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As neonatal care in the tertiary setting advances, neonatal transport teams are challenged with incor-
porating these innovations into their work environment. One of the largest areas of advancement over
the last decade involves respiratory support and management. Many major respiratory treatments
and the equipment required have been adapted for transport, whereas others are not yet feasible.This
article reviews the history of respiratory management during neonatal transport and discusses current
methodologies and innovations in transport respiratory management.
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eonatal transport medicine is a specialized
N field that involves complex coordination and

skilled clinicians in a resource-limited envi-
ronment. Although many transported infants require
pediatric specialty consultations, the most common
reason for a transport request is respiratory distress.
This article discusses neonatal respiratory problems
and their management needs during transport.
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Very low-birth-weight (VLBW) infants who are at
the highest risk for respiratory distress have better
outcomes when born in a hospital with a neonatal
intensive care unit (NICU)." About 30% of these
infants are delivered outside a tertiary perinatal cen-
ter.> According to the American Academy of
Pediatrics, having specialized and regionalized inten-
sive care services for infants and children improves
outcomes.? Specifically, having a transport team
trained in neonatal respiratory stabilization and
management is essential to decrease infant mortality
and morbidity rates when they are born in nonter-
tiary settings.

HISTORY OF TRANSPORT

Historically, neonatal transports to a hospital began
in the early 1920s with the creation of premature
ambulance services and the invention of the first
transport isolettes in Chicago, Illinois.** The prema-
ture ambulance service consisted of a nurse and a
driver pair who specialized in bringing premature
infants from home to hospital.* Home births during
this era were common. During this time, even mildly
distressed infants had a very high mortality rate
because of the unsanitary birth conditions.
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The primitive isolettes developed by Dr Julius
Hess were made of a leather and steel case (Figures 1
and 2), hand-carried, and electronically charged dur-
ing the automobile or train transport from home to
hospital.* Many of the transported infants were pre-
mature and the newly created isolette used hot coals
or heated water bottles between the 2 walls to ensure
a warm environment. Because transport isolettes
allowed premature infants to stay warm, mortality
rate likely decreased. In addition, the top of these
isolettes contained clear glass allowing constant visu-
alization to assess the infant’s color and breathing.

Early isolettes were later modified to carry a small
oxygen tank (Figures 2 and 3), to allow oxygen to be
initiated during the transport for respiratory sup-
port.*’ Transport isolettes advanced further around
1970 after the introduction of NICU monitors and
the first neonatal ventilator called the Babybird.
Dr Forrest Bird (Percussionaire Corporation, Sagle,
Idaho) was a World War II pilot who was sent to
medical school by the military after expressing his
ideas of optimizing pilot breathing during high-alti-
tude flights.® Dr Bird’s ideas led him to create the
first ventilator in 1955 and the Babybird in 1969.
According to a televised interview with Dr Bird in
2007, he was most proud of the Babybird ventilator
as it helped his neighbor’s 2 infant sons survive to
later grow into adults.” At the time, the Babybird
ventilator was felt to have decreased the infant mor-
tality rate from approximately 70% to 10%.6

In addition to the advances in transport, infant
mortality rate was further decreased by the intro-
duction of perinatology as a medical specialty. The
safety of a hospital delivery was recognized and
many births gradually transitioned from home to
hospital. Pediatrician-led teams began to attend
deliveries of high-risk infants and NICUs became
more advanced to address the needs of smaller

FIGURE 2.

Early transport isolette with oxygen. From
Neonatology on the Web. http://www.neonatology
.org/pinups/earlytransport.html.

premature infants, especially after invention of the
Babybid ventilator. Transport medicine also
advanced with the availability of an automated heat
source, oxygen, monitor, and ventilator. Transport
isolettes transitioned from primitive heat sources to
advanced, portable systems capable of safely trans-
porting sick infants from the birth hospital to the
tertiary center.

Today, neonatal teams have expanded their equip-
ment to include more technologically complex iso-
lettes with advanced modes of respiratory manage-
ment. Transport teams typically include specially
trained nurses and respiratory therapists (RTs) as
team members.>$ Although NICU advances in respi-
ratory care led to advanced neonatal transport tech-
nology, the often-challenging transport environment

FIGURE 1.

Early, hand-held transport isolette. From
Neonatology on the Web. http://www.neonatology
.org/pinups/earlytransport.html.

FIGURE 3.

)

Early premature ambulance service. From
Neonatology on the Web. http://www.neonatology
.org/pinups/earlytransport.html.
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continues to limit novel respiratory therapies and
the empirical evidence to support neonatal transport
medicine is still minimal.

AIRWAY AND RESPIRATORY DISTRESS
CONSIDERATIONS FORTRANSPORT

Management of common airway and respiratory
conditions during transport requires knowledge of
the condition, treatments needed, and ongoing
assessment of treatment effectiveness during trans-
port. Common respiratory conditions encountered
during transport, the needed therapies to treat them,
and the ability to provide the treatment on transport
are included in Table. To ensure that the infant is
successfully cared for before and during transport,
good communication between the referral and
accepting hospital is essential. From the initial call to
completion of the transport, assessment of the
infant’s condition including work of breathing, vital
signs, inspired oxygen requirements, pulse oximeter
readings, arterial blood gas results, and the respira-
tory illness trajectory including birth history is nec-
essary. Depending on the referring hospital’s level of
expertise and available resources, the accepting phy-
sician gives guidance to the referring physician about
advancing respiratory care before the transport

team’s arrival. Finally, the accepting physician pro-
vides the transport team with the information needed
about the infant’s severity of illness and anticipated
care needs.

The infant’s anticipated condition and severity of
illness, supplies and equipment needed by the team
to treat the infant, current weather conditions, and
current availability of various transport modalities
need to be evaluated in concert to determine the best
mode of transport. If the infant is severely ill,
advanced equipment and more supplies are often
needed; this can impact the mode of travel. Also, if
the referral hospital is unable to manage the infant,
the team may suggest a faster mode of transport.
Before mode of travel is established, the team must
first anticipate the needed equipment on the basis of
the expected respiratory problem with the flexibility
of addressing unanticipated issues that may arise.
Airway supplies, including laryngeal mask airways
(LMAs), the isolette equipped with the appropriate
ventilator including either conventional or high-fre-
quency jet ventilator (HFJV), as well as inhaled nitric
oxide (iNO) may be required dependent on the antic-
ipated respiratory condition. Newer transport iso-
lettes are available with HFJV and nitric oxide deliv-
ery systems in addition to a reserve conventional
ventilator.

TABLE. Common Neonatal Respiratory Conditions

Nasal flaring

Treatment
Respiratory Frequency
Condition Incidence Signs and Symptoms Therapies Needed onTransport
RDS#10.1 1% Accessory muscle use Oxygen Frequently
1 per 100 Grunting NCPAP Occasionally
Nasal flaring Conventional ventilation Frequently
Surfactant Occasionally
PPHN12 1.9 per 1000% Accessory muscle use Oxygen'213 Frequently
Grunting Conventional Frequently

ventilation'213

Desaturations/cyanosis HRJV'213.14 Occasionally
iNO™? Occasionally
Pneumothorax'™ 1% to 2% of live Asymptomatic Observation Frequently
births Shifted PMI Oxygen Frequently
Accessory muscle use Needle aspiration Occasionally
Grunting Chest tube placement’® Rarely
Nasal flaring Conventional ventilation Rarely
Abrupt desaturation/ HRJV Rarely
change in condition
PIE™S <1% to 2% of live  Accessory muscle use Position affected side Frequently
births Desaturations/cyanosis down
Conventional ventilation Frequently

HRJV

Occasionally

Abbreviations: HFJV, high-frequency jet ventilator; iNO, inhaled nitric oxide; NCPAR, nasal continuous
positive airway pressure; PIE, pulmonary interstitial emphysema; PMI, point of maximum impulse; PPHN,
persistent pulmonary hypertension; RDS, respiratory distress syndrome.
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Next, the mode of travel by air or ambulance is
determined. Air transport includes helicopter travel,
commonly referred to as rotor, and fixed wing air-
craft. In most instances, rotor is the fastest mode and
helpful for infants in severe distress located fairly far
from the tertiary center. However, factors such as the
current weather conditions, distance of itinerary,
rotor availability, and size or weight of neonatal
equipment may prevent a team from using rotor
transport. Occasionally conditions of the infant such
as pneumothorax or other air leaks may prevent rotor
transport because of further expansion of the extra-
pleural air that may occur in unpressurized environ-
ments. In consultation with the accepting attending
physician, the neonatal teams often elect to fly these
infants by rotor at lower altitudes and preferably with
the extrapleural air evacuated before transport.

Transport via fixed wing aircraft may be used for
any infant and is not typically constrained by weather.
Fixed wing aircraft can also complete longer trans-
ports than either rotor or ambulance transports.
However, in many areas, fixed wing airplanes are not
readily available and must be contracted for use,
which causes a long delay in transport. Ambulance
transport is probably the most common method used
for neonatal transports and dedicated neonatal teams
typically stock their ambulances with neonatal resus-
citation supplies. Occasionally extreme weather con-
ditions such as snow, ice, or floods may inhibit
ambulance travel. Traveling during rush hour traffic
can also severely delay the transport. When traveling
to the referral hospital, the team may choose to use
emergency lights and sirens if the infant is requiring
resuscitation and the referral hospital personnel
lacks adequate equipment and expertise to manage
the infant’s decompensation.

Regardless of the infant’s severity of illness, the
accepting physician and transport team can guide
the referral hospital with steps for managing com-
mon respiratory conditions while the team is in
route often using the Neonatal Resuscitation
Provider (NRP) program for resuscitation and initial
management.'® Occasionally the infant with mild
respiratory distress can be placed on a nasal can-
nula, oxyhood, or nasal continuous positive airway
pressure before the transport team’s arrival. For
moderate to severe respiratory distress, intubation
and later surfactant administration by the team may
be required. When the transport team arrives and an
infant resuscitation is in progress, the team can
assess if assistance is needed or start resuscitation as
necessary while assessing other needs of the infant.

AIRWAY DETERMINATION AND
PLACEMENT

Neonatal specialty teams have several options for
airway stabilization including conventional direct

laryngoscopy, video laryngoscopy, or LMA place-
ment. First the team determines if obtaining a stable
airway is emergent which requires immediate intu-
bation, often using direct laryngoscopy (Figure 4).
Second, if not emergent, the team determines in con-
sultation with their attending physician the infant’s
need for rapid sequence intubation). Rapid sequence
intubation is a protocol that involves the use of a
vasolytic medication such as atropine, a rapid-acting
analgesic such as fentanyl, and a short duration
muscle relaxant such as rocuronium!” and reduces
intubation-associated pain and discomfort.!”-!8
Rapid sequence intubation also reduces the physio-
logical responses of bradycardia, systemic hyperten-
sion, intracranial hypertension, and hypoxia related
to intubation.!7,19-20

The size of the endotracheal tube needed is deter-
mined on the basis of the weight of the infant or the
gestational age according to NRP guidelines.'® If
emergent intubation is not required, endotracheal
tube size can be discussed among the team members
while the rapid sequence intubation medications are
being infused. In addition, during this time the team
discusses whether direct laryngoscopy or video-
assisted intubation will be used considering the skill
level of the team members.?! Because video-assisted
laryngoscopy is a new method of intubation on
transport, not all team members are skilled and com-
fortable with this method.

Video-assisted intubation or video laryngoscopy
typically includes a light and camera at the end of a
plastic blade that projects an enlarged image of the
posterior pharynx and airway onto a screen. This
allows multiple clinicians to view the anatomy and
intubation procedure and enables recording of the
procedure for later study. Use of this method is often
based on the intubator’s preference and experience
with video laryngoscopy. Several studies with anesthe-
siologists?>?* have shown little or no differences with
the first attempt success obtaining an airway using
video laryngoscopy or the direct laryngoscope, but
there are some advantages in using video laryngoscopy
instead direct laryndoscope.* With video laryngos-
copy, there is improved glottic visualization, particu-
larly in patients with difficult airways and decreased
time for successful intubation was also noted.*
Disadvantages of this method are the extra minutes
necessary to assemble the equipment and larger size
compared with direct laryngoscopy equipment.

For late preterm and older infants, insertion of the
LMA should be considered for transport to the
accepting hospital if the needed intubation is unsuc-
cessful.'®2> An LMA is inserted into the esophagus
with a cuff inflated so that air enters the trachea
rather than the esophagus and stomach. Infants with
micrognathia, choanal atresia, and other airway
anomalies are excellent candidates for LMA to
prevent worsened respiratory distress or when
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FIGURE 4.
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resuscitation is needed.?s Positive pressure ventila-
tion can be also given via an LMA, but suctioning
and medications cannot be provided. Laryngeal
mask airway placement is commonly used in term
infants, but their use in premature infants is limited.

Appropriate airway placement is confirmed with
improvement or stabilization of the heart rate, aus-
cultation of equal breath sounds, end-tidal carbon
dioxide (ETCO,) detection, absent epigastric sounds,
and chest radiograph of the endotracheal tube. The
airway must then be secured with tape or an endo-
tracheal tube holder using a standardized method of
depth insertion such as found in NRP. Documentation
of the placement depth and the skin integrity are also
recommended.

DETERMINATION OF VENTILATION
METHOD

Once the infant’s airway is stabilized and optimally
positioned in the trachea, the neonatal team deter-
mines ventilation type, based on discussion with the
attending physician and the equipment available.
Transport ventilators typically include conventional
ventilation with intermittent mandatory ventilation
or synchronized intermittent mandatory ventilation

Advances in Neonatal Care ® \ol. 14, No. 5S

with pressure or volume capabilities. Some transport
teams have access to HFJV and the available systems
are the Bunnell Life Pulse (Salt Lake City, Utah) or
the Duotron (Sagle, Idaho). Use of high-frequency
oscillatory ventilation on transport is not currently
available. In addition, some transport teams may
have iNO available for use, depending on suspected
or confirmed PPHN (Figure 5). The most commonly
used method for iNO is the Ikaria INOmax DS and
INO blender (Hampton, New Jersey).

When an infant has RDS and the severity has pro-
gressed to intubation, the team will often place the
infant on conventional ventilation, especially if the
infant is 28 weeks to term gestation. The use of syn-
chronized intermittent mandatory ventilation in this
population is optimal to prevent asynchronous
breaths.?¢ Rarely infants may be placed on volume
ventilation during transport, but this is an area that
needs more study to recommend use on transport.

If the infant is less than 28 weeks, has an air leak,
or has PPHN, the team may elect to place an infant
on HFJV. For extremely premature infants with stiff,
noncompliant lungs, HFJV is preferred to prevent
overdistention of the alveoli, barotrauma, and PIE.
For infants with air leak, HFJV is used to minimize
overdistention and further air leak on susceptible

Copyright © 2014 National Association of Neonatal Nurses. Unauthorized reproduction of this article is prohibited.
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FIGURE 5.

Example of a neonatal transport isolette with high-frequency jet ventilator and inhaled nitric oxide. Photo
compliments of Timmy Snow, RN, MSN, NNP, Winston-Salem, North Carolina.

alveoli. For infants with PPHN, HFJV may be used
prophylactically to prevent air leaks and when other
forms of ventilation have failed.?”

Infants requiring high ventilator support, such as
with PPHN, may require conventional ventilation
and iNO or more commonly iNO and HFJV if the
required transport isolette is available. Most infants
who require these advanced forms of ventilation and
nitric oxide are either term or late preterm (34weeks’
gestation or greater). The use of HFJV, along with
nitric oxide in infants with PPHN, results in pulmo-
nary vasodilation, reversal of intrapulmonary shunt-
ing, and improved oxygenation.'??8 Infants are usu-
ally started on iNO at 20 ppm, a dose that has been
found very effective to achieve positive results.
Higher doses of nitric oxide can lead to methemo-
globinemia caused by toxic levels of oxides of nitro-
gen in the blood and the formation of methemoglo-
bin. Methemoglobin has a higher affinity for oxygen
than hemoglobin and will consequently cause a shift
to the left in oxyhemoglobin dissociation curve, fur-
ther impairing oxygenation because of impaired
release of oxygen to the tissues. Patients become vis-
ibly cyanotic when levels of methemoglobin are
greater than 10% and at 35%, and weakness and

dyspnea can occur and can be fatal if methemoglo-
bin levels exceed 70%.2° Although premature infants
may require stabilization and transport on the HFJV
to prevent further damage, iNO is not usually
advised in premature infants.

ADDITIONAL RESPIRATORY SUPPORT

After ventilation is established, the team assesses
the need for surfactant in consultation with the
attending physician and reports on arterial blood
gas results and other findings. The decision to
administer surfactant is usually based on the infant’s
condition including amount of oxygen required to
keep saturations in a targeted range, arterial oxy-
gen level, and chest radiograph results. If the deci-
sion is made to administer surfactant, the RT usu-
ally delivers this through the endotracheal tube
after placement has been verified by chest radio-
graph. In addition, a subsequent arterial blood gas
sampling is obtained to establish response to sur-
factant and to determine additional changes in ven-
tilator settings.

If the infant is noted to have an air leak such as
pneumothorax, the neonatal team will likely choose

www.advancesinneonatalcare.org
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to evacuate this before transport.>® Larger pneumo-
thoraces under tension are most commonly needle
aspirated initially and occasionally a chest tube may
be placed to prevent reaccumulation. A flutter or
Heimlich valve may be connected to the chest tube
to maintain suction during transport.’! These valves
are small and make transport with a chest tube more
efficient and are less likely to cause accidental dis-
lodgement during the transport. Rarely an infant
may have such a severe air leak that a water seal
setup is needed. Infants transported by helicopter
who have medium to large pneumothoraces always
have them evacuated or drained before transport to
prevent expansion in case the helicopter needs to
elevate quickly, known as autorotation, to miss
obstacles or to avoid unexpected weather condi-
tions.3°

After the team leaves the referral hospital, the
infant is continually assessed for changes in condi-
tion. Respiratory status is assessed by observing
work of breathing, oxygen saturations, and, if
needed, arterial blood gas sampling. If abrupt
changes occur, the neonatal team consults with the
attending physician. Ventilator changes are made as
needed. Occasionally additional sedation may be
required after discussion with the attending
physician.

CONCLUSION

Neonatal transport teams can often offer the same
advanced respiratory management techniques that
are currently used in the NICU. Transport respira-
tory management is accomplished by having a team
of clinicians with advanced neonatal resuscitation
skills, including registered nurses and RTs, with level
III to IV NICU experience. Obstacles to respiratory
management are size and feasibility of equipment,
method of transport, team composition, and lack of
research and evidence to support transport practice.
To overcome these obstacles, teams are advised to
encourage equipment manufacturers to develop por-
table ventilator systems feasible for neonatal trans-
port. Teams should also regularly participate in
flight training and provide input into medical heli-
copter and fixed wing aircraft modifications.
Because many neonates are transported for respira-
tory conditions, it is optimal for tertiary centers to
have RTs on their team. To promote transport med-
icine, teams should also regularly participate in
research and disseminate their findings to add to the
body of knowledge.

Future endeavors for neonatal transport teams
may include other forms of respiratory management
currently being used in some NICUs. Neotech’s
RAM cannula (Valencia, California) is a softer form
of nasal continuous positive airway pressure that

Advances in Neonatal Care ® \ol. 14, No. 5S

allows the infant to move more freely and to lie
prone if needed. T-pieced resuscitators are com-
monly used in delivery rooms and some NICUs, but
the equipment currently available is not feasible for
many transport teams. Other modalities not avail-
able to neonatal transport include neurally adjusted
ventilatory assist and pressure and volume limited
ventilation. Neurally adjusted ventilatory assist uses
electrical signals from the infant’s diaphragm to
allow the infant to control ventilation. Pressure lim-
ited ventilators limit the amount of pressure that can
be delivered during inspiration and support synchro-
nized ventilation. As early as 2011, volume ventila-
tion began replacing pressure limited ventilation
because it provides a controlled, consistent tidal vol-
ume with lower PIP to reduce lung damage.?”
Neonatal transport teams are encouraged to extend
these modes of respiratory support into the trans-
port environment to prevent infant morbidity.

References

1. Lasswell SM, Barfield WD, Rochat RW, Blackmon L. Perinatal region-
alization for very low-birth-weight and very preterm infants: a meta-
analysis. JAMA. 2010;304(9):992-1000. doi:10.100/jama.2010.1226

2. McNamara PJ, Mak W, Whyte HE. Dedicated neonatal retrieval
teams improve delivery room resuscitation of outborn premature
infants. J Perinatol. 2005;25:309-314. doi:10.1038/sj.jp.7211263

3. American Academy of Pediatrics. Essential components of a neona-
tal-pediatric transport service. Guidelines for Air & Ground Transport
of Neonatal & Pediatric Patients. 3rd ed. Elk Grove Village, IL:
American Academy of Pediatrics; 2007:1-6.

4. Duncan R. Early neonatal transport technology. Neonatol Web. http://
www.neonatology.org/pinups/earlytransport.html. Published 2005.
Accessed May 26, 2014.

. Hess JH. Heated bed for transportation of premature infants. JAMA.
1923;80(18):1313. http://www.neonatology.org/classics/hess.transp.
html. Accessed May 26, 2014.

6. Percussionaire Corporation. Dr. Forrest M. Bird inventor and innova-
tor. http://www.percussionaire.com/DrForrestBird.asp. Accessed
May 14, 2014.

7. Safer M, CBS News. Forrest Bird, the birdman of Idaho: Morley Safer
meets an extraordinary American inventor. CBC News. http://www
.cbsnews.com/news/forrest-bird-the-birdman-of-idaho. Published
July 10, 2007 Accessed May 14, 2014.

8. Karlsen KA, Trautman M, Price-Douglas W, Smith S. National survey
of neonatal transport teams in the United States. Pediatrics.
2011;128(4):658-691. doi:10.1542/peds.2010-3796

9. Centers for Disease Control and Prevention. Birth defects: Leading
cause of infant death. CDC Features. http://www.cdc.gov/Features/
dsInfantDeaths/index.html. Published January 19, 2011. Accessed
March 30, 2014.

10. National Heart, Lung, and Blood Institute. What is respiratory distress
syndrome? Health Topics. http://www.nhlbi.nih.gov/health/health-
topics/topics/rds/#. Published January 24, 2012. Accessed April 12,
2014.

11. Rodriguez RJ, Martin RJ, Fanaroff AA. Respiratory distress syndrome
and its management. Fanaroff and Martin's Neonatal-Perinatal
Medicine: Diseases of the Fetus and Infant. 7th ed. St. Louis, MO:
Mosby; 2002:1001-1011.

12. Adams JM, Stark AR. Persistent pulmonary hypertension of the new-
born. UptoDate. Baltimore, MD: Wolters Kluwer Health. http://www.
uptodate.com/contents/persistent-pulmonary-hypertension-
of-the-newborn?source=search_result&search=PPHN&
selectedTitle = 1%7EB3. Published May 29, 2013. Accessed March
9, 2014.

13. Walsh-Sukys MC, Tyson JE, Wright LL, et al. Persistent
pulmonary hypertension of the newborn in the era before nitric oxide:
Practice variation and outcomes. Pediatrics. 2000;105:
14-20.

14. Al-Alaiyan S, Neiley E. Inhaled nitric oxide in persistent pulmonary
hypertension of the newborn refractory to high-frequency ventilation.
Crit Care. 1999;3:7-10.

o1

Copyright © 2014 National Association of Neonatal Nurses. Unauthorized reproduction of this article is prohibited.



S10 Coe et al

15.

16.

17

18.

19.

20.

2

22.

Fernandes CJ. Pulmonary air leak in the newborn. UptoDate.
Baltimore, MD: Wolters Kluwer Health. http://www.uptodate.com/
contents/pulmonary-air-leak-in-the-newborn. Published Dec 19, 2012.
Accessed May 20, 2014.

American Heart Association. Textbook of Neonatal Resuscitation. 6th
ed. Elk Grove Village, IL: AAP 2011.

Agrawal D. Rapid sequence intubation in children. UptoDate.
Baltimore, MD: Wolters Kluwer Health. http://www.uptodate.com/
contents/rapid-sequence-intubation-rsi-in-children?source
= search_result&search = rapid+sequence+intubation+in+peds&sel
ectedTitle = 1%7E89. Published March 13, 2014. Accessed March
16, 2014.

Barrington KJ Canadian Paediatric Society, Fetus and Newborn
Committee. Premedication for endotracheal intubation in the new-
born infant, a position statement. Paed Child Health. 2011;16:159-
164.

Bottor LT. Rapid sequence intubation in the neonate. Adv Neonatal
Care. 2009;9:111-117. doi: 10.1097/ANC. 0b013e3181a68cd4
Gencorelli RJ, Fields RG, Litman RS. Complications during rapid
sequence induction of general anesthesia in children: a benchmark
study. Ped Anesth. 2010;20:421-424. doi: 10.1111/j.1460-9592
.2010.03287.x

. Adams K, Scott R, Perkin RM, Langga L. Comparison of intubation

skills between interfacility transport team members. Ped Emerg
Care. 2000;16:5-8.

Mosier JM, Whitmore SG, Bloom JW, et al. Video laryngoscopy
improves intubation success and reduces esophageal intubations
compared to direct laryngoscopy in the medical intensive care unit.
Crit Care. 2013;17: R237 doi:10.1186/cc1306

23. Aziz MF, Brombrink AM. Video laryngoscopy: time for a view on out-
comes. Anesthesiol News. 2012:49-54.

24. Griesdale DE, Liu D, McKinney J, Choi PT. Glidescope video-laryngos-
copy versus direct laryngoscopy for endotracheal intubation: a sys-
tematic review and meta-analysis. Can J Anesth. 2012;59:41-52.
doi:10.1007/s12630-011-9620-5

25. Trevisanuto D, Verghese C, Doglioni N, Ferrarese P Zanardo V.
Laryngeal mask airway for the interhospital transport of neonates.
Pediatrics. 2005;115:€109-e111. doi: 10.1542/peds.2004-1468

. Cleary JR Bernstein G, Mannino FL, Heldt GP Improved oxygenation
during synchronized intermittent mandatory ventilation in neonates
with respiratory distress syndrome: A randomized, crossover study.
J Pediatr. 1995;126(3):407-411.

27 Adams JM, Eichenwald EC. Mechanical ventilation in neonates.
UptoDate. Baltimore, MD: Wolters Kluwer Health. http://www.upto-
date.com/contents/mechanical-ventilation-in-neonates Published
March 21, 2014. Accessed May 26, 2014.

. Kinsella JR, Truog WE, Walsh WEF, et al. Randomized, multicenter trial
of inhaled nitric oxide and high frequency oscillatory ventilation in
severe, persistent pulmonary hypertension of the newborn. J Pediatr.
1997;131:55-62.

29. Nathan DG, Oski FA. Hematology of Infancy and Childhood. 2nd ed.

Philadelphia, PA: Saunders. 1983:641-651.

30.Knotts D, Arthur AO, Holder P Herrington T, Thomas SH.
Pneumothorax volume expansion in helicopter emergency medical

services transport. Air Med J. 2013;32(3):138-143..

Lackey DA, Ukrainski CT, Taber P The management of tension pneu-
mothorax in the neonate using the Heimlich flutter valve. J Pediatr.
1974,84(3):438-440. Web.

2

[}

2

[e0]

31.

www.advancesinneonatalcare.org

Copyright © 2014 National Association of Neonatal Nurses. Unauthorized reproduction of this article is prohibited.



