps	be	
replaced	bymessages,	but	it	seems	more	convenient	to	call	the	
nurse	directly.”	—	“We	could	use	the	web	instead	of	calling.	But	
often	when	you	wonder	about	something,	you	want	an	answer	
right	away.”	—	“We	had	the	possibility	of	calling	the	hospital	
in	the	evenings	and	at	night.	To	call	was	more	natural,	more	
personal.	We	had	some	questions	we	wanted	answered	directly.”

“We	could	always	call	the	hospital.	The	web	is	an	anonymous	
way	of	communicating,	a	quiet	anonymous	communication.	You	
want	to	speak	to	a	real	person.	Communication	with	a	person	is	

messages, but it seems more convenient to call the
nurse directly.”

“We could use the web instead of calling. But often
when you wonder about something, you want an
answer right away.”

“We had the possibility of calling the hospital in the
evenings and at night. To call was more natural, more
personal. We had some questions we wanted
answered directly.”

“We could always call the hospital. The web is an
anonymous way of communicating, a quiet
anonymous communication. You want to speak to a
real person. Communication with a person is really
important to make one feel reassured.”

The web application included a link to an information
booklet compiled by the Division of Neonatology so that
the parents could find information about various aspects
of the care of a newborn and of a premature infant. 92%
of the families got information and answers to their
questions using this link. Only one family had not
looked for information in the booklet.
A third of the families would have wanted to add some

features to the web application. Additional features
desired by the families were a better diagram function,
direct contact with the nurse through e.g. chat, compati-
bility with other web browsers, daily e-mail reminders to
answer the questions, and more links to sites containing
information about the growth and development of pre-
mature infants. One family would have liked to be able
to contact other families with premature infants through
the web application.
50% of the families felt that the web application

had helped them feel more confident in the care of

their child. 33% thought that its use could reduce the
need of home visits, although not completely replace
them.

Results specific to the use of Skype
All the families found Skype easy to use and were satis-
fied with the video calls (Table 4). Seven out of the eight
families (87.5%) thought it was easy to communicate
with the nurse through video calls. One family, which
had had only one video call, thought communicating
through video calls was neither easy nor difficult. Like-
wise, 87.5% of the parents had received answers to their
questions during the video calls and felt that the
instructions they received during the Skype calls were
important to them. 50% of the families felt that the video
calls were less stressful than home visits (Table 4).
Seven of the eight families (87.5%) considered video

calls better than ordinary phone calls. The family that
had received only one video call thought that a tele-
phone call would have been as good. All the other
families commented on the questionnaire that seeing
the nurse improved communication. Although the
possibility of showing the child to the nurse was
appreciated, only two families had shown their child
to the nurse using the web camera.

“It is easier to understand when you can see the other
person’s body language.”

“A picture emphasizes the words.”

“It was possible to show the child to the nurse if there
was a problem that could be “seen”.”

Importantly, all the families reported that the video
calls helped them feel more confident in the care of
their child at home (Table 4). Moreover, 6 of 8

Table 4 Opinions of the families about using Skype

Questions with Likert scale 1 2 3 4 5

How easy was it to use Skype? 0 (0%) 0 (0%) 0 (0%) 4 (50%) 4 (50%)

How satisfied were you with the video calls? 0 (0%) 0 (0%) 0 (0%) 5 (62.5%) 3 (37.5%)

How easy was it for you to communicate with the nurse by video call? 0 (0%) 0 (0%) 1 (12.5%) 2 (25%) 5 (62.5%)

Were the answers or instructions you received during the video calls useful to you? 0 (0%) 0 (0%) 2 (25%) 4 (50%) 2 (25%)

Were video calls less stressful than home visits? 0 (0%) 0 (0%) 4 (50%) 2 (25%) 2 (25%)

Questions with No/Yes answers No Yes

Did you receive answers to your questions during the video calls? 1 (12.5%) 7 (87.5%)

Were video calls better than ordinary phone calls? 1 (12.5%) 7 (87.5%)

Did the video calls help you feel more confident in the care of your child at home? 0 (0%) 8 (100%)

Do you feel that the video calls reduced your need of home visits? 2 (25%) 6 (75%)

The number of families is shown, with the percentages given in parentheses.
For the Likert-like scale, 1 = very difficult, very dissatisfied, very useless, much more stressful; 0 = neutral (neither/nor); 5 = very easy, very satisfied, very useful,
much less stressful.
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really	important	to	make	one	feel	reassured.”

The	web	application	included	a	link	to	an	information	booklet	
compiled	by	the	Division	of	Neonatology	so	that	the	parents	
could	find	information	about	various	aspects	of	the	care	of	
a	newborn	and	of	a	premature	infant.	92%	of	the	families	got	
information	and	answers	to	their	questions	using	this	link.	Only	
one	family	had	not	looked	for	information	in	the	booklet.

A	third	of	the	families	would	have	wanted	to	add	some	features	
to	the	web	application.	Additional	features	desired	by	the	
families	were	a	better	diagram	function,	direct	contact	with	the	
nurse	through	chat,	compatibility	with	other	web	browsers,	daily	
e-mail	reminders	to	answer	the	questions,	and	more	links	to	
sites	containing	information	about	the	growth	and	development	
of	premature	infants.	One	family	would	have	liked	to	be	able	to	
contact	other	families	with	premature	infants	through	the	web	
application.	50%	of	the	families	felt	that	the	web	application	
had	helped	them	feel	more	confident	in	the	care	of	their	child.	
33%	thought	that	its	use	could	reduce	the	need	of	home	visits,	
although	not	completely	replace	them.

Results	specific	to	the	use	of	Skype:	All	the	families	found	Skype	
easy	to	use	and	were	satisfied	with	the	video	calls	(Table	4).	
Seven	out	of	the	eight	families	(87.5%)	thought	it	was	easy	to	
communicate	with	the	nurse	through	video	calls.	One	family,	
which	had	had	only	one	video	call,	thought	communicating	
through	video	calls	was	neither	easy	nor	difficult.	Like-wise,	
87.5%	of	the	parents	had	received	answers	to	their	questions	
during	the	video	calls	and	felt	that	the	instructions	they	received	
during	the	Skype	calls	were	important	to	them.	50%	of	the	
families	felt	that	the	video	calls	were	less	stressful	than	home	
visits	(Table	4).

Seven	of	the	eight	families	(87.5%)	considered	video	calls	better	
than	ordinary	phone	calls.	The	family	that	had	received	only	
one	video	call	thought	that	a	telephone	call	would	have	been	
as	good.	All	the	other	families	commented	on	the	questionnaire	
that	seeing	the	nurse	improved	communication.	Although	the	
possibility	of	showing	the	child	to	the	nurse	was	appreciated,	
only	two	families	had	shown	their	child	to	the	nurse	using	the	
web	camera:	“It	is	easier	to	understand	when	you	can	see	the	
other	person’s	body	language.”	—	“A	picture	emphasizes	the	
words…	It	was	possible	to	show	the	child	to	the	nurse	if	there	
was	a	problem	that	could	be	‘seen.’”

Importantly,	all	the	families	reported	that	the	video	calls	helped	
them	feel	more	confident	in	the	care	of	their	child	at	home	
(Table	4).	Moreover,	6	of	8	families	(75%)	thought	that	video	
calls	could	reduce	the	need	of	home	visits.	One	of	these	felt	
that	the	home	visits	could	completely	be	replaced	by	video	
calls.	During	the	interviews,	the	families	belonging	to	the	Skype	
group	commented	on	replacing	home	visits	with	Skype	calls	as	
follows:	“I	think	Skype	could	have	replaced	every	other	or	every	
third	visit.”	—	“For	me	it	would	have	worked	well	with	Skype.	It	
would	have	worked	for	me	80%	of	the	time,	but	20%	of	the	visits	
are	indispensable.	That	someone	comes	and	looks	at	her.”	—	“I	
think	Skype	could	have	replaced	some	visits.	It	worked	great.”

Overall,	the	Skype	families’	comments	on	the	questionnaires	and	
during	the	interviews	revealed	their	enthusiasm	for	the	video	
calls:	“Skype	is	a	great	solution	and	we	hope	more	parents	will	
be	able	to	use	it.”	—	“A	very	interesting	project	that	certainly	
can	develop	home	health	care.”	—	“A	great	form	of	health	care	

—	we	are	so	pleased!”	—	“We	sat	with	V.	(the	child)	in	our	lap	
like	a	little	family	photo.	It	was	great.	It	is	wonderful	that	such	
progress	exists,	new	possibilities	for	children.”

Families	in	the	control	group	also	commented	during	the	
interviews	on	the	possibility	of	using	video	calls	in	home	health	
care:	“It	would	be	possible	to	combine	Skype	and	home	visits.”	
—	“If	we	had	had	Skype,	we	would	have	seen	one	another	and	
you	could	show	the	child’s	equipment	and	get	instructions	on	
how	to	use	it.	It	could	have	replaced	visits	where	the	nurse	did	
not	have	to	do	anything,	such	as	weigh	the	baby.”	—	“We	hoped	
that	we	would	have	been	assigned	to	the	Skype	group.	It	would	
have	been	a	great	complement	to	home	visits.	It	would	have	felt	
safer	to	be	connected	to	the	hospital	in	this	way.”

Some	families	in	the	web	group	also	had	opinions	about	the	use	
of	Skype:	“We	think	that	Skype	could	have	been	better	than	the	
home	page.	We	hoped	we	would	be	assigned	to	the	Skype	group.	
We	are	used	to	talking	to	our	parents	with	Skype.”	—	“If	we	had	
had	Skype,	it	would	have	been	sufficient	to	have	a	home	visit	
only	every	other	week.	To	replace	home	visits,	Skype	would	have	
been	better	than	the	webpage.”

Opinions	and	attitudes	of	the	nurses	about	the	use	of	
telecommunication	in	home	health	care.	—	Results	from	the	
nursing	personnel	questionnaire:		Five	of	the	six	home	health	
care	nurses	answered	the	questionnaire,	and	one	chose	not	to	
contribute.	The	five	nurses	who	answered	the	questionnaire	had	
a	mean	age	of	48	±	3	years,	median	age	of	50	years	(range	38	to	
56),	and	were	thus	significantly	older	than	the	parents.

The	youngest	nurse	estimated	her	computer	experience	as	
extensive,	three	nurses	as	moderate,	and	one	as	slight,	although	
the	hospital	has	used	electronic	patient	charts	for	over	a	decade	
and	thus	all	the	nurses	used	the	computer	daily	at	work	for	
writing	nursing	reports	for	patient	charts.	Four	nurses	(80%)	
used	the	internet	socially	daily,	whereas	one	nurse	(20%)	seldom	
used	the	internet.	Only	one	nurse	(20%)	used	Skype	privately.

All	the	nurses	were	allowed	to	inform	and	recruit	families	
for	this	study	as	soon	as	it	was	clear	that	the	family	would	
eventually	receive	home	health	care.	However,	it	turned	out	that	
two	of	the	nurses	informed	a	much	larger	number	of	families	
(17-18)	than	the	other	three	(0-9).	They	also	had	a	much	higher	
acceptance	rate	(80-90%),	compared	to	30-45%	for	the	others.	
The	nurses	who	had	the	lowest	acceptance	rate	also	thought	
that	the	families	were	less	interested	in	the	study	than	those	
with	high	acceptance	rate.	Overall,	70%	of	the	families	accepted	
participation	in	the	study.

The	nurse	informing	the	family	was	generally	not	the	same	one	
who	subsequently	would	make	home	visits	to	the	family.	Due	
to	the	rotation	and	vacations	of	the	nurses,	the	family	could	
have	more	than	one	nurse	during	their	stay	in	the	home	health	
care	program.	59%	of	the	families	had	the	same	nurse	during	the	
whole	duration	of	the	home	health	care,	35%	had	two	different	
nurses,	and	6%	had	three	different	nurses.

Most	(80%)	of	the	nurses	thought	the	study	was	good	or	very	
good.	The	nurse	with	least	computer	experience	thought	the	
study	was	neither	good	nor	bad.	The	freely	worded	comments	
of	the	nurses	revealed	differences	in	the	attitudes	of	the	
nurses	about	the	study:	“I	think	the	study	is	interesting.	I	am	
interested	in	developing	the	care	of	the	infants	and	in	finding	
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new	possibilities.	It	is	important	that	care	keeps	pace	with	the	
society’s	technological	development.”	—	“We	can	use	these	new	
communication	methods	in	home	health	care.”	—	“I	have	not	
learned	to	use	the	methods	well	enough.	It	is	mostly	my	own	
fault.”

Nurses’	opinions	about	the	web	application:	All	the	five	nurses	
who	answered	the	questionnaire	used	the	web	application	
during	the	study.	All	of	them	thought	the	web	application	was	
good.	Most	of	the	nurses	found	it	easy	to	use.	80%	of	the	nurses	
thought	that	the	parents	appreciated	the	application,	and	60%	
thought	that	it	contributed	to	the	care	of	the	infants	and	made	
it	safer.	80%	of	the	nurses	reported	that	it	was	very	easy	to	read	
and	send	messages	through	the	application	forms	or	through	
the	dialogue	box.	However,	only	60%	of	the	nurses	checked	the	
families’	messages	daily,	20%	only	once	a	week,	and	one	nurse	
even	less	often.	Only	one	nurse	(20%)	sent	messages	to	the	
families	daily,	3	nurses	(60%)	approximately	once	a	week,	and	
one	(20%)	less	often.

Although	four	(80%)	of	the	nurses	thought	the	application	had	
the	right	amount	of	functions	and	one	(20%)	had	no	opinion,	
the	results	showed	that	very	few	of	the	functions	were	utilized	
during	the	study.	Almost	70%	of	the	functions	were	practically	
not	used	at	all.	Those	functions	which	were	used	were	choosing	
patients,	reading	and	sending	messages,	adding	patients,	viewing	
diagrams,	and	registering	measurements.

When	asked	whether	they	would	use	the	web	application	outside	
of	the	study,	3	nurses	(60%)	answered	yes,	2	(40%)	maybe.	In	the	
questionnaires,	the	nurses	commented	the	use	as	follows:	“It	is	
good	to	have	a	dialogue	with	the	parents	even	on	the	days	when	
I	do	not	make	a	home	visit	to	them.	I	can	get	an	idea	of	how	they	
feel.	It	is	good	that	the	parents	can	see	the	weight	curve.	Also	
good	to	have	information	and	advice	about	the	premature	infants	
easily	accessible	for	the	parents	on	the	webpage.”	—	“Some	
parents	have	used	the	possibility	of	sending	messages	which	has	
been	useful.”	—	“I	am	not	sure	about	the	usefulness	of	the	web	
form	which	the	parents	are	supposed	to	answer	every	day.”	—	“I	
am	struggling	with	my	lack	of	motivation.	I	need	more	time	to	
get	used	to	the	study.”

Nurses’	opinions	about	using	Skype:	Only	two	nurses	used	Skype	
during	the	study.	One	of	them	thought	that	Skype	was	easy	to	
learn	and	use,	whereas	the	other	one	thought	it	was	neither	easy	
nor	difficult.	Both	nurses	felt	that	the	families	had	appreciated	
the	video	calls,	and	they	expressed	an	interest	in	using	Skype	
for	communication	with	families	also	outside	of	the	study.	Both	
nurses	considered	that	the	sound	quality	was	good	and	the	image	
quality	medium.	Some	technical	problems	related	to	the	Internet	
connection	at	the	hospital	had	occurred.

Discussions	with	the	nurses:	The	study	was	discussed	with	the	
nurses	on	several	occasions	prior	to,	during,	and	after	the	study.	
The	attitudes	expressed	by	the	nurses	reflected	the	results	of	
the	questionnaire.	Two	of	the	nurses	were	clearly	enthusiastic	
about	the	possibility	of	using	ICT	in	home	health	care	and	
also	had	suggestions	about	how	to	use	it.	Two	others	were	
moderately	interested	in	the	use	of	ICT	and	saw	the	study	as	
potentially	positive,	although	they	expressed	some	doubts	about	
the	usefulness	of	ICT.	One	nurse	was	not	very	motivated	but	
accepted	the	study	as	a	part	of	her	work.	One	of	the	nurses,	on	
the	other	hand,	had	a	clearly	negative	attitude.	She	felt	that	the	
use	of	ICT	was	a	threat	to	the	personal	relationship	between	the	

parents	and	the	nurse	and	was	afraid	that	the	use	of	ICT	would	
lessen	her	possibility	of	visiting	the	families.	She	also	expressed	
the	opinion	that	the	use	of	the	internet	and	mobile	phones	by	the	
families	should	be	discouraged	in	general,	since	these	activities,	
according	to	her,	took	families’	attention	away	from	their	infant.	
She	was	reluctant	to	learn	the	use	of	the	web	application	and	
Skype	and	felt	that	telecommunication	would	increase	her	work	
load,	whereas	the	other	nurses	reported	that	viewing	the	data	
sent	by	the	parents	and	answering	their	questions	took	less	
than	10	minutes	of	work	time	daily	and	that	Skype	calls	took	
approximately	the	same	amount	of	time	as	regular	telephone	
calls	that	the	parents	received	in	the	control	group.

Discussion
We	report	here	the	attitudes,	satisfaction,	and	experiences	of	
parents	of	preterm	infants	and	home	health	nurses	about	home	
health	care	supplemented	with	the	use	of	a	web	application	or	
Skype	calls.

Although	the	results	are	based	on	a	limited	number	of	families,	
most	of	the	answers	point	in	the	same	direction.	Families	
generally	seemed	very	happy	with	the	care	they	were	given	in	
the	home	health	care	program.	The	families	felt	confident	taking	
care	of	their	infant	at	home	despite	the	infants’	early	discharge	
from	hospital	care.	This	is	promising	considering	the	previous	
studies	showing	high	anxiety,	insecurity	and	stress	in	parents	
after	discharge	from	NICU.8-10	Combining	regular	home	visits	
with	the	possibility	of	calling	the	nurses	at	any	time	seems	to	be	
a	good	method	of	helping	families	through	the	transition	into	life	
at	home.

Even	though	all	families	were	satisfied	with	the	care	at	home	
independent	of	study	group,	the	addition	of	ICT	was	appreciated	
in	most	cases.	This	was	especially	obvious	in	the	Skype	group,	
where	all	the	families	felt	that	Skype	had	helped	them	feel	
more	confident	with	the	care	of	their	infant.	The	fact	that	62.5%	
of	the	families	thought	the	home	visits	could	be	reduced	and	
one	family	even	thought	they	could	be	replaced	altogether	by	
Skype	indicates	how	useful	the	video	conferencing	was	felt	to	
be.	If	a	larger	study	confirms	that	the	use	of	video	conferencing	
decreases	the	need	of	home	visits,	more	families	could	be	
included	in	home	health	care,	making	it	more	cost-effective.	
Using	video	conferencing	may	also	make	it	possible	to	include	
in	the	home	health	care	service	families	living	so	far	away	from	
the	hospital	that	home	visits	are	impracticable.	Similarly,	a	
nonrandomized	small	study	showed	that	video	conferencing	
helped	parents	feel	confident	in	the	care	of	their	premature	
child	at	home.12	In	that	study	families	only	had	support	through	
the	video	conferencing	system,	not	complemented	by	visits	by	
a	nurse.12	In	contrast	to	the	present	study,	Lindberg	et	al	used	a	
dedicated	video	conferencing	system,	a	more	expensive	and	less	
mobile	solution.12	Two	studies	using	video	conferencing	between	
hospital	staff	and	families	with	infants	with	congenital	heart	
disease	showed	that	the	use	of	video	calls	reduced	the	need	of	
hospital	visits	for	check	up	and	reduced	parental	anxiety.13,14	A	
study	comparing	the	use	of	telemedicine	for	parents	of	infants	
in	the	NICU	with	a	control	group	without	access	to	this	program	
also	showed	that	telemedicine	improved	family	satisfaction	with	
inpatient	care	of	very	low	birth	weight	infants.15

Although	families	in	the	web	group	were	positive	to	the	use	of	
the	web	application,	they	appeared	less	enthusiastic	than	those	
in	the	Skype	group.	Some	of	the	families	felt	that	their	baby	
was	doing	so	well	that	they	did	not	feel	motivated	to	answer	
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the	same	questions	every	day,	since	their	answers	were	similar	
on	most	days.	Whereas	some	families	used	the	application	to	
ask	the	nurse	questions,	others	felt	that	it	was	easier	to	call	the	
nurse	directly	on	the	phone	and	get	an	answer	right	away.	One	
problem	with	the	web	application	was	the	fact	that	some	families	
received	no	feedback	from	the	nurses	on	the	information	they	
entered.	The	lack	of	motivation	and	passivity	of	some	of	the	
nurses	was	problematic.	Although	the	nurses	were	supposed	
to	read	the	health	report	and	questions	sent	by	the	parents	at	
least	on	the	days	when	they	were	not	making	a	home	visit	to	the	
family,	some	nurses	seldom	answered	the	family.

The	parents,	who	were	younger	and	who	reported	more	
experience	with	computers	than	the	nurses,	also	embraced	the	
use	of	telecommunication	in	the	home	health	care	more	readily	
than	some	of	the	nurses.	The	attitudes	of	the	nurses	towards	the	
use	of	the	web	application	and	Skype	varied	from	enthusiastic	
to	very	reluctant.	Two	nurses	informed	and	recruited	patients	
to	the	study	much	more	actively	than	the	others.	They	also	
reported	that	the	families	were	more	interested	in	the	study	
and	had	a	higher	opinion	of	the	study	than	most	of	the	others.	It	
seems	evident	that	nurses	with	an	enthusiastic	attitude	towards	
the	study	delivered	information	about	the	study	in	a	more	
encouraging	way,	which	in	turn	affected	the	families’	willingness	
to	participate.	These	nurses	also	used	the	web	application	
and	Skype	actively.	Two	other	nurses	saw	the	potential	of	the	
study	to	improve	health	care	while	expressing	some	concerns,	
one	nurse	accepted	the	study	as	part	of	her	responsibilities	
whereas	one	saw	the	study	as	a	threat	and	avoided	using	the	
telecommunication	methods.	Similarly,	in	a	maternity-care	
service	called	Net	Clinic	where	patients	and	caregivers	could	
communicate	bilaterally	using	the	Internet,	three	types	of	
attitudes	from	the	nurses	were	detected.22	“Doubters”	were	
reluctant	to	use	Net	Clinic	and	did	not	believe	in	their	own	
ICT	competence.	“Accepters”	agreed	that	progress	in	ICT	
would	inevitably	affect	their	work.	They	were	not	necessarily	
enthusiastic	about	developing	their	work	methods,	but	did	
what	was	necessary	to	continue	their	work.	Development	
was	difficult,	and	the	nurses	were	not	aware	of	the	benefits	
of	ICT	and	expected	Net	Clinic	to	increase	their	workload.	
“Future	confidents”	saw	ICT	as	a	useful	tool	for	developing	
maternity	care	and	saw	it	as	an	opportunity	to	participate	in	
that	development.	A	Dutch	study	using	tele-monitoring	in	the	
care	for	chronic	patients	in	the	Netherlands	similarly	found	that	
some	nurses	worry	that	implementation	of	telecare	impoverishes	
patient	care	and	hinders	the	development	of	a	personal	relation	
between	nurse	and	patient.23	However,	studies	show	that	telecare	
can	lead	to	more	frequent	contact	between	nurses	and	patients.23	
Instead	of	impoverishing	the	care	for	patients,	patients	felt	very	
close	to	the	nurse,	because	there	was	a	daily	contact.23	Training	
and	motivating	nursing	staff	to	use	ICT	is	a	major	prerequisite	
for	the	development	of	eHealth.

Conclusions
This	paper	covers	results	from	a	study	on	the	use	of	eHealth	
applications	designed	for	neonatal	care	in	the	home.	Results	
indicate	that	use	of	video	conferencing	was	greatly	appreciated	
by	the	families	and	was	felt	to	reduce	the	need	of	home	visits.	
Using	a	web	application	for	daily	collection	of	data	was	another	
potentially	useful	alternative.	Although	the	nurses	generally	
adapted	well	to	the	use	of	ICT,	motivating	some	of	the	nurses	
was	a	challenge.
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Abstract 
Background: An	early	clinical	score	predicting	an	abnormal	
amplitude-integrated	electroencephalogram	(aEEG)	or	
moderate-severe	hypoxic	ischemic	encephalopathy	(HIE)	may	
allow	rapid	triage	of	infants	for	therapeutic	hypothermia.	We	
aimed	to	determine	if	early	clinical	examination	could	predict	
either	an	abnormal	aEEG	at	age	6	hours	or	moderate-severe	HIE	
presenting	within	72	hours	of	birth.

Methods: Sixty	infants	≥	36	weeks	gestational	age	were	
prospectively	enrolled	following	suspected	intrapartum	
hypoxia	and	signs	of	encephalopathy.	Infants	who	were	
moribund,	had	congenital	conditions	that	could	contribute	to	
the	encephalopathy	or	had	severe	cardio-respiratory	instability	
were	excluded.	Predictive	values	of	the	Thompson	HIE	score,	
modified	Sarnat	encephalopathy	grade	(MSEG)	and	specific	
individual	signs	at	age	3–5	hours	were	calculated.

Results: All	of	the	60	infants	recruited	had	at	least	one	abnormal	
primitive	reflex.	Visible	seizures	and	hypotonia	at	3-5	hours	were	
strongly	associated	with	an	abnormal	6-hour	aEEG	(specificity	
88%	and	92%,	respectively),	but	both	had	a	low	sensitivity	(47%	
and	33%,	respectively).	Overall,	52%	of	the	infants	without	
hypotonia	at	3-5	hours	had	an	abnormal	6-hour	aEEG.	Twelve	of	
the	29	infants	(41%)	without	decreased	level	of	consciousness	
at	3-5	hours	had	an	abnormal	6-hour	aEEG	(sensitivity	67%;	
specificity	71%).	A	Thompson	score	≥	7	and	moderate-severe	
MSEG	at	3–5	hours,	both	predicted	an	abnormal	6-hour	aEEG	
(sensitivity	100	vs	97%	and	specificity	67	vs	71%	respectively).	
Both	assessments	predicted	moderate-severe	encephalopathy	
within	72	hours	after	birth	(sensitivity	90%,	vs.	88%,	specificity	
92%	vs.	100%).	The	6-hour	aEEG	predicted	moderate-severe	
encephalopathy	within	72	hours	(sensitivity	75%,	specificity	
100%)	but	with	lower	sensitivity	(p	=	0.0156)	than	the	Thompson	
score	(sensitivity	90%,	specificity	92%).	However,	all	infants	

with	a	normal	3-	and	6-hour	aEEG	with	moderate-severe	
encephalopathy	within	72	hours	who	were	not	cooled	had	a	
normal	24-hour	aEEG.

Conclusions: The	encephalopathy	assessment	described	by	
the	Thompson	score	at	age	3–5	hours	is	a	sensitive	predictor	
of	either	an	abnormal	6-hour	aEEG	or	moderate-severe	
encephalopathy	presenting	within	72	hours	after	birth.	An	early	
Thompson	score	may	be	useful	to	assist	with	triage	and	selection	
of	infants	for	therapeutic	hypothermia.

Background
Intrapartum	fetal	hypoxia	followed	by	hypoxic	ischemic	
encephalopathy	(HIE)	is	a	common	cause	of	potentially	
avoidable	brain	injury	in	term	infants.	The	incidence	of	HIE	in	
developed	countries	is	estimated	to	be	1.5	per	1,000	live	births.	
Estimates	in	developing	countries	range	from	2.3-26.5	per	
1,000	live	births.	A	recent	meta-analysis	found	that	therapeutic	
hypothermia	commenced	by	age	6	hours	for	infants	with	
moderate	or	severe	(moderate-severe)	HIE,	significantly	reduces	
death	or	disability:	in	three	studies	an	abnormal	amplitude	
integrated	electro-encephalogram	(aEEG)	was	required	as	an	
additional	criterion	for	cooling.

Moderate-severe	HIE	typically	presents	with	worsening	clinical	
signs	after	the	first	1.5-18	hours	and	then	a	slow	improvement	
after	4-5	days.	Early	identification	of	infants	at	risk	of	developing	
moderate-severe	encephalopathy	is	crucial:	experimental	
studies	emphasize	that	the	sooner	hypothermia	is	started,	the	
better	the	therapeutic	effect.	During	the	first	6	hours	after	birth,	
a	bi-parietal	aEEG	is	the	most	sensitive	and	specific	single	
indicator	of	long-term	outcome	after	HIE.	In	normothermic	
infants,	a	normal	aEEG	during	the	first	6	hours	after	birth	has	
a	sensitivity	of	89%	and	a	positive	predictive	value	(PPV)	of	
96.2%	for	a	normal	long-term	outcome.	Shalak	et	al.	defined	a	
modification	of	Sarnat’s	encephalopathy	grading	(the	modified	
Sarnat	encephalopathy	grade).	They	showed	that	the	presence	
of	at	least	one	clinical	sign	of	moderate-severe	encephalopathy	
occurring	in	at	least	three	of	six	separate	components	during	
the	first	12	hours	after	birth,	had	a	similar	sensitivity	but	lower	
specificity	for	prediction	of	an	abnormal	outcome	at	discharge	
than	a	severely	abnormal	fronto-parietal	aEEG.	Importantly,	
Shalak	found	that	a	combination	of	both	mild	and	moderate	
encephalopathic	clinical	signs	identified	infants	with	an	
abnormal	outcome	at	discharge	with	a	sensitivity	of	100%.	
This	is	in	keeping	with	our	knowledge	of	the	evolving	nature	
of	HIE	and	it	suggests	that	infants	can	subsequently	develop	
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moderate-severe	encephalopathy	following	initial	signs	of	mild	
encephalopathy.

The	Thompson	score	is	derived	from	nine	aspects	of	the	
neurological	examination	of	infants	with	HIE:	the	total	
score	ranges	from	0-22	and	the	kappa	coefficient	is	0.87.	
This	score	allows	a	more	precise	description	of	infants	than	
“mild,”	“moderate”	or	“severe”	and	recognizes	the	prognostic	
significance	of	mixed	signs	within	these	three	categories.	In	
normothermic	infants,	a	maximum	score	>	10	during	the	first	7	
days	of	life,	predicts	an	abnormal	outcome	with	100%	sensitivity	
and	61%	specificity.	A	robust	early	clinical	score	that	accurately	
predicts	an	abnormal	aEEG	by	6	hours	after	birth	would	allow	
rapid	triage	of	specific	babies	for	therapeutic	hypothermia.	There	
are,	however,	no	published	data	on	the	prognostic	value	of	a	
Thompson	score	obtained	<	6	hours	after	birth.

We	studied	a	group	of	infants	who	were	evaluated	for	
therapeutic	hypothermia	with	the	primary	objective	of	
determining	the	threshold	Thompson	score	at	age	3-5	hours	that	
predicted	an	abnormal	6-hour	aEEG.

The	secondary	objectives	were	to	determine	the	following:

i.)	The	predictive	value	of	modified	Sarnat	encephalopathy	
grading	(MSEG)	at	age	3-5	hours	for	an	abnormal	6-hour	aEEG;	
ii.)	The	predictive	value	of	specific	clinical	signs	at	age	3-5	
hours	for	an	abnormal	6-hour	aEEG.	The	specific	clinical	signs	
we	analyzed	were	those	used	as	entry	criteria	in	the	cooling	
trials	with	abnormal	aEEG	as	an	additional	criterion.	These	
clinical	signs	included	decreased	level	of	consciousness,	visible	
seizures,	hypotonia,	and	abnormal	reflexes;	iii.)	The	ability	
of	the	Thompson	score	threshold	to	predict	moderate-severe	
encephalopathy	presenting	within	72	hours	after	birth.

Methods
This	prospective	cohort	study	was	approved	by	the	University	
of	Cape	Town	Health	Sciences	Faculty	Human	Research	
Ethics	Committee	and	conforms	to	the	principles	of	the	2008	
Declaration	of	Helsinki.	Informed	parental	consent	was	obtained.	
The	study	was	performed	between	June	2008	and	March	2009	at	
three	hospitals	in	Cape	Town:	Groote	Schuur	Hospital,	a	tertiary	
hospital	and	New	Somerset	Hospital	and	Mowbray	Maternity	
Hospital,	both	secondary	hospitals.	Recruitment	at	New	
Somerset	Hospital	only	commenced	in	September	2008.

Study	sample:	Infants	≥	36	weeks	gestation	and	birth	weight	≥	
2000	g,	with	signs	of	encephalopathy	after	age	10	minutes	but	
before	age	5	hours	were	consecutively	recruited	using	similar	
criteria	for	intrapartum	hypoxia	to	those	described	in	the	
cooling	trial	by	Shankaran	et	al.	Infants	were	included	if	they	
had	one	of	the	following	signs	suggesting	intrapartum	hypoxia:	
i)	A	base	deficit	≥	16	mmol/l	in	the	first	hour	of	life	on	cord	or	
infant	arterial	blood,	or ii)	An	abnormal	intra-partum	course	
(eg:	abnormal	fetal	heart	rate,	cord	prolapse,	uterine	rupture,	
maternal	hemorrhage;	maternal	trauma;	maternal	seizures;	
shoulder	dystocia;	maternal	cardiorespiratory	arrest,	meconium-
stained	liquor	or	prolonged	second	stage)	and	either	a	10-minute	
Apgar	score	<	7	or	continued	respiratory	support	at	10	minutes.	
A	10-minute	Apgar	score	<	7	was	accepted	as	it	corresponded	
with	the	need	for	continued	respiratory	support.

Exclusion	criteria	were	any	of	the	following:	infection	at	
birth,	chorioamnionitis	with	prolonged	rupture	of	membranes,	
chromosomal	syndromes,	cerebral	malformations,	lethal	
congenital	malformations,	neonatal	abstinence	syndrome,	
metabolic	encephalopathies,	moribund	infants	where	demise	
was	imminent	or	infants	with	severe	cardio-respiratory	

Univariate analysis of individual clinical signs at age
3–5 hours vs. abnormal 6-hour aEEG is shown in
Table 4. At age 3–5 hours, all 60 infants had at least one
abnormal primitive reflex. Twelve of the 29 infants
(41%) without a decreased level of consciousness had
an abnormal 6-hour aEEG. Hypotonia was a specific
but not sensitive predictor for an abnormal aEEG:
half of the infants without hypotonia (52%) had an
abnormal 6-hour aEEG.

Morbidity and short-term outcomes at the threshold
Thompson score
Morbidity and short-term outcomes were compared
between infants with a Thompson score of ≥ 7 and those
with a Thompson score of < 7 at age 3–5 hours. Forty-four

of the 60 infants (73%) had a Thompson score ≥ 7.
Nosocomial sepsis, pulmonary air leak and pulmonary
hypertension were uncommon events and there was no
significant difference in the incidence between the
groups. More infants in the group with a Thompson
score ≥ 7 required CPAP (p=0.036), mechanical venti-
lation (p=0.002) and inotropic support (p=0.048), than
did those with a lower Thompson score. Forty of the
44 infants with a Thompson score ≥ 7 (91%) met
criteria for therapeutic hypothermia and were cooled.
Only one infant with a Thompson score < 7 was cooled.
This infant had an abnormal 3-hour aEEG showing a
DNV background, but the background normalized by
6 hours.

Predicting an abnormal aEEG at 3 and/or 6 hours
Sub-group analysis was performed on the 43 infants
who had a 1-hour clinical assessment as well as an aEEG
at both 3 and 6 hours. Twenty-eight infants in this
sub-group had an abnormal aEEG at 3 and/or 6
hours and all of these 28 infants were cooled. The
remaining 15 infants were not cooled. ROC curve
analysis of the Thompson score at age 1 hour vs. an
abnormal aEEG at 3 and/or 6 hours determined that the
highest predictive Thompson score with a sensitivity of
100% was a score of ≥ 6 (AUC 0.93, 95%CI: 0.86–1.00).
This threshold therefore also identified all the infants in
this subset who were cooled. However, specificity at this
threshold was only 33% and most infants were correctly
classified at a Thompson score ≥ 7. ROC curve
analysis of the Thompson score at age 3–5 hours vs.
an abnormal aEEG at 3 and/or 6 hours determined
that the highest predictive Thompson score with a
sensitivity of 100% was a score of ≥ 5 (AUC 0.91,
95%CI: 0.82–1.00) but specificity at this threshold was
only 27%. The sensitivities, specificities and LRs for

Table 1 Perinatal characteristics and short-term neonatal
outcomes

Characteristics and short-term
outcomes

n (%) / mean (+/-SD)
median (IQR

Maternal Baseline Characteristics, n (%) 60 (100)

Median maternal age, years (IQR) 23 (20 – 26)

HIV negative (Unknown in 3) 42 (70)

Antenatal Syphillis (treated) 1 (2)

Pregnancy complicationsa 11 (18)

Intrapartum complicationsb 54 (90)

Emergency Caesarean section 24 (40)

Normal Vertex Delivery 26 (43)

Forceps / ventouse 10 (17)

Infant baseline characteristics, n (%) 60 (100)

Birth weight, g 3167 (± 517)

Male gender 34 (57)

Outborn 4 (7)

Median Apgar score (IQR)

1 minute 3 (1 – 4)

5 minute 5 (4 – 6)

10 minute 6 (5 – 7)

Resuscitation

Chest Compressions 19 (32)

Adrenaline given 6 (10)

Continued respiratory support at
10 minutes

47 (78)

Cord blood gas done 19 (32)

Arterial Blood gas in 1st hour / Cord Gas
done

48 (80)

Worst pH in 1st hour (n=48) 7.0 (± 0.2)

Worst Base Deficit in 1st hour 17.8 (± 4.4)
a Includes hypertension, haemorrhage, thyroid disease and diabetes.
b Includes Abnormal fetal heart rate, cord prolapse, uterine rupture, maternal
seizures, shoulder dystocia, maternal haemorrhage, meconium-stained liquor
and prolonged second stage.

Figure 1 ROC curve: the Thompson score at 3–5 h to predict an
abnormal 6-hour aEEG.
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Thompson score and moderate-severe encephalopathy at
1 and 3–5 hours to predict an abnormal aEEG at 3 and/or
6 hours are shown in Table 5.

Neurological short-term outcomes
Comparison of neurological short-term outcomes in
infants at or below the threshold Thompson score at 3–5
hours are shown in Table 6. Most infants (86%) with a
Thompson score ≥ 7 had an abnormal aEEG at 3 and/or 6
hours. All of the infants with a Thompson score < 7 had a
normal 6-hour aEEG, but two of them had an abnormal
3-hour aEEG. The 3-hour aEEG in both infants was DNV
and it corrected to a normal background by 6 hours. One
of these infants was cooled on the basis of the abnormal
aEEG, but in the other infant the aEEG had normalized by
the time cooling was considered and cooling was not
commenced. None of the infants with a Thompson score
< 7 had seizures. Ninety-eight percent of infants (43/44)
with a Thompson score ≥ 7 developed moderate-severe
encephalopathy within 72 hours of birth, but the majority
of these infants (41/43) were cooled.
The predictive values of MSEG, Thompson score and

aEEG for moderate-severe encephalopathy within 72

hours are shown in Table 7. The differences between the
predictive values for the Thompson score and MSEG
were not significant, but the sensitivity of the Thompson
score (90%) was significantly higher (Exact McNemar
p=0.0156) than that of the 6-hour aEEG (75%).
Moderate-severe encephalopathy during the first 72

hours occurred in five of 16 infants (31%) with a
Thompson score < 7 at 3–5 hours. All five infants had a
normal aEEG at both 6 and 24 hours and none of these
infants were cooled. Thirty-three percent of infants (6/18)
without moderate-severe encephalopathy at 3–5 hours, de-
veloped moderate-severe encephalopathy within 72 hours.
However, 5 of the 6 infants had a normal aEEG at 24
hours: the sixth infant had an abnormal aEEG at 6 hours
and was cooled. In comparison, 50% of the infants with a
normal aEEG at 6 hours (12/24) developed moderate-
severe encephalopathy within 72 hours, but three of these
infants had an abnormal aEEG at 3 hours. A 3-hour aEEG
was not available in one infant and one infant was cooled
on the basis of suspected clinical seizures. The remaining
seven infants with moderate-severe encephalopathy by 72
hours, but normal aEEG at both 3 and 6 hours, were not
cooled and all had a normal aEEG at 24 hours.
Overall, within the entire cohort of 60 infants there

were eight infants with moderate-severe encephalopathy
by 72 hours who were not cooled: all of these infants
had a normal aEEG at both 6 and 24 hours and the
median day of discharge (with normal nutritive suck)
was day 5 (IQR day 4–7). Neurological examination on
day 7 or at discharge, which ever occurred first, was
normal in five infants. The Thompson score in the other
three infants ranged from 1–2.

Discussion
Our data suggest that a Thompson score of ≥ 7 at age
3–5 hours identifies all infants with an abnormal 6-hour
aEEG with a specificity of 67%. The presence of
moderate-severe encephalopathy at the same age had
similar specificity and sensitivity but failed to identify
one infant with an abnormal 6-hour aEEG. Individual
clinical signs previously used as entry criteria in clinical
cooling trials had low sensitivity and/or low specificity
for an abnormal 6-hour aEEG. A Thompson score ≥ 5 at

Table 2 ROC detail - Thompson score at 3 – 5 hours to
predict an abnormal 6-hour aEEG

Thompson score
cut point

Sensitivity Specificity Correctly
classified

LR+ LR-

≥ 2 100% 0.00% 60.00% 1.0000

≥ 3 100% 4.17% 61.67% 1.0435 0.0000

≥ 4 100% 20.83% 68.33% 1.2632 0.0000

≥ 5 100% 25.00% 70.00% 1.3333 0.0000

≥ 6 100% 45.83% 78.33% 1.8462 0.0000

≥ 7 100% 66.67% 86.67% 3.0000 0.0000

≥ 8 94.44% 75.00% 86.67% 3.7778 0.0741

≥ 9 88.89% 79.17% 85.00% 4.2667 0.1404

≥ 10 69.44% 87.50% 76.67% 5.5556 0.3492

≥ 11 63.89% 91.67% 75.00% 7.6667 0.3939

≥ 12 50.00% 95.83% 68.33% 12.0000 0.5217

≥ 13 36.11% 95.83% 60.00% 8.6667 0.6667

LR: Likelihood ratio, ROC: Receiver operating characteristic.

Table 3 Prediction of abnormal 6-hour aEEG with different encephalopathy assessment methods at 3 – 5 hours

Encephalopathy
assessment

n Abnormal aEEG
n (%)

Sensitivity
(95%CI)

Specificity
(95%CI)

LR + (95%CI) LR - (95%CI) LR Test
(Odds ratio)
(95%CI)

Moderate-severe encephalopathy Yes 42 35 (83) 97% 71% 3.2 a 0.06 a 55.22 a

No 18 1 (6) (86 – 100) (49 – 87) (1.75 – 5.84) (0.01 – 0.28) (8.73 – 349.15)

Thompson score ≥ 7 Yes 44 36 (82) 100% 67% 2.9 a 0.02 a 141.71 a

No 16 0 (0) (90 – 100) (45 – 84) (1.7 – 5) (0 – 0.33) (7.71 – 2603.42)

LR: Likelihood ratio, aEEG: amplitude-integrated EEG,
a : When zero count cells are present, LR is estimated using a substitution formula: 0.5 is added to all cell frequencies before calculation.
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instability	requiring	high	dose	inotropes,	fractional	inspired	
oxygen	≥	0.8,	or	high	frequency	oscillatory	ventilation	(HFOV).

Sample	size	calculations	were	based	on	data	from	a	previous	
analysis	of	HIE	in	our	region.	We	estimated	that	33%	of	eligible	
infants	would	have	a	normal	6-hour	aEEG,	that	50-70%	of	these	
infants	would	have	a	Thompson	score	below	threshold	and	
that	2-10	%	of	the	infants	with	an	abnormal	aEEG	would	have	
a	Thompson	score	below	threshold.	We	expected	to	recruit	60	
infants	within	12	months.	Fisher’s	exact	analysis	of	2x2	tables	
populated	with	our	estimates	and	a	sample	size	of	60,	yielded	
p-values	ranging	from	0–0.0026.	According	to	Buderer’s	formula	
for	sample	size	calculation	for	diagnostic	tests,	if	the	prevalence	
of	abnormal	aEEG	at	6	hours	is	expected	to	be	67%	and	the	
Thompson	score	threshold	is	expected	to	have	a	minimum	
sensitivity	of	90%,	a	minimum	sample	size	of	51	is	required	if	
precision	is	set	at	10%.	We	therefore	recruited	60	infants	to	allow	
for	a	margin	of	error.

Neurological assessment: A	clinical	assessment	was	performed	
after	initial	stabilization.	A	Thompson	score	was	determined,	
and	the	encephalopathy	was	graded	as	mild,	moderate	or	severe	
according	to	MSEG:	encephalopathy	was	defined	as	the	presence	
of	one	or	more	abnormal	signs	in	at	least	three	of	the	following	
six	categories;	level	of	consciousness,	spontaneous	activity,	
posture,	tone,	primitive	reflexes	(suck	or	Moro),	and	autonomic	
nervous	system	(pupils,	heart	rate,	or	respiration).	The	grades	
were	defined	as	follows:

Mild: hyperalert,	normal	tone	and	activity,	exaggerated	moro,	
normal	autonomic	function;	Moderate:	lethargic,	decreased	

activity,	distil	flexion,	hypotonia,	weak	primitive	reflexes,	
constricted	pupils,	bradycardia	or	periodic	breathing;	Severe:	
stupor/coma,	decerebrate	posture,	absent	spontaneous	activity,	
flaccid,	absent	primitive	reflexes,	non-reactive	pupils	or	apnea.

The	grade	with	the	most	corresponding	signs	was	assigned	
but	if	signs	were	equally	distributed,	the	grade	was	based	on	
the	level	of	consciousness.	Infants	with	seizures	were	graded	
as	“moderate”	unless	severe	signs	predominated.	These	
assessments	were	performed	at	1	hour	(in	those	presenting	early	
enough),	3-5,	6,	and	24	hours	after	birth	and	were	continued	
daily	until	the	tenth	day	or	discharge,	whichever	occurred	first.	
The	assessments	were	performed	by	the	attending	pediatric	
residents	or	specialists	who	had	received	training	in	performing	
the	Thompson	score.	After	the	clinical	assessment,	an	aEEG	
was	obtained	on	all	infants	and	continuously	recorded	on	a	
BrainZ	BRM2	monitor	(BrainZ	Instruments	Ltd,	Auckland,	NZ).	
The	recording	was	continued	until	the	single	channel	bi-parietal	
trace	remained	normal	for	24	hours,	or	until	96	hours,	or	until	
the	death	of	the	infant,	whichever	occurred	first.	In	addition	to	
the	biparietal	aEEG,	the	BrainZ	monitor	records	the	bilateral	
raw	EEG	and	bilateral	aEEG	between	parietal	and	central	
electrodes.	Two	neonatologists	(MC	and	NJR)	with	experience	
in	aEEG	interpretation	and	who	were	blind	to	the	neurological	
assessments	reviewed	the	recordings	offline.	The	assessors	
provided	consensus	opinion	on	the	category	of	the	bi-parietal	
background	aEEG	trace	and	the	presence	of	seizures	at	age	3,	6,	
24,	48,	72,	and	96	hours.

The	aEEG	recording	was	classified	by	background	voltage	
pattern	according	to	the	most	severely	abnormal	trace	at	each	
of	the	assessment	time’s	±	30	minutes.	The	classification	was	
based	on	the	modified	system	proposed	by	Hellström-Westas.	
Five	different	patterns	were	described:	1.	Continuous	normal	
voltage	(CNV):	Continuous	and	variable	activity	with	minimum	
voltage	of	5–10	μV	and	maximum	voltage	of	10–50	μV.		2.	
Discontinuous	normal	voltage	(DNV):	Discontinuous	activity	
with	variable	minimum	amplitude	-	predominantly	below	5	μV,	
and	maximum	amplitude	above	10	μV.	3.	Burst	suppression	
(BS):	Discontinuous	activity	with	minimum	amplitude	without	
variability	at	<	5	μV	and	bursts	predominantly	with	amplitude	≥	
25	μV.	4.	Continuous	low	voltage	(CLV):	Continuous	and	variable	
activity	with	maximum	amplitude	below	10	μV	and	minimum	
amplitude	around	or	below	5	μV.	5.	Flat	trace	(FT):	Primarily	
inactive	(isoelectric)	trace	with	both	maximum	and	minimum	
background	activity	below	5	μV.	

Seizures	on	aEEG	were	defined	by	an	abrupt	rise	in	the	minimum	
and	maximum	amplitude,	confirmed	on	raw	EEG	showing	
repetitive	spikes	or	sharp-wave	activity	with	duration	of	at	least	
10	seconds.

Thompson score and moderate-severe encephalopathy at
1 and 3–5 hours to predict an abnormal aEEG at 3 and/or
6 hours are shown in Table 5.

Neurological short-term outcomes
Comparison of neurological short-term outcomes in
infants at or below the threshold Thompson score at 3–5
hours are shown in Table 6. Most infants (86%) with a
Thompson score ≥ 7 had an abnormal aEEG at 3 and/or 6
hours. All of the infants with a Thompson score < 7 had a
normal 6-hour aEEG, but two of them had an abnormal
3-hour aEEG. The 3-hour aEEG in both infants was DNV
and it corrected to a normal background by 6 hours. One
of these infants was cooled on the basis of the abnormal
aEEG, but in the other infant the aEEG had normalized by
the time cooling was considered and cooling was not
commenced. None of the infants with a Thompson score
< 7 had seizures. Ninety-eight percent of infants (43/44)
with a Thompson score ≥ 7 developed moderate-severe
encephalopathy within 72 hours of birth, but the majority
of these infants (41/43) were cooled.
The predictive values of MSEG, Thompson score and

aEEG for moderate-severe encephalopathy within 72

hours are shown in Table 7. The differences between the
predictive values for the Thompson score and MSEG
were not significant, but the sensitivity of the Thompson
score (90%) was significantly higher (Exact McNemar
p=0.0156) than that of the 6-hour aEEG (75%).
Moderate-severe encephalopathy during the first 72

hours occurred in five of 16 infants (31%) with a
Thompson score < 7 at 3–5 hours. All five infants had a
normal aEEG at both 6 and 24 hours and none of these
infants were cooled. Thirty-three percent of infants (6/18)
without moderate-severe encephalopathy at 3–5 hours, de-
veloped moderate-severe encephalopathy within 72 hours.
However, 5 of the 6 infants had a normal aEEG at 24
hours: the sixth infant had an abnormal aEEG at 6 hours
and was cooled. In comparison, 50% of the infants with a
normal aEEG at 6 hours (12/24) developed moderate-
severe encephalopathy within 72 hours, but three of these
infants had an abnormal aEEG at 3 hours. A 3-hour aEEG
was not available in one infant and one infant was cooled
on the basis of suspected clinical seizures. The remaining
seven infants with moderate-severe encephalopathy by 72
hours, but normal aEEG at both 3 and 6 hours, were not
cooled and all had a normal aEEG at 24 hours.
Overall, within the entire cohort of 60 infants there

were eight infants with moderate-severe encephalopathy
by 72 hours who were not cooled: all of these infants
had a normal aEEG at both 6 and 24 hours and the
median day of discharge (with normal nutritive suck)
was day 5 (IQR day 4–7). Neurological examination on
day 7 or at discharge, which ever occurred first, was
normal in five infants. The Thompson score in the other
three infants ranged from 1–2.

Discussion
Our data suggest that a Thompson score of ≥ 7 at age
3–5 hours identifies all infants with an abnormal 6-hour
aEEG with a specificity of 67%. The presence of
moderate-severe encephalopathy at the same age had
similar specificity and sensitivity but failed to identify
one infant with an abnormal 6-hour aEEG. Individual
clinical signs previously used as entry criteria in clinical
cooling trials had low sensitivity and/or low specificity
for an abnormal 6-hour aEEG. A Thompson score ≥ 5 at

Table 2 ROC detail - Thompson score at 3 – 5 hours to
predict an abnormal 6-hour aEEG

Thompson score
cut point

Sensitivity Specificity Correctly
classified

LR+ LR-

≥ 2 100% 0.00% 60.00% 1.0000

≥ 3 100% 4.17% 61.67% 1.0435 0.0000

≥ 4 100% 20.83% 68.33% 1.2632 0.0000

≥ 5 100% 25.00% 70.00% 1.3333 0.0000

≥ 6 100% 45.83% 78.33% 1.8462 0.0000

≥ 7 100% 66.67% 86.67% 3.0000 0.0000

≥ 8 94.44% 75.00% 86.67% 3.7778 0.0741

≥ 9 88.89% 79.17% 85.00% 4.2667 0.1404

≥ 10 69.44% 87.50% 76.67% 5.5556 0.3492

≥ 11 63.89% 91.67% 75.00% 7.6667 0.3939

≥ 12 50.00% 95.83% 68.33% 12.0000 0.5217

≥ 13 36.11% 95.83% 60.00% 8.6667 0.6667

LR: Likelihood ratio, ROC: Receiver operating characteristic.

Table 3 Prediction of abnormal 6-hour aEEG with different encephalopathy assessment methods at 3 – 5 hours

Encephalopathy
assessment

n Abnormal aEEG
n (%)

Sensitivity
(95%CI)

Specificity
(95%CI)

LR + (95%CI) LR - (95%CI) LR Test
(Odds ratio)
(95%CI)

Moderate-severe encephalopathy Yes 42 35 (83) 97% 71% 3.2 a 0.06 a 55.22 a

No 18 1 (6) (86 – 100) (49 – 87) (1.75 – 5.84) (0.01 – 0.28) (8.73 – 349.15)

Thompson score ≥ 7 Yes 44 36 (82) 100% 67% 2.9 a 0.02 a 141.71 a

No 16 0 (0) (90 – 100) (45 – 84) (1.7 – 5) (0 – 0.33) (7.71 – 2603.42)

LR: Likelihood ratio, aEEG: amplitude-integrated EEG,
a : When zero count cells are present, LR is estimated using a substitution formula: 0.5 is added to all cell frequencies before calculation.
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Thompson score and moderate-severe encephalopathy at
1 and 3–5 hours to predict an abnormal aEEG at 3 and/or
6 hours are shown in Table 5.
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hours are shown in Table 7. The differences between the
predictive values for the Thompson score and MSEG
were not significant, but the sensitivity of the Thompson
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was not available in one infant and one infant was cooled
on the basis of suspected clinical seizures. The remaining
seven infants with moderate-severe encephalopathy by 72
hours, but normal aEEG at both 3 and 6 hours, were not
cooled and all had a normal aEEG at 24 hours.
Overall, within the entire cohort of 60 infants there

were eight infants with moderate-severe encephalopathy
by 72 hours who were not cooled: all of these infants
had a normal aEEG at both 6 and 24 hours and the
median day of discharge (with normal nutritive suck)
was day 5 (IQR day 4–7). Neurological examination on
day 7 or at discharge, which ever occurred first, was
normal in five infants. The Thompson score in the other
three infants ranged from 1–2.

Discussion
Our data suggest that a Thompson score of ≥ 7 at age
3–5 hours identifies all infants with an abnormal 6-hour
aEEG with a specificity of 67%. The presence of
moderate-severe encephalopathy at the same age had
similar specificity and sensitivity but failed to identify
one infant with an abnormal 6-hour aEEG. Individual
clinical signs previously used as entry criteria in clinical
cooling trials had low sensitivity and/or low specificity
for an abnormal 6-hour aEEG. A Thompson score ≥ 5 at
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cut point
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≥ 12 50.00% 95.83% 68.33% 12.0000 0.5217

≥ 13 36.11% 95.83% 60.00% 8.6667 0.6667
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assessment

n Abnormal aEEG
n (%)

Sensitivity
(95%CI)

Specificity
(95%CI)

LR + (95%CI) LR - (95%CI) LR Test
(Odds ratio)
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Moderate-severe encephalopathy Yes 42 35 (83) 97% 71% 3.2 a 0.06 a 55.22 a

No 18 1 (6) (86 – 100) (49 – 87) (1.75 – 5.84) (0.01 – 0.28) (8.73 – 349.15)

Thompson score ≥ 7 Yes 44 36 (82) 100% 67% 2.9 a 0.02 a 141.71 a

No 16 0 (0) (90 – 100) (45 – 84) (1.7 – 5) (0 – 0.33) (7.71 – 2603.42)
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The	aEEG	recordings	were	further	graded	as	follows:

a)	Normal:	Background	activity	was	CNV	and	EEG	seizures	were	
absent.	

Abnormal: EEG	seizures	were	present	or	background	activity	
was	DNV,	BS,	CLV	or	FT.	b)	A	subgroup	with	severely	abnormal	
background	activity	was	defined	as	recordings	showing	BS,	CLV	
or	FT.

Medical management: All	infants	received	routine	monitoring	

and	clinical	care.	The	infants	with	seizures	or	an	abnormal	
aEEG	were	treated	with	hypothermia	within	6	hours	of	birth.	
These	infants	were	cooled	to	a	core	temperature	of	34°C	for	
72	hours	using	gel-packs	according	to	the	limits	of	previously	
described	basic	cooling	methods	and	they	were	re-warmed	at	
0.2°C/hour.	All	cooled	infants	were	sedated	with	intravenous	
(IV)	Phenobarbital	20mg/kg.	Morphine	8μg/kg/hour	IV	was	given	
if	infants	were	restless	or	agitated	during	cooling.	Seizures	
were	treated	with	a	second	dose	of	IV	Phenobarbital	20mg/kg.	
Persistent	seizures	were	treated	with	Midazolam	up	to	0.1mg/kg/
hour	IV,	followed	by	IV	Lignocaine	if	required.

1 or 3–5 hours identified all infants with an abnormal
aEEG at 3 and/or 6 hours but with low specificity. A
Thompson score of ≥ 7 at 3–5 hours predicted
moderate-severe encephalopathy presenting within 72
hours after birth. However, the hypothermia and the
sedating medication received by 83% (40/48) of the

infants with moderate-severe encephalopathy may have
exaggerated the abnormal signs.
We defined an abnormal aEEG as one that qualifies an

infant for cooling according to published protocols
[15-17]. This definition allows inclusion of infants with
DNV. In a retrospective study of aEEG in cooled vs.

Table 4 Univariate analysis: Specific clinical signs at 3 – 5 hours as predictors of abnormal 6-hour aEEG

Predictor n Abnormal aEEG
n (%)

Sensitivity
(95%CI)

Specificity
(95%CI)

LR + (95%CI) LR - (95%CI) LR Test
(Odds ratio)
(95%CI)

Decreased LOC Yes 31 24 (77) 67% 71% 2.29 0.47 4.86

No 29 12 (41) (49 – 81) (49 – 87) (1.18 – 4.44) (0.28 – 0.8) (1.61 – 14.61)

Seizures visible Yes 20 17 (85) 47% 88% 3.78 0.6 6.26

No 40 19 (48) (30 – 65) (68 – 97) (1.24 – 11.5) (0.43 – 0.85) (1.67 – 23)

Hypotonia Yes 14 12 (86) 33% 92% 3.38 a 0.74 a 4.59 a

No 46 24 (52) (19 – 51) (73 – 99) (0.96 – 11.9) (0.56 – 0.96) (1.05 – 20.04)

Stretch reflexes abnormal Yes 40 31(78) 86% 63% 2.3 0.22 10.33

No 20 5 (25) (71 – 95) (41 – 81) (1.35 – 3.91) (0.09 – 0.53) (3.02 – 35.2)

Primitive reflexes abnormal Yes 60 36 (100) 100% 0% 1.01 a 0.68 a 1.49 a

No 0 0 (0) (90 – 100) (0 – 14) (0.94 – 1.08) (0.01 – 32.95) (0.03 – 77.62)
a: When zero count cells are present, LR is estimated using a substitution formula: 0.5 is added to all cell frequencies before calculation.
LOC: Level of consciousness, LR:Likelihood ratio, aEEG: amplitude-integrated EEG.

Table 5 Predicting abnormal aEEG at 3 or 6 hours: assessments at 1 and 3 – 5 hours

Encephalopathy
assessment method

n Abnormal aEEG
n (%)

Sensitivity
(95%CI)

Specificity
(95%CI)

LR +
(95%CI)

LR -
(95%CI)

LR Test
(Odds ratio)
(95%CI)

Moderate-severe encephalopathy
age 1 hour

Yes 31 25 (81) 89% 60% 2.23 0.18 12.5

No 12 3 (25) (72 – 98) (32 – 84) (1.19 – 4.2) (0.06 – 0.56) (2.71 – 56.89)

Moderate-severe encephalopathy
age 3 – 5 hours

Yes 29 26 (90) 93% 80% 4.64 0.09 52

No 14 2 (14) (77 – 99) (52 – 96) (1.68 – 12.84) (0.02 – 0.35) (8.24 – 321.56)

Thompson score ≥ 8 age 3 – 5 hours Yes 28 25 (89) 89% 80% 4.46 0.13 33.33

No 15 3 (20) (72 – 98) (52 – 96) (1.61 – 12.38) (0.04 – 0.4) (6.16 – 180.87)

Thompson score ≥ 7 age 3 – 5 hours Yes 31 26 (84) 93% 67% 2.79 0.11 26

No 12 2 (17) (77 – 99) (38 – 88) (1.35 – 5.74) (0.03 – 0.43) (4.67 – 139.13)

Thompson score ≥ 6 age 3 – 5 hours Yes 34 26 (76) 93% 47% 1.74 0.15 11.38

No 9 2 (22) (77 – 99) (21 – 73) (1.07 – 2.83) (0.04 – 0.65) (2.15 – 57.78)

Thompson score ≥ 5 age 3 – 5 hours Yes 39 28 (72) 100% 27% 1.37 a 0.06 a 22.3 a

No 4 0 (0) (88 – 100) (8 – 55) (1 – 1.86) (0 – 1.07) (1.11 – 448.4)

Thompson score ≥ 8 age 3 – 5 hours Yes 30 26 (87) 93% 73% 3.48 0.1 35.75

No 13 2 (15) (77 – 99) (45 – 92) (1.5 – 8.11) (0.02 – 0.38) (6.13 – 201.31)

Thompson score ≥ 7 age 3 – 5 hours Yes 32 27 (84) 96% 67% 2.76 a 0.08 a 35 a

No 11 1 (9) (82 – 100) (38 – 88) (1.39 – 5.46) (0.02 – 0.39) (5.03 – 243.64))

Thompson score ≥ 6 age 1 hour Yes 38 28 (74) 100% 33% 1.5 a 0.05 a 29.86 a

No 5 0 (0) (88 – 100) (12 – 62) (1.05 – 2.14) (0 – 0.85) (1.52 – 587.98)

Thompson score ≥ 5 age 1 hour Yes 39 28 (72) 100% 27% 1.37 a 0.06 a 22.3 a

No 4 0 (0) (88 – 100) (8 – 55) (1 – 1.86) ( 0 – 1.07) (1.11 – 448.4)

aEEG: amplitude integrated electro-encephalogram, LR: Likelihood ratio.
a : When zero count cells are present, LR is estimated using a substitution formula: 0.5 is added to all cell frequencies before calculation.
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1 or 3–5 hours identified all infants with an abnormal
aEEG at 3 and/or 6 hours but with low specificity. A
Thompson score of ≥ 7 at 3–5 hours predicted
moderate-severe encephalopathy presenting within 72
hours after birth. However, the hypothermia and the
sedating medication received by 83% (40/48) of the

infants with moderate-severe encephalopathy may have
exaggerated the abnormal signs.
We defined an abnormal aEEG as one that qualifies an

infant for cooling according to published protocols
[15-17]. This definition allows inclusion of infants with
DNV. In a retrospective study of aEEG in cooled vs.

Table 4 Univariate analysis: Specific clinical signs at 3 – 5 hours as predictors of abnormal 6-hour aEEG

Predictor n Abnormal aEEG
n (%)

Sensitivity
(95%CI)

Specificity
(95%CI)

LR + (95%CI) LR - (95%CI) LR Test
(Odds ratio)
(95%CI)

Decreased LOC Yes 31 24 (77) 67% 71% 2.29 0.47 4.86

No 29 12 (41) (49 – 81) (49 – 87) (1.18 – 4.44) (0.28 – 0.8) (1.61 – 14.61)

Seizures visible Yes 20 17 (85) 47% 88% 3.78 0.6 6.26

No 40 19 (48) (30 – 65) (68 – 97) (1.24 – 11.5) (0.43 – 0.85) (1.67 – 23)

Hypotonia Yes 14 12 (86) 33% 92% 3.38 a 0.74 a 4.59 a

No 46 24 (52) (19 – 51) (73 – 99) (0.96 – 11.9) (0.56 – 0.96) (1.05 – 20.04)

Stretch reflexes abnormal Yes 40 31(78) 86% 63% 2.3 0.22 10.33

No 20 5 (25) (71 – 95) (41 – 81) (1.35 – 3.91) (0.09 – 0.53) (3.02 – 35.2)

Primitive reflexes abnormal Yes 60 36 (100) 100% 0% 1.01 a 0.68 a 1.49 a

No 0 0 (0) (90 – 100) (0 – 14) (0.94 – 1.08) (0.01 – 32.95) (0.03 – 77.62)
a: When zero count cells are present, LR is estimated using a substitution formula: 0.5 is added to all cell frequencies before calculation.
LOC: Level of consciousness, LR:Likelihood ratio, aEEG: amplitude-integrated EEG.

Table 5 Predicting abnormal aEEG at 3 or 6 hours: assessments at 1 and 3 – 5 hours
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assessment method

n Abnormal aEEG
n (%)
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Specificity
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LR -
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LR Test
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Moderate-severe encephalopathy
age 1 hour

Yes 31 25 (81) 89% 60% 2.23 0.18 12.5
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age 3 – 5 hours

Yes 29 26 (90) 93% 80% 4.64 0.09 52
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Thompson score ≥ 8 age 3 – 5 hours Yes 28 25 (89) 89% 80% 4.46 0.13 33.33

No 15 3 (20) (72 – 98) (52 – 96) (1.61 – 12.38) (0.04 – 0.4) (6.16 – 180.87)
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Thompson score ≥ 6 age 3 – 5 hours Yes 34 26 (76) 93% 47% 1.74 0.15 11.38

No 9 2 (22) (77 – 99) (21 – 73) (1.07 – 2.83) (0.04 – 0.65) (2.15 – 57.78)

Thompson score ≥ 5 age 3 – 5 hours Yes 39 28 (72) 100% 27% 1.37 a 0.06 a 22.3 a

No 4 0 (0) (88 – 100) (8 – 55) (1 – 1.86) (0 – 1.07) (1.11 – 448.4)

Thompson score ≥ 8 age 3 – 5 hours Yes 30 26 (87) 93% 73% 3.48 0.1 35.75

No 13 2 (15) (77 – 99) (45 – 92) (1.5 – 8.11) (0.02 – 0.38) (6.13 – 201.31)

Thompson score ≥ 7 age 3 – 5 hours Yes 32 27 (84) 96% 67% 2.76 a 0.08 a 35 a

No 11 1 (9) (82 – 100) (38 – 88) (1.39 – 5.46) (0.02 – 0.39) (5.03 – 243.64))

Thompson score ≥ 6 age 1 hour Yes 38 28 (74) 100% 33% 1.5 a 0.05 a 29.86 a

No 5 0 (0) (88 – 100) (12 – 62) (1.05 – 2.14) (0 – 0.85) (1.52 – 587.98)

Thompson score ≥ 5 age 1 hour Yes 39 28 (72) 100% 27% 1.37 a 0.06 a 22.3 a

No 4 0 (0) (88 – 100) (8 – 55) (1 – 1.86) ( 0 – 1.07) (1.11 – 448.4)
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Data collection and analysis: In	addition	to	the	clinical	
neurological	assessments	and	aEEG,	further	data	collection	
included	perinatal	characteristics,	morbidity	and	short-term	
outcomes.	The	data	included;	maternal	age;	maternal	HIV	and	
Syphilis	status;	pregnancy	complications	including	hypertension,	
hemorrhage,	thyroid	disease	and	diabetes;	intrapartum	
complications	including	fetal	heart	rate	abnormalities,	
cord	prolapse,	uterine	rupture,	maternal	seizures,	shoulder	
dystocia,	maternal	hemorrhage,	meconium-stained	liquor	and	
prolonged	second	stage;	delivery	mode;	infant	characteristics	
at	birth;	resuscitation	at	birth;	blood	gas	within	1	hour	of	birth;	
nosocomial	sepsis;	continuous	positive	airway	pressure	(CPAP);	
mechanical	ventilation;	inotropic	support;	pulmonary	air	leak;	
length	of	stay	and	death.

Data	were	analyzed	with	Stata	12	(Stata	Corporation,	Texas).	
Receiver	operating	characteristic	(ROC)	curve	analysis	was	used	
to	determine	the	threshold	Thompson	score	that	predicted	an	
abnormal	aEEG.	The	diagt	module	was	used	to	calculate	the	
sensitivity,	specificity	and	likelihood	ratio	(LR)	for	the	threshold	
Thompson	score	and	moderate-severe	encephalopathy	at	age	
3–5	hours	to	predict	an	abnormal	6-hour	aEEG.	Inclusion	in	one	
group	did	not	prevent	inclusion	in	the	other.	The	specific	clinical	
signs	utilized	in	the	cooling	trials	were	analyzed	using	the	same	
method.	The	short-term	outcomes	and	morbidity	were	compared	
between	infants	with	or	without	the	threshold	Thompson	score.	
The	Chi-square	or	Fisher’s	exact	tests	were	used	for	categorical	
comparisons.	The	t-test	and	the	Wilcoxon	rank-sum	tests	were	
used	to	compare	parametric	and	non-parametric	continuous	
variables	respectively.

To	determine	the	extent	to	which	earlier	examinations	differed	
from	later	assessments	in	their	ability	to	predict	an	abnormal	
6-hour	aEEG,	we	performed	post-hoc	analysis	of	the	sub-group	
of	infants	with	a	1-hour	clinical	assessment	and	an	aEEG	at	both	

3	and	6	hours.	ROC	curve	analysis	was	used	to	determine	the	
threshold	Thompson	score	at	1	and	3-5	hours	predictive	of	an	
abnormal	aEEG	at	3	and/or	6	hours.	Sensitivity,	specificity	and	
LR	were	calculated	for	moderate-severe	encephalopathy	and	
also	for	the	most	sensitive	Thompson	score	thresholds	at	1	and	
3-5	hours.

We	also	determined	the	ability	of	early	clinical	and	aEEG	
assessment	to	predict	moderate-severe	encephalopathy	
presenting	within	72	hours	after	birth.	Predictive	values	
for	a	Thompson	score	≥	7	at	3-5	hours,	moderate-severe	
encephalopathy	at	3–5	hours,	abnormal	aEEG	at	6	hours	and	
abnormal	aEEG	at	3	and/or	6	hours	were	calculated.	The	
McNemar	test	was	used	to	confirm	significant	differences	in	
sensitivity	and	specificity.	All	statistical	tests	are	2-sided	at	alpha	
=	0.05.

Results
There	were	80	infants	with	entry	criteria:	20	met	exclusion	
criteria	and	the	remaining	60	infants	were	recruited.	Eight	
infants	(13%)	died	before	discharge.	Forty-one	infants	(68%)	
were	cooled.	Cooling	was	continued	for	72	hours	except	in	the	
six	infants	who	died	during	cooling.	The	perinatal	characteristics	
are	shown	in	Table	1.	The	mother	with	antenatal	syphilis	was	
included	because	she	completed	treatment	more	than	a	month	
before	delivery	and	the	infant	had	no	signs	of	congenital	
infection.	The	majority	of	infants	(93%)	were	inborn.	Despite	the	
low	number	of	out	born	infants,	12	of	the	60	infants	(20%)	did	not	
have	a	cord	or	arterial	blood	gas	within	the	first	hour	of	life.	A	
clinical	neurological	assessment	was	performed	in	all	60	infants	
at	3–5	hours	(3.1	±	0.4	hours)	and	only	two	infants	had	this	
assessment	performed	after	4	hours.	Recordings	of	the	6-hour	
aEEG	were	available	for	60	infants	but	a	3-hour	aEEG	was	
available	for	only	50	infants;	43	of	these	infants	also	had	a	1-hour	
clinical	assessment.

normothermic infants, Thoresen et al. defined a normal
aEEG as one with CNV or DNV [23]. However, following
their observation that three of the nine normothermic
infants with DNV had a severely abnormal outcome vs.
none of the eight cooled infants with DNV, they conceded
it was reasonable to cool infants with DNV at 3–6 hours.
The predictive values for an abnormal outcome are lower

for an aEEG at 3 vs. 6 hours [12] and an early abnormal
assessment might inappropriately select infants for cooling
therapy who were destined to be normal without cooling.
Post-hoc analysis of the subgroup of infants with 1-hour

assessments (Table 6) showed that an earlier Thompson
score was more sensitive but less specific in predicting an
abnormal aEEG at 3 and/or 6 hours (and therefore the
need for cooling). If a single Thompson score threshold to
be used at 1 or 3–5 hours is to be defined, a score of ≥ 7
had the best overall combination of high sensitivity and
high diagnostic odds ratios of 35 and 26 respectively. The
Thompson score of ≥ 5 at 1 or 3–5 hours identified all
infants with an abnormal aEEG at 3 and/or 6 hours (and
all the infants who were cooled). Although this threshold
may be suitable to identify infants for referral or further

Table 6 Short-term neurological outcomes

Outcome Whole cohort
n = 60 (100%)

Thompson < 7
n = 16 (100%)

Thompson ≥ 7
n = 44 (100%)

Mild encephalopathy a 12 (20) 11 (69) 1 (2) *

Moderate encephalopathy a 27 (45) 5 (31) 22 (50) *

Severe encephalopathy a 21 (35) 0 21 (48) *

aEEG or Clinical Seizure 35 (58) 0 35 (80) *

Mean core temperature age 3 hours (±SD) 35.3 (±1.1) 36.3 (±0.4) 34.9 (±1.0) *

aEEG normal at 6 and 24 hours 23 (38) 16 (100) 7 (16) *

aEEG abnormal age 3 hours (n=50) 33 (66) 2(13) 31(71) *

aEEG abnormal age 6 hours 36 (60) 0 36 (82) *

aEEG abnormal age 3 or 6 hours 40 (67) 2(13) 38 (86) *

aEEG severely abnormal age 6 hours 25 (42) 0 25 (57) *

aEEG severely abnormal age 24 hours 18 (30) 0 18 (41) **

Dead or aEEG severely abnormal age 48 hours 12 (20) 0 12 (27) †

Maximum Thompson score ≥ 15 21 (35) 0 21 (48) **

Dead or maximum Thompson Score ≥ 15 22 (37) 0 22 (50) *

Dead 8 (13) 0 8 (19) ‡

Median age at death, d (Range) (n=8) 2 (1.5 – 5) - 2 (1.5 – 5)

Thompson score normal (0) by day 7 22 (42) 13 (81) 9 (25) *

LOC: Level of consciousness, aEEG: amplitude-integrated EEG.
a: Highest modified Sarnat encephalopathy grade recorded in the first 72 hours.
* p<0.0001, ** p=0.001, † p=0.025, ‡ p=0.09.

Table 7 Prediction of moderate-severe HIE presenting in the first 72 hours after birth

Encephalopathy assessment n moderate-severe
HIE n (%)

Sensitivity
(95%CI)

Specificity
(95%CI)

LR +
(95%CI)

LR -
(95%CI)

LR Test
(Odds ratio)
(95%CI)

aEEG abnormal age 6 hours Yes 36 36 (100) 75% 100% 19.4 a 0.27 a 73 a

No 24 12 (50) (60 – 86) (74 – 100) (1.3 – 294.9) (0.16 – 0.43) (4 – 1325)

Moderate-severe encephalopathy
age 3 – 5 hours

Yes 42 42 (100) 88% 100% 23 a 0.1 a 163.5 a

No 18 6 (33) (75 – 95) (74 – 100) (1.5 – 342.4) (0.1 – 0.3) (8.6 – 3106.8)

Thompson score ≥ 7 age 3 – 5 hours Yes 44 43 (98) 90% 92% 7.7 a 0.1 a 60.6 a

No 16 5 (31) (77 – 97) (62 – 100) (1.7 – 34.8) (0.1 – 0.3) (8.9 – 413.1)

aEEG abnormal age 3 hours and/or 6 hours Yes 40 39 (98) 81% 50% 1.6 a 0.4 a 4.2 a

No 10 9 (90) (67 – 91) (1 – 99) (0.5 – 5) (0.1 – 1.4) (0.4 – 44.5)

aEEG: amplitude integrated electro-encephalogram, LR: Likelihood ratio, CI: Confidence Interval, LOC: Level of consciousness.
HIE: Hypoxic ischaemic encephalopathy.
a: When zero count cells are present, LR is estimated using a substitution formula: 0.5 is added to all cell frequencies before calculation.
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Clinical	signs	at	3-5	hours	to	predict	an	abnormal	6-hour	aEEG:	
The	ROC	curve	for	the	Thompson	score	at	age	3-5	hours	to	
predict	an	abnormal	6-hour	aEEG	(Figure	1)	had	an	area	under	
the	curve	(AUC)	of	0.92	(95%	confidence	interval	(CI)	0.84–0.99).	
The	sensitivity,	specificity	and	LR	at	different	cut	points	are	
shown	in	Table	2.	The	Thompson	score	with	a	sensitivity	of	100%	
and	the	highest	specificity	was	a	score	of	≥	7.	The	sensitivity,	
specificity	and	LR	of	the	Thompson	score	at	a	cutoff	of	≥	7	vs	
moderate-severe	encephalopathy	are	shown	in	Table	3.	There	
were	no	significant	differences	between	the	predictive	values	for	
these	two	assessment	methods.

Univariate	analysis	of	individual	clinical	signs	at	age	3–5	hours	
vs.	abnormal	6-hour	aEEG	is	shown	in	Table	4.	At	age	3-5	
hours,	all	60	infants	had	at	least	one	abnormal	primitive	reflex.	
Twelve	of	the	29	infants	(41%)	without	a	decreased	level	of	
consciousness	had	an	abnormal	6-hour	aEEG.	Hypotonia	was	a	
specific	but	not	sensitive	predictor	for	an	abnormal	aEEG:	half	
of	the	infants	without	hypotonia	(52%)	had	an	abnormal	6-hour	
aEEG.

Morbidity	and	short-term	outcomes	at	the	threshold	Thompson	
score:	Morbidity	and	short-term	outcomes	were	compared	
between	infants	with	a	Thompson	score	of	≥	7	and	those	
with	a	Thompson	score	of	<	7	at	age	3-5	hours.	Forty-four	of	
the	60	infants	(73%)	had	a	Thompson	score	≥	7.	Nosocomial	
sepsis,	pulmonary	air	leak	and	pulmonary	hypertension	were	
uncommon	events	and	there	was	no	significant	difference	in	the	
incidence	between	the	groups.	More	infants	in	the	group	with	
a	Thompson	score	≥	7	required	CPAP	(p=0.036),	mechanical	
ventilation	(p=0.002)	and	inotropic	support	(p=0.048),	than	did	
those	with	a	lower	Thompson	score.	Forty	of	the	44	infants	
with	a	Thompson	score	≥	7	(91%)	met	criteria	for	therapeutic	
hypothermia	and	were	cooled.	Only	one	infant	with	a	Thompson	
score	<	7	was	cooled.	This	infant	had	an	abnormal	3-hour	aEEG	
showing	a	DNV	background,	but	the	background	normalized	by	
6	hours.

Predicting	an	abnormal	aEEG	at	3	and/or	6	hours:	Sub-group	
analysis	was	performed	on	the	43	infants	who	had	a	1-hour	
clinical	assessment	as	well	as	an	aEEG	at	both	3	and	6	hours.	
Twenty-eight	infants	in	this	sub-group	had	an	abnormal	aEEG	
at	3	and/or	6	hours	and	all	of	these	28	infants	were	cooled.	The	
remaining	15	infants	were	not	cooled.	ROC	curve	analysis	of	the	
Thompson	score	at	age	1	hour	vs	an	abnormal	aEEG	at	3	and/
or	6	hours	determined	that	the	highest	predictive	Thompson	

score	with	a	sensitivity	of	100%	was	a	score	of	≥	6	(AUC	0.93,	
95%CI:	0.86-1.00).	This	threshold	therefore	also	identified	all	the	
infants	in	this	subset	who	were	cooled.	However,	specificity	at	
this	threshold	was	only	33%	and	most	infants	were	correctly	
classified	at	a	Thompson	score	≥	7.	ROC	curve	analysis	of	the	
Thompson	score	at	age	3-5	hours	vs.	an	abnormal	aEEG	at	3	and/
or	6	hours	determined	that	the	highest	predictive	Thompson	
score	with	a	sensitivity	of	100%	was	a	score	of	≥	5	(AUC	0.91,	
95%CI:	0.82–1.00)	but	specificity	at	this	threshold	was	only	27%.	
The	sensitivities,	specificities	and	LRs	for	Thompson	score	and	
moderate-severe	encephalopathy	at	1	and	3–5	hours	to	predict	an	
abnormal	aEEG	at	3	and/or	6	hours	are	shown	in	Table	5.

Neurological	short-term	outcomes:	Comparison	of	neurological	
short-term	outcomes	in	infants	at	or	below	the	threshold	
Thompson	score	at	3-5	hours	are	shown	in	Table	6.	Most	infants	
(86%)	with	a	Thompson	score	≥	7	had	an	abnormal	aEEG	at	3	
and/or	6	hours.	All	of	the	infants	with	a	Thompson	score	<	7	
had	a	normal	6-hour	aEEG,	but	two	of	them	had	an	abnormal	
3-hour	aEEG.	The	3-hour	aEEG	in	both	infants	was	DNV	and	
it	corrected	to	a	normal	background	by	6	hours.	One	of	these	
infants	was	cooled	on	the	basis	of	the	abnormal	aEEG,	but	in	the	
other	infant	the	aEEG	had	normalized	by	the	time	cooling	was	
considered	and	cooling	was	not	commenced.	None	of	the	infants	
with	a	Thompson	score	<	7	had	seizures.	Ninety-eight	percent	of	
infants	(43/44)	with	a	Thompson	score	≥	7	developed	moderate-
severe	encephalopathy	within	72	hours	of	birth,	but	the	majority	
of	these	infants	(41/43)	were	cooled.

The	predictive	values	of	MSEG,	Thompson	score	and	aEEG	for	
moderate-severe	encephalopathy	within	72	hours	are	shown	
in	Table	7.	The	differences	between	the	predictive	values	for	
the	Thompson	score	and	MSEG	were	not	significant,	but	the	
sensitivity	of	the	Thompson	score	(90%)	was	significantly	higher	
(Exact	McNemar	p=0.0156)	than	that	of	the	6-hour	aEEG	(75%).

Moderate-severe	encephalopathy	during	the	first	72	hours	
occurred	in	five	of	16	infants	(31%)	with	a	Thompson	score	
<	7	at	3-5	hours.	All	five	infants	had	a	normal	aEEG	at	both	6	
and	24	hours	and	none	of	these	infants	were	cooled.	Thirty-
three	percent	of	infants	(6/18)	without	moderate-severe	
encephalopathy	at	3–5	hours,	developed	moderate-severe	
encephalopathy	within	72	hours.	However,	5	of	the	6	infants	had	
a	normal	aEEG	at	24	hours:	the	sixth	infant	had	an	abnormal	
aEEG	at	6	hours	and	was	cooled.	In	comparison,	50%	of	the	
infants	with	a	normal	aEEG	at	6	hours	(12/24)	developed	

normothermic infants, Thoresen et al. defined a normal
aEEG as one with CNV or DNV [23]. However, following
their observation that three of the nine normothermic
infants with DNV had a severely abnormal outcome vs.
none of the eight cooled infants with DNV, they conceded
it was reasonable to cool infants with DNV at 3–6 hours.
The predictive values for an abnormal outcome are lower

for an aEEG at 3 vs. 6 hours [12] and an early abnormal
assessment might inappropriately select infants for cooling
therapy who were destined to be normal without cooling.
Post-hoc analysis of the subgroup of infants with 1-hour

assessments (Table 6) showed that an earlier Thompson
score was more sensitive but less specific in predicting an
abnormal aEEG at 3 and/or 6 hours (and therefore the
need for cooling). If a single Thompson score threshold to
be used at 1 or 3–5 hours is to be defined, a score of ≥ 7
had the best overall combination of high sensitivity and
high diagnostic odds ratios of 35 and 26 respectively. The
Thompson score of ≥ 5 at 1 or 3–5 hours identified all
infants with an abnormal aEEG at 3 and/or 6 hours (and
all the infants who were cooled). Although this threshold
may be suitable to identify infants for referral or further

Table 6 Short-term neurological outcomes

Outcome Whole cohort
n = 60 (100%)

Thompson < 7
n = 16 (100%)

Thompson ≥ 7
n = 44 (100%)

Mild encephalopathy a 12 (20) 11 (69) 1 (2) *

Moderate encephalopathy a 27 (45) 5 (31) 22 (50) *

Severe encephalopathy a 21 (35) 0 21 (48) *

aEEG or Clinical Seizure 35 (58) 0 35 (80) *

Mean core temperature age 3 hours (±SD) 35.3 (±1.1) 36.3 (±0.4) 34.9 (±1.0) *

aEEG normal at 6 and 24 hours 23 (38) 16 (100) 7 (16) *

aEEG abnormal age 3 hours (n=50) 33 (66) 2(13) 31(71) *

aEEG abnormal age 6 hours 36 (60) 0 36 (82) *

aEEG abnormal age 3 or 6 hours 40 (67) 2(13) 38 (86) *

aEEG severely abnormal age 6 hours 25 (42) 0 25 (57) *

aEEG severely abnormal age 24 hours 18 (30) 0 18 (41) **

Dead or aEEG severely abnormal age 48 hours 12 (20) 0 12 (27) †

Maximum Thompson score ≥ 15 21 (35) 0 21 (48) **

Dead or maximum Thompson Score ≥ 15 22 (37) 0 22 (50) *

Dead 8 (13) 0 8 (19) ‡

Median age at death, d (Range) (n=8) 2 (1.5 – 5) - 2 (1.5 – 5)

Thompson score normal (0) by day 7 22 (42) 13 (81) 9 (25) *

LOC: Level of consciousness, aEEG: amplitude-integrated EEG.
a: Highest modified Sarnat encephalopathy grade recorded in the first 72 hours.
* p<0.0001, ** p=0.001, † p=0.025, ‡ p=0.09.

Table 7 Prediction of moderate-severe HIE presenting in the first 72 hours after birth

Encephalopathy assessment n moderate-severe
HIE n (%)

Sensitivity
(95%CI)

Specificity
(95%CI)

LR +
(95%CI)

LR -
(95%CI)

LR Test
(Odds ratio)
(95%CI)

aEEG abnormal age 6 hours Yes 36 36 (100) 75% 100% 19.4 a 0.27 a 73 a

No 24 12 (50) (60 – 86) (74 – 100) (1.3 – 294.9) (0.16 – 0.43) (4 – 1325)

Moderate-severe encephalopathy
age 3 – 5 hours

Yes 42 42 (100) 88% 100% 23 a 0.1 a 163.5 a

No 18 6 (33) (75 – 95) (74 – 100) (1.5 – 342.4) (0.1 – 0.3) (8.6 – 3106.8)

Thompson score ≥ 7 age 3 – 5 hours Yes 44 43 (98) 90% 92% 7.7 a 0.1 a 60.6 a

No 16 5 (31) (77 – 97) (62 – 100) (1.7 – 34.8) (0.1 – 0.3) (8.9 – 413.1)

aEEG abnormal age 3 hours and/or 6 hours Yes 40 39 (98) 81% 50% 1.6 a 0.4 a 4.2 a

No 10 9 (90) (67 – 91) (1 – 99) (0.5 – 5) (0.1 – 1.4) (0.4 – 44.5)

aEEG: amplitude integrated electro-encephalogram, LR: Likelihood ratio, CI: Confidence Interval, LOC: Level of consciousness.
HIE: Hypoxic ischaemic encephalopathy.
a: When zero count cells are present, LR is estimated using a substitution formula: 0.5 is added to all cell frequencies before calculation.
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moderate-severe	encephalopathy	within	72	hours,	but	three	of	
these	infants	had	an	abnormal	aEEG	at	3	hours.	A	3-hour	aEEG	
was	not	available	in	one	infant	and	one	infant	was	cooled	on	
the	basis	of	suspected	clinical	seizures.	The	remaining	seven	
infants	with	moderate-severe	encephalopathy	by	72	hours,	but	
normal	aEEG	at	both	3	and	6	hours,	were	not	cooled	and	all	had	
a	normal	aEEG	at	24	hours.

Overall,	within	the	entire	cohort	of	60	infants	there	were	eight	
infants	with	moderate-severe	encephalopathy	by	72	hours	
who	were	not	cooled:	all	of	these	infants	had	a	normal	aEEG	
at	both	6	and	24	hours	and	the	median	day	of	discharge	(with	
normal	nutritive	suck)	was	day	5	(IQR	day	4-7).	Neurological	
examination	on	day	7	or	at	discharge,	which	ever	occurred	first,	
was	normal	in	five	infants.	The	Thompson	score	in	the	other	
three	infants	ranged	from	1-2.

Discussion
Our	data	suggest	that	a	Thompson	score	of	≥	7	at	age	3-5	
hours	identifies	all	infants	with	an	abnormal	6-hour	aEEG	
with	a	specificity	of	67%.	The	presence	of	moderate-severe	
encephalopathy	at	the	same	age	had	similar	specificity	and	
sensitivity	but	failed	to	identify	one	infant	with	an	abnormal	
6-hour	aEEG.	Individual	clinical	signs	previously	used	as	entry	
criteria	in	clinical	cooling	trials	had	low	sensitivity	and/or	low	
specificity	for	an	abnormal	6-hour	aEEG.	A	Thompson	score	≥	
5	at	1	or	3-5	hours	identified	all	infants	with	an	abnormal	aEEG	
at	3	and/or	6	hours	but	with	low	specificity.	A	Thompson	score	
of	≥	7	at	3-5	hours	predicted	moderate-severe	encephalopathy	
presenting	within	72	hours	after	birth.	However,	the	hypothermia	
and	the	sedating	medication	received	by	83%	(40/48)	of	the	
infants	with	moderate-severe	encephalopathy	may	have	
exaggerated	the	abnormal	signs.

We	defined	an	abnormal	aEEG	as	one	that	qualifies	an	infant	
for	cooling	according	to	published	protocols.	This	definition	
allows	inclusion	of	infants	with	DNV.	In	a	retrospective	study	of	
aEEG	in	cooled	vs	normothermic	infants,	Thoresen	et	al	defined	
a	normal	aEEG	as	one	with	CNV	or	DNV.	However,	following	
their	observation	that	three	of	the	nine	normothermic	infants	
with	DNV	had	a	severely	abnormal	outcome	vs.	none	of	the	eight	
cooled	infants	with	DNV,	they	conceded	it	was	reasonable	to	
cool	infants	with	DNV	at	3-6	hours.

The	predictive	values	for	an	abnormal	outcome	are	lower	for	
an	aEEG	at	3	vs	6	hours	and	an	early	abnormal	assessment	
might	inappropriately	select	infants	for	cooling	therapy	who	
were	destined	to	be	normal	without	cooling.	Post-hoc	analysis	
of	the	subgroup	of	infants	with	1-hour	assessments	(Table	6)	
showed	that	an	earlier	Thompson	score	was	more	sensitive	
but	less	specific	in	predicting	an	abnormal	aEEG	at	3	and/or	6	
hours	(and	therefore	the	need	for	cooling).	If	a	single	Thompson	
score	threshold	to	be	used	at	1	or	3-5	hours	is	to	be	defined,	a	
score	of	≥	7	had	the	best	overall	combination	of	high	sensitivity	
and	high	diagnostic	odds	ratios	of	35	and	26	respectively.	The	
Thompson	score	of	≥	5	at	1	or	3-5	hours	identified	all	infants	with	
an	abnormal	aEEG	at	3	and/or	6	hours	(and	all	the	infants	who	
were	cooled).	Although	this	threshold	may	be	suitable	to	identify	
infants	for	referral	or	further	assessment,	the	low	specificity	and	
LR	makes	it	unsuitable	as	a	sole	indication	for	cooling.

Several	cooling	trials	required	the	presence	of	a	decreased	level	
of	consciousness	and/or	hypotonia	as	minimum	evidence	of	
moderate	or	severe	encephalopathy	before	further	assessment.	

In	our	study,	a	significant	proportion	of	the	infants	without	either	
a	decreased	level	of	consciousness	or	hypotonia	at	3-5	hours	had	
an	abnormal	6-hour	aEEG.	Our	data	suggest	that	the	absence	
of	specific	individual	clinical	signs	should	not	be	grounds	for	
excluding	infants	from	aEEG	assessment	or	cooling	therapy.

Shalak	et	al.	studied	50	infants	with	suspected	intra-partum	
hypoxia.	They	determined	the	ability	of	the	moderate-severe	
encephalopathy	at	age	5±3	hours	and	an	abnormal	fronto-
parietal	aEEG	acquired	within	an	hour	of	the	examination,	to	
predict	moderate-severe	encephalopathy	persisting	until	the	
fifth	day.	The	clinical	assessments	were	performed	slightly	later	
than	in	our	study	and	the	aEEG	position	was	fronto-parietal,	
but	similar	to	our	study,	they	found	that	23%	of	infants	without	
all	the	criteria	for	moderate-severe	encephalopathy	had	an	
abnormal	aEEG	and	progressed	to	moderate	encephalopathy	
persisting	on	the	fifth	day.	The	sensitivity	and	specificity	of	early	
moderate-severe	encephalopathy	to	predict	moderate-severe	
encephalopathy	persisting	to	the	5th	day	were	both	78%,	but	the	
combination	of	an	abnormal	aEEG	and	encephalopathy	including	
clinical	signs	of	both	mild	and	moderate	encephalopathy	
increased	the	specificity	to	94%.	In	our	study,	only	one	of	
the	infants	(6%)	without	all	the	criteria	for	moderate-severe	
encephalopathy	at	3-5	hours	had	an	abnormal	aEEG	at	6	hours	
and	developed	persistent	moderate-severe	encephalopathy	
by	the	fifth	day.	By	comparison,	none	of	the	infants	with	a	
Thompson	score	<	7	had	an	abnormal	aEEG	at	6	hours,	and	
moderate-severe	encephalopathy	did	not	persist	to	the	fifth	day	
in	any	of	those	infants.	One	infant	with	a	Thompson	score	<	7	
was	cooled,	but	data	from	a	secondary	analysis	of	the	CoolCap	
cooling	trial	data	suggest	that	the	hypothermia	is	unlikely	to	have	
influenced	the	improvement	in	grade	of	encephalopathy	in	this	
infant.

Sarkar	et	al.	have	questioned	whether	a	6-hour	aEEG	should	be	
used	to	identify	infants	for	cooling.	In	a	retrospective	analysis,	
they	reported	that	13	of	24	infants	with	a	normal	aEEG	had	
abnormal	magnetic	resonance	imaging	(MRI),	but	the	rates	
of	abnormal	outcome	were	similar	between	the	cooled	and	
normothermic	groups.	In	a	prospective	study,	Shankaran	et	al	
found	that	a	fronto-parietal	aEEG	at	<	9	hours	did	not	enhance	
the	predictive	value	of	HIE	grade	at	<	6	hours.	Twelve	of	71	
infants	with	moderate	HIE	had	a	CNV	background	at	<	9	hours	
and	three	of	these	infants	had	an	abnormal	outcome.	The	data	of	
both	Sarkar	and	Shankaran	suggests	that	a	normal	aEEG	in	the	
first	6-9	hours	does	not	guarantee	a	normal	outcome.	However	
it	is	still	unclear	whether	cooling	infants	with	a	normal	aEEG	is	
beneficial.

The	Thompson	score	≥	7	at	3–5	hours	identified	more	infants	
with	moderate-severe	encephalopathy	than	did	the	6-hour	aEEG,	
but	the	additional	infants	identified	by	the	Thompson	score	were	
predominantly	those	who	were	not	cooled.	The	presence	of	CNV	
or	DNV	background	voltage	on	aEEG	at	24	hours	is	significantly	
associated	with	normal	outcomes	in	both	cooled	and	
normothermic	infants.	The	finding	of	a	normal	24-hour	aEEG,	
very	low	or	normal	Thompson	scores	by	day	7,	and	a	median	
discharge	age	of	5	days,	in	the	infants	with	moderate-severe	
encephalopathy	who	were	not	cooled	suggest	that	these	infants	
did	not	require	cooling.	Thus,	although	clinical	assessment	with	
either	MSEG	or	the	Thompson	score	identified	significantly	more	
infants	with	moderate-severe	encephalopathy,	this	may	not	be	
clinically	significant.
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This	study	has	several	limitations.	The	exclusion	of	sick	infants	
may	alter	the	sensitivity	and	specificity	of	the	Thompson	
score	—	the	findings	of	this	study	cannot	be	applied	to	the	
infants	whom	were	excluded.	It	is	a	significant	weakness	of	the	
study	that	we	did	not	determine	the	kappa	coefficient	for	the	
multiple	assessors	(raters)	in	this	particular	study.	However,	
all	clinicians	were	trained,	the	kappa	coefficient	for	two	raters	
of	the	Thompson	score	in	a	previous	study	at	one	of	the	study	
sites	(Groote	Schuur	Hospital)	is	known	to	be	high,	and	the	use	
of	multiple	raters	replicates	the	setting	in	which	this	particular	
diagnostic	approach	would	ultimately	be	implemented.	The	lack	
of	data	from	age	1	hour	in	all	infants	compromised	the	strength	
of	our	conclusions	regarding	very	early	assessments.	Although	
the	primary	objective	was	to	study	the	prediction	of	an	abnormal	
6-hour	aEEG,	the	availability	of	MRI	or	long-term	follow	up	
data	would	have	allowed	further	validation	and	interpretation	
of	the	threshold	Thompson	scores,	particularly	in	the	infants	
with	moderate-severe	encephalopathy	who	were	not	cooled.	A	
further	important	limitation	is	that	the	use	of	phenobarbitone	
and	morphine	may	have	resulted	in	over	diagnosis	of	moderate-
severe	encephalopathy	in	the	infants	who	were	cooled.

The	strengths	of	our	study	are	that	we	prospectively	recruited	
infants	with	all	grades	of	HIE	and	obtained	at	least	one	clinical	
and	one	aEEG	assessment	by	age	6	hours.	We	compared	
previously	published	neurological	assessments	to	a	validated	
aEEG	assessment	method	as	a	gold	standard.	We	blinded	the	
clinicians’	assessments	by	comparing	their	clinical	assessment	
with	a	later	aEEG	recording	and	neonatologists	who	were	
blind	to	the	clinical	assessments	subsequently	read	the	aEEG	
recordings.

Conclusions
We	have	shown	that,	in	a	cohort	of	term	infants	with	all	grades	
of	HIE,	a	Thompson	score	of	≥	7	or	the	presence	of	a	moderate-
severe	modified	Sarnat	encephalopathy	grade	at	age	3-5	hours	
both	independently	predict	an	abnormal	aEEG	at	6	hours,	
with	similar	predictive	values.	A	Thompson	score	of	≥	7	at	age	
3-5	hours	was	a	more	sensitive	predictor	of	moderate-severe	
HIE	presenting	within	72	hours	than	a	6-hour	aEEG.	This	data	
may	assist	in	providing	a	threshold	for	intervention	and/or	
benchmarking	early	neurological	assessments	of	infants	being	
considered	for	neuroprotective	hypothermia.	A	Thompson	score	
≥	5	at	1	or	3	hours	identified	all	infants	with	an	abnormal	aEEG	
at	3	and/or	6	hours	—	this	may	be	an	appropriate	threshold	to	
guide	early	referral	to	cooling	centers	for	further	assessment.	
An	abnormal	6-hour	aEEG	can	occur	in	infants	without	
decreased	level	of	consciousness	or	hypotonia	and	these	single	
signs	may	not	be	appropriate	as	minimum	criteria	for	cooling.	
The	Thompson	score	thresholds	we	have	identified	should	be	
validated	in	larger	studies	with	long-term	outcomes	and	MRI.	
Further	research	should	investigate	long-term	outcomes	of	
infants	with	signs	of	moderate	HIE	but	normal	aEEG	who	are	
not	cooled.
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