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Foreword

A successful transition from fetal to neonatal life is dependent upon the pro-
found cardiorespiratory adaptations occurring at this time. Unfortunately,
these events frequently require medical intervention, especially in preterm
infants. The consequences of the resultant pathophysiologic changes and
therapeutic interventions in such neonates may have long-lasting effects on
the developing respiratory system and even the neurodevelopmental outcome
of this high-risk population.

Recognition of the importance of neonatal respiratory management was an
early milestone in the history of neonatology. The role of surfactant defi-
ciency in the etiology of neonatal respiratory distress syndrome was sealed
over 50 years ago, and this paved the way for the introduction of assisted
ventilation for this population in the 1960s. I was privileged to be introduced
to neonatal pediatrics in the early 1970s at a time when the advent of continu-
ous positive airway pressure demonstrated how physiologic insight can be
translated into effective therapy. The decade of the 1970s offered so many
other innovations in neonatal respiratory care. These included noninvasive
blood gas monitoring, xanthine therapy for apnea, and our first real under-
standing of the pathogenesis and management of meconium aspiration syn-
drome, group B streptococcal pneumonia, and persistent fetal circulation or
primary pulmonary hypertension of the newborn, three frequently interre-
lated conditions. The decade ended in remarkable fashion with the introduc-
tion of exogenous surfactant therapy and recognition that the novel new
technique of high-frequency ventilation allows effective gas exchange in sick
neonates. However, many key questions in neonatal respiratory care still need
to be addressed.

For preterm infants the enormous challenge remains to reduce the unac-
ceptably high incidence of bronchopulmonary dysplasia which approaches
50 % in the smallest survivors of neonatal intensive care. The current fourth
edition meets this dilemma head on by clearly acknowledging such issues as
the increasing role of noninvasive ventilatory techniques and the challenge of
optimizing oxygenation, both in the delivery room and beyond. It remains to
be seen, however, whether the latest supportive ventilatory measures, together
with safe pharmacotherapy, can diminish morbidity in NICU graduates. New
sections on data collection and quality improvement demonstrate their key
roles in addressing these challenges.
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For preterm or term infants with malformations of the respiratory system,
advances in pre- and postnatal imaging and surgical techniques hold promise
for improved outcome. Great strides are being made simultaneously in our
understanding of the molecular basis for normal and abnormal lung develop-
ment. Furthermore, it is being increasingly recognized that genotypic charac-
teristics may greatly influence the consequences of subsequent environmental
exposures on lung development. These scientific advances need to be trans-
lated into improving adverse neonatal outcomes, such as the unacceptably
high rate of wheezing disorders and asthma in the survivors of neonatal inten-
sive care. As care providers to neonates, it is our responsibility to encourage
clinical trials and other patient-based investigation that will allow us to opti-
mize the outcome of neonatal respiratory care.

The fourth edition of the Manual of Neonatal Respiratory Care is compre-
hensive and provides an important educational tool to address many of these
challenges. It is, again, thoroughly edited by the accomplished trans-Atlantic
team of Steven Donn and Sunil Sinha. Once again, they have assembled phy-
sician/scientist leaders in the field of Developmental Pulmonology, who pro-
vide a true international perspective to neonatal respiratory care. Both prior
and new contributors provide a concise overview that spans neonatal physiol-
ogy, pathogenesis of disease, and unique approaches to management of both
simple and complex neonatal respiratory disorders. The result is a compre-
hensive text that provides a strongly international insight into neonatal respi-
ratory care in a user-friendly, practical format.

Richard J. Martin

Pediatrics, Reproductive Biology, and Physiology

and Biophysics, Rainbow Babies and Children’s Hospital
Case Western Reserve University School of Medicine
Cleveland, OH, USA



Preface

Since the publication of the third edition of this Manual in 2012, much has
happened in the field of neonatal respiratory care. We are experiencing some-
what of a divergence —equipment continues to become more technologically
advanced, but management philosophy is moving towards a more simplistic
approach, characterized by an increasing popularity of noninvasive support.
This edition of the Manual of Neonatal Respiratory Care encompasses both
aspects of the change in neonatal practice.

Standard chapters have been updated to reflect advances in both equipment
and practice. We have eliminated chapters dealing with equipment which is no
longer in use and replaced them with newer chapters that reflect the worldwide
approaches to neonatal respiratory failure, such as sustained inflation, optimi-
zation of lung volume, and the use of volumetric capnography, aerosol ther-
apy, and management of chylothorax. A major addition is an expansive chapter
on disorders of the neonatal airway. We have expanded our contributors to
include experts from all over the world. A special emphasis has been placed on
noninvasive ventilation, including CPAP, nasal cannula therapy, nasal inter-
mittent positive pressure ventilation, and associated devices.

New additions to the book also include chapters on assessment of large
databases and implementation of quality improvement programs in neonatal
respiratory care. Chronic ventilation of the baby with nonrespiratory ventila-
tor dependency is now also addressed.

A major feature that we have added to this edition is the adoption of a
standard taxonomy to classify mechanical ventilators. We have long felt that
this has been a shortcoming within the industry, and that manufacturers often
refer to the same thing by different and confusing terminology, frequently
resulting in jeopardy to patient safety. We were very fortunate to enlist the
services of Rob Chatburn in this regard. He has been a champion of a singular
classification system. Not only did he author a chapter on this (chapter 44), he
graciously and painstakingly co-edited the chapters on mechanical ventila-
tion and inserted a “Mode Map” for each of the devices included in this edi-
tion. We are most grateful to him for taking the time and effort to do so.

Others participating in the preparation of this edition are also due a debt of
gratitude, including Susan Peterson, who standardized the format and appear-
ances of 100 chapters from more than 100 contributors; Brian Halm, our
development editor at Springer; Andy Kwan, our publishing editor at

vii
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Springer; and Shelley Reinhardt, a former acquisitions editor at Springer,
who was instrumental in continued support of the Manual at the inception of
the fourth edition. Most of all, we thank our esteemed group of contributors
for continuing to share their time and expertise in the hope of improving the
care of newborns in respiratory distress.

Ann Arbor, MI, USA Steven M. Donn
Middlesbrough, UK Sunil K. Sinha
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Abbreviations

p
i

°C

°K

a

A

a/A
A/C
AAC
A-aDO,
ABG
ACT
ADP
AH
ALTE
AM
AMP
Ao
AOI
AOP
AP
ARDS
ASD
ATP
ATPS
BAER
BP
BPD
BPM (bpm)
BR
BTPS
C

C20
CCAM
cAMP

Flow

Rate of change of flow

Degrees Celsius (Centigrade)

Degrees, Kelvin

Arterial

Alveolar

Arterial/alveolar ratio

Assist/control

Automatic airway compensation
Alveolar-arterial oxygen gradient

Arterial blood gas

Activated clotting time

Adenosine diphosphate

Absolute humidity

Apparent life-threatening event

Morning

Adenosine monophosphate

Aortic

Apnea of infancy

Apnea of prematurity

Antero-posterior

Adult (or acute) respiratory distress syndrome
Atrial septal defect

Adenosine triphosphate

Ambient temperature and pressure, saturated with water vapor
Brainstem audiometric evoked responses
Blood pressure

Bronchopulmonary dysplasia

Beats or breaths per minute

Breath rate

Body temperature and pressure, saturated with water vapor
Compliance

Compliance over last 20 % of inflation
Congenital cystic adenomatoid malformation
Cyclic adenosine monophosphate
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xviii Abbreviations

CBF Cerebral blood flow

CBG Capillary blood gas

cc Cubic centimeter

Cpor Cpyxn  Dynamic compliance

CDH Congenital diaphragmatic hernia

CDP Constant distending pressure

CF Cystic fibrosis

cGMP Cyclic guanosine monophosphate
CHAOS Congenital high airway obstruction syndrome
CHD Congenital heart disease

C. Compliance

CLD Chronic lung disease

CLE Congenital lobar emphysema

cm Centimeter

CMV Cytomegalovirus

CMV Conventional mechanical ventilation
CNS Central nervous system

CcO Cardiac output

CO, Carbon dioxide

CO-Hb Carboxyhemoglobin

COPD Chronic obstructive pulmonary disease
CPAP Continuous positive airway pressure
CPL Congenital pulmonary lymphangiectasis
CPR Cardiopulmonary resuscitation

CPT Chest physiotherapy

CRP C-reactive protein

CSF Cerebrospinal fluid

Csr Static compliance

CT Computed tomography

CVP Central venous pressure

CXR Chest x-ray (radiograph)

D End-diastole

D5W Dextrose 5 % in water

DCO, Gas transport coefficient for carbon dioxide
DIC Disseminated intravascular coagulation
dL Deciliter

DNA Deoxyribonucleic acid

DPG Diphosphoglycerate

DPPC Dipalmitoyl phosphatidyl choline

DR Delivery room

E Elastance

ECG Electrocardiogram

ECMO Extracorporeal membrane oxygenation
EDRF Endothelial-derived relaxing factor
EEG Electroencephalogram

EF Ejection fraction

ELBW Extremely low birth weight

EMG Electromyogram
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EMLA Eutectic mixture of Lidocaine and Prilocaine
ERV Expiratory reserve volume
ET Endotracheal

ETCO, End-tidal carbon dioxide

ETCPAP Endotracheal continuous positive airway pressure
ETT Endotracheal tube

Forf Frequency

For Fr French

FCV Flow control valve, flow-cycled ventilation
FDA Food and Drug Administration (US)
FDP Fibrin degradation products

FGF Fibroblast growth factor

FiO, Fraction of inspired oxygen

FI10, Fraction of inspired oxygen

FOE Fractional oxygen extraction

FRC Functional residual capacity

FSP Fibrin split products

FTA Fluorescent treponemal antibody

g Gram

G Gravida

g Gauge

GA Gestational age

GBS Group B streptococcus

GER Gastro-esophageal reflux

GERD Gastro-esophageal reflux disease
GIR Glucose infusion rate

gm Gram

GNP Gross national product

GTP Guanosine triphosphate

GUI Graphics user interface

h or hr Hour

H,O Water

Hb Hemoglobin

HCH Hygroscopic condenser humidifiers

HCOy Bicarbonate
HFNC High flow nasal cannula

HFO High-frequency oscillation
HFOV High-frequency oscillatory ventilation
HFV High-frequency ventilation
Hg Mercury

Hgb Hemoglobin

HME Heat and moisture exchanger
HR Heart rate

HSV Herpes simplex virus

Hz Hertz

I Inertance

LLE Inspiratory:expiratory ratio

IC Inspiratory capacity



XX Abbreviations
Ig Immunoglobulin

IL Interleukin

MV Intermittent mandatory ventilation

INO Inhaled Nitric Oxide

10 Intraosseous

1P Inspiratory pressure

IPPV Intermittent positive pressure ventilation
IRV Inspiratory reserve volume

IUGR Intrauterine growth restriction

v Intravenous

vC Inferior vena cava (1)

IVH Intraventricular hemorrhage

VS Interventricular septum

K Constant

kDa Kilodalton

kg Kilogram

kPa Kilopascal

L Liter

LA Left atrium

LBW Low birth weight

LCD Liquid crystalline display

LED Light emitting diode

LHR Ratio of lung diameter to head circumference
LOS Length of stay

LPM (Ipm) Liters per minute

LVEDD Left ventricular end-diastolic dimension
LVID Left ventricular internal diameter
LVIDD Left ventricular internal diameter at diastole
LVIDS Left ventricular internal diameter at systole
LVO Left ventricular output

m Meter

MAP Mean airway pressure

MAP Mean arterial pressure

MAS Meconium aspiration syndrome

mcg Microgram

MD Minute distance

mEq Milliequivalent

MetHb Methemoglobin

mg Milligram

MIC Mean inhibitory concentration

min Minute

mL (ml) Milliliter

mm Millimeter

MMV Mandatory minute ventilation

mo Month

mOsm Milliosmoles

MRI Magnetic resonance imaging

MSAF

Meconium-stained amniotic fluid
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XXi

msec
MV
NAVA
NEC
NICU
NIPPV
NIRS
NO
NO,
NOS
0,

Ol

OSI

P

P50
Pa-ACO,
PACO,
PaCO,
Pa-etCO,
PAO2
PaO,
PAV
Paw
Paw
PB

PC
PCA
PCR
PDA
PE
PECO,
PEEP
PetCO,
PEC
PG
PH,O
PI

PICC
PIE
PIP
PIP
PL
PLV
PMA
PMA
PN,
PPHN

Millisecond

Minute ventilation

Neurally adjusted ventilatory assist
Necrotizing enterocolitis

Neonatal intensive care unit

Noninvasive positive pressure ventilation
Near-infrared spectroscopy

Nitric Oxide

Nitrogen Dioxide

Nitric oxide synthase

Oxygen

Oxygenation index

Oxygen saturation index (100 xPaw x FiO,/SpO.,)
Pressure

Point of 50 % saturation of hemoglobin with oxygen
Arterial to alveolar CO, gradient

Partial pressure of carbon dioxide, alveolar
Partial pressure of carbon dioxide, arterial
Arterial to end-tidal CO, gradient

Partial pressure of oxygen, alveolar

Partial pressure of oxygen, arterial
Proportional assist ventilation

Airway pressure

Mean airway pressure

Periodic breathing

Pressure control

Post-conceptional age

Polymerase chain reaction

Patent ductus arteriosus

Elastic pressure

Partial pressure of mean expiratory CO,
Positive end-expiratory pressure

Partial pressure of end-tidal CO,

Persistent fetal circulation, perfluorocarbon
Prostaglandin

Partial pressure of water vapor

Inspiratory pressure

Pressure, inertital

Percutaneous intravenous central catheter
Pulmonary interstitial emphysema
Intrapleural pressure

Peak inspiratory pressure

Pressure limit

Partial liquid ventilation

Post-menstrual age

Pre-market approval (US)

Partial pressure of nitrogen

Persistent pulmonary hypertension of the newborn
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ppm Parts per million

PR Resistive pressure

prbe Packed red blood cells

PRVC Pressure-regulated volume control
PSI Pounds per square inch

PSIG Pounds force per square inch gauge
PST Static pressure

PSV Pressure support ventilation

PT Prothrombin time

PTP Transpulmonary pressure

PTT Partial thromboplastin time

PTV Patient-triggered ventilation

PUFA Polyunsaturated fatty acids

PV-IVH Periventricular-intraventricular hemorrhage
PVL Periventricular leukomalacia

PvO, Mixed central venous oxygen tension
PvO, Partial pressure of oxygen, venous
PVR Pulmonary vascular resistance

q Every

Q Perfusion

r Radius

R Resistance

Raw Airway resistance

RBC Red blood cell

RCT Randomized controlled trial

RDS Respiratory distress syndrome

RE Expiratory resistance

REM Rapid eye movement

RH Relative humidity

RI Inspiratory resistance

ROP Retinopathy of prematurity

ROS Reactive oxygen species

RR Respiratory rate, relative risk

RSV Respiratory syncytial virus

RV Reserve volume

RVO Right ventricular output

S End-systole

S1(2,3,4) First (second, third, fourth) heart sound
Sa0, Arterial oxygen saturation

sec Second

sGC Soluble guanylate cyclase

SIDS Sudden infant death syndrome

SIMV Synchronized intermittent mandatory ventilation
SNAP Score for neonatal acute physiology
SOD Superoxide dismutase

SP Surfactant protein

SpOz

Pulse oximetry saturation
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SpO,/FiO, Ratio of pulse oximetry oxygen saturation to fraction of
inspired oxygen

sq Square

STPD Standard temperature and pressure, dry

SV Stroke volume

SvC Superior vena cava (1)

SvO, Venous oxygen saturation

SVR Systemic vascular resistance

T Temperature

TBW Total body water

TcPCO, Transcutaneous carbon dioxide level

TCPL (V) Time-cycled, pressure-limited (ventilation)

TcPO, Transcutaneous oxygen level

TCT Total cycle time

Tg or T, Expiratory time

TEF Tracheo-esophageal fistula

TGF Transforming growth factor

TGV Total or thoracic gas volume

THAM Tris—hydroxyaminomethane

Tyor T; Inspiratory time

TLC Total lung capacity

TLV Total liquid ventilation

TPN Total parenteral nutrition

TPV Time to peak velocity

TRH Thyroid releasing hormone

TTN, TTNB  Transient tachypnea of the newborn

TTV Targeted tidal volume

U Units

UAC Umbilical artery catheter

A\ Volume, velocity

pm Micrometer

HFJV High-frequency jet ventilation

v/iQ Ventilation/perfusion

Vi Alveolar ventilation

VA Anatomic volume

V-A Veno-arterial

VAP Ventilator-associated pneumonia

VAPS Volume assured pressure support

vC Vital capacity

VCF Velocity of circumferential fiber shortening

VCO, Carbon dioxide elimination

VCV Volume controlled ventilation

VD Dead space volume

VD, Alveolar dead space

VD,, Airway dead space

VDpys Physiologic dead space

VDRL Venereal disease research laboratory

VECO, Expiratory CO, volume per breath
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VEGF  Vascular endothelial growth factor
VILI Ventilator-induced lung injury
VLBW  Very low birthweight

VS Volume support

VSD Ventricular septal defect

Vo Tidal volume

Ve Expired tidal volume

Vi Inspired tidal volume

VTI Velocity time interval

V-V Venovenous

WBC White blood cell

wks Weeks

yIs Years
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