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888-825-9640   

NeoPAP® infant respiratory support system

Simple design
Easy to use
Effective delivery
 NeoPAP’s innovative design is literally a breeze...
 
· CPAP, high flow and resuscitation modes are built into one easy to  
 use device, improving workflow efficiency and reducing costs.
· Baby-Trak® leak compensation and sophisticated alarms give you  
 peace of mind and the ability to focus on the specialized needs of  
 your RDS patients.
· The unique bonnet and patient-friendly interface support   
 developmental care and may help reduce costly skin damage.
 

See what NeoPAP can do for your NICU...  
Learn more at www.circadiance.com  
or contact us at info@circadiance.com

 www.circadiance.com
101463 REV 1



Who knows better what ventilatory support a patient needs  

than the patient? The new SERVO-n® neonatal ventilator, with 

NAVA® (Neurally Adjusted Ventilatory Assist) and non-invasive NAVA 

standard*, lets the baby’s own physiological signal control the exact 

timing and amount of assist for every breath. This same signal also 

provides the clinician insight into the baby’s breathing drive for 

diagnostics and weaning.

Give your neonatal patient the support they need to breathe easier, 

sleep better and grow stronger with SERVO-n and NAVA®.

Baby knows best

M
aq

ue
t 

is
 a

 r
eg

is
te

re
d

 t
ra

d
em

ar
k 

of
 M

aq
ue

t 
G

m
b

H
 •

 C
op

yr
ig

ht
 M

aq
ue

t 
M

ed
ic

al
 S

ys
te

m
s 

U
S

A
 o

r 
its

 a
ff

ili
at

es
. •

 
C

A
U

TI
O

N
: F

ed
er

al
 

(U
S

) l
aw

 r
es

tr
ic

ts
 t

hi
s 

d
ev

ic
e 

to
 s

al
e 

b
y 

or
 o

n 
th

e 
or

d
er

 o
f a

 p
hy

si
ci

an
. R

ef
er

 t
o 

In
st

ru
ct

io
ns

 fo
r 

U
se

 fo
r 

cu
rr

en
t 

in
d

ic
at

io
ns

, w
ar

ni
ng

s,
 

co
nt

ra
in

d
ic

at
io

ns
, a

nd
 p

re
ca

ut
io

ns
. M

C
V

00
03

93
55

 R
E

VA

 www.maquetusa.comAt NEO 2016, visit Maquet Booth #400

*Excludes Edi module.

NIC Feb 2016 SERVO-n Ad MCV00039355 REVA.indd   1 1/25/16   4:37 PM



Arie L. Alkalay, MD
Clinical Professor of Pediatrics
David Geffen School of Medicine
Pediatrician, Cedars-Sinai
Los Angeles, CA

M. A. Arif, MD
Professor of Pediatrics & Head, Neonatology
National Institutes of Child Health
Karachi, Pakistan

Muhammad Aslam, MD
Associate Professor of Pediatrics
University of California, Irvine
Neonatologist, UC Irvine Medical Center
Orange, California

Edward Austin, MD
Austin-Hernandez Family Medical Center
Compton, CA

Richard L. Auten, MD
Assistant Professor of Pediatrics
Duke University Medical Center
Durham, NC

Bruce G. Bateman, MD
Department of Obstetrics & Gynecology
University of Virginia
Charlottesville, VA

Sandy Beauman, MSN, RNC-NIC
CNC Consulting
Albuquerque, NM

David D. Berry, MD
Wake Forest University School of Medicine
Winston-Salem, NC

Melissa K. Brown, BS, RRT-NPS, RCP
Faculty, Respiratory Therapy Program
Grossmont College
El Cajon, CA

D. Spencer Brudno, MD
Associate Professor of Pediatrics
Medical Director, Pediatric Therapy
Medical College of Georgia
Augusta, GA

Curtis D. Caldwell, NNP
UNM School of Medicine, Dept of Pediatrics
Albuquerque, NM

Ed Coombs, MA RRT-NPS, ACCS, FAARC
Marketing Director – Intensive Care
Key Application Field Manager –  
Respiratory Care, Draeger Medical
Telford, PA

Jonathan Cronin, MD
Assistant Professor of Pediatrics
Harvard Medical School Chief
Neonatology and Newborn Medicine Unit
Department of Pediatrics 
Massachusetts General Hospital for Children
Boston, MA

Michael P. Czervinske, RRT
Neonatal and Pediatric Critical Care
University of Kansas Medical Center
Kansas City, KS

Professor Adekunle H. Dawodu
Director, International Patient Care and 
Education, Cincinnati Children’s Hospital
Cincinnati, OH

Jayant Deodhar, MD
Associate Professor of Clinical Pediatrics
Children’s Hospital Center
Cincinnati, OH

Leonard Eisenfeld, MD
Associate Professor of Pediatrics
University of Connecticut School of Medicine
Division of Neonatology
Connecticut Children’s Medical Center
Hartford, CT

Sami Elhassani, MD
Neonatologist
Spartanburg, SC

Ivan Frantz, III, MD
Chariman of Department of Pediatrics
Chief, Division of Newborn Medicine
Tufts University School of Medicine
Boston, MA

Philippe S. Friedlich, MD
Associate Professor of Clinical Pediatrics
Children’s Hospital of Los Angeles
Los Angeles, CA

G. Paolo Gancia, MD
Neonatologist, Terapia Intensiva
Neonatale-Neonatologia
Cuneo, Italy

George A. Gregory, MD
Professor of Pediatrics and Anesthesia
University of California
San Francisco, CA

Charles J. Gutierrez, PhD, RRT, FAARC
Neurorespiratory Clinical Specialist, J.A. 
Haley VA Hospital and Assistant Professor, 
Pulmonary, Critical Care & Sleep Medicine,
Morsani College of Medicine, University of 
South Florida, Tampa, FL

William R. Halliburton, RRT, RCP
Neonatal Respiratory Care Coordinator
Department of Respiratory Care
Hillcrest Baptist Medical Center
Waco, TX

Mary Catherine Harris, MD
Associate Professor of Pediatrics
Division of Neonatology
University of Pennsylvania School of Medicine
The Children’s Hospital of Philadelphia
Philadelphia, PA

David J. Hoffman, MD
Clinical Associate Professor of Pediatrics
Penn State College of Medicine
Staff Neonatologist
The Reading Hospital and Medical Center
West Reading, PA

Michael R. Jackson, RRT
Newborn Intensive Care Unit 
Beth Israel Hospital 
Boston, MA

Chang-Ryul Kim, MD
Associate Professor of Pediatrics
College of Medicine
Hanyang University Kuri Hospital
Seoul, South Korea

David M. Kissin, BS, RRT
Perinatal/Pediatric Specialist
Maine Medical Center, Portiand, ME

Sheldon Korones, MD
Director of Newborn Center
College of Medicine, Memphis, TN

Scott E. Leonard, MBA, BA, RRT
Director of Respiratory Therapy, EEG, 
Neurophysiology
George Washington University Hospital
Washington, DC

Raymond Malloy, MHA, RRT
Director of Pulmonary Care
Thomas Jefferson University Hospital
Philadelphia, PA

Paul J. Mathews, PhD, RRT, FCCM, FCCP, 
FAARC
Associate Professor of Respiratory Care
University of Kansas Medical Center
Kansas City, KS

William Meadow, MD
Professor of Pediatrics
Co-Section Chief, Neonatology
Comer Children’s Hospital
The University of Chicago
Chicago, IL

David G. Oelberg, MD
Center for Pediatric Research
Eastern Virginia Medical School
Children’s Hospital of The King’s Daughters
Norfolk, VA

Rahmi Ors, MD
Director, Department of Neonatology and 
Pediatrics
Professor of Pediatrics and Neonatologist
Meram Medical Faculty
Necmettin Erbakan University
Konya, Turkey

T. Michael O’Shea, MD, MPH
Chief, Neonatology Division
Wake Forest University School of Medicine
Winston-Salem, NC

Lisa Pappas, RRT-NPS
Respiratory Clinical Coordinator NICU
University of Utah Hospital
Salt Lake City, UT

G. Battisita Parigi, MD
Associate Professor of Pediatric Surgery
University of Pavia, Italy

Richard Paul, MD
Chief, Maternal & Fetal Medicine
Department of Obstetrics & Gynecology
University of Southern California
Los Angeles, CA

Max Perlman, MD
Professor of Pediatrics
The Hospital for Sick Children
Toronto, Ontario, Canada

Boris Petrikovsky, MD
Director, Prenatal Diagnostic Unit Services
New York Downtown Hospital
New York, NY

Arun Pramanik, MD
Professor of Pediatrics
Director of Neonatal Fellowship
Louisiana State University
Health Sciences Center, Shreveport, LA

Benamanahalli K. Rajegowda, MD
Chief of Neonatology
Lincoln Medical and Mental Health Center
Professor of Clinical Pediatrics
Weill Medical College of Cornell University, NY

Koravangattu Sankaran, FRCP(C), FAAP, 
FCCM
Professor of Pediatrics and Director of 
Neonatology and Neonatal Research
Department of Pediatrics
Royal University Hospital
University of Saskatchewan
Saskatoon, Saskatchewan, Canada

Istvan Seri, MD, PhD
Professor of Pediatrics
Head, USC Division of Neonatal Medicine
University of Southern California, 
Los Angeles, CA

Tushar A. Shah, MD, MPH
Division of Neonatology 
Cincinnati Children’s Hospital Medical Center 
Cincinnati, OH

Dave Swift, RRT
Ottawa Hospital – Civic Site
Campus Coordinator (Professional Practice) & 
Special Care Nursery Charge Therapist
Respiratory Therapy Team Lead
National Office of the Health Care Emergency 
Response Team (NOHERT)
Subject Matter Expert, Health Canada

Jack Tanner
NICU Clinical Coordinator
U Mass Memorial Hospital
Worcester, MA

Otwell D. Timmons, MD
Carolinas Medical Center
Charlotte, NC

Maya Vazirani, MD, FAAP
Board Certified Neonatology and Pediatrics, 
Lancaster, CA

Max Vento, MD
Associate Professor of Pediatrics
Chief, Pediatric Services
Neonatologia Hospital Virgin del Consuelo
Valencia, Spain

Dharmapuri Vidyasagar, MD
Professor of Pediatrics 
Department of Pediatrics
University of Illinois
Chicago, IL

Editorial Advisory Board

4 neonatal INTENSIVE CARE Vol. 29 No. 1 n Winter 2016

Table of Contents

Departments

 6  News

18 Company Profile

articles

19 Interview on Newborn Hearing 
Testing

22 Interview on Modified Seldinger 
Technique

23 Interview on Neonatal Treatment 
of Neonatal Encephalopathy

24 Interview on Safer Ways for Babies 
to Sleep

26 Identifying Hemolytic Jaundice

28 Late Group B Streptococcus 
Infection

31 NICU Open Ward vs Single Room

36 Quieting the NICU

40 Preterm Infant’s Nutritive Sucking

46 Breastfeeding in the NICU

49 Comparing Nebulizer Brand

52 Fetal Heart Vestment Monitor 
Research

57 Pulse Oximeters in the NICU

62 Observational Study Using Camera 
Surveillance At A Tertiary Hospital

Vol. 29 No. 1
Winter 2016 

neonatal
INTENSIVE CARE

Vol. 29 No. 1
Winter 2016



Prolact+H2MF®

Human Milk-Based Human Milk Fortifier Products

Prolact CR™ 

Human Milk Caloric Fortifier

Prolact RTF™ 

Human Milk-Based Premature Infant Formula

PremieLact™ Prolact HM™  

Standardized Donor Milk Products

To provide your preterm patient with 

a 100% human milk-based diet, call:  

1-888-PROLACT (1-888-776-5228) 

www.prolacta.com

The American Academy of Pediatrics’ (AAP) policy recommends 
the use of human milk for all preterm infants, whether mother’s 
own milk (MOM) or pasteurized donor human milk when 
mother’s own milk is unavailable.1

Only Prolacta Bioscience, the leader in the science of human milk, provides: 
 
• A full line of human milk-based nutrition for premature infants  
 
• Human milk products that undergo the most rigorous testing  
  and screening in the industry

Human milk makes 
all the difference

1. American Academy of Pediatrics. Breastfeeding and the Use of Human Milk. Section on Breastfeeding. 
[originally published online February 27, 2012]. Pediatrics. DOI: 10.1542/peds.2011-3552
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change, the group’s cesarean delivery rate had been increasing 
0.6% per year, which is comparable to national trends. The rate 
among publicly insured women did not change significantly 
during the study. In addition, vaginal births after cesarean 
(VBAC) increased for the privately insured women, going from 
13.3% under the previous care model to 22.4% with midwife/
laborist care (P = .002). In the years after the change, the rate 
increased by 8% annually. Publicly insured women did not have a 
significant change in their VBAC rate. There were no significant 
differences in adverse outcomes for babies, including Apgar 
scores below 7, umbilical artery pH less than 7.0, or umbilical 
artery base excess greater than 12 (composite score, 1.3% before 
the change vs 2.3% after; P = .07).

complications Decline, survival increased
Complications have decreased and survival has improved for 
extremely preterm infants born at US academic centers during 
the last 20 years, according to a new study from the Department 
of Pediatrics, Emory University School of Medicine, Children’s 
Healthcare of Atlanta in Georgia. Survival increased most 
markedly for infants born at 23 and 24 weeks’ gestation and 
survival without major morbidity increased for infants aged 
25 to 28 weeks. These findings may be valuable in counseling 
families and developing novel interventions, said the authors 
wrote, who reviewed 20-year trends in maternal/neonatal care, 
complications, and deaths among extremely preterm infants 
born at 26 Neonatal Research Network Centers between 1993 
and 2012. The researchers analyzed data from a prospective 
registry of 34,636 infants of 22 to 28 weeks’ gestation, weighing 
401 to 1500 g at birth. The study’s main outcomes were maternal/
neonatal care, morbidities, and survival. The primary morbidities 
reported for infants who lived for more than 12 hours were 
severe necrotizing enterocolitis, infection, bronchopulmonary 
dysplasia, severe intracranial hemorrhage, cystic periventricular 
leukomalacia, and/or severe retinopathy of prematurity. The 
investigators used regression models to assess yearly changes 
and adjusted for study center, race/ethnicity, gestational age, 
birth weight for gestational age, and sex.

company adapts to plug leaks
Passy-Muir, the leading manufacturer of the No Leak speaking 
valve, is introducing two adapters to provide clinicians with 

cesarean Delivery rates Dropped
Cesarean delivery rates dropped from 31.7% to 25.0% (P = .005) 
after Marin General Hospital in California switched from a 
private practice model to one with 24-hour laborist and midwife 
coverage. Rates of vaginal birth after cesarean (VBAC) also 
increased. The laborists at this hospital were obstetricians 
who provided in-house labor and delivery coverage without 
competing clinical duties. Previous studies have suggested that 
laborists achieve lower cesarean rates by being more tolerant 
of changes in fetal heart rate and by having less competition 
between managing labor and other duties. At Marin General 
Hospital, women insured by the state’s Medicaid program served 
as the control group; most received care from midwives with 
24-hour laborist backup. The study covered a period before and 
after 2011, when most privately insured women were switched 
to the same type of coverage. Previously, these women’s care 
came from a private physician who managed labor remotely. 
After the change, women could request that their obstetrician 
be present to deliver the baby, but their labor would still be 
managed by the in-house laborist. Between 2005 and 2014, there 
were 13,194 births at the hospital. The study included 3560 births 
from nulliparous women with singleton vertex term babies, and 
1324 births from women with a history of cesarean delivery; 
approximately half of each were in the private insurance group. 
The new model of care led to a “clinically and statistically 
significant” decrease in primary cesareans (adjusted odds ratio 
[OR] 0.56, 95% confidence interval [CI], 0.39 - 0.81). Before the 
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In term and near-term neonates with hypoxic respiratory failure (HRF)…

When do you stop the cascade?
Early intervention with INOMAX® (nitric oxide) 
for inhalation upon confi rmation of pulmonary 
hypertension may help:

 • Avoid higher levels of supplemental oxygen

 •  Improve oxygenation1

 •  Potentially prevent the progression 
of HRF2

 Learn more at www.inomax.com 

Indication
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.

Important Safety Information
•  INOMAX is contraindicated in the treatment of neonates known to be dependent on right-to-left 

shunting of blood.
•  Abrupt discontinuation of INOMAX may lead to increasing pulmonary artery pressure and 

worsening oxygenation even in neonates with no apparent response to nitric oxide for inhalation.
•  Methemoglobinemia and NO2 levels are dose dependent. Nitric oxide donor compounds may have 

an additive e� ect with INOMAX on the risk of developing methemoglobinemia. Nitrogen dioxide 
may cause airway infl ammation and damage to lung tissues.

•  In patients with pre-existing left ventricular dysfunction, INOMAX may increase pulmonary capillary 
wedge pressure leading to pulmonary edema.

• Monitor for PaO2, methemoglobin, and inspired NO2 during INOMAX administration.
• Use only with an INOmax DSIR

®, INOmax® DS, or INOvent® operated by trained personnel. 

Please see Brief Summary of Prescribing Information on adjacent page.

References: 1. INOMAX [package insert]. Hampton, NJ: Ikaria, Inc.; 2013. 2. González A, Fabres J, D’Apremont I, et al. Randomized controlled trial of early 
compared with delayed use of inhaled nitric oxide in newborns with a moderate respiratory failure and pulmonary hypertension. J Perinatol. 2010;30(6):420-424. 
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INOMAX®(nitric oxide) for inhalation
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 NO2. 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 formulations.

INOMAX® is a registered trademark of INO Therapeutics LLC, a 
Mallinckrodt Pharmaceuticals company.
© 2015 Mallinckrodt.     IMK111-01540 R1     July 2015
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has hit a record low, and death rates for some leading causes of 
death also declined significantly, according to new data from the 
Centers for Disease Control and Prevention (CDC). The infant 
mortality rate, considered a good indicator of the overall health 
of a population, stands at 582.1 infant deaths per 100,000 live 
births, according to the CDC. The report, by Sherry L. Murphy, 
BS, from the CDC’s National Center for Health Statistics, 
Division of Vital Statistics, Hyattsville, Maryland, and colleagues. 
The leading causes of infant death were the same in 2014 as in 
2013. Congenital malformation was the top cause, followed by 
low birth rate. The only big change among leading causes was 
a 13.5% drop in deaths from respiratory distress of newborn. 
The 10 leading causes of death in 2014 remained the same as 
in 2013, with heart disease and cancer at the top. From 2013 to 
2014, age-adjusted death rates significantly decreased for five 
of the 10 leading causes of death and significantly increased 

for four of them. 
Rates decreased 
for heart disease 
by 1.6%; cancer, 
1.2%; chronic 
lower respiratory 
diseases, 3.8%; 
diabetes, 1.4%; 
and influenza and 
pneumonia were 
each down by 5%.

specific naming 
conventions 
needed
A more specific 
newborn naming 
convention reduces 
the likelihood 
that babies in the 
neonatal intensive 
care unit (NICU) 
will be mistaken 
for others with the 
same “Babygirl” 
or “Babyboy” 
moniker, a 2-year 
study has shown. 
The typical practice 
of specifying only 
surnames after 
Babygirl or Babyboy 
on newborns’ 
identification 

bracelets was associated with increased risk for wrong-patient 
errors, researchers from Montefiore Medical Center and Albert 
Einstein College of Medicine in the Bronx, New York found. They 
compared the incidence of wrong-patient electronic orders in 
both of the system’s NICUs before and after the implementation 
of a distinct naming convention that incorporates the mother’s 
first name into the sex identification (eg, Brendasgirl Jones 
rather than Babygirl Jones). The researchers observed a 
significant reduction in retract-and-reorder (RAR), near-miss 
events after the intervention. The RAR events were identified 
with an established, automated tool that is used to detect 
orders placed on a patient that are retracted within 10 minutes 
and reordered by the same clinician on a different patient. The 
medical center implemented the new distinct naming convention 

a way to easily connect the Passy-Muir Valve inline while the 
patient is mechanically ventilated. The adapters are designed to 
provide a secure connection between the Passy-Muir Valve and 
a tracheostomy tube, ventilator tubing, closed suction systems, 
or other adapters. Each adapter is latex free, color coded for 
easy identification, and provided in re-sealable, multiple unit 
packaging. The PMV-AD1522 is a step-down adapter to connect 
the PMV 007 (Aqua Color) to a T-piece type closed suction 
system. The flexible, PMV-AD22 adapter is designed to be used 
with the PMV 2001 (Purple Color). All Passy-Muir’s products are 
proudly made in the USA. Both adapters will be available for 
purchase through Passy-Muir. In other company news, Passy-
Muir recently released a new user-friendly app for iPhone and 
iPad designed to facilitate patient communication, provide 
valuable information regarding tracheostomy and foster patient 
participation in care. The app includes a number of useful 
features including: 
Pre-recorded 
responses & phrases 
which enable 
communication 
at a touch of a 
button, user-defined 
male or female 
voice, child voice 
option, attractive 
and intuitive 
menu, and custom 
phrase record 
option. Clinicians 
attending the 2015 
ASHA conference 
may have caught 
a glimpse of some 
exciting revisions 
to the Toby 
Tracheasaurus 
pediatric program. 
The enhancements 
include new 
dinosaur cartoon 
characters, new 
therapeutic activity 
cards, and a 
clinically improved 
Toby Tracheasaurus 
Coloring & Activity 
Book that is 
sure to appeal to 
tracheostomized 
children, their caregivers and clinicians. Each Toby 
Tracheasaurus pediatric program kit comes with a draw-string 
backpack containing a Toby Tracheasaurus Plush Toy, the 
Toby Tracheasaurus Coloring & Activity Book with crayons, 
and a Toby Tote with an assortment of therapeutic toys. 
Featuring a pediatric tracheostomy tube and Passy-Muir Valve 
for the purpose of demonstration and education, the Toby 
Tracheasaurus Plush Toy provides therapists with a lighthearted 
method to introduce children to tracheostomy and the Passy-
Muir Valve, while facilitating vocalization and enhancing 
therapeutic activities.

infant mortality Hits record low in Us
Infant mortality in the United States dropped 2.3% in 2014 and 

In 2015 alone, Brave Beginnings provided $1,000,000 in grants to hospitals
in need of essential neonatal care equipment. For more information on our 
hospital grant programs please visit bravebeginnings.org to learn more.

Brave Beginnings is a program developed out of the Will Rogers Institute
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prematurity as well as discharge recommendations for preterm 
infants diagnosed with recurrent apneic events. Inconsistencies 
in the definition of apnea of prematurity and a lack of 
consensus regarding the clinical significance of these apneic 
episodes lead to significant variations in monitoring, treatment, 
and discharge practices, they note. Generally defined as sudden 
cessation of breathing that lasts for at least 20 seconds in an 
infant younger than 37 weeks, apnea of prematurity frequently 
also includes shorter pauses in airflow that are accompanied 
by bradycardia or oxygen desaturation. Most apneic episodes 
in preterm infants are mixed events “in which obstructed 
airflow results in a central apneic pause, or vice versa,” the 
authors state. A review of the available evidence indicates that 
the proportion of infants with apnea decreases significantly 
with increasing gestational age, particularly beyond 30 weeks’ 
gestation. “This relationship has important implications for 
NICU policy, because infants born at less than 35 weeks’ 
gestation generally require cardiorespiratory monitoring 
after birth because of their risk of apnea,” the authors write. 
Infants born at less than 28 weeks’ gestation may have apnea 
that persists to or beyond term gestation, they say. In most 
infants, apnea of prematurity follows a common natural history, 
with more severe events that require intervention resolving 
first, according to the authors. The last events to resolve are 
“isolated, spontaneously resolving bradycardic events of 
uncertain clinical significance.” Apnea monitoring practices, 
particularly the duration of continuous pulse oximetry, 
vary substantially among NICUs. Evidence linking later 
discontinuation of pulse oximetry with a later postmenstrual 
age at recorded last apnea and longer length of stay suggest 
“oximetry may detect events that cardiorespiratory monitoring 
does not,” the authors observe. Impedance monitoring, which 
detects small changes in electrical impedance as air enters 
and leaves the lungs and as the blood volume changes in 
the thoracic cavity, is subject to artifacts caused by body 
movement or cardiac activity. It is also unable to detect 
obstructive apnea and thus is a potentially misleading measure.

nicotine Found on nicU surfaces
Surfaces in the neonatal intensive care unit (NICU) are 
contaminated with nicotine, putting infants at risk of thirdhand 
smoke exposure, according to new findings from University 
of Texas Health Science Center at Houston. Thirdhand smoke 
(THS) is the residue left over from cigarette smoke, which can 
build up on indoor surfaces over time. In addition to containing 
toxic substances such as nicotine, THS can combine with other 
chemicals in the environment to form new toxic substances and 
carcinogens. It is difficult to clean, and can remain on surfaces 
for 18 months or longer. One study estimated harm from THS 
at 5%-60% of the harm from secondhand smoke. To investigate 
the potential for THS contamination, the researchers collected 
nicotine samples from the fingers of five mothers who were 
smokers and had an infant in the NICU. The researchers also 
tested the infant’s crib or incubator and the hospital-provided 
furniture in the room. All surfaces tested had detectable 
levels of nicotine. Levels on incubators or cribs were lower, 
and “within the lower range” of the amount found in homes 
where smokers live but where smoking is banned indoors. 
Nicotine levels on furniture surfaces tended to be higher, and 
similar to averages for smoking households that ban indoor 
smoking. The infants’ urine contained detectable levels of 
cotinine; trans-3’-hydroxycotinine, the major metabolite of 
cotinine; and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol, a 
metabolite of the nicotine-derived, tobacco-specific carcinogen 

on July 1, 2013. For multiple births, a number preceding the 
mother’s first name distinguishes siblings from each other (eg, 
1Brendasgirl Jones, 2Brendasgirl Jones). “The RAR order rates 
in the study NICUs were measured for 1 year before (July 1, 
2012 to June 30, 2013) and after (July 1, 2013 to June 30, 2014) 
the implementation of the distinct naming intervention,” the 
authors explain, noting that the RAR order rate is the number 
of RAR events divided by the number of orders. In the year 
before the intervention, 157,857 total orders were placed for 
1115 neonates compared with 142,437 for 1067 neonates in the 
year after the intervention. With the new naming convention, 
the RAR error rate decreased 36.3%, going from 59.5 to 37.9 per 
100,000, the authors report. The odds ratio of an RAR event 
post- vs preintervention was 0.64 (95% confidence interval, 0.42 
- 0.97), they note. The benefits of the distinct naming convention 
were observed in most subgroups examined. Particularly strong 
effects were seen in orders placed by house staff (odds ratio, 
0.48; 95% confidence interval, 0.24 - 0.93) and in those placed for 
male patients (odds ratio, 0.39; 95% confidence interval, 0.19 - 
0.83), the authors write.

Umbilical milking improves Blood Flow
Umbilical cord milking (UCM) resulted in higher systemic blood 
flow than delayed cord clamping among preterm cesarean-
delivered infants, according to the findings of a randomized 
controlled trial from the Neonatal Research Institute Team, 
Sharp Mary Birch Hospital for Women and Newborns, San 
Diego, and Loma Linda University, California. They found no 
similar trend in the smaller number of preterm infants delivered 
vaginally. The study included 197 infants born with a mean 
gestational age of 28 weeks. Forty-three infants were delivered 
vaginally, with 23 randomly assigned to UCM and 20 to delayed 
clipping. Another 154 were delivered by cesarean, with 75 
randomly assigned to UCM and 79 to delayed clamping for at 
least 45 seconds. The infants underwent echocardiogram at 
between 6 to 12 hours of life, and continuous hemodynamic 
recordings were made at one of the two study centers for 140 
subjects: 70 in each group. The clinicians were blinded with 
respect to the infants’ study group. The investigators found 
higher superior vena cava blood flow and higher right ventricular 
output in the first 12 hours of life among cesarean-delivered 
infants in the UCM group, which was the primary endpoint of 
the trial, compared with infants who had delayed clamping. 
Hemodynamic testing also documented improved hemoglobin, 
higher delivery room temperature, and higher blood pressure in 
the first 15 hours of life, as well as higher urine output in the first 
24 hours among cesarean-delivered infants in the UCM group. 
Because the incidence of intraventricular hemorrhage (IVH) was 
lower than anticipated, attempts to determine whether UCM 
affected IVH incidence were discontinued. The authors estimate 
the trial would have required 780 infants in each group and 7 
years to complete to gain statistically valid data on IVH. The 
study is the largest to compare UCM with delayed cord clipping 
in cesarean-delivered infants, the authors write. It was the first 
to demonstrate improvements in placental transfusion, as seen 
by higher hemoglobin, improved hemodynamics, and improved 
urine output.

study looks at apnea of prematurity
Apnea of prematurity reflects immaturity of respiratory control 
and generally resolves by 36 to 37 weeks in infants born at or 
after 28 weeks’ gestation, according to a new clinical report 
from the American Academy of Pediatrics. The authors 
clarify the definition, epidemiology, and treatment of apnea of 
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appear in the January 2016 print issue discusses recent clinical 
research demonstrating the superiority of CoSense End‐Tidal 
Carbon Monoxide (ETCO) Monitor at detecting hemolysis 
in jaundiced newborns. The results of the study conducted 
in neonates with bilirubin above the 75th percentile show 
that CoSense is more effective at identifying hemolysis than 
traditional measures, such as the Coombs test. Of the 100 high‐
risk neonates studied at three hospitalsin the Intermountain 
Healthcare System, CoSense showed evidence of hemolysis in 
37%, while Coombs testing showed several false negative results. 
None of the neonates studied with CoSense were readmitted 
to the hospital. In the same period of time, approximately 3% 
of the 3,535 neonates on whom CoSense was not used prior to 
discharge from the hospital, were readmitted for jaundice. The 

full publication can 
be accessed online.

company 
Finds the right 
Formula
Mead Johnson 
Nutrition 
announced the 
launch of the 
Next Generation 
Enfamil Premature 
Formulas, the first 
formulas designed 
to meet the 2014 
Global Expert 
Recommendations 
for the nutritional 
care of preterm 
infants for all 
labeled nutrients. 
Reformulated to 
help clinicians, 
physicians and 
caregivers better 
support the 
nutritional needs 
of infants born 
prematurely, the 
formulas are now 
available in the 
United States. The 
2014 Global Expert 
Recommendations 

for the nutritional care of preterm infants were developed 
with the insights of 33 pediatric nutrition experts across 
five continents and published in the new international 
guide, “Nutritional Care of Preterm Infants: Scientific Basis 
and Practical Guidelines,” which represents the current 
guidelines for the nutritional care of premature infants. 
Eleven labeled nutrients were updated in the Next Generation 
Enfamil Premature Formulas to meet the 2014 Global Expert 
Recommendations, including very important nutrients such as: 
Protein, DHA and Vitamin D. Preterm Birth, there have been 
notable declines in neonatal mortality over the past 50 years. 
With advancements in obstetric practice, intensive care practice 
and newborn nutritional care, the neonatal death rate per 1,000 
live births in the United Kingdom and United States has steadily 
declined from approximately 20 per 1,000 in 1960 to about 5 
deaths per 1,000 live births in 2010.

4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone. Studies have 
shown that THS can damage DNA in human cells and hinder 
respiratory development in premature rats. The study authors 
also plan to investigate levels of THS in NICU rooms of families 
from non-smoking households.

Feeding Device Determines tongue movement
Atlanta-based NFANT Labs LLC has announced FDA clearance 
for its nfant Feeding Solution. Unlike an ordinary baby bottle, 
nfant Feeding Solution is the only medical device that can 
determine an infant’s tongue movement during actual feeding 
and provide objective, measurable data. Information is then 
relayed to caregivers through a mobile app and stored in a 
cloud database. The solution is the first Internet of Things 
(IoT) medical 
device focused on 
babies in the 1,100 
Neonatal Intensive 
Care Units (NICUs) 
across the United 
States. Currently, 
deciding exactly 
when it is safe to 
begin oral feeding 
and determining 
how to best 
advance an infant’s 
feeding is based 
on a caregiver’s 
professional 
experience and 
trial and error. 
Now, health-care 
teams can use 
the data from 
nfant Feeding 
Solution to help 
determine when 
NICU infants are 
ready to transition 
from tube feeding 
to bottle or breast 
feeding. Each 
nfant Feeding 
Solution consists 
of a disposable 
nfant Coupling 
that connects 
the bottle to the nipple. Reusable nfant Sensors then connect 
to the Coupling and non-invasively measure the baby’s tongue 
movement while transmitting that data to a smart device for 
display in real-time. Data is then stored in a cloud database 
for analysis and retrieval. In addition to real-time analytics, 
physicians and caregivers can also view an infant’s historical 
feeding analytics to determine progress. NFANT Labs will start 
providing NICUs with nfant Feeding Solution this quarter with 
plans to expand its market in 2016. For more information, visit 
http://www.nfant.com.

new clinical Data published on Detecting Hemolysis
Capnia, Inc. has announced a paper, titled Measuring End‐Tidal 
Carbon Monoxide of Jaundiced Neonates in the Birth Hospital 
to Identify Those with Hemolysis, has been published in 
Neonatology. This peer‐reviewed paper, which is expected to 



Visit childrens.com/excellence to learn more.

Proud to be leading the way 
in neonatal care.
At Children’s Medical Center Dallas, the fl agship hospital of 
Children’s HealthSM, we offer a full continuum of neonatal 
care, including a Level IV Neonatal Intensive Care Unit, a 
comprehensive Fetal Center, and the fi rst TeleNICU program 
in the state of Texas. Our program also participates in 
NIH-sponsored research and works with the Children’s 
Hospitals Neonatal Consortium to collaboratively establish 
benchmarks and best practices for Level IV NICUs nationwide. 
With cutting-edge research and a clinical and academic 
affi liation with UT Southwestern Medical Center, our Fetal 
Neonatal program continues to earn national recognition. 
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star power for Brave Beginnings
Zoe Saldana has been named the 2015 Theatrical Fundraising 
Spokesperson for Brave Beginnings, a newly renamed program 
of the Will Rogers Motion Picture Pioneers Foundation 
(WRMPPF). The program works to improve the lives of 
premature babies by providing hospitals with grants for 
purchasing life-saving neonatal equipment and supporting 
critical care pulmonary services. Premature birth accounts for 
35% of all infant deaths in the US, more than any other single 
cause. Since 2006, Brave Beginnings (formerly the Will Rogers 
Neonatal Program) has provided essential ventilator equipment 
to neonatal intensive care units (NICUs) across the country. 
To date, the neonatal program has contributed $2.9 million in 
grants to 78 hospitals across 30 states. Each year, the program 
donates roughly $500,000 in grants — and the demand increases 
every year. Saldana stars in a thirty-second public service 
announcement that will appear before movies on more than 
4,000 theater screens nationwide. The spot shares the same 
hand-drawn imagery from Brave Beginnings’ newly launched 
website, www.bravebeginnings.org, where the spot can be 
viewed. Playing on the concept that summer at the movies means 
action, adventure and superheroes, Saldana tells moviegoers, “I 
want to talk about a different kind of hero. Instead of capes, they 
wear blankets.” She adds, “Every superhero needs a sidekick. 
I’d like you to fill that role by giving generously.” For nearly 80 
years, movie theaters have honored Will Rogers’ legacy by raising 
money in movie theaters. Several theater chains will participate 
in the 2015 campaign, which will benefit Brave Beginnings. 
Participating theaters will run various types of programs, 
including concession stand programs that donate a portion of 
sales to Brave Beginnings, donation pin-ups, collection canisters 
and lobby monitor displays. The money raised from the 2015 
Fundraiser will benefit Brave Beginnings. 

Ventilation Device addresses transporting neonates
The HAMILTON-T1 with neonatal option is a high-end transport 
ventilator that provides the best possible ventilation therapy for 
your smallest and most vulnerable patients. During transport, 
the HAMILTON-T1 delivers the same performance as a fully 
featured NICU ventilator at the bedside. Its unique features make 
it one of the best transport ventilators for neonates. Hamilton 
Medical has specially adapted the HAMILTON-T1 hardware and 
software to optimally meet the needs of ventilated neonates. 
Supporting tidal volumes of just 2 ml, the HAMILTON-T1 allows 
for effective, safe, and lung- protective ventilation for even the 
smallest preemies. The reliable and robust neonatal flow sensor 
accurately measures pressure, volume, and flow proximal to the 
patient. This guarantees the required sensitivity and response 
time, and prevents dead space ventilation. Therefore, the patient 
is better synchronized and the work of breathing (WOB) is 
reduced. The new neonatal expiratory valve can balance even 
the smallest differences in pressure and offers the neonate 
the possibility to breathe spontaneously in each phase of a 
controlled breathing cycle. In addition to all modern neonatal 
ventilation modes, the HAMILTON-T1 offers a new generation of 
nCPAP. In the new nCPAP-PC (pressure control) mode, you only 
define the desired CPAP target value for your patient and the 
ventilator automatically and continuously adapts the required 
flow to the patient’s condition and possible leaks. Thanks to the 
demand flow technology, your patient will receive only as much 
flow as is necessary to obtain the set CPAP target. This reduces 
WOB, reduces the need for user interventions and ensures 
optimal leak compensation. You will also require less oxygen 
for transport and noise caused by the ventilator decreases 

Smallest footprint in the industry
ONLY 15.9 LBS FULLY OPERATIONAL

Tecotherm Neo utilizes an innovative servo-controlled design 

with instant feedback, monitoring the infant’s temperature every 2 

seconds and making minute changes to the cooling fluid to ensure 

that the infant’s temperature remains stable. Simple-alarms on the 

Tecotherm Neo alert staff should the temperature deviate more 

than 0.5°C from the set temperature. The user can set the target 

temperatures, duration and even the rate of re-warming / cooling, 

thereby making it easy and simple to set up and use 

Tecotherm NEO®

Total Body Cooling and Warming

Contact Maxtec for an informational booklet 
e-mail: tecotherm@maxtec.com

  3 Modes: Provides maximum flexibility during use

  TOBY Protocol*: Activated with one, easy step

  Adjustable Parameters: Changeable before and during treatment

  Data Storage: For simple analysis of temperature profiles

  Linear Rewarming: Provides smooth, linear rewarming

Informative references:
The Journal of Pediatrics, Vol. 166, Issue 4, p856–861.e2 & Vol. 165, Issue 2, p267–273
The New England Journal of Medicine, NEJM,2009;361:1349-58

866.4.Maxtec     www.maxtec.com
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tubing getting it out of harms way and positioned close the 
patient’s chest. The second product is the 701VCS/NG offering 
the same circuitry securement but also adds a second strap used 
to secure a nasal gastric (or oral gastric) tube keeping it secure 
and avoiding decannulation thereby reducing these difficult 
reinsertions. Find out more at www.peppermedical.com.

study consent argued in court
Two years ago, researchers in a clinical trial involving oxygen 
levels for the tiniest premature babies were accused by a federal 
watchdog agency of not properly disclosing the risks to families 
who participated. What followed was extensive public scrutiny 
of the trial, called Support, and soul-searching in the research 
community about how best to obtain informed consent from 
participants. Some families sued, arguing that their babies 
suffered serious injuries as a result of their treatment. But a 
federal judge threw out the suit in 2015, saying the families could 
not prove that the trial caused the injuries. Last week, the editors 
of a prestigious medical journal wrote that the decision showed 
that the trial was solid to begin with. “What the judge was saying 
was that being in the trial didn’t cause the bad outcomes for 
these kids,” said Dr. Jeffrey M. Drazen, editor in chief of The New 
England Journal of Medicine and an author of one of two pieces 
supporting the study. “And if that’s the case, there’s nothing to 
complain about in the consent form.” But some bioethicists 
disagreed. “The consensus in the bioethics community was 
that the informed consent was not adequate, and that hasn’t 
changed,” said George J. Annas, director of the Center for Health 
Law, Ethics and Human Rights at Boston University’s School of 
Public Health. The lungs of babies born prematurely are typically 
underdeveloped, and they often need to be given oxygen. But too 

distinctively. With approvals and certificates for most types of 
transport and situations the HAMILTON-T1 is an ideal escort 
for your tiniest patients, reliable everywhere, both inside and 
outside the hospital, in the air as well as on the ground. The built-
in high-performance turbine makes it completely independent 
of compressed air, gas cylinders or compressors. This saves 
weight and space and even noninvasively ventilated neonates 
can be transported over long distances. The combination of 
a built-in and an optional hot-swappable battery provides a 
battery operation of more than 9 hours. This can be extended 
indefinitely with additional hot-swappable batteries.

Ventilator circuit stabilizer launched
As many ventilator patients have become more mobile, both 
in long-term care centers and at home, increased safety has 
become an issue. One of the areas that is most important is to 
secure the patients ventilator circuitry and prevent accidental 
dislodgement. A more mobile patient, moving from bed to 
wheelchair and through everyday life, presents a unique 
challenge in not only providing proper ventilation but also in 
providing a safe method in securing the life sustaining ventilator 
tubing. In these critical moments of movement, the tubing 
and circuitry may easily find itself ensnared in bed sheets, on 
wheelchair railings or other hazards, which can result in serious 
injury or death from ventilator disconnections. Pepper Medical 
has introduced two products that will eliminate this issue and 
provide a safer environment for these patients. The first is the 
701VCS (ventilator circuit stabilizer). The 701VCS is a harness 
style belt made of soft cotton laminate that fits comfortably 
around a patient’s waist. Incorporated into the harness is a 
tubing securement strap that reliably secures the ventilator 

Neonatal Whole Body Cooling is shown to improve outcomes for newborns meeting the requirements for 
HIE.1,2 Cincinnati Sub-Zero’s Blanketrol® III with it’s “Gradient Technology” and the Kool-Kit® Neonate provide 
accurate and safe patient temperature management. This system offers the ability to reach and maintain goal 
temperature as well as provides controlled re-warming for the patient. 

All Therapeutic Hypothermia disposables 
located in one convenient package

Self sealing/insulated blanket hoses

Mittens/Socks allow more family contact 
without compromising patient temperature

All products tested and validated by CSZ 
for CSZ equipment

Therapeutic Temperature Management System

Phone: 513-772-8810
Toll Free: 800-989-7373

Fax: 513-772-9119
www.cszmedical.com

1. Shankaran, Seetha, et al. “Outcomes of Safety & Effectiveness in a Multicenter Randomized, Controlled Trial of Whole-Body Hypothermia for Neonatal 
Hypoxic- Ischemic Encephalopathy.” Pediatrics 122 (2008): 790-799.
2. Zanelli, S.A., et al. “Implementation of a ‘Hypothermia for HIE’ program: 2-year experience in a single NICU.” Journal of Perinatology 28 (2008): 171-175.
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developing any-stage ROP was 0.29 (95% confidence interval [CI], 
0.12 - 0.72) compared with infants fed any formula. The risk was 
also significantly lower for infants exclusively fed human milk 
compared with those exclusively fed formula (odds ratio [OR], 
0.25; 95% CI, 0.13 - 0.49). There were nonsignificant trends for 
infants fed any human milk vs infants fed exclusive formula (OR, 
0.54; 95% CI, 0.15 - 1.96) and those fed mainly milk vs mainly 
formula (OR, 0.51; 95% CI, 0.26 - 1.03), but these differences were 
not statistically significant. When the researchers restricted their 
analysis to the risk for severe ROP, the benefit associated with 
breast milk appeared larger and reached statistical significance 
for all comparisons except those fed any milk vs exclusive 
formula (OR, 0.42; 95% CI, 0.08 - 2.18). Specifically, exclusive 
human milk vs any formula showed an OR of 0.11 (95% CI, 0.04 
- 0.30), mainly human milk vs mainly formula had an OR of 0.16 
(95% CI, 0.06 - 0.43), and exclusive human milk vs exclusive 
formula had an OR of 0.10 (95% CI, 0.04 - 0.29).

infant prep for HiV
Infant preexposure prophylaxis (PrEP) for HIV using a 
pediatric liquid formulation should extend for 12 months in 
breast-fed babies of HIV-positive mothers, according to a 
study conducted in Africa through the Université Montpellier 
in France. The study represents the first assessment beyond 
6 months of ways to prevent mother-to-child transmission 
of HIV-1 while breast-feeding. It included the 6- to 12-month 
period when breast-feeding decreases and babies are 
introduced to new foods, and suggests that mothers should 
be told about continued risk for HIV transmission during this 
time. Breast-feeding is recommended up to 12 months after 
birth, especially in developing countries with poor sanitation 
and high rates of child death resulting from infection. 
However, breast-feeding can increase the risk for mother-
to-child transmission of HIV. Two strategies can reduce this 
risk: give the mother antiretroviral therapy (ART) to decrease 
infectiousness, or provide direct protection to the infant, using 
child formulations of PrEP.

stillbirth rates studied
Two studies find no correlation between efforts to limit 
nonmedically indicated deliveries before 39 weeks and the 
number of stillbirths. There have been multiple efforts in the 
past decade by professional societies, regulatory bodies, and 
quality collaboratives to lower rates of early term deliveries 
that are not medically necessary (beginning of week 37 to end 
of week 38). However there is some concern that 39-week 
delivery policies could potentially increase term stillbirths, 
especially if policies are misused for higher-risk pregnancies. 
Therefore, the researchers used National Health Statistics 
data to determine whether those efforts, which lengthened 
pregnancies overall, were having unintended consequences. 
Sarah E Little, MD, MPH, from the Division of Maternal-
Fetal Medicine at Brigham and Women’s Hospital in Boston, 
Massachusetts, and colleagues, studied early-term deliveries 
as a percentage of total term delivery and calculated term 
stillbirth rates for each state, both overall and for low- and 
high-risk women, using birth certificate and fetal death data. 
They found a decline in early-term deliveries across the United 
States, going from 1.12 million (31.8%) of 3.53 million term, 
singleton births in the early term in 2005 to 978,000 (28.5%) of 
3.43 million in 2011. Reductions varied widely by state “ranging 
from a 25.5% relative reduction to a 3.9% relative increase,” 
the authors write in their article. However, they found no 
change in the term stillbirth rate (123/100,000 births in 2005 

much and too little are both bad, so researchers were conducting 
the study to find the sweet spot, trying certain concentrations 
on babies born months premature, at just 24 to 27 weeks of 
gestation. Researchers defended their actions, saying that all of 
the approximately 1,300 babies in the study had been kept within 
a band of treatment that was the standard of medical care at the 
time — oxygen saturation levels of 85 to 95 percent. They argued 
that doctors did not know which part of the spectrum was 
better and that until the trial, which was created to try to answer 
that question, they had really only been guessing. Ultimately, 
mortality was fairly high in the low-oxygen group: 130 babies 
out of 654 in the low-oxygen group died. Ninety-one babies 
out of 509 in the high-oxygen group developed an eye ailment. 
Researchers disputed the assertion that the babies were worse 
off for having been in the study; born so early, they said, these 
children were at high risk to begin with.

Gestational age, Diabetes studied for link
Gestational age and type 1 diabetes appear to be linked, 
independent of familial factors, say researchers who conducted 
an extensive study on nearly all births in Sweden over 4 decades. 
The link could be related to insulin resistance developing as 
a consequence of early-life growth restriction or attributed to 
altered gut microbiota. Three key findings were highlighted. 
First, late preterm birth and early-term birth babies are at 
increased risk of type 1 diabetes. Second, an association seen 
between large-for-gestational-age babies and increased risk for 
type 1 diabetes is unlikely to be causal and may be explained by 
familial factors shared by siblings, he said. Third, and conversely, 
the researchers found that babies born before 33 gestation 
weeks (very preterm) and/or with birth weight of less than 1500 
g, or small for gestational age, seem to be protected against type 
1 diabetes.

educational training Kit now available 
Accriva Diagnostics is presenting the latest training tool 
on proper capillary blood sampling when using a heel stick 
device for PKU neonatal testing. The kit provides samples of 
Tenderfoot incision devices for nurses to practice while using 
a life-like foam demo foot. The foot size was accurately based 
on the median weight of a full term newborn, and has indicated 
markings outlining the acceptable incision locations. The kit will 
also include a step by step training video, informational literature 
and more. With little subcutaneous tissue, it is important to use 
the correct size and not use a device that compresses the skin 
further. This can result in the blade striking the bone, potentially 
causing osteomyelitis. Visit www.tenderfootcares.com for more 
details.

preventing rOp through Breast milk
Feeding very preterm newborns human milk may help prevent 
retinopathy of prematurity (ROP), according to an analysis 
through the Children’s Hospital of Fudan University, Shanghai, 
China. Up to 37% of very prematurely born infants (birth weight 
<1250 g) develop severe ROP, a vasoproliferative disorder of 
immature retina and a leading cause of blindness in developed 
countries, according to the authors. To ascertain the potential 
protective effect of breast milk compared with formula, the 
authors searched electronic databases for relevant studies and 
reviewed 312 studies in full. Five cohort studies conducted from 
1992 to 2008 involving 2208 preterm infants met their inclusion 
criteria. The newborns’ average gestational age ranged from 26 
to 30.2 weeks, and their birth weight ranged from 775 to 1376 g. 
Among infants who were exclusively fed human milk, the risk of 
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vs 130/100,000 in 2011; P = .189). In another study, Marian F. 
MacDorman, PhD, from the Maryland Population Research 
Center, University of Maryland in College Park, and colleagues 
found that the stillbirth rate was unchanged between 2006 and 
2012, although the percentage distribution of live births by 
gestational age changed considerably in that time: Births at 34 
to 38 weeks decreased by 10% to 16%, and births at 39 weeks 
increased by 17%.

Hearing loss and newborns
Newborns with congenital diaphragmatic hernia (CDH) appear 
to be at higher risk of sensorineural hearing loss (SNHL), 
according to a new study. SNHL is either congenital or acquired, 
but the mechanism for CDH to lead to SNHL is unknown, the 
researchers say. Possible explanations include severe tissue 
hypoxia interfering with cochlear oxygenation and function, 
CDH caused by 
abnormal neuronal 
migration at the 
same time as the 
cochlea develops, 
or even postnatal 
factors. SNHL 
may develop 
whether newborn 
audiograms are 
negative or positive, 
so health care 
providers need 
to monitor these 
children closely. Dr 
Misha Amoils, of 
Stanford University, 
Stanford, California 
and colleagues 
studied 50 children 
with CDH born 
between 1999 and 
2008 (26 boys; 24 
girls) with a mean 
gestational age of 
37.4 weeks and 
weighing 3,046 g on 
average. Thirty-
three children 
had a prenatal 
diagnosis of CDH, 
and 40 patients 
had a left-sided 
hernia. Eighteen 
children underwent primary surgical repair; and 32 required 
more extensive patch repair. Newborn hearing screen results 
were available for 47 children. Follow-up audiograms were done 
between ages six months and 10.7 years. Of those with newborn 
screen results, 40 passed the screen and seven failed. Five of 
those who failed developed SNHL, as did 20 of those who passed. 
In all, 28 patients had any degree of SNHL, nine of them with 
significant disease, defined as having a pure-tone average (PTA) 
of >40 db. Univariate analysis failed to identify factors associated 
with overall hearing loss. On multivariate analysis, however, 
factors associated with significant hearing loss included receipt 
of extracorporeal membrane oxygenation (ECMO) (p=0.02), 
nonprimary CDH repair (p=0.01), ventilation of 14 days or longer 
(p=0.001), and high neonatal furosemide exposure (p=0.03).

Got milk (tested)?
Scientists are debating the merits of a new breastmilk testing 
service — you mail three samples of breast milk to a lab — 
which claims to offer a full nutritional panel of breast milk, with 
levels of a wide variety of nutrients from protein to vitamin D. 
Another test, a strip that changes color when alcohol content 
is over a certain level, can tell a mother if it’s too soon after an 
alcoholic drink to feed the baby. “The nutrient value of breast 
milk will supply all the needs of the baby. There is no need to 
measure it,” says Arthur Eidelman, co-author of the American 
Academy of Pediatrics guidelines on breast-feeding, published 
in 2012. Individualized breast-milk profiles are sold directly to 
consumers by companies such as Israel’s MyMilk Laboratories 
Ltd, which hopes to offer its services in the US next year. Happy 
Vitals Inc, of Washington, DC, began shipping test kits this month 
at $149.95 for a basic panel and up to $324.95 for a test of 15 

different beneficial 
ingredients as well 
as for cortisol, a 
stress hormone 
that a 2013 study 
suggests may 
influence a baby’s 
temperament. After 
receiving the test 
kit, you take three 
samples of milk, 
at least two or 
three days apart, 
freezing them each 
time and then 
shipping them in a 
cooler to the lab, 
says Happy Vitals 
Chief Executive 
Eric Feigl-Ding, an 
epidemiologist and 
research scientist 
in the department 
of nutrition at 
the Harvard TH 
Chan School of 
Public Health in 
Boston. There 
aren’t published 
guidelines for 
ideal composition 
of breast milk, 
scientists say. 
Instead, the 

company’s online software multiplies the amount of each 
nutrient by the amount of milk your baby is drinking daily — and 
tells you whether your baby is getting enough of each nutrient 
according to US and European guidelines. For example, the 
Institute of Medicine recommends an adequate intake of vitamin 
B12 for an infant is 0.4 micrograms daily. In an information sheet 
for clients, the company says vitamin B12 can be obtained from 
meat, fish, eggs and dairy or from supplements for mother or 
baby. Another option, according to the sheet, is to supplement 
with formula containing the vitamin. A vegan who isn’t taking 
supplements or eating foods fortified in B12 is likely to be 
deficient and should take supplements regardless of breast-milk 
test results, says Dr Meek, a dietitian, pediatrician and editor in 
chief of the pediatrics academy’s book, “New Mother’s Guide to 

info@nfant.com   •   800-761-7601

Realtime Biofeedback at Bedside 
The nfant® Feeding Solution is used with 
standard bottles and nipples and 
non-invasively measures nipple movement 
during feeding. Data is streamed to a 
mobile tablet for display and saved in the 
cloud nfant® Patient Database. 

Patient Progression Tracking
Feeding history is aggregated on the nfant®  
Mobile App and objective measures 
displayed for clinician review. Progression 
tracking of measured data allows for 
evidence based decisions through feeding 
transition and discharge home.

Safe & E�ective Feeding Transition
Did you know 40-70% of patients experience 
complications transitioning to oral feeding? 
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tell us about the latest advances in the area your product 
serves.
Radiologists and physicians in the NICU face a unique set of 
imaging challenges not always addressed by general purpose 
mobile imaging systems. NICUs are seeing more Low and 
Extremely Low Birth Weight Babies than ever before, and these 
fragile infants often require more, frequent, imaging. When using 
conventional CR and DR systems, clinicians are often forced to 
compromise between image quality and dose in order to manage 
radiation exposure. The KUB 250 System meets these challenges 
by providing higher resolution to visualize the infants’ delicate 
anatomy at a lower radiation dose thereby helping reduce the 
overall risk to the patient.

Discuss your r&D process, including clinical user input.
Kubtec’s business is built upon digital X-ray and nothing else. 
Our institutional knowledge base is deep, and we can truly 
say that we are the experts in our clearly defined chosen field: 
neonatal and women’s imaging. Our approach is to identify 
unmet needs in the market and to move quickly to provide 
solutions to clinicians, patients and providers. Our concepts 
are often derived from consultations with our broad customer 
base and are tested with neonatal physicians, technicians and 
administrators at tradeshows, hospitals and workshops. Product 
concepts pass through a stage gate process and are continually 
tested against user requirements and quality standards prior 
to release. Workflow and usability studies are provided by 
physicians/clinicians at every juncture of design and final 
product release, which includes clinical studies in actual usage.

What new technology do you see as having the greatest 
impact on your area of expertise?
In the future, Kubtec envisions new technology that will 
greatly impact our area of expertise, such as the creation of 
new compounds or the expansion of the limits of current 
technologies in order to take full advantage of their physical 
properties. These advances will result in new products that 
can be utilized to improve resolution and/or reduce radiation 
dose. As a small company, we are able to continually adapt and 
capitalize on changes or improvements as they become available 
by utilizing sound physics and engineering.

Breastfeeding.” For vitamin D, tests of breast milk aren’t very 
useful since nature never intended babies to get their entire 
supply of the vitamin from feeding, says guideline-author Dr 
Eidelman, a visiting professor at Albert Einstein College of 
Medicine in New York. Given that modern babies are protected 
from the sun, the pediatrics academy recommends routine 
vitamin D supplementation for all breast-fed infants. The lab 
tests also measure levels of antibodies present in breast milk.

Home Births Up – But is that Good?
With a growing number of American women choosing to give 
birth at home or in birthing centers, debate is intensifying over 
an important question: How safe is it to have a baby outside 
a hospital? A study in the New England Journal of Medicine 
provides some of the clearest information on the subject to date. 
The study analyzed nearly 80,000 pregnancies in Oregon, and 
found that when women had planned out-of-hospital deliveries, 
the probability of the baby dying during the birth process or 
in the first month after — though slight — was 2.4 times as 
likely as women who had planned hospital deliveries. Out-of-
hospital births also carried greater risk of neonatal seizures, 
and increased the chances that newborn babies would need 
ventilators or mothers would need blood transfusions. On the 
other hand, out-of-hospital births were far less likely to involve 
cesarean sections — 5.3 percent compared with 24.7 percent in 
a hospital. They also involved fewer interventions to augment 
labor, and mothers had fewer lacerations.

cOmpanY prOFile

Kubtec
Describe your product(s) and its unique features.
The KUB 250 Neonatal Imaging System is the only portable 
digital X-ray system designed specifically to address the needs 
of the Neonatal Intensive Care Unit (NICU). Using CMOS 
technology and a 96u pixel size to provide the highest resolution 
images at up to 50% reduction in radiation dose compared to 
other portable systems, the KUB 250 System delivers image 
contrast that is specifically configured for enhanced soft tissue 
visualization, yet allows PICC lines of 1 French diameter to be 
seen.

The KUB 250 System is compact and portable and fits 
conveniently between Isolettes and cots. Also, its detector fits 
directly within the Isolette slot so there is no disturbance for the 
patient. The system is lightweight and maneuverable with no 
need for a motor, meaning fewer moving parts, less maintenance 
and less downtime.

As a system dedicated to the NICU, the KUB 250 System 
reduces the risk of bringing contaminants from other hospital 
departments. With no cassettes to transport, images are 
available instantly to the physician or technologist, enabling 
rapid review of PICC line placement and other procedures. 
The system is always ready, always available and runs all day 
on a single battery charge. Once produced, images can be 
wirelessly transmitted to PACS with KUB 250 System one touch 
transmission.
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Interview

neonatal intensive care: What is the significance of newborn 
and pediatric hearing screening today?
Diane sabo: According to the National Center for Hearing 
Assessment and Management (NCHAM) every state and 
territory in the United States has now established an Early 
Hearing Detection and Intervention (EHDI) program to 
ensure that every child born with a permanent hearing loss 
is identified before three months of age and provided with 
timely and appropriate intervention services before six 
months of age.1

randi Winston Gerson: Hearing loss is the most common 
congenital condition in the US, according to the American 
Academy of Pediatrics (AAP). AAP estimates that three 
in 1,000 infants who are born with moderate, severe, or 
profound hearing loss results in delayed development 
in language, learning, and speech.2 Timely diagnosis and 
intervention can help—and it all begins with screening. 

Kathleen Hill: Children who are identified with hearing loss 
and receive intervention early are more likely to demonstrate 
language development within the normal range by the time 
they enter school than those who are not identified and 
served early.3 Hearing loss can occur at any age and hearing 
screening plays a vital role to ensure that patients can avoid 
communication roadblocks as they grow.

nic: What are the best practices based on national EHDI 
guidelines?
randi: The 1-3-6 EHDI goals are to screen a newborn prior to 
one month of age, diagnose hearing loss prior to three months 
of age and enroll in early intervention programs prior to six 
months of age. The earlier a child is identified with hearing 
loss, the sooner the language learning process can begin. 
In addition, the younger a baby is, the more likely sedation 
procedures can be avoided and the diagnostic audiological 
evaluation can be conducted under natural sleep.

nic: What is the earliest you can screen a newborn?
randi: Great question. The answer relates to neurological 
maturation and the screening equipment used—and so this 
is a significant factor to consider with Auditory Brainstem 
Response (ABR) screening. I am asked these questions often; 
Is it ok to screen a 30 week old vs a 36 week old? What is the 
ideal age to screen a newborn? What is the maximum age? 

Should you use equipment on babies beyond six months of 
age? The answer depends on the specific equipment used, 
and the response detection method used. It is important to do 
some investigation with the specific equipment manufacturer 
to know the answers to these questions. 

nic: Beyond the NHS period, do you need to screen babies or is 
it OK to wait until they enter school?
Diane: No, parents shouldn’t wait until the child enters 
school to have hearing tests conducted. In fact, there is 
existing research that states hearing loss doubles by the time 
they enter school.4 Hearing in children needs to be monitored 
on an ongoing basis because hearing loss can develop at any 
time, and it is an invisible condition—that is why we need 
continued screening. 

Kathleen: Another reason for continued screening is because 
there are children born with risk factors. These babies may 
have a normal hearing screen at birth, but develop a hearing 
loss after the newborn period; for example, babies born 
with syndromes, cranio-facial anomalies, a family history of 
congenital hearing loss, or a NICU (Neonatal Intensive Care 
unit) stay of five days or more.

nic: Tell us about Otoacoustic emissions (OAE). Should you 
screen with OAE vs ABR? What population is ideal for OAE? Is it 
OK to use OAE in the NICU? 
randi: In their 2007 position statement, the Joint Committee 
on Infant Hearing recommends OAE screening for well 
babies, babies without risk factors and babies that have been 
in the NICU for less than five days.5 Babies who have been 
in the NICU for five days or more, or who have risk factors 
should be screened with ABR. 

Diane: I agree, but you can also use OAE in the NICU, 
however it must be in conjunction with ABR screening. 
Regardless of whether the newborn passes the OAE, the 
ABR screen must be conducted. If you screen the high-risk 
population just with OAEs, the potential of missing a baby 
with auditory neuropathy/dys-synchrony exists—this is a 
condition more common in babies in the NICU for more than 
five days and babies with risk factors. 

Kathleen: And because auditory neuropathy/dys-synchrony 
affects the hearing anatomy beyond the level of the cochlea; 

OAE Screening: Best Practices for Newborn 
Hearing Screening and Beyond
neonatal intensive care interviews clinicians and healthcare providers about the 
actual application of specific products and therapies. participating in this interview 
are audiologists randi Winston Gerson, auD, and Diane sabo, phD, hearing 
screening program managers at audiology systems, as well as, Kathleen Hill, auD, 
audiology training and education manager at Gn Otometrics north america.
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the eighth nerve to the brainstem it is important to screen 
with ABR to ensure this condition is not missed. 

nic: What about for newborns with any kind of ear malformation 
or deformity—should they be screened? Or should they go 
straight to the audiologist? 
randi: In my opinion, we shouldn’t screen babies with outer 
ear malformations. Instead, they should go straight to a 
pediatric audiologist. Unfortunately, I am aware of babies with 
malformations that were actually screened in the newborn 
nursery and the malformed ear passed. In addition, if a baby has 
a unilateral malformation and the normal looking ear is screened 
and passed, the family may have a false sense of security that 
since one ear is “normal” they don’t have to get audiological 
follow up. It’s important that parents or caregivers understand 
the importance of monitoring the ear that passed the screening 
and find out the type and severity of the hearing loss in the 
malformed ear.

Diane: I have a different perspective. Babies in the NICU may 
have other health conditions that are a higher priority than 
hearing loss, making it difficult for families to follow-up. Also, 
for those families that have limited resources or who have 
socio-economic challenges may have a higher likelihood of 
falling through the cracks. I’ve seen high no-show rates even 
when appointments are scheduled. It is important to screen 
them because you don’t know if they will come back to see an 
audiologist. They may follow up with an ENT to address the 
malformation but not always with an audiologist to address 
hearing. If the baby is from the well-baby nursery, I would still 
recommend screening when you have access to the baby. That is, 
while they are in the hospital.

Kathleen: This is a tricky topic. Your readers will simply have 
varying perspectives to consider. In the two children’s hospitals 
that I worked at with high intensive care populations, we had 
families that wouldn’t go to audiology even with appointments. 
So the theory was that I needed to, at the very least, screen the 
good ear to verify that something was “good”, and take into 
consideration that they may never come back. 

nic: Since you mentioned equipment earlier, what tools are 
available for newborn OAE screening and diagnostic follow-up? 
What features can help screeners and audiologist’s today? 
randi: For newborn screening, it boils down to accuracy, 
efficiency, preference and budget. The MADSEN AccuScreen 
by Otometrics is a compact handheld screener that offers all 
the capabilities of a cart-based system. Two-step OAE and/or 
ABR testing is combined into a single hand-held device and will 
significantly improve your workflow and test time. AccuScreen 
is great for conducting OAE screening for patients of all ages 
and the ABR module is intended for babies from 34 weeks to six 
months of age. 

In addition, the device is capable of performing DPOAE and 
TEOAE testing depending on your screening needs.

On the other hand, the SmartScreener—Plus2 by Intelligent 
Hearing Systems offers a choice of automated ABR screening, 
OAE screening, or both. It is a cart-based infant screener that is 
simple to operate. The battery-operated, ergonomic cart allows 
for screening flexibility. An integrated data back-up utility 
allows for seamless results transfer to central databases. The 
SmartScreener can be used to screen patients of all ages.

Beyond NHS, the MADSEN Alpha OAE screener by Otometrics 
is another great tool for OAEs. The “child mode” cartoons and 
touch screen display make hearing screening fun for the child, 
and fast for the tester. It meets the requirements of CPT code 
92587 and makes OAE screening easy to administer in any 
setting. Alpha screens patients of all ages.

Diane: In addition to the Alpha, PATH Medical Solutions offers 
several different devices depending on the needs of the clinic. 
For example, the Sentiero Desktop by PATH Medical Solutions 
is a unique, flexible OAE device with diagnostic tympanometry, 
ipsilateral and contralateral acoustic reflex, pure tone 
audiometry all in one portable desktop device. 

Another option is the Sentiero handheld which offers both OAEs 
and audiometry. It is an ideal solution for professionals who need 
more than just OAE testing and would like to confirm results 
with behavioral responses. Having the option to choose between 
diagnostic, screening or both functionalities is a practical feature 
to consider for those who plan to add OAE screening to their 
practice. The Sentiero devices can also test patients of all ages.

nic: Since its foundation in 2012, Audiology Systems has 
promised to elevate customer care in the US. So in addition to 
hearing instrumentation, what other services are available to 
hearing care professionals?
randi: Audiology Systems offers everything a professional 
needs to maximize the use of the equipment—this elevates our 
service delivery and accessibility. For example, our calibration 
services (www.audiologysystems.com/calibration) ensure that 
all screening devices are always up-to-date. Customers can rest 
assured that they are supported by service professionals who are 
certified and trained to service any hearing care equipment—not 
just that of Otometrics. This kind of “one-stop shop” service is a 
huge time saver.

Kathleen: Another advantage is the ability to shop online for 
supplies. The Audiology Systems webshop (www.shopASI.com) 
is our convenient online shopping site featuring commonly used 
supplies, accessories and disposables, such as the Lilly TM-wick 
electrode, pediatric foam ear tips, probe tips cables and more. 
So, screeners and inventory managers can easily restock at their 
convenience. 

We also offer our education page (www.audiologysystems.com/
education) which features courses and self-help references for 
professionals. Between Audiology Systems and Otometrics, we 
have close to 20 audiologists in the US who provide audiology 
support and training nationwide. Our audiologists have decades 
of collective audiologic experience and we are here to be 
resources to audiologists and hearing care professionals who 
have purchased instrumentation across the US. 

Diane: Randi and I have more than 60 years of combined 
experience in hearing screening. We joined the company 
primarily to provide screeners, audiologists and other hearing 
care professionals with specialized knowledge and consultative 
support to meet their hearing screening needs, and that of 
their facility. So all-in-all, Audiology Systems now brings to 
every customer over 160 years of collective experience in 
audiology. That experience goes into producing informational 
and educational material specific to the screening market for 
Audiology Systems customers.
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nic: Thank You for your time Randi, Diane and Kathleen. 
Learn about Audiology Systems’ screening solutions at www.
audiologysystems.com/screening. Reference material, articles, 
courses and interviews about hearing care techniques and 
technologies are available at www.audiologysystems.com/
education.
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Interview

neonatal intensive care: What were the motivating factors that 
led you to try using the Modified Seldinger Technique in such 
small patients?
tricia Blaine: Our PICC team went to Florida to be trained 
in using US and MST on infants and children at Jacksonville 
Children’s hospital through a training session offered by PICC 
Excellence. We witnessed them using MST with US on babies 
as small as 500 gms. We hadn’t realized this technique could 
be used on babies that small.

nic: What did you find were the advantages in using this 
technique verses the traditional method of an over-the-needle 
tear-away introducer?
tB: Since our population is strictly neonatal with a good 
percentage of them being micro-preemies, we generally use 
a transilluminaor for vessel identification. Our first stick 
success rate using the direct introducer method was 55-65% 
and we were eager to use the MST technique with better 
statistics on first-time success rate attempts. We also found 
that you could use MST on visible vessels without US. Our 
first stick sucess rate went up to 85% using MST since we 
started using it. We found that if the wire threaded easily, you 
could be certain you could thread the PICC line.

nic: What was the size of the smallest infant that you were able 
to successfully place a PICC in using MST?
tB: Great question. The answer relates to neurological 
maturation and the screening equipment used—and so this 
is a significant factor to consider with Auditory Brainstem 
Response (ABR) screening. I am asked these questions often; 
Is it OK to screen a 30 week old vs a 36 week old? What is the 
ideal age to screen a newborn? What is the maximum age? 
Should you use equipment on babies beyond six months of 
age? 22 week 480 gm baby. This baby was actually the first 
time we used the Neomagic MST with success.

nic: In the Pediatric and Adult use of Modified Seldinger 
Introduction it is very common to have to perform a skin nick 
with a scalpel before placement of the dilator tear-away. What 
has been your experience?
tB: We have found with the smallest babies, their skin is 
immature and pliable so that the dilator sheath slides in and 
we have not had to make a nick in the skin. On older larger 
babies we do have to make a nick.

nic: How frequently do you need to use an alternative method of 
introduction or how successful is this technique?
tB: We have been strictly using this technique now in our 
NICU since last July. We are using the US more when veins 
are not visible or with more difficult access situations but are 
only using MST.

nic: Are there additional advantages to neonatal MST PICC 
insertion related to improve first-attempt success other that just 
using fewer introducers?
tB: Our comfort level using our regular 24 g angiocaths to access 
the vein is greater, making first-time attemps more successful.

nic: In looking for a product to use, which one did you find was 
the most suitable for such small patients?
tB: There are very few products on the market for neonatal MST. 
We wanted to use it on our smallest babies without US when the 
vein is visible, especially the saphenous vein at the ankle since 
that is one of our favorite sites. I searched the internet and found 
the Neomagic. It looked very small so we decided to give it a try.

nic: Why or how often do you still need to use the traditional 
over-the-needle tear-away introducer for neonatal PICC 
placement?
tB: We are not using that method anymore since we introduced 
MST last July in our unit.

nic: You mentioned a few questions ago that you used the Neo 
Magic MST kit. What makes it so special?
tB: It is very small and felt comfortable using it on our tiniest 
babies.

nic: Could any company have produced this good of a product 
and what would you like to say to the company that did?
tB: There needs to be more literature that MST can safely be 
used on the smallest of babies. It is the standard in the adult 
and pediatric world and we would like to see that happen in the 
neonatal world. It is a successful product and we would like 
more places to be using it on babies! We spoke about our team’s 
success at AVA and hopefully the word will spread.

Hospital Benefits of Using the Modified 
Seldinger Technique (MST)
in this interview, neonatal intensive care interviews clinicians and healthcare 
providers about the actual application of specific products and therapies. 
participating in this interview is tricia Blaine, rn, Bs, rn, picc, neonatal intensive 
care Unit Brigham and Women’s Hospital.

If you would like to participate in this feature, as a company or healthcare 
provider, please contact Steve Goldstien at s.gold4@verizon.net.
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neonatal intensive care: What do you see are the newest 
trends in neonatal treatment of HIE?
Diana Vasil: The newest trends in neonatal treatment of 
Neonatal Encephalopathy have many hospitals cooling infants 
< 36 weeks gestational age and cooling infants ≥ 36 weeks 
gestational age after the initial 6 hours after birth. Currently 
there is limited research in both of these areas and until any 
studies are published with sufficient data our centers will not 
be changing our policies for cooling since we are an academic 
medical center and our policies are based on evidence-based 
medicine.

nic: How have your cooling protocols changed in the past 2 
years?
DV: We have not changed our cooling protocols in the past 2 
years, we currently cool infants that are ≥ 36 weeks gestational 
age who have qualified for cooling with clinical indicators and a 
neurological examination before 6 hours of life.

nic: What kind of trend are you seeing while extubating during 
therapy and how do you sedate those babies?
DV: We do not sedate infants during therapy.

nic: What is the biggest obstacle you face when cooling a baby?
DV: There can be several obstacles when cooling is initiated 
for an infant. We have a resuscitation team that handles the 
infant from birth through the first 4 hours of life or longer if 
necessary. They are trained to set-up cooling protocols and 
apply the appropriate probes and equipment as necessary. 
Close monitoring is necessary to ensure that the appropriate 
temperature is achieved and maintained. The next obstacle can 
be the re-warming period which has to be a slow process and 
can be associated with an increase in seizure activity. Infants 
undergo head MRI at about 7-14 days of age and are required 
to return for follow-up neurological and developmental exams 
at about 2 years of age. Follow up is always an important 
component of their care and is stressed to the parent as part of 
the child’s care. We keep in touch with the families during the 
interim period.

nic: What are the biggest fears that you hear about from the 
parents?
DV: Parents are often overwhelmed with their baby’s admission 
into the NICU. They are stressed and often don’t remember what 
information they have been given about the baby’s condition 
or prognosis. They are usually fearful that they will lose their 
baby and are often very worried about long term neurologic 
outcome for their child. Fear of the unknown, being surrounded 
by the equipment and monitors in the NICU, and the lack of 
understanding of so many processes usually feeds their anxiety.

nic: What site do you prefer to monitor (esophageal or rectal) 
and what techniques do you use for placing an esophageal 
probe?
DV: We use a esophageal probe. The probe is to be softened 
before insertion by placing in warm water for a few minutes, 
placed in the lower third of the esophagus, preferably nasally 
since it is usually more secure in this position. If the infant is 
smaller, we can place it in the oropharynx. The measurement 
is taken by measuring the distance from the nares to the ear to 
the distal sternum (xiphoid) minus 2 cm and marking with an 
indelible pen before inserting. It is taped to the nose or side of 
the face. Usually probe placement is confirmed within 12 hours 
by X-ray.

nic: What tips can you provide for re-warming difficult babies?
DV: The most important tip would be the frequent monitoring 
of the infant during the entire period of re-warming. Vitals signs 
should be taken frequently. Overwarming the infant should be 
avoided and the infant’s temperature should not reach over 
37.5°C.

nic: What other diagnoses are you cooling babies for and how is 
that working for you?
DV: Currently we only cool infants for Neonatal Encephalopathy.

Neonatal Treatment of Neonatal 
Encephalopathy
in this feature, neonatal intensive care interviews clinicians and healthcare 
providers about the actual application of specific products and therapies. 
participating in the interview from Ut southwestern medical center is  
Diana m Vasil, Bsn, rnc-nic, senior research nurse-neonatal research network.

If you would like to participate in this feature, as a company or healthcare 
provider, please contact Steve Goldstien at s.gold4@verizon.net.
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Interview

neonatal intensive care: When did you implement the HALO 
Safer Way to Sleep Program at Christiana Hospital? 
pamela Jimenez: May 2013.

nic: What was the impetus?
pJ: While attending the National SIDS conference in 2011, I met 
Bill Schmid and learned of the HALO® SleepSack® wearable 
blankets. Given that Delaware averages about 2-3 unsafe sleep 
environment related deaths per month, I began to look at how 
we model safe sleep practice within our own hospital. 

nic: Can you also share the steps you took to get the program 
adopted at the hospital?
pJ: I began with tracking NICU sleep environments of all babies 
who were in cribs and medically stable for a period of 6 months. 
What I found were babies surrounded by rolls of blankets, 
propped on their sides, the head of bed elevated and /or on their 
belly. Although we do teach safe sleep, these behaviors were 
not modeling safe sleep practice for parents. Following the 
evaluation of data, over 204 parents previously discharged were 
contacted to evaluate our safe sleep education. Surprisingly, over 
75% were not following safe sleep practices but modeling nursing 
behaviors. The most common comment noted was “If my nurse 
in NICU did this, it must be ok.” Updated nursing education 
reflecting the AAP 2011 safe sleep guidelines and recent data 
regarding our own practices was shared. This provided an 
opportunity to approach our Maternal Child service line about 
joining forces with HALO to integrate their SleepSack wearable 
blankets and SleepSack Swaddles into our safe sleep practice. 
It took a great deal of networking between HALO and our 
leadership team, but with the help of our data reflecting unsafe 
sleep practices, we forged our relationship with HALO. Mother’s 
Day 2013 marked our roll out the Safer Way to Sleep program. 
Data collected after the implementation of the program utilizing 
HALO SleepSacks, demonstrated a 100% improvement in the 
NICU within the first month and most importantly, parents began 
to seek out these safe sleep garments for their baby. 

nic: In what parts of the hospital is the program currently used? 
pJ: Post-Partum, NICU and Pediatrics.

nic: Do you know how many babies are touched by the program 
each year? 
pJ: Christiana delivers about 7,000 babies per year. All babies 

following their first bath are placed in a HALO SleepSack 
Swaddle. We also provide a take home program in which parents 
are provided with a HALO SleepSack Swaddle for home use 
along with safe sleep education during their stay and prior to 
discharge. 

nic: Specifically how is the program implemented in the NICU 
and what are the results? 
pJ: All medically stable babies who are either acclimatizing to a 
crib or are in cribs are now placed in HALO SleepSack wearable 
blankets.

nic: How does the program enable the staff to share important 
safe sleep information with parents, and do you feel that the 
“demonstration” of safe sleep on babies makes the information 
easier for new parents to understand and replicate at home? 
pJ: The HALO SleepSack wearable blankets open the window 
for education with the families. Parents seek out the HALO 
SleepSack wearable blankets and like the idea of their baby 
being comfortable, warm and safe. 

nic: Does the program encourage more dialogue between 
parents and the staff? 
pJ: It does. However, it is a consistent message by all staff that is 
important as different cultures or age groups still default to using 
blankets and need continued education. 

nic: Why is it so important for you to have a take home program 

Hospital Benefits of Using the HALO® Safer Way 
to Sleep Program
in this feature, neonatal intensive care interviews clinicians and healthcare providers 
about the actual application of specific products and therapies. participating in the 
interview from christiana Hospital is pamela Jimenez, rn, msn, Fnp-Bc/pnp-Bc 
nurse practitioner/coordinator continued care nursery, infant apnea team.

If you would like to participate in this feature, as a company or healthcare 
provider, please contact Steve Goldstien at s.gold4@verizon.net.

Photo courtesy of Christiana Hospital.
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economic areas that provide HALO SleepSack wearable blankets 
and education. We also participate in a variety of community 
health fairs and partner with Cribs for Kids as a dispensing site 
both in Maternal Child and the ED. As such, we have attained the 
highest (gold) designation as a “Certified Safe Sleep Champion” 
as part of the Cribs for Kids’ National Safe Sleep Hospital 
Certification Program. In addition, we have a team that sits on 
the state’s Safe Sleep task force to help bring education and 
change to Delaware.

nic: Do you feel this program improves the patient experience at 
the hospital?
pJ: Yes and no. When HALO SleepSack wearable blankets are 
available, staff and families are pleased; however at times it has 
been difficult to manage pilfering of the safe sleep garments. If 
we run short, no one is happy. Unfortunately, we are still finding 
babies in parents beds or sleeping on a nursing pillow so we 
know this program must continue in order to ensure that all 
parents are aware of safe sleep for baby.

which provides each new parent with a HALO SleepSack 
Swaddle to use at home? 
pJ: I believe this reinforces what we are teaching here and 
provides the same message for providing safe sleep for baby at 
home.

nic: Does Christiana Hospital do any safe sleep outreach to the 
community at large? 
pJ: Yes, our parent education department offers safe sleep as 
part of their child birth classes; the NICU provides educational 
programs as a part of discharge planning that includes safe 
sleep, and we have community baby showers in our lower socio-

Photo courtesy of Christiana Hospital.
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No family wants their newborn baby to ever have health 
complications—of course—but if there ever are complications, 
they want them identified quickly while still in hospital so they 
can be treated as soon as possible.

Christensen et al at the University of Utah School of Medicine 
speculated that the risks associated with an undiagnosed 
condition and subsequent hospital readmission would go up if a 
hospital doesn’t have the suitable instrumentation. So the team 
decided to test out a simple-to-use, non-invasive device for a 
neonatal condition and see the impact it had and if the results 
pointed towards larger study as a way to reduce risks associated 
with readmission for treatment.

In the team’s study—called Measuring End-Tidal Carbon 
Monoxide of Jaundiced Neonates in the Birth Hospital to Identify 
Those with Hemolysis-Christensen et al looked at the issue of 
determining End-tidal breath carbon monoxide (ETCOc) in 
jaundiced neonates.

A study was conducted at McKay-Dee in July, Intermountain 
Medical Center in October and Utah Valley in November of 2014 
and completed in January 2015. In the study’s introduction, 
the authors wrote that “End-tidal breath carbon monoxide 
(ETCOc) levels correlate with the rate of heme catabolism.1 
However, methods for identifying high ETCOc levels have not 
been widely available in practice, because of a lack of suitable 
instrumentation. In a recent review, Tidmarsh et al1 emphasized 
the relevance of determining ETCOc in jaundiced neonates, 
pointing out that hemolytic jaundice is a risk factor for bilirubin-
induced neurologic dysfunction and kernicterus. Bilirubin-
induced neurologic dysfunction and kernicterus are theoretically 
preventable,2,3 but cases continue to occur4-6 and many of these 
are in neonates with hemolytic conditions. Maisels and Kring7 
wrote that identifying hemolysis by finding an elevated ETCOc 
could enable a targeted, rigorous follow-up to prevent extreme 
hyperbilirubinemia.”

The Device
So with a preventable neonatal health issue identified, the team 
selected a device to test these babies.

“We speculated that if a new device for quantifying hemolysis 
ETCOc, namely the CoSense monitor (Capnia Inc., Redwood 
City, Calif., USA) was easy to use in actual practice in the birth 

hospital and identified those jaundiced neonates with hemolytic 
jaundice, it could then be tested as a part of a strategy for 
preventing kernicterus, bilirubin-induced neurologic dysfunction 
and hospital readmissions for jaundice treatment,” the authors 
wrote.

The CoSense ETCO Monitor is composed of a small, battery-
powered monitor, connected to a Precision Sampling Set (PSS).  
The nasal prong of the PSS is inserted into one nostril of a 
spontaneously-breathing newborn. The non-invasive sampling of 
a newborn’s end-tidal breath takes approximately 30 seconds to 
2 minutes to complete and can be performed while the newborn 
is being held or at bedside.

Nurses were relied upon to identify potential test subjects as 
they receive the results from the bilirubin screening protocol. 
“If the ETCOc was >2.0 ppm (a >95th percentile value reference 
range in our previous study),8 the study nurse contacted the 
family and physician and discussed the recommendation for a 
follow-up determination of the TB <24 h after discharge home. 
The family was contacted after discharge to determine whether 
the follow-up had been accomplished as arranged...All 100 
ETCOc measurements were performed using a newly developed 
instrument, the CoSense monitor (Capnia Inc.). The device is 
portable and utilizes a single-use nasal cannula for quantifying 
end-tidal breath carbon monoxide. It also samples ambient 
carbon monoxide, which is subtracted from the breath carbon 
monoxide value, resulting in a measurement termed ETCOc.8 
CoSense has FDA Section 510(k) clearance.

Results
During the study period, many parents were contacted about 
taking part and 100 babies were approved for the study. Thirty-
seven of the 100 jaundiced neonates had an elevated ETCOc. 
The most common cause (found in 11) was positivity for 
hemolytic disease with ABO incompatibility, detected with 
a direct antiglobulin test (DAT; Coombs). The remaining 26 
cases had heterogeneous forms of hemolytic disorders: 1 was 
positive for Rhesus hemolytic disease on DAT, 2 had hereditary 
spherocytosis, and in 23, no further evaluation was performed 
as a part of this study. Out of the 100 neonates tested, none was 
rehospitalized for jaundice treatment.

“In contrast,” the authors wrote, “3,535 neonates not studied 
with ETCOc during this period at these hospitals had a TB >75th 
percentile. One hundred and six of these were rehospitalized for 
jaundice between day of life 3 and 11 (rate; 2.99 per 100 neonates 

Identifying Hemolytic Jaundice to Heighten 
Awareness of Pediatricians and Families  
Towards Hemolytic Risks
Chris Campbell

Chris Campbell is the Senior Editor of Neonatal Intensive Care.
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with a TB >75th percentile in the birth hospital; p = 0.079 vs. the 
readmission rate of the ETCOc subjects). Thirty-eight of the 106 
readmitted for jaundice had been born in a non-Intermountain 
Healthcare hospital and did not have a TB determination 
(that we could identify) prior to the one that prompted their 
rehospitalization, and 68 born at an Intermountain Healthcare 
hospital had TB measured during the birth hospitalization. 
Twenty-six of these 68 had TB values >75th percentile, but 
none had ETCOc measurements, because they were not part 
of the study.” Based on these results, the authors say they feel 
“justified” in two conclusions.

“First, it was feasible to use this method to measure ETCOc. Ten 
percent of the parents of the jaundiced neonates who were asked 
about testing refused to participate, but a certain nonacceptance 
rate is expected when parents are approached about any 
research study. We found no objectionable aspects to ETCOc 
testing, which was successful whether the neonate was asleep or 
awake. In 3 instances, we failed to obtain a measurement, but in 
retrospect we believe that if the test had been reattempted later, 
a valid result might have been obtained.”

Secondly, the authors concluded that “when an elevated ETCOc 
is found during the birth hospitalization, parents are likely to 
comply with advice to have the TB level rechecked within 24 h 
of discharge.” As for the issue of whether or not such ETCOc 
testing will cut the number of hospital readmissions, the authors 
said the small size of the study means there isn’t a definitive 
determination on that.

“Since the readmission rate for jaundice treatment is generally 
<1%,9 it is not likely that with only 100 study subjects we would 
have had any readmissions and, indeed, we did not. However, 
our study tested a high-risk subset and therefore perhaps 
it is indeed relevant that none was readmitted for jaundice 
treatment.”

The authors urged more study on the readmission issue, adding 
that “Future studies should evaluate the cost of ETCOc testing 
(no charge in our study) compared with any offsetting savings if 
benefits such as reduced readmissions are found to accrue.”

“We suspect, as reported by Wong and Stevenson [10] , that 
identifying hemolytic jaundice can heighten the awareness of 
pediatricians and families toward hemolytic risks. We anticipate 
that larger studies will show that this awareness can enable 
anticipatory guidance that averts or reduces the risk of hospital 
readmission for jaundice treatment. Regardless of the limitations 
in our study, including it being too small to necessitate a 
change of practice, we maintain that the problem of hospital 
readmission for jaundice treatment and the risk of neonatal 
bilirubin neurotoxicity support the need for a practical device for 
ETCOc determination.”1
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Introduction
Group B Streptococcus (GBS) Late Onset Disease (LOD) 
represents less than 20% of Serious Bacterial Infections (SBI) 
in infants 1 week to 3 months of age with an incidence of 
about 0.3/1000 live births (1-3). GBS serotypes Ia and III have 
been isolated in LOD. Most common presentation is sepsis 
or meningitis (3-16). There is little evidence that GBS causes 
otitis media (OM) (5,17). In general, only ~1% of infants less 
than 2 months of age develop otitis media (18). Among 596 
infants who were diagnosed with otitis media in Minnesota 
in 1990s, only 10% were younger than 2 months of age (19). 
The etiology of OM in that age group is significantly more 
diverse (Table 1) than in older infants and children, and 
includes Pseudomonas aeruginosa. Only 2% of young infants 
with OM had culture-positive proven GBS otitis (20-24). We 
present a dilemma of management of suppurative OM in a 
young infant. 

Case Summary
A 37-day old African American female who was born out of 
state via normal vaginal delivery and discharged home after 2 
days without any complications is the subject patient. As per 
the mother she received 3 doses of penicillin prior to delivery. 
She presented to the ED with greenish right ear discharge of 
2 days duration at 35 days of life. There were no complaints 
of fever, vomiting, or decreased oral intake. On physical 
examination she was active, normothermic, with heart rate 
of 153/min, respiratory rate of 44/min, and with normal work 
of breathing. Copious greenish discharge was noted in the 
right ear canal. Tympanic membrane was not visualized. The 
rest of physical examination was unremarkable. Though 
there were no signs of systemic infection, based on patient’s 
age and presence of a suppurative process, a decision was 
made to manage for possible invasive infection. Her WBC 
count was 9.9 x109/L, C – reactive protein was 9.7 mg/L, and 
CSF examination was normal. The culture of the purulent ear 
canal material grew GBS. No serotyping was done. CSF and 
Blood cultures were negative. Patient was empirically treated 
with Ceftazidime IV and Ofloxacin topical drops. After 3 days 
of treatment, the ear discharge resolved. Ten days course of 
treatment was completed with oral Amoxicillin. 

Discussion
GBS is known to cause a wide variety of LOD, from 
pneumonia, to parotitits, bone/joint or soft tissue infection, to 
orchitis. OM is among the rarest forms of LOD (Figure 1, Table 
2). Most of the data on the etiology of OM in young infants 
comes from publications prior to1980, when diagnostic middle 
ear aspiration was a common practice. In one cohort, from 
Dallas Children’s Medical Center, a single case (2.4%) of GBS 
middle ear infection was identified (21). We found only three 
studies on microbiology of suppurative OM from 1980s-2000s 
(22-24). Streptococcus pneumoniae and Hemophilus 
influenzae remained the major causative agents (Table 1). 

As infants less than 2 months of age may have SBI without 
fever or leukocytosis, and may even be well-appearing 
(1,25,26), and due to lack of evidence about complication 
rate of OM among young infants, we chose to evaluate our 
patient for invasive infection. The choice of empiric antibiotic 
treatment was based on the well-established wide range of 
bacterial causes of OM in that age group.

Late Group B Streptococcus Infection 
Presenting as Otorrhea
Ester Silohe Flores Midence, MD, Euripides Roques, MD, Julio David Mendoza, MD, Yekaterina Sitnitskaya, MD 
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Email: midence_ester@yahoo.com Figure 1. Spectrum of GBS infection in young infants.
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Conclusion
Parenteral antibiotics for the empiric treatment of otorrhea in 
infants under 2 months of age, regardless of clinical presentation, 
may be a reasonable approach. Culture results should guide 
further management. 
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Positive parental involvement is crucial for proper infant 
neurodevelopment. The article, Alterations in Brain Structure 
and Neurodevelopmental Outcome in Preterm Infants 
Hospitalized in Different Neonatal Intensive Care Unit 
Environments by Roberta Pineda and colleagues (2013) at 
Washington St Louis University compares the environmental 
effects of two NICU layouts with low parental visitation. Results 
from this study show that a “one size fits all” approach to 
standardized infant care in the NICU is not effective and many 
environmental and familial factors need to be considered when 
selecting the layout of a NICU as it can deeply affect patient 
outcomes. 

research findings by roberta pineda and colleagues at 
Washington st louis University
Advancements in medical technologies, infrastructure, and 
care within the Neonatal Intensive Care Unit (NICU) make 
it possible for infants to survive at increasingly younger 
gestational ages (the fetal age plus two weeks). The fields of 
human development and obstetrics classify infants according to 
gestational age and medical professionals consider a full-term 
birth as a pregnancy lasting 38 to 42 weeks (VanBeveren, 2014). 
Births occurring before 37 weeks of gestation are classified as 
preterm. Many preterm infants born between 24 to 29 weeks 
of gestation survive, and advancements in medicine make it 
possible for infants as young as 23 weeks of gestational age 
to survive (VanBeveren, 2014). With vast improvements in the 
rate of preterm infant survival, it has now become necessary 
to study how preterm birth and hospitalization affects infant 
developmental trajectories (Pineda et al, 2013).

Researchers are currently observing the NICU environment and 
report that the level of noise and the brightness of overhead 
lighting are harmful to the growth and development of very 
preterm infants (Pineda et al, 2013). This finding has been 
echoed by a number of observational studies in hospitals around 
the world, enabling organizations like the American Academy 
of Pediatrics (AAP) to release noise and light recommendations 
for standard NICU care. These AAP recommendations are a step 
in the right direction, as more importance is being placed on the 
overall development of the infant (Pineda et al, 2013).

More and more hospitals around the world are putting in 
place developmental care protocol to provide supplemental, 

sometimes non-medical, care that ameliorates the negative 
environmental effects of NICU (Pineda et al, 2013). Some 
hospitals are undergoing construction and transitioning to 
private room NICU infrastructures to better support family 
involvement while infants receive medical care. Hospitals 
undergoing change to a private room layout have reported 
positive outcomes including more positive staff and caregiver 
perceptions, decreased noise levels, decreased hospitalization, 
and lower rates of readmission after discharge. Despite all 
the positive preliminary data on private room infrastructure, 

NICU Open Ward vs Single Room: Do Hospital 
Room Layouts Affect Infant Brain Development?
Yamile Jackson, PhD, PE, PMP and Jasmine LaCoursiere, MS 

Yamile Jackson is with nurturedbydesign.com, and Jasmine LaCoursiere is a 
student at Cornell University.

Figure 1. Open ward layout from www.stph.org/NewFamilyCenter.

Figure 2. Private room layout from www.meriter.com/services/newborn.
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urban America and has low parental visitation. They suggest 
that it may be beneficial for similar hospitals to carry out room 
assignments on an individual basis, taking note of the child’s 
medical condition, frequency of parental visitation, and a number 
of other pertinent factors (Pineda et al, 2013). 
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little research has been done to study the neurodevelopment 
outcomes of infants hospitalized in private room environments 
(Pineda et al, 2013).

Roberta Pineda and colleagues at Washington University 
School of Medicine in St Louis, MO explored how NICU 
layout (private rooms versus open ward rooms) affected the 
neurodevelopmental outcomes of preterm infants. Figure 1 
illustrates the open ward NICU design, with multiple isolettes 
in one large room. Figure 2 illustrates the increasingly popular 
private room NICU layout, with one isolette per room and 
ample family space. Pineda and colleagues observed 136 infants 
born at or later than 30 weeks gestational age, and followed 
these children though their second birthday. The Washington 
University School of Medicine was equipped with 36 private 
rooms and 4 large open ward rooms that housed 8 to 12 beds 
each. This neurodevelopmental study is profound because 
it reports findings that contradict the positive preliminary 
outcomes stated above. As Pineda and colleagues followed the 
development of their 136 participants, they noted lower language 
scores, lower motor scores, more externalizing behaviors and 
altered brain development in infants hospitalized in private 
rooms even after controlling for parent visitation, time spent 
holding, and number of siblings in the home.

After finding differences in language, motor, and behavioral 
outcomes, Pineda and colleagues sought to investigate if there 
were structural differences in the brain of infants hospitalized in 
private rooms compared to infants hospitalized in open wards. 
Through brain imaging techniques and statistical analysis, Pineda 
and colleagues found differences in the structure of the insular 
cortex and temporal cortex (illustrated in figure 3). This study 
finds that there is an association between room type and brain 
activity, brain structure, and neurodevelopmental outcomes in 
prematurely born infants (Pineda et al, 2013).

Pineda and colleagues hypothesize that these outcomes may be 
related to sensory deprivation experienced in a private room 
with low visitation. They note that their hospital is located in 

Figure 3. Differences in the structure of the insular cortex and temporal cortex. “Hemispheric sulcal depth 
asymmetry (left-right) t-statistic maps for term control (n=12); private room (n=23), and open ward infants 
(n=20). The superior temporal sulcus asymmetry for the term controls was significant based on the 3D 
trajectory of the sulcal fundus (illustrated by non-outlined color, as reproduced with permission from Journal 
of Neuroscience). Note the differences in left-right asymmetry of the superior temporal sulcus (arrows) across 
groups, with greater hemispheric asymmetry present in the open ward (1647 mm2) compared with the 
private room infants (1281 mm2). T-maps are scaled to a t-value of ±3.0, which corresponds to p=0.0121 for 
the term controls; p=0.0074 for the open ward; and p=0.0066 for the private room infants.”
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Silence is a source of great strength.  
— Lao Tzu, Chinese poet and philosopher

Quiet Healing: an overlooked consideration
If silence is a source of great strength as Lao Tzu suggests, 
studies also show silence is a source of healing. 

Unfortunately silence is difficult to come by where it’s needed 
most: the halls and rooms of modern American hospitals. The 
myriad of technology, resources and personnel we currently 
bring to bear against disease and illness brings with it a 
clamor that is anything but healing.

Noise permeates the hospital environment. Beepers, alarms, 
machines, voices, telephones and mechanical clatter.

In 2014, the Hospital Consumer Assessment of Healthcare 
Providers and Systems (HCAHPS) responses tallied from 
more than 3 million hospital patients throughout the country 
indicated the overall quietness of the hospital environment 
was unacceptable. In fact, all but one of the HCAHPS 
categories received less top box scores than the responses to 
“Quietness of the hospital environment.” 

The World Health Organization has found hospital noise levels 
exceed the organization’s standards by a factor of two for 
continuous noise in patient rooms. Depending on the patient’s 
age, condition, hearing acuity and other factors, hospital noise 
might even be antagonistic, which could worsen an already 
difficult situation.1 At the very least, noisy hospital wards and 
rooms are not allowing patients to heal effectively.

A significant body of medical research has established the 
detrimental effect of high noise levels on patients and staff 
who are attempting to recover and work in US hospitals 
and health institutions. Despite those findings, however, 
hospital noise levels continue to rise and register well above 
guidelines set by the federal and medical regulators and 
governing bodies.

The EPA and American Academy of Pediatrics recommend 
that hospital noise not exceed 45 db during daytime hours 
and 35 db at night. OSHA recommends protective hearing 
equipment to prevent hearing loss for continual noise levels at 
80 db and above.

Despite those regulations and guidelines, however, current 
hospital noise levels have been measured as high as 90 to 140 db, 
adversely affecting the patient healing environment, increasing 
exposure to hearing loss, increasing stress and cortisol levels, 
blood pressure, respiratory rates and irritability. The onslaught 
of hospital noise has been linked to sleep deprivation, sensory 
overload, and increased pain perception.

More importantly, the problem of too much noise correlates to 
patients’ decreased confidence in the hospital and its staff, and 
could impact and impede healing overall.2

The issue of noise in our hospitals is more than a troublesome 
dilemma that needs to be addressed. Those involved with 
hospital design state healthcare providers have a responsibility 
to advocate for healthy healing environments, and while many 
hospitals are committed to creating a healing environment, the 
auditory environment, laced with noxious, inappropriate noises, 
is often not addressed.3

The effect of noise on hospital patients generally has been 
well documented. However, there exists an even more fragile 
population in our medical facilities: premature infants.

neonatal intensive care Units: amplifying the problem
Every year in the United States, some 500,000 premature babies 
are born. Three decades ago, the mortality rate for premature 
babies was unacceptably high, with few preemies surviving. 
Fortunately, doctors can currently save most premature babies, 
with even the most critically received infants now leaving the 
neonatal intensive care unit, developing and reaching adulthood.

However, research is beginning to show that even with the best 
outcomes, under the best circumstances, preemies who survive 
without a medical disability still encounter difficulties socializing 
and taking risks later in life. Some of the findings include:

•	 The earlier babies are born, the less likely they are to marry, 
become parents or earn high salaries—New England Journal 
of Medicine, 2008, following 1 million former premature babies 
through the ages of 20 to 36.

•	 Individuals in their 20s who were former preemies were less 
likely to leave home, live with a romantic partner, and prone to 
be more inhibited—Pediatrics, 2008.

•	 Former preemies are more likely to have symptoms of autism 
spectrum disorder ranging from mild to severe—Journal of 
Perinatology, 2003.

Quieting the NICU: How a Sonicu Solution 
Stabilizes NICU Noise Environments and Calms 
Babies To Better Outcomes
Chris Campbell

Chris Campbell is the Senior Editor of Neonatal Intensive Care.
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With those findings in mind, consider that during a premature 
infant’s admission to the NICU, it can undergo an average of 60 
procedures, many of them painful and invasive. Moreover, the 
preterm infant is exposed to intense and persistent stress during 
a time when its brain is developing at a profound rate. An infant’s 
brain does not complete its inutero development and neuro-
connective wiring until 37 weeks of gestational age. It is at this 
time, the baby’s brain development is especially vulnerable. It is 
also at this time that it is undergoing severe physiological stress.

Though genetics and biology play paramount roles in basic 
brain architecture, environment is also a key component to full 
and healthy brain development. If an infant’s experiences are 
abnormal, non-nurturing, traumatic, or chronically stressful 
during this time of development and growth—especially if final 
brain development is occurring in a NICU environment—the 
impact may leave a permanent imprint on brain structure and 
function.4

the average nicU noise environment
Keeping in mind the EPA’s 45 db daytime hospital noise 
threshold, the typical NICU acoustic environment fluctuates 
between 40 and 90 db, with prolonged noise ranging in the 70 to 
80 db range. In some cases, sound events in the NICU can peak 
as high as 140 db.

These unwanted sound events come from a variety of sources:
•	 Respiratory and medical equipment such as cardiac monitors, 

oxygen supply, ventilators, infusion pumps, isolettes, suction 
equipment, and the attendant alarms and operating sounds.

•	 NICU design: Telephones, overhead paging, doors/entrances, 
automatic paper towel dispensers, HVAC equipment, and the 
close proximity of bed spaces.

•	 Staff and family behaviors such as conversations and laughter, 
housekeeping services, other infants crying, centralized 
nursing stations, and tapping of incubators.

While at first blush these acoustic sources might seem minor or 
inconsequential, from the premature infant’s perspective, they 
can be deafening.

According to Sound in the NICU, Philbin K, 1997, neonates hear 
things much differently than adults. Consider the following 
equivalents to a premature infant’s ears:
•	 Closing both incubator portholes simultaneously is the 

equivalent of a jackhammer at 122 db.
•	 Placing infusion pumps on top of an incubator is the 

equivalent of a jet plane takeoff at 114 db.
•	 Setting a milk bottle softly on top of an incubator sounds like a 

lawnmower at 96 db.
•	 Normal conversation registers at 60 db.
•	 Ambient NICU noise sounds like bustling traffic or a vacuum 

cleaner at 70 to 80 db.

As noted above, chronically high noise levels have been shown 
to have negative effects throughout the hospital environment. In 
the NICU setting, the problem is exacerbated to the extreme. In 
the NICU, infants are exposed to excessive noise levels at a time 
when silence should be a source of strength.

Even brief auditory stimuli in a range greater than 70 to 80 
db can cause significant physiological reactions in premature 
infants. Such sound events have effects that include:
•	 Apnea

•	 Tachycardia, bradycardia and/or abrupt fluctuations in heart 
rate

•	 Abrupt blood pressure fluctuations
•	 Decreased perfusion
•	 Decreased oxygen saturation from exaggerated startle 

response
•	 Increased intracranial pressure and hemorrhage risk
•	 Elevated cortisol and stress levels5

Those physiological responses coupled with behavior reactions 
not only put the premature baby’s health at immediate risk, but 
studies have shown the links to long-term consequences as well. 
Inability to rest and heal can translate to longer hospital stays. 
Adverse changes in cerebral blood flow have been related to 
noise bursts. Growth and developmental disorders, deficits and 
delays such as learning disabilities, ADHD, chronic lung disease 
and feeding problems can also result, along with hearing and 
speech difficulties.6

If silence can be regarded as a source of strength, it can be 
argued that noise can be a source of profound difficulty for a 
premature infant later in life.

the effect of noise on staff
Patients and preemies aren’t the only individuals adversely 
affected by chronically high hospital noise levels. Those who 
work in noisy environments for prolonged periods of time also 
display stress-induced behaviors, including:
•	 Exhaustion and burnout
•	 Depression and irritability
•	 Increased medical and nursing errors due to ineffective 

communication with co-workers and patients
•	 Decreasing performance with daily tasks and increased 

inattention to detail
•	 Increased blood pressure, respiratory rates and cortisol 

(stress) levels

The evidence supports the conclusion that not only are hospital 
patients adversely affected by undue noise in wards and rooms, 
but the performance of the caregivers is diminished as well.

rethinking the nicU environment
There is now a move to reduce noise levels throughout the 
entire hospital environment and especially in the NICU. Patient 
outcomes and hospital revenues are among the drivers behind 
this movement, but experts now believe that quieter healthcare 
is a medical necessity.

“Creating a quieter NICU environment should be a priority. 
Experts in perinatology agree that the adverse effects (of noise) 
are severe enough to warrant detailed investigation, arguing that 
hospitals hold an obligation to measure sound levels in infant 
nurseries and within incubators. Clinicians need to know the 
parameters of their own nurseries’ acoustic environment and 
improve conditions accordingly.”7

However, solving hospital noise problems involves more 
than incorporating silent technology. It requires changes in 
knowledge, attitudes, behaviors, and performance. In the end, 
it is up to the institution to routinely monitor sound levels and 
conduct ongoing evaluations of their environments.8

Experts recommend altering caregiver behaviors such as 
decentralizing nursing stations, educating staff, patients and 
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parents on how their actions contribute to an unacceptably high 
acoustic environment with laughter and conversation throughout 
the unit.

Additionally hospitals may consider modifying their existing 
physical environment by moving toward single-bed intensive 
care design, implanting lighting reduction measures, using 
sound-absorbing tiles and building materials, and selecting 
medical equipment with an eye toward overall noise reduction.

However, where physical and/or financial considerations 
preclude altering or remodeling care centers and environments, 
behavior modifications may be the only practical intervention. 
In this case, the installation of sound pressure monitors and 
reduced lighting can increase staff and family awareness of 
unacceptable noise levels to effectively decrease noise levels 
within the NICU.9

Regardless of the means, experts have come to the conclusion 
that hospitals should incorporate a regular system of noise 
assessment in order to comply with the recommended standards 
for newborn ICU design as well as develop and maintain a 
program for noise control.10

sonicu is the solution to sound problems in hallways, 
rooms, and nicUs
Managing the acoustic environment involves more than a 
coherent design, quiet technology and noise-dampening 
materials. Loud behavior and actions can lay waste to even 
the best laid plans and noise-reduction strategies. Staff and 
caregivers must have real-time, first-hand access to actionable 
sound data that tells them what is happening in their units in 
order to provide the best care possible

Sonicu employs patented, digital wireless sensors that can 
measure sound pressure at a variety of locations—rooms, 
individual incubators, and hallways—to provide immediate 
awareness of current sound levels.

Additionally, that sound data is sent to a cloud-based software 
platform that can be accessed from any PC or mobile device and 
viewed via customized dashboards and reports to understand 
when and where problems exist.

Weekly summary reports are sent via email, and alerts can be 
delivered via phone, text or email to plan, initiate, and track 
noise-reducing initiatives.

By combining real-time monitoring and measuring along with 
actionable data, Sonicu makes sound visible to help NICUs 
manage their environments for optimal healing. 

Sonicu sound monitoring:
•	 Provides 24/7/365 sound monitoring and access to real-time 

and historical data.
•	 Establishes your NICU’s average sound level, sets specific 

noise parameters, and sends alerts for “sound events” above 
those parameters.

•	 Includes a complete training and education session with 
NICU staff upon implementation to ensure familiarity with the 
system.

•	 Provides quarterly reviews with a SONICU sound consultant to 
maximize system effectiveness.

In essence, sound monitoring and measuring systems such as 
Sonicu’s become an additional caregiver in the hospital’s arsenal 
to provide a constant, consistently quiet healing environment.

real world results for real world problems
Sonicu technology is already at work monitoring NICUs and 
providing healing environments in major hospitals throughout 
the country. One of these institutions has been recognized for its 
safety initiatives as a direct result of an installation of a Sonicu 
noise monitoring solution.

Immediately after Sonicu assessed and installed its monitoring 
technology, routine noise maintenance in the NICU patient areas 
dropped below 50 db. More importantly the effect of that noise 
reduction was observed with a 40 percent decrease in adverse 
heart rate, oxygen saturation and respiratory rate alarms in the 
NICU.

With such dramatic success demonstrated by the hospital’s NICU 
initiatives, administration quickly set in place plans to install 
noise monitoring systems in hallways outside patient rooms 
throughout the facility.

Users of Sonicu sound monitoring technology all report 
significant noise level reductions and improved patient outcomes 
in their respective units. Staff members reported a calm, 
improved healing environment after installing Sonicu’s system. 
Moreover, hospital officials have noted an increased awareness 
on the part of parents and staff for noise control, improving the 
efficacy of the NICU environment even further.11

customer testimonials
“Sonicu’s monitoring system is unmatched in the industry, with 
real-time data and historical trends that are valuable tools in 
protecting our babies.”
—  Robert White, MD, neonatologist, South Bend Memorial 

Hospital

“Premature and sick babies are extremely vulnerable in the NICU 
and we must do all we can to protect them from adverse stimuli, 
while they are in our care. Sonicu weekly cloud reports are 
very useful in helping us monitor how we are doing in creating 
a quiet healing environment for babies in the NICU. We noticed 
significant improvements almost from the moment we installed 
Sonicu. Parents appreciate the sound monitor light indicators 
because it is easy to see when the noise level is too loud. Even 
our staff is noticeably quieter. Sonicu has definitely been a 
positive culture change in our hospital. Thank you Sonicu for 
helping us to create a quiet healing environment in our NICU.”
—  Raylene M. Phillips, MD, director of neonatology, Loma Linda 

University Medical Center

“With Sonicu we know which areas of our NICU are the quietest, 
and we place our earliest babies in these environments.”
—  Stacy Zediker, developmental specialist, NICU at Gulf Coast 

Medical Center HCA
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Abstract
introduction: In 2008, the American Academy of Pediatrics 
recommended that an infant’s ability to feed independently be 
considered a primary consideration for discharge home. To date, 
NICU healthcare teams have relied on clinical experience as well 
as descriptive scales to determine a high risk infant’s ability to 
transition safely from tube feeding to oral feeding. The aim of the 
current case study was to illustrate the clinical utility of nfant® 
Feeding Solution as a noninvasive and objective instrument for 
determining a neonate’s readiness to begin and advance oral 
feeding.

materials and methods: We present the case of AC, a female 
infant born at 28.6 weeks, with an admitting diagnosis of 
respiratory distress syndrome. Data collection began when 
AC was declared medical stable by her attending physician 
and ready to begin oral feedings. Data was captured during 
hospitalization and at discharge as well as post discharge for a 
total of eleven (11) data collections.

results: Results suggested that the subject progressed in 
all sucking metrics over time. Data analyses revealed three 
general amplitude and temporal patterns against the nipple: 
disorganized, hypervigilant, and then organized. Real time 
data was used to gain immediate feedback on the impact of 
interventions on sucking performance.

conclusions: Successful infant feeding is a complex process that 
requires integration of physiologic function and neurobehavioral 
ability. To model AC’s feeding performance over time, we used 
nfant Feeding Solution which measures tongue movement 
against the nipple and streams the data to a mobile tablet so 
it is displayed in real time. Access to real-time data provides 
caregivers with objective information that can be used to guide 
bedside care, help clinicians avoid complications and navigate 
infants to faster oral feeds and subsequently earlier and safer 
hospital discharge with lowered expense.

Introduction
Feeding disorders are common among infants born prematurely1 

or with chronic medical conditions.2 As many as 25-45% of 
normally developing children3 and 40-70% of premature infants 
exhibit both immature and atypical feeding patterns.4,5 Those 
requiring respiratory support6 and those experiencing delays 
in beginning oral feeding are most often affected.1 Independent 
oral feeding requires coordination of sucking, swallowing and 
breathing (SSB) which requires very precise timing of sequential 
movements from the lips, tongue, mandible, soft palate, pharynx, 
larynx and esophagus.7 Clinical decision-making for initiating 
and advancing oral feedings remains a major challenge8 due to 
the reliance on descriptive and subjective information regarding 
an infant’s nonnutritive (eg pacifier) and nutritive (eg breast or 
bottle) sucking skills.9 Siddell and colleagues report that more 
than 50% of Neonatal ICUs (NICU) do not have a specific policy 
for initiating oral feedings and about 75% rely on gestational 
age and weight.10 NICUs also acknowledge dependence on the 
opinion and personal experience of physicians and bedside 
nurses in deciding when to begin oral feeding.10 Timing of the 
transition to oral feeding has been shown to correlate with the 
organization of early sucking behaviors with carryover effects to 
term age11 and feeding infants when they are not ready has been 
shown to increase stress on the infant, slow the progression of 
feeding and delay discharge home.12 

Tongue strength is believed to be a major contributor to the 
preterm infant’s oral feeding difficulties13 and a deciding factor 
in considering when to begin oral feeding.14 The tongue plays a 
key role in all aspects of neonatal sucking.15,16 The tongue seals 
the oral cavity to produce the positive and negative pressure 
required for compression and then expression of fluid from the 
nipple. The fluid is then carried, via the tongue, to the back of 
the throat to elicit a swallow. Adequate tongue force is necessary 
to extract the critical amount of fluid necessary to activate 
the swallow17 as well as propel the bolus against the posterior 
pharyngeal wall to initiate the swallow.18

The role of tongue strength in safe, coordinated swallow is well 
established in adults. Reductions in tongue force that accompany 
aging result in slower transit times for moving food and liquid, 
increased time to swallow and a concomitant likelihood for 
airway penetration and/or aspiration.19 In addition, for adults 
with acquired conditions such as stroke and amyotrophic lateral 
sclerosis, tongue weakness has been shown to be associated 
with diagnosed dysphagia.20 For preterm infants, researchers 
have speculated that reduced tongue strength may start a 
cascade of negative events that includes weak or delayed 
swallow resulting in poor coordination of sucking, swallowing 
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treated with magnesium sulfate and received steroids at 22 
weeks gestation. Delivery was by spontaneous vaginal delivery 
and AC’s Apgar scores were 6 at 1 minute and 8 at 5 minutes. 
PPV was given in the delivery room. AC was placed on CPAP on 
admission, but noted to have increasing FiO2. She was intubated, 
received one dose of surfactant, and placed on conventional 
mechanical ventilation. She was extubated to CPAP on day 2 of 
life but switched to NIPPV due to repeated apnea events. She 
transitioned to bubble CPAP on DOL 7 and was weaned to room 
air at 33.1 weeks gestation. Caffeine for apnea of prematurity 
was started on admission and AC was weaned off at 34.4 
weeks gestation. She received Vitamin A for BPD prophylaxis. 
AC was initially NPO (TPN) and received intralipids as feeds 
were advanced to goal. Then she was placed on trophic feeds 
that were gradually advanced. Oral intake began at 34.5 weeks 
gestation and it was noted in the discharge summary that “this 
was something with which the patient struggled”. AC reached 
full oral feeds at 39.5 weeks gestation and was discharged home 
at 40 weeks gestation. 

To be included in the larger study, AC met the following 
inclusion/exclusion criteria:

Inclusion criteria:
•	 Preterm infant (defined as <37 weeks gestational age)
•	 No anomalies or diseases known to interfere with feeding 

(eg cleft lip/palate)
•	 A diagnosis of respiratory distress syndrome, but not been 

ventilated for a prolonged period
Exclusion criteria:
•	 A genetic or congenital disorders, chromosomal 

abnormalities, or major congenital anomalies
•	 Any disorder secondary to exposure to toxic substances 
•	 History of intraventricular hemorrhage greater than 

Grade II. 

procedures
Following consent, measures of interest were collected to 
coincide with regularly scheduled feedings. Table 1 describes 
the age and weight of AC at each exam, as well as feeder’s 
notes per session and the Infant Feeding Scale (IFS) score per 
session.25 Once the subject was declared medically stable and 

and breathing and increased chance of fluid aspiration into the 
lungs.21

The current approach for determining adequate tongue strength 
and coordination adequacy for oral feeding is via visual 
feedback of the jaw and cheeks, along with the tactile feedback 
of rhythmicity of sucking and direction of tongue movement 
using a gloved finger.9 Based on subjective judgments of 
nonnutritive sucking strength and coordination, nutritive sucking 
is initiated. Likewise, the infant’s feeding performance during 
nutritive sucking is also evaluated using visual assessment of 
cheeks, jaw and lips as well as visual assessment of the infant’s 
ability to coordinate sucking, swallowing and breathing.22 The 
information gleaned from such assessments is limited and based 
on the relative experience of each individual performing the 
assessment.23,24 Consequently, this approach has the potential to 
be detrimental to infant health and development, increase length 
of stay and increase medical costs.23

To address the absence of objective, evidence-based criteria 
for determining when a baby is ready to begin oral feeding, we 
developed nfant Feeding Solution, the first FDA cleared medical 
device to measure tongue movement against the nipple for 
clinical interpretation of strength and coordination. The nfant 
Feeding Solution is intended to provide quantitative, objective 
data, currently unavailable to the NICU healthcare team, that 
would assist clinical decision-making relative to safe and 
efficient oral feeding transition. The aim of the following case 
study is to illustrate the clinical utility of nfant Feeding Solution 
as a noninvasive and objective tool for determining a neonate’s 
readiness to begin and advance oral feeding.

Methods
The case presented here includes an infant who participated in 
a larger, ongoing study conducted at the Kentucky Children’s 
Hospital Neonatal Intensive Care Unit in Lexington, Kentucky 
(with support from NIH CTSA UL1TR000117; UK CHS Office of 
Research Grant 1012003440). At the time of this report, there 
were 30 neonates enrolled in the study and over 175 data points 
collected from initiation of oral feeding to discharge and post 
discharge. The study was approved by the human subjects 
review board of the institution where the work was carried out.

subject
AC was born at 28 6/7 weeks gestation with a birthweight of 
1080 grams and admitting diagnosis of respiratory failure of the 
newborn. AC’s mother had a history of asthma and migraines as 
well as mitral valve prolapse. The pregnancy was complicated 
by intermittent bleeding and premature labor. Mother was 

Figure 1. nfant Feeding Solution being used on the subject during the 11th 
feeding session. Tracings on the mobile app are nipple movement during 
nutritive suck.

Figure 2. Amplitude traces of nipple movement for sessions 2 to 11 (top to 
bottom) normalized to the session maximum on a scale from 0 to 1.
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amplitude tracings used for data analysis of feeding sessions 
2 to 11 is shown in Figure 1. Review of tracings by the authors 
revealed three (3) general amplitude and temporal patterns 
against the nipple: disorganized, hypervigilant, organized. 
Representative tracings from feeding session 4 (Figure 3) and 11 
(Figure 4) are given as examples of the different amplitude and 
temporal patterns observed.

Suck parameters from each session are reported in Table 2. 
Visually distinguishable sections within applicable feedings are 
also provided and general temporal patterns labeled. After visual 
observation and review of notes by the authors, Session 1 was 
omitted as the subject did not undergo nutritive suck. Sessions 
9 and 11 each had two feedings due to a bottle change and only 
data from the 1st bottle were reported. Session 3 also had a 2nd 
feeding file of 6.5 minutes but with minimal suck tracings so it 
was omitted from analysis. It should be noted that for all omitted 
sessions where data was present, the tracings from the 2nd 
feeding were observed to be similar to the 1st. 

Discussion
The purpose of this case study was to illustrate how sucking 
performance data collected at bedside can assist the healthcare 
team in supporting an infant’s transition from tube feeding to 
full oral feeding. The validity of current subjective measures 
for determining readiness for oral feeding has been called into 
question by a number of researchers.27,28 At the same time, 
the critical need for a simple tool that objectively measures 
fundamental components of sucking and coordination with 
swallowing and breathing has been indicated.16,29,30 

Historically, researchers have used a variety of instruments 
to document and describe the developmental progression 
of nutritive sucking ability in preterm infants and healthy 
neonates.11,31,32 Typically, the development of sucking has been 
characterized by the number and duration of sucking bursts, 
the frequency of sucks within a burst, the length of inter-suck 
interval and sucking amplitude.31-33 Results from these studies 
have been useful in providing clinicians with information 
about changes in sucking that occur with maturation but has 
had limited applicability to direct patient care. There are a 
number of possible reasons for this. One limitation is the lack 

ready to begin oral feedings by the attending physician, the 
nurse researchers checked daily notes to determine readiness 
to begin data collection. Data collection began within 24-36 
hours of being notified that the infant was showing evidence 
of sustained bottle feeding (ie 1-2 feedings per day).26 Specific 
feeding instructions as ordered by the attending physician were 
maintained (eg calorie count for formula, feeding position, nipple 
flow rate) and recorded. AC received 24 calorie formula and the 
nipple used varied and is identified per each feeder note. Each 
session began with one minute of nonnutritive sucking followed 
by nutritive sucking. Infant cue-based feeding procedures22 were 
followed so that the feeding was stopped according to the cues 
of the infant and/or after 30 minutes. Any remaining volume was 
gavage fed.

instrumentation and measures
The nfant Feeding Solution consists of a disposable nfant 
Coupling that connects a bottle to a standard nipple or pacier. 
The reusable nfant® SSB Sensor connects to the coupling and 
non-invasively measures nipple movement. Data is streamed 
from the sensor to a mobile tablet and nipple movement is 
displayed in real time on the nfant Mobile App. Following a 
feeding, data is then stored in the nfant Cloud Database for 
analysis. 

Nipple movement signal data from each feeding session were 
filtered with a 4th order low-pass Butterworth filter at 3 Hz to 
remove high frequency artifacts. Custom algorithms were used 
to correct for baseline offsets, artifacts caused by pacing and 
other unwanted movement. Afterwards, sucking events were 
identified. Amplitude of nipple movement was normalized to 
the observed maximum for each feeding session. Means and 
standard deviations of nipple movement were determined for 
the entire feeding sessions. Upon review of the amplitude traces, 
distinct amplitude and coordination patterns were observed 
within several feeding sessions. These locations were identified 
and nipple movement metrics reported for these sections.

Results
AC’s exam age and weight along with feeder notes and IFS 
score from each feeding session are reported in Table I. The 
subject progressed in all metrics over time. An example of nipple 

Table 1. Exam age, exam weight, feeder’s notes, and IFS* score, by nutritive sucking session

Session 
Number

Age at Exam 
(weeks/days)

Weight at Exam 
(Grams) Feeder Notes IFS 

Score

1 34.5 1930 Not interested; refused; finger splaying; Mom holding in ESU# position; try again later same day; 
SSFβ 3D

2 34.5 1930 Rhythmic pacifier sucking; RN hold in ESL^; periods of increased work of breathing; some stress 
cues; SSF 2B

3 35.6 2200 Mom holding in FF#; Nipple change to DBUPλ due to anterior loss-; external pacing q3-4 sucks 2B

4 36.1 2275 Mom holding in ESU- very weak tongue movement on nipple (flat trace); switched to ESL & saw 
amplitude; referred to SLP for feeding consult; DBUP 2B

5 36.6 2465 RN hold in ESL; very disorganized sucking in the beginning; improved over time; DBUP switched to 
SSF at Mom request

2C 
2B

6 37.6 2605 RN hold in ESL; disorganized sucking in the beginning; improved over time

7 39.0 2790 Mom holding in ESL; some internal pacing; SSF 2B

8 40.0 2915 RN holding in ESL; ‘frantic’ beginning; became more organized over time; some internal pacing; 
discharged 1B

9 47.3 3678 Refused NNS; playing with nipple in beginning; improved with time; SSF; Mom fed in cradled 
position 1A

10 52.3 4536 Mom cradled; SRF£ (AC uses DBL1€ at home); initially played with nipple, slow to get organized 1B

11 55.5 5030 Mom cradled and reported feeding fussiness with biting and gagging and weight loss; slow to 
organize; frantic beginning; internal pacing but noisy 1B

*Infant Feeding Scale; #Semi-elevated supine; ^Semi-elevated side-lying; βSimilac Slow Flow Nipple; λDr. Brown’s Ultra Preemie Nipple;  
£Similac Regular Flow Nipple; €Dr. Brown’s Level 1 Nipple



neonatal INTENSIVE CARE Vol. 29 No. 1 n Winter 2016  43

summary statistics from AC’s performance over time support the 
work of others who have demonstrated that nutritive sucking 
performance continues to improve past discharge.33 Yet, clinical 
concerns regarding her ability to feed safely and efficiently 
remain, despite adequate growth and weight gain. Review and 
comparison of data collected from her feedings demonstrated a 
pattern of sucking organization that is potentially atypical and 
might have been missed if only a portion of feeding data was 
collected for analysis. We found that post discharge feedings 
were characterized initially by disorganized, low amplitude sucks 
(Figure 4a) followed by a series of high amplitude sucks with 
no evidence of distinguishable sucking bursts (Figure 4b). The 
feeder’s notes described this sucking pattern as ‘frantic’ or ‘poor 
start’. As the feeding progressed however, AC’s suck amplitude 
actually lowered, and the nature of her sucking performance was 
more rhythmic overall (eg sucking bursts of comparable number 
and duration and inter-suck intervals of limited variability)
(Figure 4c). As AC became fatigued, a different pattern emerged; 
suck amplitude decreased, sucks per burst decreased and the 
inter-suck interval lengthened and became more variable. 

It is difficult to interpret AC’s pattern of sucking organization 
because the feeding notes were limited. For example, it is 
unclear whether AC was actually extracting liquid during the 
initial frantic traces of the session. However, because of the 
consistency of this pattern in each of AC’s post discharge 
feedings to date, we can consider possible interventions with the 
goal of improving her coordination and sucking organization at 
the start of a feeding. It is also unclear whether this pattern is 
distinct to AC. Answering that question will require examination 
of much more data. However, what we do know is that hospital 
notes documented AC’s challenges with oral feeding and post 
discharge feeding notes suggest ongoing feeding challenges. 
We may, with time, be able to identify specific characteristics 
of early sucking behavior that could predict ongoing feeding 
issues so we can better target our interventions prior to hospital 
discharge.

There is substantial evidence to suggest that using infant 
cues to lead a feeding increases safety and improves feeding 
organization.22 An example of using an infant’s communications 
as a guide would be the decision to stop a feeding when an infant 
shows signs of fatigue. Though it seems this would be intuitive 
and easy to recognize, this is not always the case. Sometimes the 
drive to get an infant home is so great there is a preoccupation 
with emptying the bottle22,37 which supersedes the infant’s need 
to stop a feeding. Ignoring an infant’s cues can lead to negative 

of commercial availability of these instruments to hospitals, 
healthcare professionals and families. More important is the 
fact that current instrumentation collects sucking related 
data during feeding and the data is then stored and analyzed 
off-line. This approach limits the team’s ability to interpret 
data during a feeding and provide interventions that could 
potentially improve performance. For example, in feeding 4, 
AC’s tongue moment against the nipple was noted to be minimal 
and uncoordinated and insufficient to extract fluid from the 
nipple (Figure 3a). The clinical team decided to see what impact 
altering her position would have on tongue movement. They 
elected to change her from a semi-elevated supine to a semi-
elevated side-lying position, since the latter has been shown to 
improve physiological stability during feeding.34,35 Following the 
change in position, the team saw an objective and quantifiable 
improvement in all sucking metrics (Figure 3b). Consequently, 
the attending physician ordered that the ESL position be used for 
all subsequent feedings with AC. Previous studies investigating 
sucking performance have analyzed sucking organization using a 
specific time point in the feeding.7,24,27 Yet, the feeding experience 
of premature and fragile infants is known to vary moment to 
moment22,36 so summary statistics from a snapshot in time could 
potentially miss important clinical information. For example, 

Table 2. Means (standard deviations) of normalized sucking peak amplitudes during the entire feeding session and  
selected subsections of different visualized patterns 

Entire Feeding Subsection 1 Subsection 2 Subsection 3

Session Sucks 
(n)

Sucking Peak
µ(σ)

Start-End 
Time (mins)

Sucks (n) Sucking Peak
µ(σ)

Start-End 
Time (mins)

Sucks (n) Sucking Peak
µ(σ)

Start-End 
Time (mins)

Sucks (n) Sucking Peak
(µ(σ))

2*# 419 .339(.203)

3*# 23 .377(.278)

4 157 .418(.251) 0-1.75# 32 .275(.167) 1.75-7^ 125 .455(.257)

5* 207 .411(.235)

6* 225 .356(.228)

7*^ 268 .405(.226) 0-05 141 .502(.250) 11-15 104 .307(.131)

8*^ 904 .344(.173) 0-7.5 281 .446(.207) 08-23 623 .298(.132)

9 798 .433(.222) 0-02# 24 .313(.193) 02-5.5β 303 .526(.238) 5.5-14^ 467 .380(.191)

10 770 .481(.236) 0-1.5# 22 .235(.085) 02-4.5β 258 .648(.231) 4.5-12^ 472 .403(.190)

11 670 .584(.257) 0-2.15# 30 .239(.135) 2.2-5.3β 275 .798(.131) 5.3-11^ 350 .455(.213)

µ=Mean; σ=Standard Deviation; *Same pattern throughout feeding; #Disorganized; ^Organized; βHypervigilant 

Figure 3a. Movement of the tongue against the nipple in the semi-elevated 
supine position, session 4

Figure 3b. Movement of the tongue against the nipple after switching to a 
semi-elevated side-lying position, session 4
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sucking behaviors as a predictor of later neurodevelopmental 
outcomes in infants with neonatal brain injury. We also are in 
planning stages for studies designed to gauge the impact of 
various interventions (eg feeding position, nipple flow rate, 
pacing etc) on decreasing risk for aspiration using nfant Feeding 
Solution metrics. We believe a number of these interventions 
have the potential to reduce the likelihood of later feeding 
related aversions which hamper adequate growth and nutrition 
and increase family stress.38

summary & conclusions
Successful infant feeding is a complex process that requires 
integration of physiologic function and neurobehavioral ability. 
To model AC’s feeding performance over time, we used nfant 
Feeding Solution which captures variables traditionally reported 
by researchers (eg suck burst frequency and duration, etc.) and 
important to the development of oral feeding. For the purposes 
of this paper, we chose to highlight features exclusive to the 
instrumentation that translates immediately to decision-making 
during bedside clinical care. These data can then be used for 
clinical interpretation of strength and coordination during any 
given feeding. It is our theory that a medical device such as 
nfant Feeding Solution will improve the current standard of 
care for initiation and progression of oral feeding as it goes 
beyond a ‘trial & error’ approach to feeding based on subjective 
observations. Objective information will help clinicians avoid 
complications and navigate infants to faster oral feeds and 
subsequently earlier and safer hospital discharge with lowered 
expense.
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Supporting breastfeeding and the provision of breast milk is an 
important task in the NICU. Dozens of studies now show 
improved outcomes specific to extremely premature infants. 
Babies who receive breast milk have fewer infections, sepsis, 
necrotizing enterocolitis, less chronic lung disease, retinopathy 
of prematurity, reduced time to full enteral feeds, and have been 
linked with better cognitive outcomes.1-7 Over the long term, 
breast milk provides unique advantages into adulthood that 
influence such things as cardiovascular health, bone health and 
cognitive function.8,9 Breastfeeding may also reduce risk of 
obesity and diabetes and has been linked with lower cholesterol 
levels in later life.9,10 In addition to these medical health benefits, 
there are also psychological benefits to breastfeeding. The skin-
to-skin contact during breastfeeding helps in physiologic 
stabilization of the infant and increased maternal infant bonding 
in a situation where this is more difficult — the NICU.

Most NICU nurses today agree that breast milk is at least 
important in the immediate period and particularly as related to 
prevention of necrotizing enterocolitis. It may sometimes be 
difficult to understand why the promotion of breastfeeding is 
such a challenge in the NICU. I have recently come across a 
study by Cricco-Lizza11 that puts this into perspective. This is an 
ethnographic study that reports the results of interviews with 
nurses in a Level IV or highest level NICU. This NICU had 
recently had some breastfeeding education but not all staff 
attended this education. The purpose of the study was to 
examine everyday practice values and explore how breastfeeding 
promotion fits into this.

I recently wrote a blog about the cultural influence of 
breastfeeding, focusing on the culture of the mother. However, 
there is a culture that exists in the NICU as well. Culture may be 
defined as “a learned social behavior of a particular group of 
people.” This unique culture in the NICU is described by Cricco-
Lizza11 as focusing on tight control of actions, reliance on 
technology and maximal efficiency in use of time with the overall 
themes of uncertainty and teamwork or “sisterhood.” The reports 
of nurses who were interviewed for this study are very familiar 
to me! As a staff nurse, getting the routine, once-a-shift “chores” 
taken care of early in the shift was always important because 
you never knew when a sick baby might come through the doors, 

taking away any extra time you might have thought you would 
have or one of the babies on your assignment list would take a 
turn for the worse, become unstable and require far more care 
than at first anticipated. This theme of uncertainty is extremely 
common in the intensive care setting. The tight control of actions 
refers to things like the careful and precise measurement of 
medications, intravenous fluids, oxygen and recognizing small 
changes in infants early enough to respond quickly.

Reliance on technology becomes so important in the NICU to 
almost be distracting from attention to the patient! More and 
more technology provides the tight control desired but also 
creates more dependence on the technology and brings another 
level of challenge to the nurse at the bedside. The length of 
orientation, particularly to high level NICU care, is necessarily 
longer today because there are so many more machines that 
must be learned. Those already experienced in NICU care learn 
new technology as it comes along but still can feel overwhelmed 
in order to get skilled at the use and interpretation of an 
onslaught of information!

The final theme Cricco-Lizza11 describes is maximal efficiency in 
use of time. Talk to any NICU nurse and she/he will tell you 
about how busy the day can be! Not usually every day but many 
days, particularly in high-acuity, high-census units with active 
birthing units where babies come into the world with different 
problems and in need of NICU care without notice can be very, 
very busy. While nurse-patient ratios may help, extra nurses are 
not always available and certainly for unexpected admissions or 
changes in patient condition.

So, how does this impact the promotion of breastfeeding? One 
can see that the importance of efficiency, tight control and 
reliance on technology fly in the face of the absolutely “tech-less” 
task of breastfeeding, where nurses have no control other than 
perhaps when it will be done. Infants who are learning to eat are 
less than efficient whether breastfeeding or bottle feeding but 
with bottle feeding, one can measure the progress at least by 
watching milk disappear.

The unit described by Cricco-Lizza11 was working on improving 
breastfeeding and many of the nurses interviewed could see the 
benefit and need for the change. There are many aspects of the 
NICU that are needed to create a culture change that fosters this 
move toward breastfeeding friendliness. Bonet, Forcell, Blondel, 
Draper, Agostino, Cuttini and Zeitlin12 describe some measures in 
units that had higher breastfeeding rates versus those with low 
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3 Meinzen-Derr J, Poindexter B, Wrage L, Morrow AL, Stoll B, 
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12 Bonet, Mercedes, et al. “Approaches to supporting lactation 
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qualitative study in three European regions.” BMJ open6 
(2015): e006973.

rates. Units with higher rates encouraged parental presence at all 
times, provided space for pumping and direct breastfeeding, and 
talked to all mothers about breastfeeding and pumping early 
after delivery. One important point to make here is that the 
benefit of provision of breast milk is not just during the initial 
and critical period the infant spends in the NICU. The benefit 
extends beyond discharge. Many nurses feel that by encouraging 
the mother to pump early after birth and provide milk for the 
first few weeks or even during the NICU stay is success. While 
this is better than nothing, the benefits of breast milk extend far 
beyond the NICU stay and should be encouraged.

Mothers faced with caring for a medically complex/fragile infant 
may be willing to give up breast feeding unless the importance of 
continuing is stressed. Also, assisting the mother with direct 
breast feeding before discharge where she can be assured that 
the infant is receiving enough milk and tolerating it well will help 
her to be more confident in continuing to breast feed. One of the 
units described in the Bonet et al12 study did not place 
importance on direct breast feeding prior to discharge. An 
interviewee in this unit said that it would be better to have the 
mother put the infant to breast after discharge where she had 
more time and the baby could latch on gradually. Another unit 
was concerned about the bacterial content of the freshly 
expressed milk and tested all milk or pasteurized all milk, 
including mother’s own milk prior to feeding. This meant that the 
infant had little of the mother’s milk early on, leading to mothers 
thinking that their milk was unclean and not worth the effort to 
pump, also creating worry that it may not be good for the infant.

Bonet et al12 found that units with policies and procedures, 
particularly encouraging open and extensive visitation of 
mothers, advocating for early pumping, early use of mother’s 
own milk and starting direct breast feeding well before discharge 
were most helpful in sustained breastfeeding during and after 
discharge. Nurses who either had their own positive experience 
with breast feeding or had breast feeding education were more 
likely to be supportive and encourage mothers to provide breast 
milk and breastfeed. NICU nurses, in this study, were observed 
to focus more on the scientific evidence of breast feeding when 
talking to parents about it rather than the psychologic/
psychosocial aspects. This appears to reflect the focus on 
technology and the science of infant care that was a high priority 
in this high level NICU. The findings in a NICU caring for less 
critical infants may be different and may show a different type of 
support for breast feeding mothers. In order to change breast 
feeding support, several aspects of unit culture must be 
considered. This may include taking into account the time 
needed for breast feeding support when calculating acuity and 
staffing levels. Placing value on the time required to support 
breastfeeding in this manner will provide the necessary time for 
it to be done. Often, the lower technologic measures like proper 
positioning, sound control and yes, encouraging breast feeding, 
make as much difference in outcome as the latest electronic 
equipment used in the NICU.
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Abstract
introduction: Mechanical ventilation of neonates requires 
close attention to volume and pressure delivery. The high 
frequency oscillator creates a challenge because delivered 
volumes and peak inspiratory pressures are not provided. 
Aerosol medication delivery during high frequency 
ventilation further complicates the scenario. There is 
currently little research regarding the effects of nebulizer use 
during high frequency oscillatory ventilated neonates. This 
lack of knowledge could increase the risk of lung damage. 

methods: This bench top study used an experimental design 
that did not involve human subjects. Seven different 
nebulizers were inserted into the circuit. The tidal volumes 
and peak inspiratory pressures were recorded twice using a 
one-way valve and twice without the one-way valve. 
Pressures and volumes were recorded using the RespiTrainer 
Infant (IngMar Medical, Pittsburgh, PA). Nebulizer liter flow 
was adjusted per recommendation of particular modality. An 
analysis of variance (ANOVA) was used to analyze the data 
and a Tukey procedure for post hoc analysis. A p value of 
0.05 was used to determine statistical analysis. 

results: Our one-way ANOVA results demonstrated a 
significant difference between nebulizer type and volume 
change (p=.0001) and pressure change (p=.002). On post-hoc 
analysis there was significant differences (p<.05) between 
the AeroEclipse and the NebuTech HDN, Hudson MicroMist, 
Mini-HEART, Uni-HEART, and EZflow MAX in terms of 
volume change and pressure change. 

conclusion: The study findings demonstrated that nebulizer 
type produced very similar results, with the exception of the 
AeroEclipse nebulizer. Nebulizer type does not appear to 
produce a major advantage or disadvantage when 
considering pressure and volume changes with HFOV. These 
findings support a variety of nebulizer brands when 
considering aerosol delivery with HFOV. 

Introduction
High frequency oscillatory ventilation (HFOV) is used to 
ventilate and oxygenate patients in an effort to protect the 
lungs. HFOV is most often used in the NICU to provide 
ventilatory support and to prevent lung injury that may result 
from conventional positive pressure mechanical ventilation. 
HFOV accomplishes this by using very small tidal volumes—
smaller than anatomical dead space—and supraphysiologic 
respiratory rates.1 Despite very high respiratory rates and 
very low tidal volumes, HFOV can achieve stable mean 
airway pressure and uniformed lung inflation, potentially 
leading to lower FiO2 use, improved oxygenation and equal 
survival rates to conventional mechanical ventilation.2-5 
HFOV began in the Neonatal Intensive Care Unit (NICU) to 
provide rescue support and reduce lung injury that may 
result from conventional mechanical ventilation. However, 
the need to deliver nebulized medications did not cease 
when transitioning to this type of ventilation. Currently there 
is very little research investigating the impact of nebulizer 
use on delivered volumes and pressures. The use of 
nebulization in HFOV is likely to be as effective as 
nebulization with traditional mechanical ventilation, but the 
extent to which tidal volumes and inspiratory pressures are 
altered due to several different nebulizer brands is unknown. 
This has been unchartered primarily because of the 
delicateness of the neonatal population being tested.6,7 

The research question for this project was does nebulizer 
brand create significantly different changes in delivered tidal 
volume and inspiratory pressures when using the HFOV and 
a neonatal test lung? The null hypothesis states there will be 
no difference in delivered tidal volumes and pressures when 
different nebulizers are used in-line with HFOV and a test 
lung. While the alternative hypothesis states that there will 
be a difference in delivered gas volume and pressures with 
different nebulizers placed in-line with HFOV. These 
vulnerable patients require respiratory therapists to provide 
adequate support while still preventing long-term lung 
damage.
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There was no significant difference on post hoc analysis between 
the PariLCplus, NebuTech, MicroMist, Mini-HEART, Uni-HEART, 
and EZFlow. There was no significant difference between the 
PariLCplus and the Aeroclipse for volumes or pressures. All 
volume and pressure data were generated with and without a 
one-way valve between the nebulizer and the HFOV circuit to 
remain consistent with clinical practice around the country. 
There was no significant difference, per one-way ANOVA, in 
volume change or pressure change when using and not using the 
one-way valve.

Table 1: Nebulizer Volume and Pressure Mean Values

Nebulizer
Volume (mL) 

± SD
Peak Pressure (cmH2O) 

± SD

Pari LCplus 65.35 ± 4.06 18.60 ± 1.04

Nebutech HDN 70.00 ± 0.57 19.80 ± 0.00

Hudson MicroMist 70.00 ± 0.57 19.80 ± 0.00

Mini-HEART 69.00 ± 0.57 19.40 ± 0.00

Uni-HEART 68.75 ± 0.96 19.40 ± 0.00

AeroEclipse 58.00 ± 7.51 16.90 ± 2.19

EZFlow MAX 69.50 ± 0.00 19.80 ± 0.00

Discussion
The study findings demonstrated that nebulizer type produced 
very similar results, with the exception of the AeroEclipse 
nebulizer. We also discovered a negative change in volumes and 
pressures compared to baseline values for the Aeroclipse and the 
PariLCplus. The Aeroclipse had a lower reduction in peak 
pressure and volume compared to the PariLCplus. The most 
likely explanation for a negative change in data variables is a 
leak in the system. All nebulizers used similar connections 
between the nebulizer and the circuit. However, it is possible 
that a leak existed between the top of the each nebulizer and the 
body of the nebulizer. However, we did not investigate if a leak 
was present or the source of any leak. Another possibility is that 
the pressure in the HFOV circuit produced backpressure within 
the two nebulizers. In this case there would be a reduction in 
aerosol entering the HFOV circuit. We did not investigate aerosol 
output with this study. 

Nebulizer type does not appear to produce a major advantage or 
disadvantage when considering pressure and volume changes 
with HFOV. These findings support a variety of nebulizer brands 
when considering aerosol delivery with HFOV. The one 
exception, the AeroEclipse, produced a significantly lower 
volume and pressure compared to the other brands included in 
this study. We don’t believe nebulizer flow rate setting caused 
this significant difference because several of the other nebulizers 
were set at the same rate, eg 6 Lpm. In addition, a couple of 
nebulizers operated on lower flow rates, eg 2 Lpm. One 
possibility is the AeroEclipse put out a smaller amount of aerosol 
compared to the other nebulizers. A smaller amount of aerosol 
output could produce a lower volume and pressure delivery. 
However, there is no literature to support this conclusion. 
Equally, aerosol output was not investigated in this study. 
Another explanation is the possibility of a small leak within the 
manufactured components of the device. However, we did not 
notice any changes in baseline HFOV settings, ie mean airway 
pressure reduction or amplitude reduction. Additional research 
is needed to determine why AeroEclipse produced lower 
volumes and pressures compared to the other nebulizers used 
for this study. Based on these findings we rejected the null 
hypothesis. 

Methods
The experimental design allowed for a benchtop study that did 
not require human subjects. The use of a test lung versus actual 
cadaver lungs or human subjects allowed us to control for 
potential complications, ie air leaks, associated with HFOV in 
neonates.8,9 The project used the High Frequency Oscillatory 
Ventilator (HFOV) 3100A mechanical ventilator (CareFusion, San 
Diego, CA). Baseline settings for the HFOV were: mean airway 
pressure 21 cmH2O, amplitude 36 cmH2O, inspiratory time 
percent 0.33, hertz 15, bias flow 20 L/min. The experiment 
included seven different nebulizers that are commonly used in 
hospital settings. All nebulizers were placed on the inspiratory 
limb distal to the humidifier. These nebulizers included: PARI 
LCplus (PARI Respiratory Equipment, Inc, Midlothian, VA), 
NebuTech HDN (Salter Labs, Alvin, CA), Hudson MicroMist 
(Teleflex, Morrisville, NC), Mini-HEART Lo-Flo (Westmed Inc, 
Tucson, AZ), Uni-HEART (Westmed Inc, Tucson, AZ), 
AeroEclipse (Monaghan Medical, Plattsburgh, NY), and EZflow 
MAX (Mercury Medical, Clearwater, FL). AeroEclipse was 
operated in continuous nebulization mode. The RespiTrainer 
Infant (IngMar Medical, Pittsburg, PA) was used to measure the 
volume and pressure produced by the HFOV and nebulizers. 
Firstly, we intubated the RespiTrainer Infant with a size 3 mm 
endotracheal tube (SunMed, Largo, FL), and calibrated the 
RespiTrainer infant unit. Mean baseline values generated for the 
HFOV without a nebulizer inline were tidal volume of 67.5mL 
and peak inspiratory pressure of 19.4 cmH2O. Next, nebulizers 
were placed, one at a time, in the same position in the inspiratory 
limb of the HFOV circuit, distal to the humidifier. We performed 
two trials, without using a one-way valve between the nebulizer 
and circuit, to assess the effect of the nebulizer output on 
volume and pressure changes delivered to the RespiTrainer. 
Then a one-way valve was added between the nebulizer and the 
HFOV circuit and two more trials were performed, ultimately 
testing each nebulizer four times. Using and not using a one-way 
valve was implemented to remain consistent with clinical 
practice. The liter flow was adjusted according to the 
manufacturers’ recommendations for each nebulizer using an air 
flow meter. The PARI LC plus was operated on 6 L/min, Nebutech 
HDN on 6 L/min, Hudson MicroMist on 6 L/min, Mini-HEART on 
2 L/min, Uni-HEART on 2 L/min, AeroEclipse on 6 L/min, and the 
EZflow MAX on 6 L/min. Normal saline was added to the 
chamber of each nebulizer to mimic actual nebulizer function 
and output. A blue filter was added between the HFOV circuit 
and the ETT to limit aerosol delivery to the infant trainer. An 
analysis of variance (ANOVA) was used to analyze the data and a 
Tukey procedure for the post hoc analysis. A p value of 0.05 was 
used to determine statistical analysis.

Results
Our one-way ANOVA analysis demonstrated a significant 
difference between the nebulizer type and the volume change 
(p=.0001) and pressure change (p=.002). On post-hoc analysis 
there was a significant difference for volume change between the 
AeroEclipse nebulizer and NebuTech HDN (p=.001), between the 
AeroEclipse and Hudson MicroMist (p=.001), between the 
AeroEclipse and Mini-HEART (p=.002), between the AeroEclipse 
and Uni-HEART (p=.002), between the AeroEclipse and EZFlow 
MAX (p=.001). On post-hoc analysis there was a significant 
difference for pressure change between AeroEclipse and 
Nebutech HDN (p=.003), between AeroEclipse and Hudson 
MicroMist (p=.003), between AeroEclipse and Mini-HEART 
(p=.014), between AeroEclipse and Uni-HEART (p=.014), 
between AeroEclipse and EZFlow MAX (p=.003). See Table 1. 
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This study has several implications for the medical community. 
First, the results contributed specific and novel information on 
the effects that nebulizers have on HFOV delivered ventilator 
parameters. It is important to the safety of the neonate to 
appropriately choose a nebulizer type that will allow for safe 
administration of aerosolized medications. It is known that this 
area of study is relatively new and uncharted.10 Second, our 
research could ultimately lead to advancement in equipment 
design, nebulizer set-up and policy development in regards to 
nebulizer use for neonatal patients on HFOV. Further 
investigation is needed to understand the reason for the negative 
change in peak pressures and delivered volumes. If backpressure 
or a leak are the cause then nebulizer design may need to be 
addressed. Lastly, respiratory departments can use this 
information when deciding on which nebulizer to purchase and 
use with HFOV. Other studies have focused on aerosol 
deposition amongst different nebulizer types for neonates, but 
not the delivered pressures and tidal volume.11,12

These vulnerable patients require respiratory therapists and 
equipment to provide adequate support while still preventing 
long-term lung damage. Due to the limited amount of patient 
monitored variables with the HFOV 3100A there is uncertainty in 
the impact of aerosol administration on volume and pressure 
changes. This study provides an analysis of two important 
parameters during mechanical ventilation, ie delivered volumes 
and inspiratory pressures. Although amplitude is provided on the 
3100A this pressure does not represent the peak inspiratory 
pressure. 

Limitations
There are several limitations of this study. First, we did not 
investigate aerosol output for each device. Placing a “catch” filter 
distal to the nebulizer and then weighing the filter at the end of 
each trial would provide aerosol output data. Second, we did not 
investigate if similar pressure and volume changes would occur 
with different baseline HFOV settings. We do not know if the 
same pressure and volume changes would occur with lower 
mean airway pressure and amplitude settings. Third, we did not 
investigate all available nebulizer brands. Specifically, we did not 
include any vibrating mesh nebulizers. At the time of this project 
we did not have access to an Aerogen (Galway, Ireland). We 
attempted to use the Omron MicroAir (Omron Healthcare, Lake 
Forest, IL); however, the design of the nebulizer created a leak in 
the set-up circuit. The final limitation of this study involves the 
bench top design we selected. Although the data collected was 
reliable we do not know if similar findings will occur in human 
subjects. For this reason our results must be interpreted with 
caution when making clinical decisions about nebulizer selection 
with the HFOV 3100A. 
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The goal of this presentation is to introduce a new concept — a 
wearable technology — to obstetrical practice. The original 
purpose was to minimize the risks of stillbirth. However, as 
the technology evolved, other benefits became evident, e.g. 
monitoring fetuses in early labor without the patient being 
admitted to a hospital. This new technological feature will 
be appreciated by patients, doctors, and hospitals. Patients 
will be allowed to stay home longer, provided that monitoring 
results are normal. Hospitals and doctors will be relieved from 
unnecessary in-house monitoring, admissions, and check-ups.

In industrialized countries, there is an expectation that every 
pregnancy will end with the birth of a healthy child. Yet, one 
fetus out of 200 is stillborn. Sudden fetal death syndrome, also 
known as stillbirth, continues to be an emotionally devastating 
outcome for both parents and caregivers. The global burden of 
stillbirth is estimated at 3.2 million fetal deaths every year. In 
the USA, the mortality rate from stillbirths is equal to that from 
prematurity and sudden infant death combined.1

probable causes of stillbirth
Abnormalities of the placenta and umbilical cord are the 
probable underlying causes of stillbirth in 25% of cases.2,3 
Placental abruption is the cause of approximately 4% of 
stillbirths.4

The relationship between intrauterine infection and the stillbirth 
rate is influenced by gestational age. While infection is blamed 
for 20% of stillbirths in the second trimester it’s contribution 
to the rate of term stillbirth is far smaller.6 Recently evidence 
suggests that a patient’s history of cesarean delivery increases 
the risk of placental abruption in subsequent pregnancies.6 The 
incidence of placental abruption in the USA has increased by 
23% in the last 20 years.7 It is known that even with a complete 
diagnostic workup, a significant proportion of stillbirths remains 
unexplained. This is a frustrating outcome for both the parents, 
who are no wiser as to why they have lost a fully-grown baby, 
and the caregivers who have the difficult task of counseling the 
couple with no clear idea as to the risk of recurrent stillbirth in 
future pregnancies.1 The literature points out that increased risk 
of stillbirth is detected in mothers over the age of 35, those with 
complicated pregnancies, and those with histories of previous 
stillbirths. However, an overwhelming number of stillbirths are 
occurring in women with no high-risk factors whatsoever.

review of warning signs of fetal demise in early 
pregnancy
Despite the shattering effect of stillbirth on patients’ lives and 
the enormity of the problem, there are very few published 
studies analyzing trends in the causes of stillbirth. A PubMed 
search failed to find any prospective studies on the signs, 
precautions, and practical ways of preventing stillbirth. Most 
research papers on warning signs of impending fetal loss are 
limited to early pregnancy. Thus, Laboda et al,5 reported that 
normal first trimester fetal heart rates rise from an average of 
100 bpm at 5 to 6 weeks to 140 bpm at 8 to 9 weeks. The heart 
rates of 65 consecutive first trimester fetuses between 5 and 
8 weeks were measured to determine whether an unusually 
slow fetal heartbeat is associated with a poor outcome. All 
five pregnancies in which heart rates were below 85 ended 
in spontaneous miscarriages. This study suggests that first 
trimester bradycardia may be associated with a poor prognosis 
for the pregnancy.

These observations were confirmed by a number of prospective 
studies.9,10 Although first trimester fetal physiology is different 
from that of viable fetuses, fetal heart monitoring remains the 
most important tool to assess fetal wellbeing.

What do we learn from sudden infant death syndrome 
(siDs)? 
In developed countries SIDS is the most common cause of 
death in children aged between one and 12 months. In 1989, an 
American  panel of experts defined SIDS as the sudden death of 
an infant less than one year of age which remains unexplained 
after a thorough case investigation including performance of 
an autopsy. Early research suggested that apnea attacks were 
precursors of SIDS, which led to the provision of home apnea 
monitors for infants considered to be at risk.11

Recently, the American Academy of Pediatrics put together a 
policy statement on SIDS. It states that after case investigation, 
SIDS cases can be attributed to asphyxia, infection, metabolic 
diseases, and arrhythmias.12 Cardiorespiratory monitors can be 
used at home to detect apnea, and bradycardia.

Stillbirth is chronologically situated between early fetal demise 
and SIDS. Approximately 65% of unexplained stillbirths occur 
after 35 completed weeks with risk increasing as the gestation 
advances.13 The most significant risk factor for unexplained 
stillbirth, besides female gender and pregnancy, is advanced 
maternal age. Among women younger than age 35, the risk of 
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resulted when women used the simple device. The 24 pregnancy 
complications were actually picked up by the device, which 
prompted doctors to perform emergency C-sections. Results 
from the study have been submitted for publication in the 
European Journal of Obstetrics & Gynecology and Reproductive 
Biology, but have yet to be published.

Another similar product on the market is made by NURO group, 
under the name of RITMO, which is a pregnancy belt equipped 
with speakers to play music to the fetus. NURO group is planning 
to eliminate the speakers and upgrade the system by combining 
EKG and Doppler sensors. Recently, an Italian researcher 
introduced a pregnancy belt device named telefetalcare, which is 
EKG based.

A recent study funded by the Eunice Kennedy Shriver National 
Institute of Child Health and Human Development and Neoventa 
Medical; ClinicalTrials.gov number, NCT01131260, which 
included a total of 11,108 patients, concluded that fetal EKG ST-
segment analysis, used as an adjunct to conventional intrapartum 
electronic fetal heart-rate monitoring, did not improve perinatal 
outcomes.19

Fetal heart monitor vestment 
If weekly fetal testing undoubtedly contributes to the reduction 
of stillbirths, then continuous monitoring should significantly 
reduce stillbirths. We propose a special pregnancy-adjusted 
garment or pregnancy belt that will allow us to monitor fetal 
heart rate continuously and be alerted if fetal heart rate 
patterns become non-reassuring (Figure A). Similar monitors 
have been inserted into T-shirts to alert its owner on the 
possible signs of a heart attack. We realize that to date, there 
is no guarantee that such monitoring will prevent stillbirth in 
all cases. However, it appears to be the way to monitor fetuses, 
accumulate research data, and provide the best chances to 
avoid stillbirth. Distant fetal monitoring has been used before, 
first by Corometrics, and recently by an Israeli group of 
researchers and engineers. Our vestment for fetal monitoring is 
far superior to existing systems.

A monitor and control unit integrated with a garment that 
constantly analyzes EKG signals in real time for cardiac events 
such as arrhythmias and bradycardias/decelerations can 
automatically generate a local alert. The alert can be forwarded 
via Bluetooth and WiFi to a smart phone, and simultaneously 
to a medical professional and/or remote monitoring service 
for further analysis and for a plan of action. A scrolling graph 
display of fetal heart rate history is easy to obtain and kept on 
a cloud-based server as a subscription service. Anyone, mother 
or professional, could sign on and look at the last 30 seconds 
or 5 minutes, with a single zoom knob or screen button to 
expand the “paper” roll. The silver-threaded elastic Health 
Watch material with 3 sewn-in electrodes is harmless, and 
picks up signal like a radio.

Another option is having no wires at all. In or on the garment 
would be both the thumb-sized wireless transmitters and 
thumb-sized microcomputer capable of transmitting to a local 
WiFi network the most recent 30 seconds of the beat-to-beat 
heart rate.

The digital transmitters have channel codes so there could be 
any number of them in a maternity floor without the signals 
colliding. Prospective mothers could continue walking around 

stillbirth is relatively low, (1.1 per 1000 births). For women 
aged 35 years and older, the rate is 3.6 per 1000 births, and for 
women 40 years of age or older, 4 per 1000.13 Although stillbirth 
is relatively rare, even in older women, it occurs six times more 
than death by SIDS, which was reported to occur at a rate of 0.6 
per 1000 births.14

Fretts, et al14 conducted a study to compare three strategies for 
the prevention of stillbirth in women aged 35 years and older, 
who were provided standard care; namely, no antepartum testing 
or induction before 41 weeks, weekly testing at 37 weeks with 
induction after a positive test, and no testing with induction at 41 
weeks.

The study showed that without a strategy of antepartum 
surveillance between 37 and 41 weeks, women would experience 
5.2 unexplained stillbirths per 1000 pregnancies. For nulliparous 
women, weekly antepartum testing initiated at 37 weeks would 
avert 3.9 stillbirths per 1000 pregnancies.14,15

Recently, Waldenstrom, et al16 reported the results of a 
population-based registry including all women aged 25 years 
and older with singleton pregnancies at 28 weeks of gestation 
in Sweden from 1990 to 2011; a total of 1,804,442 pregnancies 
were analyzed. Stillbirth rates increased by maternal age: 25-29 
years 0.27%; 30-34 years 0.31%; 35-39 years 0.40%; and 40 years or 
older 0.53%. Compared with age 25-29 years, this increase was 
approximately 25% at 30-34 years and doubled at the age of 35. 
The authors postulated that placental constraints may be the 
reason for the association between advanced maternal age and 
stillbirth.

Compared with no testing policy, a policy of weekly antepartum 
testing beginning at 37 weeks of gestation in otherwise low risk 
women would result in a reduction in unexplained stillbirths.

History of fetal monitoring
Fetal heart tones were first described in the seventeenth 
century. Then in 1917, Dr. Hillis reported on the use of a head 
stethoscope. Later, DeLee published a report regarding the use 
of a similar instrument to auscultate the fetal heart. Hon in 1958 
published a report on continuous fetal monitoring from the 
maternal abdomen. Caldeyro-Barcia and Hammacher reported 
their observations of FHR patterns associated with fetal distress 
in 1966 and 1967.17 In 1996, we reported our experience with 
long term continuous fetal monitoring in a hospital setting.18 
We were able to identify signs of fetal compromise and alter 
patient management accordingly. We concluded that continuous 
in-hospital monitoring may become a life-saving procedure 
although very cumbersome, expensive, and limiting a patient’s 
ability to ambulate. In response to these deficiencies, a number 
of new proposals for wireless monitoring have been reported 
recently.

The Remotaid monitor can be strapped around a pregnant 
woman’s abdomen during the later stages of pregnancy — after 
32 weeks — so as to provide continuous home surveillance of a 
fetus’ health. “Continuous,” however, means that the mother is 
recommended to wear the device for about 20 minutes per day.

The company said its monitor has been tested for safety in 
about 1,250 Hungarian women, with data showing that using 
the product daily was easy and safe. Despite the large sample 
size, which included 24 high-risk pregnancies, zero stillbirths 
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is well established. Potentially maternal life threatening, 
coagulopathy can occur after the death of a singleton or of one 
fetus of a multiple gestation. The development of coagulopathy 
is gradual. The etiology of coagulopathy is most likely the 
release of tissue thromboplastin from the dead fetus into the 
maternal circulation, with activation of the procoagulant system. 
In the presence of severe coagulopathy with clinical bleeding, 
immediate delivery may be required. Constant monitoring will 
most likely signal and prevent pending fetal demise in most 
cases; in the cases where stillbirth will still occur, the health care 
providers will know the timing of stillbirth and will not allow 
coagulopathy to develop.

Current technology will allow an expecting parent to listen to the 
baby’s heart rate at any time they wish.

With the extension of our knowledge on the impact of music on 
fetal development, current technology will allow fetal exposure 
to music, mothers voice, etc.
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summary
Stillbirth occurs ten times more often than sudden infant death 
syndrome. In the United States, stillbirth accounts for a large 
proportion of all perinatal losses.

Recently, Lancet20 put together a Steering Committee on 
Stillbirth and published a comprehensive review manuscript on 
the topic, which states “A mother gives birth to her baby after 
many months of pregnancy. But her baby is dead. Few words 
are needed to convey the tragedy of stillbirth. At the beginning 
of the third-trimester of pregnancy, the baby weighs about 1 kg, 
and most babies have the capacity to live outside the womb. At 
this stage of pregnancy, the risk of stillbirth is about 2%, and the 
risk of death at the very beginning of life is only matched when 
people reach their 80s.” The Steering Committee paid special 
attention to the psychological impact of stillbirth: “Even in 
high-resource settings in which psychological support might be 
available, one in five mothers has long-term depression, anxiety, 
or post-traumatic stress disorder after stillbirth. Fathers are also 
affected by negative psychosocial consequences.”

acOG recommendations
The American College of Obstetrics and Gynecology makes no 
recommendation for or against assessing daily fetal movement 
in routine pregnancies.21 Therefore, it appears that continuous 
fetal monitoring such as a fetal heart monitor vestment or a 
pregnancy belt, which has become possible due to a recent major 
breakthrough in technology and computer communications, 
will become the new hope in further predicting and preventing 
stillbirth.

additional benefits of fetal heart monitor vestment
The association between stillbirth and subsequent coagulopathy 

Figure A. A fetal heart monitor vestment for use by an expectant mother 
having a fabric garment configured to be closely fitted to the female, a 
monitor controller unit having a data input port, an EKG harness comprising a 
plurality of electrodes and a plurality of wires, each electrode attached to at 
least one of the wires, the wires in attachment to and in communication with 
the data input port, the electrodes and wires integrated into the fabric of the 
garment. (US and International patents pending)

Continued on page 56…
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addendum to the report
Ongoing research on an ultrasound alternative is being 
conducted by M. Bogart, an MIT-educated electrical engineer 
and computer scientist, CTO of Rampage Digital and former Vice 
President of Research and Development for Rampage Systems, 
Inc.

The use of continuous ultrasound presents significant sonic 
energy impact on the fetus, the long-term and certainly 
continuous use ramifications of which are not precisely known. 
Furthermore the logistics of constant use and patient acceptance 
present further disadvantages.

Abdominal surface skin electrodes are used to pick up the fetal 
heartbeat signal or signals. Current technology of miniature 
wearable electronics, micro-controllers, and wireless links 
enable signal pickup and transmission in a form that will be 
acceptable to the pregnant patient for continuous use.

Since, as is known, such signals include a mix of both the 
maternal and the fetal heartbeats, a unique method, based on 
proven digital signal processing techniques, is used to provide 
the needed fetal-only heart-rate log and time history. The details 
are the subject of ongoing patent processes.

Continued from page 54
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Background: Pulse oximeters display pulse rate (PR) and pulse 
oxygenation (SpO2). These vital signs are important components 
of screening and diagnostic algorithms in newborns,1,2 making 
it necessary to establish pulse oximeter performance in the 
neonatal population. Inaccurate reporting of PR or SpO2 values 
could lead to false alarms and inappropriate interventions.

method: This study compared PR performance of the Nellcor 
N-600x pulse oximeter and the Masimo SET module of a Philips 
IntelliVue MX800 in a neonatal intensive care unit (NICU). Data 
were collected from 30 subjects during wakefulness and sleep. 
PR readings were compared to a heart rate (HR) reference 
obtained by ECG.

results: The Nellcor N-600x pulse oximeter more accurately 
reported PR than did the Masimo SET module (RMSD 3.93 beats 
per minute (bpm) vs. 5.07 bpm, P < .001). Also, a significantly 
smaller proportion of PR measurements reported by the Nellcor 
monitor differed from the reference heart rate by more than 40 
beats per minute (0.07% vs. 0.23%, P < .001). For three subjects, 
the Masimo SET module exhibited a clinically significant error 
(CSE), a PR that differed from the reference by at least 40 bpm 
for more than 30 seconds continuously. No CSEs occurred with 
the Nellcor N-600x monitor. SpO2 readings reported by the two 
monitors were similar during periods when both instruments 
accurately reported PR. However, during periods when the 
Masimo SET module exhibited CSEs, the SpO2 readings of the 
two pulse oximeters differed.

conclusion: The Nellcor N-600x pulse oximeter more accurately 
reported PR compared to an ECG reference than did the 
Masimo SET module in this population of NICU patients. Only 
the Masimo instrument exhibited errors in PR that were large 
enough to potentially result in inappropriate intervention 
(CSEs).

Introduction
Pulse oximeters are commonly used to estimate SpO2 in 
newborns, a recommended component of critical congenital 
heart disease (CCHD) screening in newborns.1 Pulse oximeters 
also report pulse rate (PR). Heart rate is a factor in the American 
Heart Association’s algorithm for neonatal resuscitation.2 
However, the methods recommended by the AHA to collect 
neonatal HR (intermittent auscultation of the praecordium 
and palpation of the umbilical cord) have been shown to be 
imprecise and inaccurate3 while pulse oximetry has been 
suggested to accurately report PR in infants in the delivery 

room.4,5 The accuracy of reported vital signs impacts clinician 
intervention. Inaccurate information can lead to unnecessary 
medical intervention due to false positive alarms. Therefore, it is 
essential to establish the accuracy of the data provided by pulse 
oximeters in a neonatal population. The present study compared 
the PR performance of two modern pulse oximeters relative to 
an ECG reference and assessed the SpO2 performance of the 
instruments.

Method
The study was conducted at British Columbia Children’s 
Hospital between February and June, 2013. After Institutional 
Review Board approval and receipt of informed parental 
consent, 30 neonatal patients in the intensive care unit were 
enrolled in the study. Twenty-nine of these subjects were 
included in the analysis. One subject was excluded after data 
loss due to a failure of the third-party data acquisition software. 
Subjects were closely monitored by caregivers and registered 
nurses at all times.

All sensors and monitors used in the study were cleared by the 
FDA and Health Canada. A Nellcor SpO2 MAX-N sensor and a 
Masimo LNCS, LNCS Neo, or LNCS NeoPt sensor were applied 
to the wrist, or the foot if the wrist was unavailable, of each 
subject, and connected with the respective pulse oximeter 
monitors. All sensors were applied at post-ductal sites (ie 
left hand, feet). Sensors were covered with probe wraps to 
secure them against movement and to reduce ambient light 
and prevent optical crosstalk. ECG reference heart rate (HR) 
values were acquired using either a PHILIPS IntelliVue MP70 or 
a MX800 monitor. Signals were recorded using a combination 
of proprietary data acquisition software and commercially 
available software (Rugloop, Demed Inc, Temse, Belgium).

After sensors were placed on each subject, electronic data were 
collected for approximately four hours. Data were collected 
for each subject during both wakefulness and sleep. Data were 
excluded if the ECG or oximeter reported zero or if no data 
were available, eg, due to sensor disconnect, sensor turning off, 
etc.

To analyze PR accuracy, measurements from each test 
instrument were extracted once per second and compared to 
simultaneous data from the ECG monitor. Standard measures 
of bias, precision (1 SD), and accuracy (RMSD, the root mean 
square of differences) were calculated as recommended by the 
pulse oximetry industry standard.6

Pulse Rate Performance of Two Pulse 
Oximeters in the NICU
Keith Batchelder, PhD, Rakesh Sethi, BSc, BEng, and Yu Jung Pinto, MSc
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pulse rate
To assess the accuracy of the PR reported by each device, the 
RMSD between the pulse oximetry–derived PR and ECG-derived 
HR (ECG HR) was calculated. RMSD for the Nellcor N-600x 
pulse oximeter was significantly less than that for the Masimo 
SET module was (4.14 bpm vs. 10.48 bpm, P < .001) (Table 2). 
The Nellcor N-600x oximeter performance was within its device 
specifications of ± 5 bpm under motion.

The percentage of time during which the absolute PR error was 
greater than 40 bpm (E40) for the Nellcor N-600x oximeter was 
0.08%, compared to 0.89% for the Masimo SET module, across 
all subjects (Table 2). The difference between instruments 
was statistically significant (P < .001). Figure 1 shows pulse 
oximeter–reported PR vs. ECG HR for both the Nellcor N-600x 
oximeter and the Masimo SET module for all subjects.

One subject was identified as an outlier, with a PR RMSD outside 
of the range of (3 x SD + mean PR RMSD). For this subject, the 
overall PR RMSD was 50 bpm for the Masimo SET module and 
8 bpm for the Nellcor N-600x oximeter (Table 2). Data from the 
outlier subject is highlighted in Figure 1. The E40 results for 
this subject were 0.54% for the Nellcor N-600x oximeter and 
22.46% for the Masimo SET module (Table 2). Figure 2 shows an 
interval of data from this subject during which the PR error for 
the Masimo SET module met the criteria of CSE.

Excluding the outlier subject, the PR RMSD for the Masimo 
SET module was greater than 5 bpm, not within specifications. 
E40, excluding the outlier subject, was still significantly smaller 
for the Nellcor N-600x oximeter compared to the Masimo SET 
module (0.07% vs. 0.23%, P < .001).

spO2

The Nellcor N-600x pulse oximeter reported SpO2 values 
between 42-100%, and Masimo SET module reported SpO2 
values between 30-100%. The pooled SpO2 difference for all 
collected data (ΔSpO2 RMSD) was 1.66 %. During intervals when 
absolute PR error relative to ECG for both devices was less 
than 5 bpm, SpO2 RMSD was 1.5%. During continuous intervals 
during which the Masimo SET module exhibited a CSE, ΔSpO2 
RMSD was significantly greater, 3.8% (P < .001). The increased 
disagreement between SpO2 values during CSEs is also seen in 
Figure 2. No equivalent intervals of CSE were observed for the 
Nellcor N-600x pulse oximeter. The SpO2 data are summarized 
in Table 3.

Discussion 
Accurate data about neonatal vital signs are required to 
facilitate appropriate medical intervention, for example, as 
part of the pediatric resuscitation algorithm, or in CCHD 
screening. Therefore, it is important to characterize pulse 
oximeter performance in the NICU environment, particularly as 
it pertains to the usefulness of pulse oximetry–reported data to 
clinicians.

The PR reported by the Nellcor N-600x pulse oximeter was 
significantly closer to the reference HR value than that reported 
by the Masimo SET module, even after the data from an outlier 
subject was removed from the analysis (RMSD 3.93 bpm vs. 
5.07 bpm, P < .001). The Nellcor N-600x pulse oximeter also 
had a significantly smaller proportion of PR measurements that 
differed from the reference HR by at least 40 bpm (0.07% vs. 
0.23%, P < .001).

Additionally, the percentage of time that the PR reported by 
each monitor differed from the reference HR value by at least 
40 beats per minute (bpm) was measured (E40). Forty bpm 
was chosen because an error of this size might result in an 
inappropriate or missed intervention when following published 
neonatal resuscitation guidelines.7 The Chi-square test was 
used to assess whether E40 differed significantly between 
monitors. A P-value less than 0.05 was considered significant.

Clinically significant errors (CSE) were defined as differences 
between PR and HR greater than 40 bpm and continuously 
sustained for more than 30 seconds. This interval of time 
was chosen because it is sufficiently long to trigger an 
inappropriate clinical intervention in response to a sustained 
erroneous PR value.5 Additionally, according to the ISO 
oximetry standard 80601-2-61, 30 seconds is the maximum time 
an oximeter is allowed to “hold” without indicating that it is 
holding.6

The Wilcoxon rank-sum test was used to determine the 
statistical significance of differences between devices. This 
non-parametric version of a paired samples t-test was chosen 
because the errors were not normally distributed. A P-value 
less than 0.05 was considered significant.

No convenience arterial blood gas sample was obtained during 
the study. Without a reference from co-oximetry, the accuracy 
of SpO2 readings taken from the two pulse oximetry monitors 
were compared for agreement. The RMSD between the SpO2 
values from the two monitors was calculated during intervals 
of “good” agreement (< 5 bpm) between ECG-determined HR 
and pulse oximetry–determined PR, and during intervals where 
there was a CSE between the PR derived from either oximeter 
and the HR reference signal derived from the ECG.

Results
Data were collected from 29 subjects. Demographics and 
patient characteristics are summarized in Table 1. The majority 
of enrolled subjects (77%) were born prematurely. A majority 
of subjects were diagnosed with respiratory distress syndrome. 
A total of 114 hours of pulse oximetry data were collected 
with ECG HR reference values available for comparison. ECG 
HR values among the subjects ranged between 46 and 235 
bpm. Transient bradycardia was observed in 7 subjects during 
the trial; medical interventions including stimulation and 
supplemental oxygen were provided for recovery.
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Table 1. Patient Demographics and Baseline Characteristics

Category n (%)

Male 18 (60)

Race/ethnicity

 Asian 9 (30)

 African American 0 (0)

 Caucasian 20 (67)

 Hispanic 1 (3)

Median (standard deviation)

Conceptional age, weeks 35.7 (13.6)

Height, cm 44.0 (21.0)

Weight, kg 2.3 (3.2)

Pulse rate 

To assess the accuracy of the PR reported by each device, the 
RMSD between the pulse oximetry–derived PR and ECG-
derived HR (ECG HR) was calculated. RMSD for the Nellcor 
N-600x pulse oximeter was significantly less than that for the 
Masimo SET module was (4.14 bpm vs. 10.48 bpm, P < .001) 
(Table 2). The Nellcor N-600x oximeter performance was 
within its device specifications of ± 5 bpm under motion. 

The percentage of time during which the absolute PR error 
was greater than 40 bpm (E40) for the Nellcor N-600x 
oximeter was 0.08%, compared to 0.89% for the Masimo 
SET module, across all subjects (Table 2). The difference 
between instruments was statistically significant (P < .001). 
Figure 1 shows pulse oximeter–reported PR vs. ECG HR 
for both the Nellcor N-600x oximeter and the Masimo SET 
module for all subjects.

One subject was identified as an outlier, with a PR RMSD 
outside of the range of (3 x SD + mean PR RMSD). For this 
subject, the overall PR RMSD was 50 bpm for the Masimo 
SET module and 8 bpm for the Nellcor N-600x oximeter 
(Table 2). Data from the outlier subject is highlighted in 
Figure 1. The E40 results for this subject were 0.54% for the 
Nellcor N-600x oximeter and 22.46% for the Masimo SET 
module (Table 2). Figure 2 shows an interval of data from 
this subject during which the PR error for the Masimo SET 
module met the criteria of CSE. 

Excluding the outlier subject, the PR RMSD for the Masimo 
SET module was greater than 5 bpm, not within specifications. 
E40, excluding the outlier subject, was still significantly 
smaller for the Nellcor N-600x oximeter compared to the 
Masimo SET module (0.07% vs. 0.23%, P < .001).

SpO2

The Nellcor N-600x pulse oximeter reported SpO2 values 
between 42-100%, and Masimo SET module reported 
SpO2 values between 30-100%. The pooled SpO2 difference 
for all collected data (ΔSpO2 RMSD) was 1.66 %. During 
intervals when absolute PR error relative to ECG for both 
devices was less than 5 bpm, SpO2 RMSD was 1.5%. During 
continuous intervals during which the Masimo SET® 
module exhibited a CSE, ΔSpO2 RMSD was significantly 
greater, 3.8% (P < .001). The increased disagreement 
between SpO2 values during CSEs is also seen in Figure 
2. No equivalent intervals of CSE were observed for 
the Nellcor N-600x pulse oximeter. The SpO2 data are 
summarized in Table 3.

Table 2. Pulse Oximeter Performance in Reporting Pulse Rate 

Nellcor N-600x monitor Masimo SET module
Devices significantly 

different

All subjects RMSD (mean ± SD) (bpm) 4.14 (0.16 ± 4.14) 10.48 (-1.26 ± 10.41) P < .001a

Outlier subject RMSD (mean ± SD) (bpm) 8.32 (0.21 ± 8.32) 49.88 (-24.94 ± 43.19) P < .001a

All subjects, omitting outlier RMSD  
(mean ± SD) (bpm)

3.93 (0.15 ± 3.93) 5.07 (-0.44 ± 5.05) P < .001a

All subjects E40 0.08% 0.89% P < .001b

Outlier subject E40 0.54% 22.46% P < .001b

All subjects, omitting outlier E40 0.07% 0.23% P < .001b

a Wilcoxon rank-sum test
b Chi-square test

Table 1. Patient Demographics and Baseline Characteristics.
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this signal quality is good.7 In this study, the agreement of the 
SpO2 readings reported by the two oximeters was characterized 
during periods of good and poor agreement between PR and HR. 
The SpO2 values reported by the two pulse oximeters were very 
similar during intervals where reported PRs were within 5 bpm 
of the reference HR. However, differences between reported 
SpO2 values were close to 4 saturation points during intervals 
where the Masimo SET monitor exhibited a CSE, significantly 
greater than the difference in SpO2 readings over the entire 
experiment. Assuming that PR agreement with HR can be used 
as a surrogate for confidence in SpO2 readings, it is probable that 
SpO2 readings from the Masimo instrument were responsible for 
the observed differences in SpO2 readings during intervals when 
the Masimo instrument exhibited CSE. Further experiments with 
comparative SpO2 values can investigate this possibility.

Conclusions
The Nellcor N-600x pulse oximeter more accurately reported 
PR compared to an ECG reference, as measured by RMSD, than 
the Masimo SET module in this population of NICU patients. 
Only the Masimo monitor exhibited errors in PR that were large 
enough to potentially result in inappropriate intervention (CSEs). 
During periods when the Masimo monitor exhibited CSE, the 
SpO2 values reported by the two oximeters also differed. There 
is a high probability that the Masimo instrument is responsible 
for the observed poor agreement between reported SpO2 
values during periods when it exhibited CSE. However, further 
investigation is necessary to investigate this possibility.

In this analysis, data from 29 subjects was pooled. Extreme 
deviations in PR performance in individual subjects who present 
a unique set of challenging conditions may be missed when 
analyzing pooled data. Therefore, pulse oximeter performance 
was assessed during periods defined as clinically significant 
errors (CSEs); periods during which the absolute error in PR 
relative to HR was equal to or greater than 40 bpm for at least 
30 seconds. No CSEs occurred with the Nellcor N-600x pulse 
oximeter. CSEs occurred with 3 subjects with the Masimo SET 
technology. For one of these 3 subjects, the PR reported by the 
Masimo monitor fell below 60 bpm for large intervals of time. 
Such a deviation from the correct HR value could result in 
inappropriate medical intervention.

These results are consistent with other observations in the 
literature. Kamlin et al5 also reported one outlier subject, 
monitored with the Masimo SET technology, for whom a 
clinically significant difference between reported PR and the 
ECG reference “may have led to interventions that were not 
indicated.” Additionally, Du and Gorensky reported a case study 
using the Masimo SET technology in which a persistent PR error 
resulted in an inappropriate intervention.9

Due to limitations associated with collecting blood samples 
from neonates, co-oximetry reference data was not obtained 
in this study. Often, clinicians use agreement between pulse 
oximetry-reported PR and ECG-reported HR as a signal quality 
metric, and place greater confidence in SpO2 readings when 
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Table 1. Patient Demographics and Baseline Characteristics

Category n (%)

Male 18 (60)

Race/ethnicity

 Asian 9 (30)

 African American 0 (0)

 Caucasian 20 (67)

 Hispanic 1 (3)

Median (standard deviation)

Conceptional age, weeks 35.7 (13.6)

Height, cm 44.0 (21.0)

Weight, kg 2.3 (3.2)

Pulse rate 

To assess the accuracy of the PR reported by each device, the 
RMSD between the pulse oximetry–derived PR and ECG-
derived HR (ECG HR) was calculated. RMSD for the Nellcor 
N-600x pulse oximeter was significantly less than that for the 
Masimo SET module was (4.14 bpm vs. 10.48 bpm, P < .001) 
(Table 2). The Nellcor N-600x oximeter performance was 
within its device specifications of ± 5 bpm under motion. 

The percentage of time during which the absolute PR error 
was greater than 40 bpm (E40) for the Nellcor N-600x 
oximeter was 0.08%, compared to 0.89% for the Masimo 
SET module, across all subjects (Table 2). The difference 
between instruments was statistically significant (P < .001). 
Figure 1 shows pulse oximeter–reported PR vs. ECG HR 
for both the Nellcor N-600x oximeter and the Masimo SET 
module for all subjects.

One subject was identified as an outlier, with a PR RMSD 
outside of the range of (3 x SD + mean PR RMSD). For this 
subject, the overall PR RMSD was 50 bpm for the Masimo 
SET module and 8 bpm for the Nellcor N-600x oximeter 
(Table 2). Data from the outlier subject is highlighted in 
Figure 1. The E40 results for this subject were 0.54% for the 
Nellcor N-600x oximeter and 22.46% for the Masimo SET 
module (Table 2). Figure 2 shows an interval of data from 
this subject during which the PR error for the Masimo SET 
module met the criteria of CSE. 

Excluding the outlier subject, the PR RMSD for the Masimo 
SET module was greater than 5 bpm, not within specifications. 
E40, excluding the outlier subject, was still significantly 
smaller for the Nellcor N-600x oximeter compared to the 
Masimo SET module (0.07% vs. 0.23%, P < .001).

SpO2

The Nellcor N-600x pulse oximeter reported SpO2 values 
between 42-100%, and Masimo SET module reported 
SpO2 values between 30-100%. The pooled SpO2 difference 
for all collected data (ΔSpO2 RMSD) was 1.66 %. During 
intervals when absolute PR error relative to ECG for both 
devices was less than 5 bpm, SpO2 RMSD was 1.5%. During 
continuous intervals during which the Masimo SET® 
module exhibited a CSE, ΔSpO2 RMSD was significantly 
greater, 3.8% (P < .001). The increased disagreement 
between SpO2 values during CSEs is also seen in Figure 
2. No equivalent intervals of CSE were observed for 
the Nellcor N-600x pulse oximeter. The SpO2 data are 
summarized in Table 3.

Table 2. Pulse Oximeter Performance in Reporting Pulse Rate 

Nellcor N-600x monitor Masimo SET module
Devices significantly 

different

All subjects RMSD (mean ± SD) (bpm) 4.14 (0.16 ± 4.14) 10.48 (-1.26 ± 10.41) P < .001a

Outlier subject RMSD (mean ± SD) (bpm) 8.32 (0.21 ± 8.32) 49.88 (-24.94 ± 43.19) P < .001a

All subjects, omitting outlier RMSD  
(mean ± SD) (bpm)

3.93 (0.15 ± 3.93) 5.07 (-0.44 ± 5.05) P < .001a

All subjects E40 0.08% 0.89% P < .001b

Outlier subject E40 0.54% 22.46% P < .001b

All subjects, omitting outlier E40 0.07% 0.23% P < .001b

a Wilcoxon rank-sum test
b Chi-square test

Table 2. Pulse Oximeter Performance in Reporting Pulse Rate.

4

Figure 1:  Pooled data from 29 subjects (outlier plotted in red) showing PR vs. ECG HR for Nellcor N-600x oximeter (left) and Masimo SET® 
module (right). The dashed lines in each graph indicate errors from ECG HR by ± 40 bpm.

Figure 2: SpO2 and pulse rate reported by two pulse oximeters for outlier subject, during a long period of disagreement between the 
Masimo SET module and ECG. When the Masimo SET module PR is different from the ECG HR, the Masimo SET module and Nellcor N-600x 
oximeter SpO2 values also disagree.

Figure 1: Pooled data from 29 subjects (outlier plotted in red) showing PR vs. ECG HR for Nellcor N-600x oximeter (left) and Masimo SET module (right). The 
dashed lines in each graph indicate errors from ECG HR by ± 40 bpm.
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Figure 1:  Pooled data from 29 subjects (outlier plotted in red) showing PR vs. ECG HR for Nellcor N-600x oximeter (left) and Masimo SET® 
module (right). The dashed lines in each graph indicate errors from ECG HR by ± 40 bpm.

Figure 2: SpO2 and pulse rate reported by two pulse oximeters for outlier subject, during a long period of disagreement between the 
Masimo SET module and ECG. When the Masimo SET module PR is different from the ECG HR, the Masimo SET module and Nellcor N-600x 
oximeter SpO2 values also disagree.

Figure 2. SpO2 and pulse rate reported by two pulse oximeters for outlier subject, during a long period of disagreement between the Masimo SET module and 
ECG. When the Masimo SET module PR is different from the ECG HR, the Masimo SET module and Nellcor N-600x oximeter SpO2 values also disagree.

Table 3. Pulse Oximeter Performance in Reporting SpO2.
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Table 3. Pulse Oximeter Performance in Reporting SpO2 

ΔSpO2 RMSD  
(%, mean ± SD)

Compared 
to overall 

ΔSpO2 RMSDOverall 1.66 (-0.61 ± 1.55)

While absolute PR error 
is < 5 bpm

1.41 (-0.58 ± 
1.29)

N.S.§

During periods of CSE 
for Nellcor N-600x

NA* NA*

During periods of CSE 
for Masimo SET module

3.81 (1.12 ± 3.64)  P < .001§

Outlier during periods of 
CSE of Masimo SET module

5.16 (-3.57 ± 3.72) P < .001

§Wilcoxon rank sum test

* No CSE was observed using Nellcor N-600x pulse oximeter during the trial

Discussion

Accurate data about neonatal vital signs are required to 
facilitate appropriate medical intervention, for example, 
as part of the pediatric resuscitation algorithm, or in 
CCHD screening. Therefore, it is important to characterize 
pulse oximeter performance in the NICU environment, 
particularly as it pertains to the usefulness of pulse 
oximetry–reported data to clinicians.

The PR reported by the Nellcor N-600x pulse oximeter 
was significantly closer to the reference HR value than that 
reported by the Masimo SET module, even after the data 
from an outlier subject was removed from the analysis 
(RMSD 3.93 bpm vs. 5.07 bpm, P < .001). The Nellcor 
N-600x pulse oximeter also had a significantly smaller 
proportion of PR measurements that differed from the 
reference HR by at least 40 bpm (0.07% vs. 0.23%, P < .001).

In this analysis, data from 29 subjects was pooled. Extreme 
deviations in PR performance in individual subjects who 
present a unique set of challenging conditions may be missed 
when analyzing pooled data. Therefore, pulse oximeter 
performance was assessed during periods defined as clinically 
significant errors (CSEs); periods during which the absolute 
error in PR relative to HR was equal to or greater than 40 bpm 
for at least 30 seconds. No CSEs occurred with the Nellcor 
N-600x pulse oximeter. CSEs occurred with 3 subjects with 
the Masimo SET technology. For one of these 3 subjects, the 
PR reported by the Masimo monitor fell below 60 bpm for 
large intervals of time. Such a deviation from the correct HR 
value could result in inappropriate medical intervention.

These results are consistent with other observations in the 
literature. Kamlin et al 5 also reported one outlier subject, 
monitored with the Masimo SET technology, for whom a 
clinically significant difference between reported PR and 
the ECG reference “may have led to interventions that were 
not indicated.” Additionally, Du and Gorensky reported a 
case study using the Masimo SET technology in which a 
persistent PR error resulted in an inappropriate intervention.9

Due to limitations associated with collecting blood samples 
from neonates, co-oximetry reference data was not obtained 
in this study. Often, clinicians use agreement between 
pulse oximetry-reported PR and ECG-reported HR as a 
signal quality metric, and place greater confidence in SpO2 
readings when this signal quality is good.7 In this study, 
the agreement of the SpO2 readings reported by the two 
oximeters was characterized during periods of good and 
poor agreement between PR and HR. The SpO2 values 
reported by the two pulse oximeters were very similar 
during intervals where reported PRs were within 5 bpm of 
the reference HR. However, differences between reported 
SpO2 values were close to 4 saturation points during 
intervals where the Masimo SET monitor exhibited a CSE, 
significantly greater than the difference in SpO2 readings 
over the entire experiment. Assuming that PR agreement 
with HR can be used as a surrogate for confidence in SpO2 
readings, it is probable that SpO2 readings from the Masimo 
instrument were responsible for the observed differences 
in SpO2 readings during intervals when the Masimo 
instrument exhibited CSE. Further experiments with 
comparative SpO2 values can investigate this possibility.

Conclusions

The Nellcor N-600x pulse oximeter more accurately 
reported PR compared to an ECG reference, as measured 
by RMSD, than the Masimo SET module in this population 
of NICU patients. Only the Masimo monitor exhibited 
errors in PR that were large enough to potentially result 
in inappropriate intervention (CSEs). During periods 
when the Masimo monitor exhibited CSE, the SpO2 values 
reported by the two oximeters also differed. There is a high 
probability that the Masimo instrument is responsible for 
the observed poor agreement between reported SpO2 values 
during periods when it exhibited CSE. However, further 
investigation is necessary to investigate this possibility.
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Abstract 
Background: Each year an estimated 10 million newborns 
require assistance to initiate breathing, and about 900 000 die 
due to intrapartum-related complications. Further research is 
required in several areas concerning neonatal resuscitation, 
particularly in settingswith limited resourceswhere the highest 
proportion of intrapartum-related deaths occur. The aim of this 
study is to use CCD-camera recordings to evaluate resuscitation 
routines at a tertiary hospital in Nepal. 

methods: CCD-cameras recorded the resuscitations taking 
place and CCD-observational record forms were completed for 
each case. The resuscitation routines were then assessed and 
compared with existing guidelines. To evaluate the reliability of 
the observational form, 50 films were randomly selected and two 
independent observers completed two sets of forms for each 
case.The resultswere then cross-compared. 

results: During the study period 1827 newborns were taken 
to the resuscitation table, and more than half of them (53.3%) 
were noted as not crying prior to resuscitation. Suction was 
used in almost 90% of newborns brought to the resuscitation 
table, whereas bag-and-mask ventilation was only used in less 
than 10%. The chance to receive ventilation with bag-and-mask 
for a newborn not crying when brought to the resuscitation 
table was higher for boys (AdjOR 1.44), low birth weight babies 
(AdjOR 1.68) and babies that were delivered by caesarean 
section (AdjOR 1.64). The reliability of the observational form 
varied considerably amongst the different variables analyzed, but 
was high for all variables concerning the use of bag-and-mask 
ventilation and the variable whether suction was used or not, all 
matching in over 91% of the forms. 

conclusions: CCD camera technique was a feasible method 
to assess resuscitation practices in this low resource 
hospital setting. In most aspects, the staff did not adhere to 
guidelines regarding neonatal resuscitation. The use of bag-
and-mask ventilation was inadequate, and suction was given 
excessively in terms of protocol. Further studies exploring the 
underlying causes behind the lack of adherence to the neonatal 
resuscitation guidelines should be conducted. 

Background 
Each year, an estimated 10 million newborns require as-
sistance to initiate breathing, and about 900 000 of these die 
due to intrapartum-related complications, previously termed 
“birth asphyxia” [1]. While intrapartum-related neonatal deaths 
account for 9% of all under-five mortality, a proportion larger 
than malaria (7%), this issue has re ceived relatively low attention 
[2]. About 5-10% of babies do not spontaneously breathe at 
birth and require some degree of assistance. In most cases 
basic resuscitation such as stimulation, airway cleaning, drying, 
warmth, and in some cases bag-and-mask ventilation will be 
sufficient. Only about 2% of all babies who do not breathe at 
birth require more advanced resuscitation, such as medications, 
intubation, or chest compressions [1]. 

Low-income countries have the highest proportion of 
intrapartum-related deaths, and over a third are found in 
South East Asia alone [1]. A majority of these babies could be 
saved using relatively inexpensive interventions, such as low-
technology community-based interventions, and providing skilled 
care at birth [3]. In South East Asia, only 34% (in year 2000–2007) 
of health personnel in birth facil ities are trained as skilled birth 
attendants. Studies have shown that providing basic neonatal 
resuscitation training at birth facilities in low and middle income 
countries re duce deaths related to birth asphyxiation by an 
average of about 30% [1], and the need for clinical guidelines on 
basic newborn resuscitation suitable for settings with limited 
re sources is universally recognized [4]. A basic protocol re-
garding neonatal resuscitation in low-resource settings can be 
obtained in the World Health Organization (WHO)’s Pocket Book 
of Hospital Care for Children, is sued in 2005. In general, this 
states that if a baby is not breathing properly after 30 seconds 
of initial drying, stimulation, and clearing of the airways (when 
necessary), bag-and-mask ventilation should be initiated [5]. In 
2012, the WHO published updated international recommenda-
tions for neonatal resuscitation. While some elements contained 
in these guidelines have a strong strength of recommendation, 
in almost half of them (9/19) the strength of recommendation is 
considered low. For a ma jority of the recommendations (15/19), 
the evidence sup porting them was considered to be of low or 
very low quality, or lacking entirely. Thus, further research is 
re quired in several areas concerning neonatal resuscitation in 
settings with limited resources [4]. 

Camera recordings as a mean to evaluate and improve 
performance in emergency medicine was first reported in 1969 
by Peliter et al. In 1988, an article by Hoyt et al. demonstrated 
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project between Uppsala University, Paropakar Ma ternity and 
Women’s Hospital (PMWH) in Kathmandu, and the Ministry of 
Health and Population in Nepal. The aim of the main project is 
to evaluate and improve neo natal resuscitation and survival in 
a tertiary hospital in Kathmandu [12]. This will be achieved by 
using the Help ing Babies Breathe (HBB) protocol; a neonatal 
resuscitation guideline developed in association with the 
American Academy of Paediatrics, designed to train birth 
attendants in developing countries the essential skill of new born 
re suscitation [13]. PMWH is a tertiary government hospital and 
works as a central referral hospital of the country, pro viding 
gynaecological and obstetric services. The hospital has just over 
23 000 deliveries per year, which gives an average delivery rate 
at about 63 babies per day. The peri natal mortality rate (PMR) 
at the hospital is currently about 30 per 1,000 live births, with 
an early neonatal mor tality rate (death in the first 7 days of life) 
of 9 per 1,000 and a stillbirth rate of 19 per 1,000 pregnancies. 
Abnormal deliveries account for 26% -28% of the total deliveries, 
and the caesarean rate is about 17% [14]. 

Data collection 
Budget Dome change-coupled device (CCD) Cameras (model no. 
MTC-505DH) were used to collect data on the hospital’s neonatal 
resuscitation routines. A camera was placed at each of the 6 
resuscitation tables in the hospital, arranged accordingly: one in 
the Operating Theatre, one in the maternal and newborn service 
centre (MNSC), one in the emergency admission room and 
three in the labour rooms. The cameras had a pro gressive scan 
sensor and excellent low light perform ance. The cameras were 

successful use of video recordings when aiming to improve the 
staff performance in trauma re suscitation [6]. However, the 
majority of published work dealing with resuscitation issues is 
based on medical re cords, and most are only regarding the adult 
population [7]. Before the year 2000 there had been no reports 
pub lished concerning the use of similar camera recordings 
when assessing neonatal resuscitation [6]. Since then, only a 
few articles have been published on the matter, although these 
have mostly generated positive results when using camera 
recordings as a way of assessing neonatal resuscitation [6,8-10]. 
It can provide import ant information used for quality assessment 
and educa tion as well as improving teamwork, leadership 
and communication within a resuscitation workgroup. When 
analyzing resuscitation recordings it has been re ported that in 
over 50% of these some deviation from current guidelines could 
be identified. By recognizing reoccurring errors, preventative 
measures can be imple mented in an effort to correct them [10]. 
Video record ings have great potential in terms of optimizing 
newborn resuscitation, and therefore further studies are needed 
to assess the validity and reliability when used in clinical 
practice [6,11]. 

The aim of the present study is to use Dome change-coupled 
device (CCD) Camera recordings to evaluate re suscitation 
routines at a tertiary hospital in Nepal. 

Methods 
setting 
This cross-sectional study is a sub-study within a collab orative 

The most frequent action taken was suction of the air-
ways, both for crying (85.0%) as well as for non-crying
babies (92.3%) (Table 1). Ventilation with bag-and-mask
was only performed on 172 (9.4%) of the recorded cases,
whereof 162 were noted as not crying when brought to the
resuscitation table.
The mean birth weight for recorded cases was 2860

grams, with non-crying newborns being lighter (2910 gram
vs 2817 grams, p < 0.01). The low birth weight rate in the
sample was 16.9% (308/1827) and 56% (1031/1827) of
recorded cases were boys. The chance to receive ventila-
tion with bag-and-mask for a newborn not crying when
brought to the resuscitation table was higher for boys and
low birth weight babies (AdjOR 1.44 and 1.68 respectively).
There was no difference in ventilation if the baby was born
at night-time (8 pm-8 am), but there was an increased
chance for a non-breathing baby to be ventilated if the
delivery was done by caesarean section (AdjOR 1.64)
(Table 2).
Apgar-scores were recorded one and five minutes after

birth. Median Apgar-score after one minute was 5/10 and
after five minutes 7/10. There were 198 babies (10.8%)

with an Apgar score less than 7/10 at five minutes. Of
these 198 depressed neonates 90 (45.5%) received ventila-
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CCD-camera recording, it was found that the inter- and
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Figure 1. Newborns taken to the resuscitation table. The number and % of newborns that were taken to 
the resuscitation table, crying and not crying, out of the total number of babies born during the delivery 
period (6465).
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score at one and five mi nutes, birth weight, sex, and whether the 
baby was re ferred or not after the resuscitation. 

The CCD Observation Record Form was then used to register 
information from the corresponding resuscita tion case recorded 
by the CCD-cameras. Surveillance of ficers, not in other ways 
connected to the hospital or the staff, were trained in how to use 
the data collection soft ware and how to fill in the Observation 
Forms. The form had 14 sections to be filled out regarding 
observa tions made when watching the camera recordings. These 
sections included place, date, and time of resuscitation, whether 
the baby was crying when resuscitation was ini tiated, which 
specific resuscitation techniques were used (ie stimulation, 
suction, oxygen and ventilation) and the time intervals of 
which they were performed, time of first cry, and outcome. The 
surveillance officers then had to sign the Observation Forms and 
hand them to the staff in charge of data management. 

Data management 
A data entry officer transferred the completed CCD Ob servation 

equipped with motion sensors that recorded all movement within 
the camera’s field of vision. All film material recorded were 
sent to and stored on the main computer for data collection. 
Ma terial captured by the CCD-cameras that did not con tain a 
resuscitation situation, such as equipment checks, babies placed 
on the table for other reasons than resuscitation, staff using 
the table as support for updating medical records etc., where 
reviewed and dis regarded as disturbance. 

Two separate forms were uniquely developed for this study: a 
Case Record Form and a CCD Observation Rec ord Form. Time 
and place of the resuscitations recorded by the CCD-cameras 
were captured. This was then matched to medical records and 
the Case Record Form, which contained the mother’s name, 
identification-and admission number. This information was 
transferred to the CCD Observation Record Form (Additional 
file 1), where a total of 12 sections had to be completed using 
information obtained from the Case Record Forms. In addition 
to the mother’s name, ID-and admission num ber, these included 
date, time, and place of birth, the baby’s gestational age, Apgar-

this observational study found this technique to be use-
ful for identifying deviations from protocol and areas for
improvement [6,8-10]. It is reasonable to assume that it
could also be applicable to other evaluation situations,
not only in low-income countries, but in a variety of
settings.
Assessing the resuscitation routines at Paropakar Ma-

ternity and Women’s Hospital found that suction was
used in almost 90% of newborns brought to the resusci-
tation table, whereas bag-and-mask ventilation was only
used in less than 10%. According to both the national
guidelines and the hospital’s own protocol, suction and
bag-and-mask ventilation should be performed in all
cases where the baby is not breathing at birth, which

gives a high adherence to the guidelines in terms of use
of suction, but a very low when considering the use of
bag-and-mask ventilation. The guidelines for neonatal
resuscitation at PMWH are very similar to the WHO’s
international guidelines. Both state that after no more
than 30 seconds of initial drying, stimulation, clearing of
airways and evaluation, bag-and-mask ventilation should
be performed [5].
WHO recommendations on basic newborn resuscita-

tion states that: ‘In neonates born through clear amni-
otic fluid who start breathing on their own after birth,
suctioning of the mouth and nose should not be per-
formed’. Strength of this recommendation is strong and
the quality of evidence is high. They also state that

Table 2 Multivariate logistic regression model displaying the chance of receiving ventilation for newborns not crying
when brought to resuscitation table (n = 974)

Receiving ventilation with B&M Not receiving ventilation with B&M Adj odds ratio (CI 95%) p-value

Sex n n

Girl 54 348 Ref

Boy 108 464 1.44 (1.01-2.06) 0.05

Birth weight

Normal birth weight (≥2500 grams) 117 663 Ref

Low birth weight (<2500 grams) 45 149 1.68 (1.13-2.51) 0.01

Mode of delivery

Vaginal 105 616 Ref

Caesarean section 57 196 1.64 (1.14-2.36) 0.01

Time of delivery

Day (8 am-8 pm) 100 465 Ref

Night (8 pm – 8 am) 62 347 0.83 (0.59-1.18) 0.30

Figure 2 All forms – variables matching (%). The % of the specific variables matching across all entries for the same resuscitation case, all
forms considered.
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Figure 2. All forms – variables matching (%). The % of the specific variables matching across all entries for 
the same resuscitation case, all forms considered.
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The mean birth weight for recorded cases was 2860 grams, with 
non-crying newborns being lighter (2910 gram vs 2817 grams, 
p < 0.01). The low birth weight rate in the sample was 16.9% 
(308/1827) and 56% (1031/1827) of recorded cases were boys. The 
chance to receive ventila tion with bag-and-mask for a newborn 
not crying when brought to the resuscitation table was higher 
for boys and low birth weight babies (AdjOR 1.44 and 1.68 
respectively). There was no difference in ventilation if the baby 
was born at night-time (8 pm-8 am), but there was an increased 
chance for a non-breathing baby to be ventilated if the delivery 
was done by caesarean section (AdjOR 1.64) (Table 2). 

Apgar-scores were recorded one and five minutes after birth. 
Median Apgar-score after one minute was 5/10 and after five 
minutes 7/10. There were 198 babies (10.8%) with an Apgar score 
less than 7/10 at five minutes. Of these 198 depressed neonates 
90 (45.5%) received ventila tion with bag-and-mask. In the sample 
there were 31 intra-partum related deaths, where 30 had an 
Apgar-score of 0/10 at both one and five minutes. A minority, 
11/31 (35.5%), of the intra-partum related deaths received venti-
lation with bag-and-mask, whereas suction of the airways was 
applied in 16/31 (51.6%). 

When cross-comparing the four separate observational record 
forms that were completed for each randomized CCD-camera 
recording, it was found that the inter-and intra-rater reliability 
varied considerably amongst the different variables analyzed. 
The variables that had the highest correspondence across all 
forms where Out come, Bag & Mask total time, Bag-and-mask 
time inter vals, Bag-and-mask yes/no, and Suction yes/no, all 
matching in over 91% (91.3-97.8%) of the forms (Figure 2). 

Discussion 
Similar to other published work on the use of CCD-cameras as 
a method to evaluate neonatal resuscitation, this observational 
study found this technique to be use ful for identifying deviations 
from protocol and areas for improvement [6,8-10]. It is 
reasonable to assume that it could also be applicable to other 
evaluation situations, not only in low-income countries, but in a 
variety of settings. 

Assessing the resuscitation routines at Paropakar Ma ternity and 
Women’s Hospital found that suction was used in almost 90% of 
newborns brought to the resusci tation table, whereas bag-and-
mask ventilation was only used in less than 10%. According to 
both the national guidelines and the hospital’s own protocol, 
suction and bag-and-mask ventilation should be performed in all 
cases where the baby is not breathing at birth, which gives a high 
adherence to the guidelines in terms of use of suction, but a very 
low when considering the use of bag-and-mask ventilation. The 
guidelines for neonatal resuscitation at PMWH are very similar to 
the WHO’s international guidelines. Both state that after no more 
than 30 seconds of initial drying, stimulation, clearing of airways 
and evaluation, bag-and-mask ventilation should be performed 
[5]. 

WHO recommendations on basic newborn resuscita tion states 
that: ‘In neonates born through clear amni otic fluid who start 
breathing on their own after birth, suctioning of the mouth and 
nose should not be per formed’. Strength of this recommendation 
is strong and the quality of evidence is high. They also state 
that suctioning of the mouth and nose of newborns that are 
not breathing at birth and are born through clear amni otic fluid 
should not be done routinely before initiating bag-and-mask 

Forms into The Census and Survey Processing System (CSPro), 
a public domain software package de veloped and supported by 
the US Census Bureau and ICF Macro, which is interfaced with 
Statistical Package for the Social Sciences (SPSS 12.0). 

Data analysis 
The data collected from resuscitation cases recorded between 
July 1st and October 31st 2012 were analyzed to assess 
the resuscitation routines at the hospital. These were then 
compared with existing guidelines. Relations between the 
use of bag and mask ventilation and factors such as sex, birth 
weight, mode, and time of delivery and were also analyzed. In 
order for future comparison before and after HBB-intervention, 
Apgar-scores were extracted from medical records and 
analyzed in terms of resuscitation techniques used. 50 CCD-
camera recordings were randomly selected out of 257 recorded 
in October and November 2012. To evaluate the inter- and intra-
rater reliability of the obser vational forms, two independent 
observers completed two sets of forms for each case, with 
roughly 6 weeks in-between the two viewings conducted 
by each observer. Out of the 14 original sections in the 
Observational form, 12 were used when analyzing the reliability. 
Place and date of the resuscitation were filled out in order 
to match the two sets of forms together, and thus were not 
included in the analysis. Using the time intervals given for each 
of the four individual resuscitation techniques, the total time 
each technique was performed was calcu lated and analyzed as 
four additional variables. The total time from when the baby 
was placed at the resuscitation table until the first cry was also 
calculated. In total there were 17 variables individually analyzed 
and cross-compared in each resuscitation case. Analyses were 
made in SPSS 12.0. A confidence level of 95% was con sidered 
significant. 

ethical approval 
CCD cameras were mounted at all resuscitation tables with 
the permission of hospital management. All babies brought to 
the tables were recorded. Because of logistic concerns, since it 
being impossible to predict who needed resuscitation, written 
informed consent was ob tained from all parents of referent 
population before dis charge [12]. The video material for referent 
babies was thereafter edited and stored in a safe location and 
was only utilized by the researchers. The study was approved 
by the Nepal Health Research Council (reg. No 37/2012) and the 
Ethical Review Board of Uppsala University (dnr 2012/267). 

Results 
Between July 1st and October 31st 2012 there were 6465 
deliveries taking place at the study site. Out of these, 28 percent 
of the newborns (1827) were taken to the resus citation table 
and captured by surveillance cameras. More than half of the 
newborns (53.3%) brought to the resuscitation table were noted 
as not crying prior to re suscitation (Figure 1). 

Figure 1 Newborns taken to the resuscitation table. The number 
and % of newborns that were taken to the resuscitation table, 
crying and not crying, out of the total number of babies born 
during the delivery period (6465). 

The most frequent action taken was suction of the air ways, both 
for crying (85.0%) as well as for non-crying babies (92.3%) (Table 
1). Ventilation with bag-and-mask was only performed on 172 
(9.4%) of the recorded cases, whereof 162 were noted as not 
crying when brought to the resuscitation table. 
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ventilation, although the strength of this recommendation is 
weak due to lack of published evi dence [4]. Several studies 
recently conducted have shown that routine suctioning is 
associated with lower five-minute Apgar-scores, lower oxygen 
saturation levels, and bradycardia [4,15]. The fact that suction 
was used for a large number of the cases where the baby was 
breathing satisfactory when placed on the resuscitation table 
shows that there is a lot of room for improvement in terms of the 
use of suction at the hospital. 

limitations 
There were several limitations to the technique used in this study 
that made assessing the variables included in the observational 
forms difficult, and therefore affecting the reliability of the 
observational forms in a negative way. We have chosen only 
to present the variables show ing a good inter-rater reliability. 
When analysing the re corded resuscitations the baby’s condition 
was often hard to assess, particularly in the films where the 
picture quality was far from optimal. The most sensitive indica-
tor of resuscitation being successful is an increase in the baby’s 
heart rate, which could be assessed using pulse oximeters. 
Assessment of pulse should be done regularly for babies 
requiring resuscitation [15], and should ac cording to both 
international guidelines and the hospi tal’s protocol be evaluated 
within the first 30 seconds. In the cases studied, the baby’s heart 
rate was rarely checked at any point during the resuscitation. 
In this study, pulse oximeters where not used due to technical 
difficulties in setting them up and coordinating them with the 
camera recordings. Therefore, neither the staff nor the observers 
had sufficient information about the baby’s heart rate or 
oxygenation, something that could have been very valuable when 
assessing the resuscitation efforts and outcome. 

As in many other low-resource hospitals, a large por tion of the 
health personnel working in the birth facility where not qualified 
skilled birth attendants. Many of the labours stations were run 
by nursing students, and there were relatively few doctors and 
supervisors present. This may have contributed to the fact that 
the neonatal resus citation routines at the hospital to a great 
extent were not in accordance with the guidelines. 

The scope of this study did not allow for the evalu ation of 
teamwork and communication. This would re quire separate 
methods of investigation as well as an alternative application of 
the CCD-camera technique. However, it is an interesting area of 
potential research using the CCD camera technique, which could 
be inves tigated at a later date. 

Conclusion 
CCD camera technique was found to be a feasible method to 
assess resuscitation practices in this low re source hospital 
setting. The neonatal resuscitation proto col in place at the 
hospital did not differ much from the international guidelines 
for limited-resource settings. In most aspects, the staff did not 
adhere to these guide lines. The use of bag-and-mask ventilation 
was inad equate, and both suction and oxygen were given 
excessively in terms of protocol. Further studies explor ing the 
underlying causes behind the lack of adherence to the neonatal 
resuscitation guidelines should be con ducted in order to improve 
compliance and increase the possibility of fulfilling Millennium 
Development Goal (MDG) 4 by 2015. 

References 
1 Wall SN, Lee AC, Niermeyer S, English M, Keenan WJ, Carlo 



Mercury Med EDIT Winter 2015.indd   1 2014-11-24   8:48 PM



Creche Innovations
17745 Metcalf, One Penguin Plaza, Stilwell, KS 66085 USA

(913) 948.6290             info@CrecheInnovations.com         www.CrecheInnovations.com 

NEW
The Penguin® Enteral Warmer

Warming the Gold Standard

to the Gold Standard

Features
Safely Warms All Enteral Feedings

No rapid overheating of breastmilk
8 built-in safety features

100% of All Feedings Warmed to 
Mom’s Temperature 

Never above or below proper temperature

Proprietary Low Heat Technology
Protects milk from denaturing

Prevents extractables and leachables

Articulating IV Pole Mounting Arm   
Conveniently moves warmer away        

from Isolette when not in use 

Call for a FREE warmer validation! Free CE credits upon demo! 

Interchangeable with ALL BRANDS of 
Enteral Feeding Pumps & Sets

No added expenses due to 
unnecessary changes to infusion sets

Now available for sale in the US           
FDA 510(k) clearance granted


