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The term “innovation has found its way into many conversa-
tions in recent times. Whether the topic is medical care, med-
ical education, research, or advocacy—innovation is the
mantra. As we bring forth the 6th edition of the Textbook of
Pediatric Emergency Medicine, the term “innovation” is on
our minds as well.

Certainly, as we look back, we note the very dramatic inno-
vations that have taken place in our subspecialty. Prior to our
first edition in 1983, there was no official subspecialty of pedi-
atric emergency medicine either in pediatrics or in emergency
medicine. Current day trainees cannot fathom that historical
perspective. Many of the treatments, testing modalities, proce-
dural techniques, technologic aids, and organized approaches
to care of the ill or injured child did not exist. For example,
there were no dedicated trauma centers and no attention to the
elements of the emergency medical services system for children
(EMSC). Certainly, there was little in the way of new knowl-
edge being developed through research. Teaching methods
were also very primitive and there were no basic training pro-
grams like Pediatric Advanced Life Support (PALS), Advanced
Pediatric Life Support (APLS), or advanced fellowship training
programs. We would like to think that the Textbook of
Pediatric Emergency Medicine helped to spark the creation of
a new subspecialty and stimulated the many, many innova-
tions that have helped children across the United States and
around the world. It gives a great sense of pride to think that
our textbook has played some small part in the development
of the now more than 1,400 board-certified Pediatric
Emergency Medicine specialists, of more than 65 fellowship
training programs in the United States and Canada, of the
PALS and APLS courses, of the PECARN Research Network,
and of the many local and regional CME courses that have
helped emergency physicians and pediatricians stay abreast of
the latest and most efficient therapies.

But while reflecting on the innovations of the past is satis-
fying, it is not as important as thinking about the innovations
of the future. We hope that this 6th edition will continue to
stimulate improvement. To do so, we have revised and
updated each and every chapter. Suggested readings now come
from the current era of publications. We have added to and
expanded our table of contents by including chapters on pal-
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pitations, cystic fibrosis, travel-related emergencies, and ultra-
sound. In particular, there is a new chapter on practice path-
ways; establishing such pathways will be very important to
our future, as we focus on quality and safety and gauge prac-
tice variations among our various centers. Our chapter
authors formerly came from subspecialty perspectives and
now they primarily are practicing PEM specialists. Many of
our authors have become experts in some subfield of PEM.

In this edition we have enlisted the help of three new asso-
ciate editors: Richard Bachur, Marc Gorelick, and Kathy
Shaw. These individuals symbolize the new era of PEM spe-
cialists who are all fellowship trained. They represent a next
generation of PEM leaders.

With this edition of the textbook, we are also offering the
text on the TPEM website. This will make it possible for the
owner of the text to use the book in the traditional way and
also to have online access to updated information, journal arti-
cles from Pediatric Emergency Care, interactive practice path-
ways, and other helpful features. The TPEM website will
transform the book into a living document always capable of
growth and development.

Whether the innovation is of the past or of the future, we
feel honored to be a part of this great professional movement
that has helped so many children and families. Pediatric care in
the Emergency Department is now more effective, safer, more
pain free, and kinder and more supportive of children and
families. No longer is the Emergency Department the “pit” as
it was often referred to at many training centers in decades
past. Now it is a great place for patient care, teaching,
research, and advocacy. Many of our readers tell us—*I keep
your book open in the ED.” “I like it because it tells me what
to do and what not to miss.” “I always carry it with me on-
call.” Indeed, these were our motivation for writing this text
in the early 1980’s. Beyond all of our innovations, this feed-
back continues to be our constant and guiding principle.

Gary R. Fleisher, MD
Boston, MA

Stephen Ludwig, MD
Philadelphia, PA
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CHAPTER 1 B RESUSCITATION—PEDIATRIC
BASIC AND ADVANCED LIFE SUPPORT

STEPHEN LUDWIG, MD, AND JANE M. LAVELLE, MD

The most critical and dramatic of all emergency situations is
the application of cardiopulmonary resuscitation (CPR). CPR
is a series of interventions aimed at restoring and supporting
vital function after apparent death. The urgent and immediate
goal of resuscitation is to reestablish substrate delivery to meet
the metabolic needs of the myocardium, brain, and other vital
organs. The overall goal is to return the child to society with-
out morbidity related either to the underlying disease process
or to the resuscitation process.

Instruction in CPR techniques has come from two widely
disseminated national courses: pediatric advanced life support
(PALS) and advanced pediatric life support (APLS). Both of
these courses have been overwhelmingly successful in training
health-care providers in the appropriate resuscitative tech-
niques. Both courses stress the early recognition of the child
who is in need of resuscitative efforts. But despite these educa-
tional efforts, the outcome of resuscitation in situations in
which there has been asystolic arrest is still poor, although
improving. As in many conditions we manage in pediatric
patients, primary prevention, or at least early recognition, is
the most successful strategy.

The paradigm for pediatric CPR has been based largely on
the adult model. In 2005 the International Liaison Committee
on Resuscitation (ILCOR) reviewed the science of resuscitation.
There is an orderly progression through the assessment and
management of the ABCs—airway, breathing, and circulation.
Like its adult counterpart, pediatric CPR is best performed by a
well-coordinated team of physicians, nurses, respiratory thera-
pists, and other support personnel. Recent trends have resulted
in inclusion of parents in the resuscitation room.

BACKGROUND

Incidence

There are no incidence data for pediatric resuscitations per-
formed annually in the United States. But it is estimated that
16,000 children die annually from out-of-hospital cardiopul-
monary arrests. Table 1.1 shows the childhood mortality rates
and the leading causes of death in the United States for chil-
dren for 2007. Table 1.2 shows the leading causes of death in
the United States in different age groups and the relative rates
per population. Note that there is a relatively higher mortality
rate for young children. Note also that, of the causes of death
listed in Table 1.1, most are potentially reversible. Trauma is

the leading cause of death in childhood. Table 1.3 details the
leading causes of unintentional injury by age group for the
years 2000 to 20035. Special techniques of trauma management
are presented in Chapters 104 and 105. We believe the tech-
niques of basic and advanced life support, when readily avail-
able and skillfully supervised and applied, contribute to the
significant reduction in childhood mortality.

Patient Characteristics

Age

In many series of CPR cases, most children were at the
younger end of the pediatric age range. In a series published
from The Children’s Hospital of Philadelphia, the mean age
was 1.98 years and the median was 5 months. The age range
was between 2 weeks and 16 years (Fig. 1.1). Although pedi-
atric CPR education generally should be tailored to the
anatomic and physiologic characteristics of the young child,
emergency department (ED) staff must be prepared to cope
with the full spectrum of age and size.

Etiology

The most common primary diagnoses of hospitalized pediatric
patients requiring resuscitation involve the respiratory system
(Table 1.4). Conditions such as pneumonia, bronchiolitis,
asthma, aspiration, and respiratory distress syndrome account
for the largest group of diagnoses. Cardiac diagnoses and cen-
tral nervous system (CNS) disorders occur in roughly equal
frequency, but half as often as respiratory diagnoses. Common
cardiovascular diagnoses include congenital heart disease, sep-
tic shock, and severe dehydration. CNS diagnoses include
hydrocephalus (ventricular shunt failure), meningitis, seizure,
and tumor.

In the ED, the physician is more likely to encounter chil-
dren whose out-of-hospital cardiac arrest deaths result from
trauma (20% to 30% of cases), sudden infant death syndrome
(SIDS), or unknown causes. Primary cardiac etiologies are
much rarer in the pediatric population. Approximately 10%
of out-of-hospital cardiac arrest patients have ventricular
tachycardia (VT) or ventricular fibrillation (VF). Children
with congenital anomalies, chronic sequelae of prematurity,
and birth trauma, and those with chronic relapsing disease are
also seen in the ED, as increasing numbers of children have
survived the neonatal period, transplantation, complex
surgery, and cancer therapy and have been discharged from

1
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TABLE 1.1

DEATHS AND DEATH RATES FOR 2007 AND AGE-ADJUSTED DEATH RATES AND PERCENT CHANGES IN
AGE-ADJUSTED RATES FROM 2006-2007 FOR THE 15 LEADING CAUSES OF DEATH: UNITED STATES

Age-adjusted
Cause of death (based on the International Classification of Diseases, death rate
Rank” Tenth Revision, 2nd ed., 2004) Number Death rate (2007)
All causes 2,424,059 803.7 760.3
1 Diseases of heart (I00-109, I11, 113, 120-I51) 615,651 204.1 190.7
2 Malignant neoplasms (C00-C97) 560,187 185.7 177.5
3 Cerebrovascular diseases (160-169) 133,990 44.4 41.6
4 Chronic lower respiratory diseases (J40-]47) 129,311 42.9 41.2
S Accidents (unintentional injuries) (V01-X59, Y85-Y86)" 117,075 38.8 37.8
6 Alzheimer’s disease (G30) 74,944 24.8 22.8
7 Diabetes mellitus (E10-E14) 70,905 23.5 22.4
8 Influenza and pneumonia (JO9-J18)° 52,847 17.5 16.3
9 Nephritis, nephrotic syndrome and nephrosis (NO0-N07, N17-N19, 46,095 15.3 14.4
N25-N27)
10 Septicemia (A40-A41) 34,851 11.6 11.0
11 Intentional self-harm (suicide) (U03, X60-X84, Y87.0)" 33,185 11.0 10.8
12 Chronic liver disease and cirrhosis (K70, K73-K74) 28,504 9.5 8.9
13 Essential hypertension and hypertensive renal disease (110, 112, I15) 23,769 7.9 7.3
14 Parkinson’s disease (G20-G21) 20,136 6.7 6.4
15 Assault (homicide) (U01-U02, X85-Y09, Y87.1) 17,520 5.8 5.8
All other causes 465,069 154.2
“Rank based on number of deaths.
’For unintentional injuries, suicides, and homicides, preliminary and final date may differ because of the truncated nature of the preliminary file.
“New code J09 (Influenza due to identified avian influenza virus) was added to the category in 2007.
Source: Xu J, Kochanek KD, Tejada-Vera B. Deaths: Preliminary data for 2007. National vital statistics reports. Vol 58, No. 1. Hyattsville, MD:
National Center for Health Statistics, 2009.

the hospital (see Chapter 120). The broad range of diagnoses
encountered in our review of resuscitation is noted in Table
0 1.4. This clearly differs from the adult circumstance of resusci-
A tation, in which case most arrests are related to myocardial
infarction secondary to coronary artery disease.

The PALS course teaches that the many etiologies of arrest
follow one of two pathways: respiratory distress to respiratory
failure to arrest or circulatory compromise to circulatory fail-
ure to arrest. In our experience, 80% of children who have
o {1 arrested have followed the first pathway (Fig. 1.2). Twenty

i) 2 4 [ a 0 12 . . .
g in months (O-1 yeart percent of patients follow the circulatory failure pathway to
40+ arrest. It is difficult in some cases to determine which mecha-
nism was primary.

wfB

o
[=]
1

&0

Mumber of arrests
o
1

Mumber of arresls

Demographics

There are no national demographic studies to identify socioe-
conomic, ethnic/racial, familial, or community characteris-
tics of the pediatric patient who requires life support inter-
] vention. Such studies would be important for developing
profiles of the high-risk patient population for subsequent

0% L 4 £ L = L = L develqpment of surveillance or prevention programs. It is
Age of child in years most important to study such factors on a local level, where

FIGURE 1.1 Histogram showing frequency of cardiac arrest as local solutions may be implemented. Some states have begun

related to age in months (A) and years (B) from The Children’s child death review efforts that might shed light on prevention
Hospital of Philadelphia survey. strategies.
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TABLE 1.2

DEATHS AND DEATH RATES FOR THE 10 LEADING CAUSES OF DEATH IN SPECIFIED AGE GROUPS:
UNITED STATES, PRELIMINARY 2007

Cause of death (based on the Intentional Classification of Diseases, Tenth Revision,
Rank? 2nd ed., 2004) and age Number Rate
All age groups®
All causes 2,424,059 803.7
1 Diseases of heart (I00-109, I111-113, 120-151) 615,651 204.1
2 Malignant neoplasms (C00-C97) 560,187 185.7
3 Cerebrovascular diseases (160-169) 133,990 44.4
4 Chronic lower respiratory diseases (J40-J47) 129,311 42.9
5 Accidents (unintentional injuries) (V01-X59, Y85-Y86) 117,075 38.8
Motor vehicle accidents (V02-V04, V09.0, V09.2, V12-V14, V19.0-V19.2, V19.4-V19.6, 43,098 14.3
V20-V79, V80.3-V80.5, V81.0-V81.1, V82.0-V82.1, V83-V86, V87.0-V87.8,
V88.0-V88.8, V89.0-V89.2)
All other accidents (V01, V05-V06, V09.1, V09.3-V09.9, V10-V12, V15-V18, V19.3, 73,977 24.5
V19.8-V19.9, V80.0-V80.2, V80.6-V80.9, V81.2-V81.9, V82.2, V82.9, V87.9, V88.9,
V89.1, V89.3, V89.9, VI0-V99, W00-X59, Y85-Y86)
6 Alzheimer’s disease (G30) 74,944 24.8
7 Diabetes mellitus (E10-E14) 70,905 23.5
8 Influenza and pneumonia (J09-J18)° 52,847 17.5
9 Nephritis, nephrotic syndrome and nephrosis (NO0-NO07, N17-N19, N25-N27) 46,095 15.3
10 Septicemia (A40-A41) 34,851 11.6
All other causes (residual) 588,203 195.0
1-4 years
All causes 4,651 28.2
1 Accidents (unintentional injuries) (VO1-X59, Y85-Y86) 1,566 9.5
Motor vehicle accidents (V02-V04, V09.0, V09.2, V12-V14, V19.0-V19.2, 529 3.2
V19.4-V19.6, V20-V79, V80.3-V80.5, V81.0-V81.1, V82.0-V82.1, V83-V86,
V87.0-V87.8, V88.0-V88.8, V89.0-V89.2)
All other accidents (V01, V05-V06, V09.1, V09.3-V09.9, V10-V12, V15-V18, 1,037 6.3
V19.3, V19.8-V19.9, V80.0-V80.2, V80.6-V80.9, V81.2-V81.9, V82.2, V82.9,
V87.9,V88.9,V89.1, V89.3, V89.9, V90-V99, W00-X59, Y85-Y86)
2 Congenital malformations, deformations and chromosomal abnormalities (Q00-Q99) 506 3.1
3 Assault (homicide) (U01-U02, X85-Y09, Y87.1) 365 22
4 Malignant neoplasms (C00-C97) 361 2.2
N Diseases of heart (100-109, 111, 113, 120-151) 163 1.0
6 Influenza and pneumonia (J09-J18)° 106 0.6
7 Certain conditions originating in the perinatal period (P00-P96) 77 0.5
8 Septicemia (A40-A41) 74 0.4
9 In situ neoplasms, benign neoplasms and neoplasms of uncertain or unknown behavior 55 0.3
(D00-D438)
10 Cerebrovascular diseases (160-169) 52 0.3
All other causes (residual) 1,326 8.1
5-14 years
All causes 6,091 15.2
1 Accidents (unintentional injuries) (VO1-X59, Y85-Y86) 2,157 5.4
Motor vehicle accidents (V02-V04, V09.0, V09.2, V12-V14, V19.0-V19.2, 1,264 3.1
V19.4-V19.6, V20-V79, V80.3-V80.5, V81.0-V81.1, V82.0-V82.1, V83-V86,
V87.0-V87.8, V88.0-V88.8, V89.0-V89.2)
All other accidents (V01, V05-V06, V09.1, V09.3-V09.9, V10-V12, V15-V18, 893 2.2
V19.3, V19.8-V19.9, V80.0-V80.2, V80.6-V80.9, V81.2-V81.9, V82.2, V82.9,
V87.9,V88.9,V89.1, V89.3, V89.9, V90-V99, W00-X59, Y85-Y86)
2 Malignant neoplasms (C00-C97) 929 2.3
3 Congenital malformations, deformations and chromosomal abnormalities (Q00-Q99) 356 0.9
4 Assault (homicide) (U01-U02, X85-Y09, Y87.1) 337 0.8
5 Diseases of heart (I00-109, 111, 113, 120-151) 209 0.5
6 Intentional self-harm (suicide) (U03, X60-X84, Y87.0) 195 0.5
7 Influenza and pneumonia (J09-J18)¢ 111 0.3
8 Chronic lower respiratory disease (J40-]J47) 98 0.2
9 Cerebrovascular diseases (160-169) 85 0.2
10 In situ neoplasms, benign neoplasms and neoplasms of uncertain or unknown behavior 82 0.2
(D00-D48)
All other causes (residual) 1,532 3.8

(continued)

LIFE-THREATENING EMERGENCIES
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TABLE 1.2

DEATHS AND DEATH RATES FOR THE 10 LEADING CAUSES OF DEATH IN SPECIFIED AGE GROUPS:
UNITED STATES, PRELIMINARY 2007 (CONTINUED)

Cause of death (based on the Intentional Classification of Diseases, Tenth Revision,
Rank? 2nd ed., 2004) and age Number Rate
15-24 years
All causes 33,788 79.5
1 Accidents (unintentional injuries) (V01-X59,Y85-Y86) 15,356 36.1
Motor vehicle accidents (V02-V04, V09.0, V09.2, V12-V14, V19.0-V19.2, V19.4-V19.6, 10,507  24.7
V20-V79, V80.3-V80.5, V81.0-V81.1, V82.0-V82.1, V83-V86, V87.0-V87.8,
V88.0-V88.8, V89.0-V89.2)
All other accidents (VO1, VO5-V06, V09.1, V09.3-V09.9, V10-V12, V15-V18, V19.3, 4849 114
V19.8-V19.9, V80.0-V80.2, V80.6-V80.9, V81.2-V81.9, V82.2, V82.9, V87.9, V88.9,
V89.1, V89.3, V89.9, V90-V99, W00-X59, Y85-Y86)
2 Assault (homicide) (*U01-*U02, X85-Y09, Y87.1) 5284  12.4
3 Intentional self-harm (suicide) (*U03, X60-X84, Y87.0) 4,030 9.5
4 Malignant neoplasms (C00-C97) 1,609 3.8
5 Diseases of heart (100-109, 111, 113, 120-I51) 991 2.3
6 Congenital malformations, deformations and chromosomal abnormalities (Q00-Q99) 373 0.9
7 Cerebrovascular diseases (160-169) 197 0.5
8 Pregnancy, childbirth and the puerperlum (O00-099) 166 0.4
9 Septicemia (A40-A41) 156 0.4
10 Influenza and pneumonia (J09-J18)¢ 154 0.4
All other causes (residual) 5,472 12.9
Source: Deaths: Preliminary data for 2007. National vital statistics reports. Vol 58, No. 1. Hyattsville, MD: National Center for Health Statistics, 2009.

TABLE 1.3

LEADING CAUSES OF UNINTENTIONAL INJURY DEATH AMONG CHILDREN 0 TO 19 YEARS USING THE
MODIFIED MATRIX, BY AGE GROUP, UNITED STATES, 2000-2005

Age group in years
<1 1-4 529 10-14 15-19
Rank (n = 5,883) (n = 10,203) (n = 7,144) (n = 9,088) (n = 40,734)
1 Suffocation Drowning MVT—occupant MVT—occupant MVT—occupant
66% 27% 22% 26% 41%
2 MVT—occupant Pedestrian MVT—unspecified MVT—unspecified MVT—unspecified
8% 15% 15% 15% 28%
3 Drowning Fires/burns Pedestrian Pedestrian Poisoning
7% 14% 14% 12% 7%
4 MVT—Unspecified MVT—occupant Fires/burns Drowning MVT—other
5% 13% 13% 10% 6%
5 Other injuries MVT—unspecified Drowning MVT—other Pedestrian
5% 9% 13% 9% 5%
6 Fires/burns Suffocation Other injuries Other injuries Drowning
4% 8% 7% 8% 5%
7 Poisoning Other injuries MVT—other Fires/burns Other injuries
2% 8% 6% 6% 5%
8 Falls Falls Pedal cyclist Pedal cyclist Falls
2% 2% 4% 6% 1%
9 Pedestrian Poisoning Suffocation Suffocation Fires/burns
1% 2% 4% 4% 1%
10 MVT—other MVT—other Falls Poisoning Suffocation
0.5% 2% 1% 2% 1%
11 Pedal cyclist Pedal cyclist Poisoning Falls Pedal cyclist
0.02% 0.3% 1% 2% 1%
Source: CDC/NCHS National Vital Statistics System.
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TABLE 1.4

DIAGNOSES OF CHILDREN REQUIRING LIFE

SUPPORT BY BODY SYSTEM
Respiratory Central Nervous System (CNS)
Pneumonia Acute hydrocephalus
Aspiration Head trauma
Asthma Seizure
Epiglottitis Tumor
Laryngotracheobronchitis Meningitis
Respiratory failure/ Hemorrhage
chronic lung disease Gastrointestinal
Bronchiolitis Trauma
Bqtullsm Enterocolitis
Primary apnea Bowel perforation
Bronchopulmonary Bowel obstruction
dysplasia Tracheoesophageal fistula
Cardiovascular

Miscellaneous/Multisystem
Sudden infant death syndrome
Drug ingestion

Congenital heart disease
Septic shock

Il))ehydlzi.ti'on Tumors (non-CNS)
ericarditis . Multiple trauma

Congestive heart failure

Myocarditis

Source: From The Children’s Hospital of Philadelphia 1976-1980.

Treatment

Pediatric CPR presents the emergency physician with several
complexities and frustrations. The first difficulty often encoun-
tered is that the patient may have received only basic life sup-
port (BLS) care (see Chapter 6). Although this is changing with
enhanced development of emergency medical services for

Multiple Etiologies

Respiratory Girculatory
distress compromise
i Circulatory
Respiratory :
failure failure
, Cardiac

arrest

FIGURE 1.2 Pathophysiologic pathways from etiologies to cardiac
arrest. (Adapted from PALS, American Heart Association.)

children, pediatric patients are likely to be brought to the ED
without the same level of field treatment that adult patients
receive routinely. Due to the fact that the overwhelming
majority of cardiac/respiratory arrests occur in adults, para-
medics may have limited exposure and thus a lower comfort
level during pediatric arrest situations. There is controversy
about how much prehospital care should be performed in
other emergency situations, but cardiac arrest requires an
immediate and effective response. Although paramedics are
trained and equipped to provide both adult and pediatric life
support, they may be forced to initiate pediatric life support at
the most basic level. In other areas, paramedics are limited by
laws, regulations, or negative attitudes. Absent or inadequate
prehospital care leads to longer periods of hypoxia and
hypoperfusion, which directly affect prognosis and CNS mor-
bidity (see Chapter 6). Seidel documented the difference in
survival rates between traumatized adults and children who
require prehospital care, as well as the lack of adequate pedi-
atric equipment in prehospital care systems. Other investiga-
tors have documented the deficiencies in emergency care pro-
vided in freestanding emergency care centers and in primary
care providers’ offices. Walsh-Kelly et al. documented this
issue in primary care offices in one state.

The wide spectrum of age and diagnoses adds additional
complexity. The resuscitation team must provide an array of
technical skills, drugs, and equipment. Without delay, the team
must have the flexibility to adjust to the correct sizes and drug
dosages for children.

Our experience shows that careful management of airway
and breathing is extremely important. Because the cause of
the arrest is often related to respiratory failure and because the
child’s myocardium is relatively resilient to hypoxemia, the
rapid correction of hypoxemia may be all that is necessary to
effect resuscitation.

For those patients who do not respond to airway and breath-
ing management alone, life support will be significantly more
difficult. In the ED, the lack of an immediate patient response
usually predicts a need for multiple drug interventions.

One of the common frustrations when administering drugs
is the establishment of an intravenous (IV) line. This technical
skill continues to be the most common obstacle toward achiev-
ing successful CPR. However, the use of intraosseous (IO)
technique and central line placement has been a great advance
in solving the access problem. Thus far, ultrasound guidance of
CVP placement has not improved outcomes but this technique
may help as PEM physicians become more facile with it.

Arrhythmia management is a relatively infrequent problem
in pediatric life support. The absence of atherosclerotic vascu-
lar disease makes the child’s myocardium less susceptible to
arrhythmia. As a result, antiarrhythmic medications and defib-
rillation are infrequently used. The most common cardiac
rhythms to be recognized and managed are sinus bradycardia,
pulseless electrical activity (PEA), and asystole. The expecta-
tions to this are those children with congenital heart disease
(preoperative and postoperative) and those who have sustained
direct myocardial trauma (see Chapters 84 and 118). These
children may have unusual and difficult arrhythmias that
require esoteric management to achieve a successful outcome.

Perhaps the greatest difficulty comes not with specific knowl-
edge or technical skill but with attitude. Many EDs are unac-
customed to resuscitating children and will become immobilized

LIFE-THREATENING EMERGENCIES
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TABLE 1.5

OUTCOME FOR OUT-OF-HOSPITAL PEDIATRIC CARDIOPULMONARY ARREST

% of Patients (% Survival)

Donoghue 2005 Young 2004 Sirbaugh 1999 Young 1991
Witnessed 30.8 (13.1) 34 (16) 31(19)
Bystander CPR 30.7 (9.4) 31 26 30 (26)
ROSC 22.8 29 11
Survival to hospital admission 23.9 25
Survival to hospital discharge 6.7 8.4 2.4 8.4
Good neurologic outcome 2.2 31 17

when faced with the task. There is a fear that the child is some-
how more fragile. In other circumstances, there is overcompen-
sation to the point that the resuscitation of a child is prolonged
beyond an optimal point for either the child or the family.

However, many pediatric emergency physicians are uncomfort-
able with the adult patient who may be a visitor or employee at the
pediatric hospital who is brought to the ED with acute chest pain
and possible myocardial infarction. Pediatric emergency physicians
are encouraged to take the American Heart Association’s
Advanced Cardiovascular Life Support (AHA-ACLS) course.

The ED team should review the effectiveness of each individual
resuscitation effort and the collective effort of the ED. This audit
may be accomplished using one or more of the following
approaches: (i) postresuscitation debriefing and conference; (ii)
review of the videotape recording of resuscitation; (iii) monthly
morbidity mortality conferences; (iv) chart audit; (v) review of
resuscitation database (e.g., cross-referencing morbidity and mor-
tality with various shifts, personnel teams, and prehospital treat-
ment); and (vi) performance on practice codes on the use of patient
simulation manikin. When the team recognizes that its efficiency
and effectiveness are less than ideal (or less than they are with adult
patients), specific remedial education should be undertaken.

Prognosis

The outlook for survival after CPR is very variable for pedi-
atric patients. In our experience, if respiratory arrest is recog-
nized rapidly and managed skillfully, immediate survival may
be as high as 90%. These figures are based on a hospitalized
population of children who require resuscitation within the
hospital. The use of rapid response teams have improved these
outcomes. For patients arriving to the ED in extremis, the out-
come is not as good. Although this rate has been substantially
improved over the last 10 years presumably due to improve-

ments in physician education, equipment, and techniques, chil-
dren who arrive in the ED in asystolic arrest still have a poor
prognosis. The poorer prognosis for patients in the ED may be
attributed to delayed recognition of the arrest and limited pre-
hospital care. Several case series have documented an overall
prognosis, as shown in Tables 1.5 and 1.6.

CPR research is extremely difficult to perform. Most of our
information is based on retrospective studies such as those
reported in Tables 1.5 and 1.6. Patient populations, character-
istics, terminology, and methodology vary among studies,
making it difficult to compare one investigator’s work with
another’s. Performing a prospective study is challenged by
legal and ethical considerations in enlisting patients at a time
when “informed consent” is impossible. In 1997, a conference
was held and a special report issued to bring uniformity to the
terminology of CPR research. This important report may
bring more clarity to the CPR research of the future.

CLINICAL MANIFESTATIONS

Infants and children who have experienced disruption of oxy-
gen or glucose delivery to the brain may benefit from the vari-
ous elements of basic or advanced cardiac life support. The clin-
ical manifestations of persons requiring immediate life support
are most often related to failure of oxygen delivery to the skin,
brain, kidneys, and cardiovascular system. Cutaneous manifes-
tations of oxygen deprivation include circumoral pallor, grayish
hue, cyanosis, diaphoresis, mottling, and poor capillary refill.
Manifestations of CNS hypoxia include irritability, confusion,
delirium, seizures, and unresponsiveness. Cardiovascular mani-
festations include tachycardia, diaphoresis, bradycardia, and
hypotension. Figure 1.3 shows the sequential development of
signs and symptoms when there is failure of substrate delivery
to different oxygen systems.

TABLE 1.6

OUTCOME FOR IN-HOSPITAL PEDIATRIC CARDIOPULMONARY ARREST

Meaney 2006 Nadkarni 2006 Reiss 2002
n = 464 n = 880 n=129
ROSC 50 64
Survival to hospital discharge 23 16
Good neurologic outcome 64 (67/105) 65 (154/236) 90 (19/21)
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Lack of Oxygen/Glucose
Increasing Skin CNS Cardiovascular Abdaminal
Substrate organs
Deprivation ‘
Pallor Irritability Tachycardia Dysmotility Decreased
Cool skin wrine cutput
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FIGURE 1.3 Signs and symptoms of lack of substrate delivery to vital organ systems. CNS, central

nervous system.

Glucose is the second essential substrate necessary for
maintenance of CNS integrity. Severe hypoglycemia may be
just as devastating as severe hypoxemia. Clinical manifesta-
tions are often similar to hypoxemia, including seizures and
coma. In addition, the effect of hypoglycemia on the cardio-
vascular system may lead to a secondary failure of oxygen
delivery because of hypotension and related hypoperfusion.

A patient who has experienced a failure of substrate deliv-
ery to the central circulation must be resuscitated or supported
until more specific diagnosis and management can be deter-
mined. It is also essential to identify patients who are at risk
for failure of substrate delivery. This can be accomplished by a
physical examination with emphasis on evaluation for airway
patency, gas exchange, and cardiovascular integrity. In detect-
ing those at risk, pulse oximetry, if available, may be useful in
identifying mild degrees of hemoglobin desaturation. In addi-
tion, laboratory tests may be helpful because patients with a
low partial pressure of arterial oxygen (Pao,), pH, glucose,
hemoglobin, hemoglobin saturation, or high Pao, are at risk.
Also, recognition of certain disease entities allows early inter-
vention, careful monitoring, and prevention of cardiovascular
collapse. Examples include croup, airway foreign body,
meningitis, and increased intracranial pressure (ICP).

MANAGEMENT

Management Sequence

Once it is determined that a child requires life support, a sequence
of evaluations and interventions should be accomplished (Fig.

1.4). Initially, CNS integrity must be evaluated: Is the patient
alert? Does he or she respond to a shout or painful stimulus? If
there is no response, the assumption is that the brain is no longer
receiving an adequate amount of oxygen, and the three basic
sequences of evaluation and management are initiated.

First, the airway is maneuvered to move the mandibular
block of tissue up and off the posterior pharyngeal wall. The
physician places his or her cheek next to the mouth and nose
while listening and feeling for movement of air. At the same
time, the physician is watching the chest for any evidence of
chest wall movement. If the patient is moving air indepen-
dently, the physician simply continues to support the airway
and looks to provide a mechanism for delivering supplemen-
tal oxygen. If the patient is not breathing spontaneously, the
work of breathing must be assumed by the care provider,
using an expired air technique when a manual resuscitator is
not available. As soon as advanced life support breathing
technology is available, it should be used. With the recogni-
tion that the airway is open and ventilation is occurring, the
third phase of oxygen delivery is evaluated by feeling for
arterial pulsations. The physician should palpate the
brachial, carotid, or femoral arteries. If palpable pulses are
not present after a 15-second evaluation, external cardiac
compression (ECC) is initiated to provide a circulation. The
adequacy of ECC is initially determined by feeling for pulses.
In determining whether the oxygen delivery system has been
reestablished, the physician should look for improvement in
the level of consciousness, a return to spontaneous breathing,
or an inherent cardiac rhythm.

More specific management sequences are offered at the end
of this chapter.

LIFE-THREATENING EMERGENCIES
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EVALUATION

CNS If not alertfawake

MANAGEMENT OPTION

ainful stimuli
W "
Y
Airway If not patent Jaw lift

Shout or apply

Patent

¥
Breathing No

N

Jaw thrust
Oropharyngea! airway
Nasopharyngeal airway
Tracheal tube

Mouth fo mask

Yes

— Supplemental O
MNasal cannulas
Nasal catheter
Face mask:
Simple
Partial rebreathing
Nonrebreathing

'

No

Mouth to tracheal tube

Resuscitator to mask

Resuscitator to tracheal tube

Rescue breathing, 12—24 breaths/min

Cardiac output
Yes

¥

Monitor
EKG: Heart rate, rhythm
Pulse oximeter
Doppler BP

Laboratory evaluation
Dextrostik
Arterial blood gases
Electrolytes, BUN, Cat, etc.

¥

External cardiac comprassion
Yentilation: 1 breath/5 compressions
EKG monitor

Drug management {[V)

Yolume management

Specific therapy

FIGURE 1.4 Management sequence for pediatric life support. CNS, central nervous system; EKG, elec-
trocardiogram; BP, blood pressure; BUN, blood urea nitrogen.

Airway

Evaluation

The first priority in the sequential evaluation and management
paradigm of basic and advanced life support is evaluation and
treatment of the airway. The physician should look, listen, and
feel for evidence of gas exchange. The physician should look at
the chest to see whether there is chest wall or abdominal move-
ment suggestive of breathing effort. The physician should lis-
ten over the mouth and nose for the sound of air movement.
With a stethoscope, the physician should listen over the tra-
chea and the axilla for air entry. The physician should feel with
his or her cheek for evidence of air movement. If there is evi-
dence of spontaneous breathing and no evidence of gas move-
ment through the central airway, the presumptive diagnosis is
that of airway obstruction.

Management

If trauma is suspected, the head and cervical spine must be sta-
bilized during evaluation and management of the airway.
Someone must be assigned to hold the head in the midline

position while applying gentle cephalad traction. The most
effective noninvasive maneuver for clearing an obstructed air-
way involves tilting the head back slightly and lifting the chin
forward by pulling or pushing the mandibular block of tissue
forward (Fig. 1.5). The traditional mechanism of gentle flexion
of the cervical spine on the thoracic spine may open the air-
way, but it provides less efficient ventilation and is hazardous
if cervical spine trauma has occurred.

Most airway obstruction is related to the mandibular block
of tissue falling posteriorly and lying against the posterior wall
of the hypopharynx. This can be relieved by physically grasp-
ing the mandibular block and pulling it forward so the lower
anterior central incisors are anterior to the maxillary central
incisors. The same result can be obtained by pushing the
mandibular block of tissue forward. The fingers should be
placed behind the angle of the jaw and the jaw pushed forward
so the lower central incisors are in a plane anterior to the
upper central incisors (Fig. 1.5). These noninvasive maneuvers
should be attempted before any of the more invasive airway
adjuncts are tried. Table 1.7 lists airway equipment and respi-
ratory monitoring equipment that should be available for
pediatric life support.
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Mandibular
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Cropharyngeal
— airway in place

FIGURE 1.5 A: Upper airway obstruction related to hypotonia.
B: Partial relief of airway obstruction by means of head extension
(danger of cervical spine injury in cases of trauma). C: Extreme hyper-
extension causing upper airway obstruction. D: Fully open airway
through use of jaw thrust or jaw lift. E: Oropharyngeal airway stent-
ing mandibular block off of posterior pharyngeal wall.

TABLE 1.7

AIRWAY EQUIPMENT KIT FOR PEDIATRIC
RESUSCITATION

Masks

Laryngoscope handle with laryngoscope blades:
Miller 0, 1, 2, 3,
Maclntosh 2, 3, 4

Wis-Hipple 1.5

Oropharyngeal airways: all sizes

Nasopharyngeal airways: French sizes 12, 16, 20, 24, 28

Endotracheal tubes: ID sizes
Uncuffed: 2.5 to 7.5 mm in 0.5-mm increments
Cuffed: 5.0 to 10 mm in 0.5-mm increments
Stylet: infant, adult

Magill forceps: child, adult

Extra batteries and laryngoscope lamps

Suction catheters: French sizes 6, 8, 10, 12, 14

Yankauer suction tip

End-tidal CO, monitor, pulse oximeter, CR monitor

Defibrillator, Q-CPR puck, adhesive pads

| ———— |

__g}';\ ‘ "c

FIGURE 1.6 Oropharyngeal airway: flange (A), bite block (B), stent
(C), and gas exchange or suction conduit (D).

Artificial Airways

Oropharyngeal Airways. Oropharyngeal airways are used
when manual manipulation of the airway cannot maintain air-
way patency. The purpose of the oropharyngeal airway is to
stent or support the mandibular block of tissue off the poste-
rior pharyngeal wall. There are three basic parts to this airway
device (Fig. 1.6). The flange is used to prevent the airway from
falling back into the mouth. It also serves as a point of fixation
for adhesive tape. The bite block portion is designed to prevent
approximation of the central incisors. A forceful bite may pro-
duce obstruction of an oral tracheal tube. The stent of the
oropharyngeal airway is designed specifically to hold the
tongue away from the posterior pharyngeal wall. Secondarily,
the stent may provide an air channel or suction conduit
through the mouth. The proper size oropharyngeal airway can
be estimated by placing the airway alongside the face so the
bite block portion is parallel to the palate. The tip of the air-
way should just approximate the angle of the mandible.

The primary use of the airway is in the unconscious patient.
The airway should be placed by using a wooden spatula or
tongue depressor to press the tongue into the floor of the
mouth. The airway is then passed so the stent conforms to the
contour of the tongue. If the oropharyngeal airway is not
inserted properly, it may push the tongue backward into the
posterior pharynx, aggravating or creating upper airway
obstruction. If the airway is too long, it may touch the larynx
and stimulate vomiting or laryngospasm.

Nasopharyngeal Airways. The nasopharyngeal airways stent
the tongue from the posterior pharyngeal wall (Fig. 1.7). It may
also be used to facilitate nasotracheal suctioning. The length of
the nasopharyngeal airway is estimated by measuring the dis-
tance from the nares to the tragus of the ear. The outside diame-
ter of the airway should not be so large that it produces sustained
blanching of the skin of the ala nasae. The nasopharyngeal air-
way is inserted through the nares and passed along the floor of
the nostril into the nasopharynx and oropharynx so it rests
between the tongue and the posterior pharyngeal wall.
Nasopharyngeal airways may lacerate the vascular adenoidal tis-
sue found in the nasopharynx of children. Therefore, adenoidal

LIFE-THREATENING EMERGENCIES
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FIGURE 1.7 Nasopharyngeal airways in a variety of sizes.

hypertrophy and bleeding diatheses are relative contraindica-
tions to the use of these airways.

Endotracheal Tubes. The endotracheal (ET) tube (Fig. 1.8)
supplies a stable alternate airway. ET tubes are used to
(i) overcome upper airway obstruction, (ii) isolate the larynx
from the pharynx, (iii) allow mechanical aspiration of secre-
tions from the tracheal bronchial tree, and (iv) facilitate
mechanical ventilation or end-expiratory pressure. The correct
tube size can be approximated by using a simple formula
based on the patient’s age:

16 + Age in years

Inside diameter (ID) in mm = 4

Because this is an estimate, it is prudent to have the next
smaller and larger size ET tube available. Estimation of tube
size based on the size of the patient’s fifth finger is not accu-
rate. Tube size may also need to be modified based on the
cause of the arrest (e.g., croup). In the pediatric patient,
uncuffed tubes are used and are compatible with positive-
pressure ventilation. This is because in children, there is a nor-
mal narrowing of the trachea at the level of the cricoid ring
(Fig. 1.9). With proper tube selection, this narrowing serves as
a functional seal. In the hospital setting either cuffed or
uncuffed tubes may be used for airway management. When
using a cuffed tube add 0.5 mm to the tube size.

FIGURE 1.9 Lateral neck xeroradiograph showing narrowing at level
of cricoid ring.

A variety of ET tubes are available. Tracheal tubes (Fig.
1.8) should be translucent to facilitate inspection of internal
debris or occlusion, have a radiopaque tip marker, have the
internal diameter noted proximally so it is visible after intuba-
tion, have a distal vocal cord marker so when the marker is
placed at the level of the vocal cords, the tip of the tube is in a
midtracheal position, have centimeter markings along the
course of the tube to be used as reference points for detecting
tube movement, and meet the American National Standard
Institute Z-79 guidelines for tracheal tubes and cuffs. The

FIGURE 1.8 Oral tracheal tube: vocal cord marker (A), manufacturer’s indication that tube meets ANSI-Z79
subcommittee standards (B), distance in centimeters from tip of tube (C), and standard 15-mm connector (D).
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distance the tube is inserted into the trachea may be calculated
by using the formula:

Age in years

Insertion distance (cm mark at teeth) = 2

Other Techniques. Alternative airway management systems,
including esophageal/tracheal tubes, laryngeal mask airways,
and transtracheal ventilation systems, have all been used with
adult patients with varying degrees of success. All the methods
have been approved by governmental agencies and professional
societies, but their use in children has not been well tested or
researched. There is more experience with the use of the laryn-
geal masks in children. This method may be used by experi-
enced providers when ET intubation is not possible (Class 11b).

Laryngoscopy and Intubation (see Chapter 5, Procedure 8 in
Chapter 135). Laryngoscopy creates a spatial plane through
the mouth to the larynx through which an ET tube can be
passed into the trachea. The laryngoscope consists of a blade
and a handle. It is used to identify the glottis and to compress
the intervening soft-tissue structures into the floor of the
mouth. The three components of the laryngoscope blade are
the spatula, the tip, and the flange (Fig. 1.10). The spatula may
be curved or straight and is used to compress tissue. The tip of
the blade is used for positioning the spatula so an optimal
compression of the mandibular block or soft tissue can
be achieved. The flange keeps the tongue out of the way of the
intubating channel. The laryngoscope is introduced into
the mouth so the tip of the blade slides down the right side of
the tongue. As the tip of the blade follows the tongue posteri-
orly, it bumps into the anterior pillars of the tonsils. The tip is
moved around the pillars of the tonsils until it bumps into the
epiglottis. When using a curved spatula, the tip is placed in the
vallecula, the space between the tongue and epiglottis. When
using a straight spatula, the tip is placed under the epiglottis
with the leading edge resting on the aryepiglottic folds. Once
the tip is properly placed, the spatula is shifted from the right
side of the mouth to the middle of the mouth. This left lateral
movement of the spatula allows the flange to push the tongue
ahead of it so the tongue eventually occupies the middle third
of the mouth. The right one-third of the mouth is then avail-

FIGURE 1.10 Laryngoscope blades—straight blade (Miller) and curved
(Maclntosh).

able as a channel through which the tracheal tube can pass.
Once the tip of the blade is properly positioned and the flange
has moved the tongue into the left corner of the mouth, the full
surface of the spatula is used to compress the tongue into the
floor of the mouth. With compression of the soft tissue of the
mouth, the glottis should be exposed and the tracheal tube can
be passed. The tracheal tube should be fitted with a stylet. The
purpose of the stylet is to provide some degree of curvature to
the tube for those circumstances where a totally straight chan-
nel cannot be achieved. The tracheal tube is passed through
the glottis so the ring marker near the tip of the tube is aligned
with the vocal cords. If the tube selected is the proper size and
the ring marker is placed directly at the vocal cords, the tip of
the tube should be at a midtracheal position.

Proper positioning of the tube is confirmed most accurately
by end-tidal CO, monitoring (Fig. 1.11) and by auscultating
for breath sounds and observing for symmetric chest move-
ment. The child’s small chest wall may transmit sounds widely
and thus mislead the physician into thinking the positioning is
correct. The physician should listen carefully. He or she should
listen over the stomach and both axillas and look for improved
color of the patient. If breath sounds are not equal or end-tidal
CO, monitoring is not available, the tube should be withdrawn
slightly and the breath sounds and chest movement reevalu-
ated. When circumstances allow, tube position should be con-
firmed with an anteroposterior (AP) chest roentgenogram. On
the AP film, the tip of the tracheal tube should be at a T2 to T3
vertebral level or directly between the lower edges of the
medial aspect of the clavicles (Fig. 1.12).

Loss of an established airway is an unnecessary complica-
tion. The tracheal tube should be thoroughly secured with
adhesive tape. The skin to which the adhesive tape is affixed
should be cleansed, dried, and painted with tincture of benzoin
(Fig. 1.11).

The management of airway obstruction is detailed in a sep-
arate section at the end of this chapter, and Chapter 5 covers
other advanced aspects of airway management.

Breathing

Evaluation

When a clear and stable airway has been established, the
patient should be reassessed. The physician should look, listen,
and feel for evidence of gas exchange. In infants, adequacy of
ventilation is assessed by observing free uniform expansion of
the lower chest and upper abdomen. This is in contrast to older
children and adolescents in whom one looks for uniform upper
chest expansion as a sign of adequate ventilation. Gas ex-
changes should be confirmed by auscultation and by electronic
monitoring of end-tidal CO, and pulse oximetry. First, the
physician should listen over the trachea to establish quickly
that gas exchange is occurring through the central airway.
Then, he or she should listen to breath sounds bilaterally to
assess for peripheral aeration and symmetric lung expansion.

Management

Spontaneous Ventilation. If the airway has been established
and the patient is breathing spontaneously, supplemental oxy-
gen should be administered. Although elimination of carbon
dioxide is important, it is not nearly as important as delivery

LIFE-THREATENING EMERGENCIES



12 Textbook of Pediatric Emergency Medicine M Section I: Life-Threatening Emergencies

FIGURE 1.11 End-tidal CO, monitor. A: Inline on patient’s endotracheal tube. B: Disposable-type monitor.

of oxygen. Children are quite resistant to the effects of severe
hypercarbia and respiratory acidosis. However, they do not
tolerate even short periods of oxygen deprivation.

Oxygen Delivery Devices. A variety of oxygen delivery devices
are available for use in patients who have stable airways with-
out ET tubes.

Nasal cannulas. Nasal cannulas have two hollow plastic
prongs that arise from a flexible hollow face piece. Humidified
oxygen delivered through the hollow tubing is directed to the
nostrils. One hundred percent oxygen is run through a bubbler
into the cannula system at a flow of 4 to 6 L per minute. Because
of oropharyngeal and nasopharyngeal entrainment of air, the
final oxygen delivery is usually 30% to 40%. The advantages of

FIGURE 1.12 Chest radiograph showing proper endo-
tracheal tube placement at T2 to T3 vertebral level.
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cannulas are that they are easy to apply, lightweight, economi-
cal, and disposable. Inefficiency of the bubbler humidifier is
compensated for by the fact that the normal humidification and
warming systems of the upper airway are not bypassed. The use
of this device presumes the patient’s oxygen needs can be met
with substantially less than 100% oxygen. This method of oxy-
gen delivery is best tolerated by the older child.

Oxygen hoods. Oxygen hoods are clear plastic cylinders
with removable lids (Fig. 1.13) or clear, soft, plastic tents just
large enough to accommodate the infant’s head. They are
used for delivery of oxygen to infants and come in a variety
of sizes. They usually have a gas inlet system for wide-bore
tubing and a port for positioning the cylinder across the
neck. Their purpose is to maintain a controlled environment
for oxygen, humidity, and temperature. This can be done
without producing a tight seal at the neck. Hoods are best
used for newborns and infants. One can, without difficulty,
deliver oxygen concentrations in the 80% to 90% range sim-
ply by increasing the oxygen flow to flood the canister.
Another advantage is that the oxygen may be well humidi-
fied. Because of their potential for delivering concentrations
of oxygen that may be toxic to the eyes or lungs of the infant,
it is imperative to monitor both the fraction of inspired oxy-
gen (Fio,) and the Pao,.

Oxygen tents. The oxygen tent provides a controlled and sta-
ble environment for humidity, temperature, and oxygen. Tents
are useful for delivery of oxygen between 21% and 50%.
Oxygen concentration may be variable because of a poor seal
and frequent entry. Therefore, a tight fit and only necessary
entry should be allowed. Tents potentially impede access to the
patient, and if mist is used, the patient may be hidden in a
cloud, which makes skin color difficult to evaluate.

Oxygen masks. The most often used equipment for the spon-
taneously breathing patient is the oxygen mask. Several types

of oxygen masks can be used to offer the patient a wide range
of inspired oxygen concentrations. Masks seem to be better
tolerated than nasal cannula by the young child, particularly
when the mask is held by a calm parent or by ED personnel.
There are several mask types from which to select. As with all
equipment, even masks have associated hazards. In patients
prone to vomit, the mask can block the flow of vomitus and
increase the risk of aspiration. The obtunded patient wearing
a mask must always be observed.

SIMPLE MASKS. The simple face mask delivers a moderate
concentration of oxygen. These masks are lightweight and
inexpensive. They should be clear to allow observation of the
child’s color. They can be used in a loose-fitting fashion and
are relatively comfortable. If the flow of oxygen is inadver-
tently disrupted, the child can breathe through side ports. A
minimal flow of oxygen is necessary to flush potential dead
space. This type of oxygen delivery device does not bypass the
upper airway mechanisms for warming and humidification of
inspired gas. The disadvantages of the simple mask lie in the
fact that it is difficult to provide a known and stable Fio,. The
Fio, will vary with the inspiratory flow rate of the patient and
with the oxygen flow into the system. The actual pharyngeal
Fio, may be difficult to predict or measure.

PARTIAL REBREATHING MASKS. Partial rebreathing masks
allow delivery of a higher oxygen concentration than simple
masks do. They are also helpful in conserving oxygen. This
system is a combined face mask and reservoir bag. When the
flow rate into the bag is greater than the patient’s minute ven-
tilation and when the oxygen is adjusted so the bag does not
collapse during inhalation, there is negligible CO, rebreathing.
Partial rebreathing masks are usually used for midrange oxy-
gen delivery. We use one when we are trying to maintain Fio,
between 35% and 60%.

NONREBREATHING MASKS. Nonrebreathing masks are com-
bined face mask and reservoir bag devices that have nonre-
breathing valves incorporated into the face mask. They are
useful for giving oxygen concentrations up to 100%.

FIGURE 1.13 Infant oxygen hood. Oxygen hoods are
clear plastic cylinders with removable lids or clear, soft,
plastic tents just large enough to accommodate the
infant’s head.

LIFE-THREATENING EMERGENCIES
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Assisted Ventilation. If the airway has been established and
the child is not breathing spontaneously or gas exchange is
not adequate, artificial ventilation should be started. The
recommended rates for rescue breathing in infants and chil-
dren are 20 to 24 for an infant and 16 to 20 for an older
child. Rates may need modification based on the etiology of
the child’s arrest (e.g., treatment of ICP may require a faster
rate).

If adjuncts for mechanical ventilatory support are not avail-
able, an expired air technique may be used. Patient size, type of
available airway, and trial will determine which type should be
used. Because of risk of human immunodeficiency virus (HIV)
transmission, mouth-to-mouth resuscitation is no longer rec-
ommended. Instead, rescue breathing should be done with a
pocket mask that contains an appropriate millipore filter (Fig.
1.14). Placement of the mask over the mouth alone, over the
mouth and nose, or over a tracheostomy site depends on the
patient and the equipment available (Fig. 1.14). See Chapter 120
for care of the patient with tracheostomy.

Expired Air Techniques
Hand-squeezed, self-inflating resuscitators. Hand-squeezed,
self-inflating resuscitators are the most commonly used resus-

Jaw thrust

Area encompassed
by mask seal

FIGURE 1.14 Basic life support—airway and breathing. A: Positioning
of head to open airway and evaluation for spontaneous ventilation.
B: Expired air (mouth-to-mask) ventilation.

citators for infants and children. The elasticity of a self-inflat-
ing bag allows the bag to refill independently of gas flow. This
feature makes the self-inflating bag easy to use for the inexpe-
rienced operator. Many of the self-inflating bags are equipped
with a pressure-limiting pop-off valve that is usually preset at
30 to 35 cm H,O to prevent delivery of high pressures. Self-
inflating bags that are not pressure limited should have a
manometer in line. For gas to flow, the bag must be squeezed.
Thus, for the patient who is breathing spontaneously, the
operator must time the bag compressions to the patient’s
efforts. These resuscitators should be adapted to deliver high
concentrations of oxygen. In most cases, this involves using an
oxygen reservoir adaptation with the unit (Fig. 1.15). More
recent research has shown that even with an attached reser-
voir, only oxygen concentrations of 60% to 90% were obtain-
able. Units without oxygen reservoir adaptations often deliver
low concentrations of supplemental oxygen and, therefore,
should be avoided.

The resuscitator may be used with a mask. When selecting
a family of mask sizes, select a mask type that seals a variety of
facial contours. Also, the body of the mask should be suffi-
ciently transparent so vomitus can be recognized easily
through the mask. Masks with a pneumatic cuff design allow
for the easiest and most efficient fit that avoids air leaks
around the mask. Resuscitators, masks, and ET tubes should
be standardized so any resuscitator can connect with any mask
or ET tube. A recent study by Davidovic demonstrated the
value of two-person technique.

Anesthesia bags. Anesthesia bags depend on an adequate gas
flow to maintain a compressible unit that propels gas toward
the patient (Fig. 1.16). An exit port must also be present so the
bag does not become a carbon dioxide reservoir. When used

Compressible

FIGURE 1.15 Self-inflating hand-powered resuscitator: compressible
unit (A), oxygen source (B), oxygen reservoir (C), one-way valve
assembly (D), and mask with transparent body (E).
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FIGURE 1.16 Family of clear plastic, air-filled collar facial masks.

with an oxygen blender, any desired concentration of oxygen
may be provided for the patient because this system directly
delivers the gas flowing into it. When used correctly, this
device allows 100% oxygen to be delivered as well as main-
taining end-expiratory pressure. However, the major disad-
vantage of this type of bag is that considerable experience is
needed to use it effectively, which has prompted some to rec-
ommend the use of the self-inflating bag as the primary mode
of ventilation. One must be able to accurately judge the rate of
gas flow into the bag and the rate of gas escape from the exit
port so underfilling or overfilling does not occur. If the bag is
removed from a leak-tight patient application, it promptly
deflates and one must wait for the reservoir to refill.
Overfilling the bag is dangerous because high pressures can be
transmitted to the lung and stomach (Fig. 1.17).

FIGURE 1.17 Anesthesia bag in use.

A\

FIGURE 1.18 Palpation of brachial pulse on medial aspect of the upper
arm in the subbicep groove.

Mechanical ventilators. The ED should also be equipped with
a mechanical ventilator. If the resuscitation is successful, this is
important for maintenance of ventilation while the patient
awaits transfer or transport to a critical care unit. A mechani-
cal ventilator is also crucial in the event of multiple arrest vic-
tims in order to free personnel for other vital tasks.

Circulation

As with the other components of CPR, the circulation must be
first assessed and then managed.

Evaluation

Once the airway has been opened and gas exchange ensured,
the physician must evaluate the effectiveness of circulation by
(i) observing skin and mucous membrane color, and (ii) pal-
pating a peripheral pulse and checking capillary refill. If the
patient’s color is ashen or cyanotic, the circulation will need to
be treated.

The palpation of a peripheral pulse and assessment of cap-
illary refill is mandatory. Often, ineffective cardiac activity can
be palpated over the child’s thin chest wall. Thus, the presence
of an apical pulse may not be meaningful. The palpation of a
strong femoral or brachial pulse (Fig. 1.18) indicates presump-
tively that the cardiac output is adequate. Capillary refill
should be assessed repeatedly (Fig. 1.19).

Most modern defibrillators have a “quick-look” paddle
configuration that allows a rapid evaluation of cardiac rhythm
to be made by placing the defibrillation paddles on the chest
and using them as monitoring electrodes.

The resuscitation team will also find it helpful to have
continuous blood pressure monitoring. Blood pressure mea-
surements will help quantify the effectiveness of cardiac func-
tion. An ultrasound or portable Doppler device may be nec-
essary to detect systolic pressure at low levels in small infants
(Fig. 1.20).

As soon as possible, the team will also require continuous
electrocardiogram (EKG) monitoring to assess the develop-
ment of arrhythmia as the resuscitation proceeds.

LIFE-THREATENING EMERGENCIES
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FIGURE 1.19 Delayed capillary refill.

FIGURE 1.20 Portable Doppler device for determining blood pres-
sure during resuscitation.

Management

Management may be divided into five phases: (i) cardiac com-
pression, (ii) establishment of an intravascular route, (iii) use of
primary drugs, (iv) use of secondary drugs, and (v) defibrillation.

External Cardiac Compression

The 2005 AHA Guidelines emphasize the importance of well-
executed external cardiac chest compressions (CPR) as pri-
mary treatment for cardiopulmonary arrest. In the newly
arrested patients, CPR should be provided immediately to
establish a minimum of circulation to the brain and heart as
this is associated with improvements in both survival and out-
come. Importantly, several recent published reports have
clearly shown that the quality of CPR administered in both
out-of-hospital and in-hospital settings does not meet the stan-
dards set forth by the AHA.

In the newly arrested child, vigorous, high-quality chest
compressions generate approximately one-third of the normal
cardiac output. This generates a coronary artery perfusion
pressure (CAPP) of approximately 10 mm Hg. This decreases
over time as the myocardium becomes damaged by hypoxemia
and metabolic derangements. It is estimated that CAPPs of 25
to 30 mm Hg are needed to produce forward flow through the
aorta in order to reperfuse the myocardium and “jump start”
the heart into a perfusing rhythm to provide sufficient blood
flow to all vital organs.

The mechanism by which blood moves during CPR contin-
ues to be the subject of investigation. Techniques that augment
this forward flow could potentially improve the rates of suc-
cessful return of spontaneous circulation (ROSC) and neuro-
logic survival. “Direct compression” and “thoracic pump”
describe the current mechanisms that explain how blood flows
during CPR. In the “direct compression” model, the heart is
squeezed between the sternum and the posterior vertebrae.
During compression, “systole,” blood moves through the AV
valves and the aorta. During relaxation, “diastole,” blood fills
the myocardium in preparation for the next systole. In the
“thoracic pump” model, the heart is viewed as a conduit.
During compression, venous valves at the thoracic inlet close
preventing retrograde flow, the venous side of the circulation is
compressed, and blood moves forward through the AV valves
and the aorta. During relaxation, negative intrathoracic pres-
sures suck blood into the pulmonary bed and heart in prepa-
ration for the next systole. In practice, both methods probably
contribute to blood flow. Because of the compliance and elas-
ticity of the chest wall and the intrathoracic structures, direct
compression may play a larger role in the pediatric patient.
Additionally, chest compressions may provide greater cardiac
output because of these characteristics.

Based on the previous data, investigators have explored dif-
ferent techniques to increase blood flow through the aorta and
the coronary arteries. These have included high-frequency
compression rates (more than 100 compressions per minute),
interposed abdominal compression CPR (IAC-CPR), active
compression-decompression CPR (ACD-CPR), vest CPR,
open chest massage, simultaneous ventilation-compression
CPR, and use of automated feedback devices that monitor the
quality of CPR. To date, compression rates and automated
performance feedback have been the most promising.
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Compression rates clearly affect the cardiac output. During
CPR, CAPP rises during consecutive chest compressions and
falls during pauses in compressions and with positive-pressure
ventilation. Compression rates of more than 100 have been
shown to improve cardiac output, CAPP, and 24-hour survival
when compared with rates less than 80. Although the optimal
compression rate remains unknown, compression rate of 100
per minute is now recommended for all ages beyond the
neonatal period. There is some evidence in adults that com-
pression-only CPR (no ventilation) produces similar survival
rates. Because of the etiology of pediatric arrest, in addition to
higher metabolic rate and lower functional residual capacity,
this practice is not recommended for children.

The optimal duty cycle also remains unknown. To date, a
duty cycle of 50% (compression:relaxation, 1:1) is believed to
provide the highest flow rates. Leaning or incomplete decom-
pression of the chest during the relaxation phase occurs com-
monly and may affect the cardiac output generated by CPR by
decreasing venous return.

Other techniques such as IAC-CPR (interposed-abdominal
compression CPR) and mechanical devices developed for
adults and used in adult resuscitation such as ACD (active
compression-decompression), vest CPR, mechanical CPR,
simultaneous ventilation-compression CPR, and phased
thoracic-abdominal compression-decompression CPR are not
recommended for use in pediatric arrest because of lack of
experience and data.

Open cardiac massage provides better blood flow to vital
organs in animals and in adults when compared with CPR.
Because of the compliance of the thoracic structures in chil-
dren, this technique may not offer any benefit. There is inade-
quate data to recommend its use in the resuscitation of chil-
dren regardless of the etiology of the arrest.

It is imperative that the provider assess the efficacy of CPR.
Evaluating for the presence of the femoral artery pulse with
compressions is helpful. Although this pulse may represent
venous rather than arterial pulsations, it still provides impor-
tant, easily accessible information to the provider. Continuous
end-tidal CO, monitoring can also serve as a marker of blood
flow. Exhaled CO, rises as pulmonary blood flow and cardiac
output increases. Weil and others have worked on a method of
measuring CO, by means of a sublingual probe. This tech-
nique offers promise for monitoring cardiac output and may
be useful as a predictor of terminal hypoperfusion. One of the
most innovative additions to CPR has been the development of
monitors with accelerometers and force sensors that provide
real-time feedback to the provider. A puck is placed on the
child’s chest and feedback including compression rate and
force is displayed on the defibrillator screen. Verbal feedback
is also provided. Currently, this technology is available for use
in children older than 8 years of age.

Over the past decade there have been several reports that
have demonstrated the delivery of suboptimal CPR by practi-
tioners both in the out-of-hospital and in-hospital setting. It is
now known that high-quality CPR is linked to both improved
rates of ROSC, to survival to hospital admission and perhaps to
better neurologic outcome. Wik et al. published a case series of
paramedic practice for out-of-hospital cardiac arrest and found
that chest compressions were delivered only half of the available
time and were compliant with AHA guidelines only 28% of the
time. Ashton et al. showed that the rate and depth of compres-

sions decreased significantly after 2 minutes even though res-
cuers denied feeling fatigue. Kramer-Johansen et al. compared
quality of CPR and outcome in out-of-hospital cardiac arrest in
adult patients with and without automated real-time verbal
and visual feedback provided by a prototype defibrillator.
Compression depth, the percentage of compressions with ade-
quate depth, and the compression rate increased when feedback
was given. Increased compression depth was associated with
increased survival to hospital admission. Abella et al. found that
higher compression rates (greater than 80) resulted in higher
rates of ROSC. Edelson et al. demonstrated that longer preshock
pauses were associated with defibrillation failure. Thus, CPR
quality is a critical determinant of survival after CPR. Monitoring
and feedback defibrillators can enhance this quality. The AHA
2005 Guidelines recommend the following: Push hard and fast
(100 per minute, Ila), ensure full chest recoil (IIb), minimize
interruptions in chest compressions, avoid hyperventilation, and
change rescuers every 2 minutes in less than 5 seconds. The
proper technique for providing CPR is essential and all health-
care emergency medicine should be familiar with this technique.
The rescuer should compress the lower half of the sternum,
avoiding the xiphoid process, one-third to one-half the depth of
the chest. The child should be supine on a firm surface that is
wider than the patient’s torso and extends from the shoulders to
the waist. For infants (younger than 1 year), the Thaler or two
thumb-encircling hands technique is the preferred method for
health-care providers (Figs. 1.21 and 1.22). The recommended
rate of compressions for all ages except neonates is 100 com-
pressions per minute. The compression and relaxation phases of
each compression should be equal. Once the airway has been
secured, coordination of compressions and rescue breathing is
no longer necessary (Table 1.8).

Intravenous Access
The site used for vascular access depends on the patient’s condi-

tion and the provider’s experience. The most common sites used
in the ill pediatric patient include peripheral venous access, cen-

tral venous access via the femoral vein, and IO access.
horta
R\ |
Lung f
FIGURE 1.21 Movement during external cardiac compression. RV,

RELAXATION
right ventricle; LV, left ventricle.

Vena cova
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FIGURE 1.22 External cardiac compression.

In the arrested patient, access is challenging and time-
consuming. 1O access is the first and best choice for this sce-
nario because this procedure is simple and can be accom-
plished quickly (30 to 60 seconds). This route can be safely
used for all drugs and fluids needed during resuscitation. The
onset of action of drugs administered via this route is com-
parable to that of drugs administered into the central circula-
tion. Manual pressure or use of a pressure bag is necessary
when giving fluids to restore the vascular volume in order to
overcome the resistance of the marrow venous plexus. The
preferred site in children is the medial surface of the tibia 1 to
3 c¢m below the tibial tuberosity (Fig. 1.23). Alternative sites
include the anterior surface of the distal femur, the medial
malleolus, and the anterior iliac spine. There are several
types of rigid, styletted needles commercially available for
this procedure in infants and children. There are also some
new IO devices available on the market now. The bone injec-
tion gun (BIG) is a spring-loaded device that can be used in
adolescents/adults and can effectively penetrate the thicker
bony cortex. The EZ-IO® (Vidacare, San Antonio, TX) a
battery-powered hand-held drill, is available for use in pedi-
atric patients. There is no data currently that supports the
use of these new needles over those currently used widely.
Contraindications to IO placement include recently fractured
bone, osteogenesis imperfecta, and osteopetrosis.
Complications are rare and have been reported in less than

FIGURE 1.23 Intraosseous needle placed in distal femur.

1% of patients. These have included extravasation, epiphy-
seal injury, fracture, compartment syndrome, fat embolism,
and thrombosis (see Section VII for description of proce-
dure). Peripheral venous access provides an adequate route for
resuscitation as long as it is achieved quickly. Veins of the hands,
forearm, and ankle are most commonly used (see Section VII for

TABLE 1.8

CHEST COMPRESSION PARAMETERS

Age Depth Rate Technique Landmark

Neonate 90
1/3-1/2 chest diameter 100

1 yr to puberty 1/3-1/2 chest diameter
Adult 1%-2 inches 100

Thaler, 2 Fingers Just below the nipple line

Between the nipples in the center of the chest

1 or 2 Hands

2 Hands Between the nipples in the center of the chest

Adapted from the American Heart Association 2005 Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.
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TABLE 1.9

SAMPLE PROTOCOL FOR INTRAVENOUS ACCESS

1. First 1.5 min
Peripheral IV catheter, two sites
2. 1.5-5 min
a. If intubated: give drugs via endotracheal tube (including
epinephrine/atropine/lidocaine)
b. If not intubated: intraosseous—one site
Continued peripheral IV—one site
3. Longer than 5 min
a. Femoral vein percutaneous
b. External/internal jugular percutaneous
c. Subclavian vein percutaneous
d. Saphenous vein cutdown

Adapted from Kanter RK, Zimmerman JJ, Strauss RH, et al. Pediatric
emergency intravenous access. Am | Dis Child 1986;140:144.

description of this procedure). There should be an established
protocol for the sequence of IV access steps (Table 1.9).

The femoral vein is the easiest central vein to access in the
critically ill child when many interventions are ongoing simulta-
neously. There are also less complications associated with this
route. Central venous access provides a more secure route,
allows the capability of monitoring central venous pressure, and
allows for blood sampling. In adults, this route has been shown
to provide more rapid onset of action and higher peak drug lev-
els that theoretically could affect outcome. This has not been
shown to be the case in the pediatric patient. In the child with
uncompensated shock or arrest, this type of access may follow
IO access through which initial resuscitation can occur rapidly.

The femoral vein lies medial to the femoral artery. If there
is no pulse present, the artery can be found by locating the
midpoint between the anterior iliac spine and the pubic sym-
physis. The right femoral vein is easier to access and is less
likely to enter the posterior lumbar venous plexus. The

Seldinger technique is preferred for catheter placement. By
placing a small towel underneath the child’s buttocks and
slightly externally rotating the hip, the inguinal area is flat-
tened, making venous entry easier. The needle should enter at
a 45-degree angle, approximately one finger breadth below the
inguinal ligament. Complications associated with this proce-
dure include thrombosis and suppurative thrombophlebitis.
See Procedure Section VII for description of this procedure and
see Table 1.10 for catheter sizes.

Drugs of Resuscitation

Estimating Body Weight

Appropriate drug doses, fluid therapy, and equipment size
vary depending on the size of the child in need of resuscitation.
Recommended drug doses are based on kilograms of body
weight. The 50th percentile weight from a standardized
growth curve can be used if based on the child’s known/esti-
mated age. The “Broselow tape” allows a simple, accurate
method of estimating the weight and drug doses based on the
measured height. The tape is placed alongside the child in
supine position and has appropriate drug dosages and equip-
ment sizes printed on it at intervals (Fig. 1.24). Standard drugs
and drug dosages are shown in Table 1.11.

Endotracheal Route of Administration

The pulmonary bed provides a surface for absorption of lipid-
soluble drugs and can be used before vascular access is available.
Currently, lidocaine, epinephrine, atropine, and naloxone
(LEAN) can be used via this route. The optimal drug dosage
remains unknown because absorption likely varies widely
because of its dependence on pulmonary blood flow. Animal
studies have shown that standard doses of epinephrine (0.01 mg
per kg) achieve serum levels that are approximately 10% of
those achieved by the intravascular route. Thus, the recom-
mended dose of epinephrine to be given via the ET tube is 0.1 mg

TABLE 1.10

CATHETER SIZE AND LENGTH FOR FEMORAL CENTRAL VENOUS ACCESS

Age Average weight (kg) Average height (cm) Average catheter length (cm)
1 mo 4.2 N 15.7

3 mo 5.8 61 17.3

6 mo 7.8 68 19.1

9 mo 9.2 72 20.1

1yr 10.2 76 21.1

1.5 yr 11.5 83 22.9

2yr 12.8 88 24.2

4yr 16.5 103 28.1

6 yr 20.5 116 31.4

8 yr 26 127 34.2

10 yr 31 137 36.8

12 yr 39 149 39.9

14 yr 50 165 44.0

16 yr 62.5 174 46.3

Adapted from Henretig FM, King C, eds. Textbook of pediatric emergency procedures. Baltimore: Williams
& Wilkins, 1997.
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FIGURE 1.24 Broselow tape for determining drug dosage schedule
based on patient length. A: Placement of tape. B: Equipment size and
drug dosage schedule printed on tape.

per kg, 10 times the recommended IV dose. Larger doses of the
LEAN drugs are also recommended ranging from 2 — 10x the IV
dose. All drugs should be diluted up to 5§ mL of saline and given
with five manual ventilations to distribute it across the alveolar
surface (Table 1.11).

Epinephrine. Epinephrine is the primary drug for pediatric
cardiopulmonary arrest because the rhythms most commonly
encountered are asystole or bradycardia (Table 1.11).
Epinephrine is an endogenous catecholamine with potent
alpha- and beta-adrenergic properties. At higher doses, the
alpha effects are most prominent and result in intense vaso-
constriction. This results in improved aortic diastolic pressure,
which is associated with improved outcomes. It is also associ-
ated with increased coronary artery and cerebral blood flow.
Epinephrine also augments myocardial contraction and
increases the intensity of fine ventricular fibrillation that yields
higher rates of successful defibrillation.

There has been much debate over the optimal dose of epi-
nephrine. In the original AHA guidelines, the recommended
epinephrine dose for adults was 1 mg to be repeated every 3 to
5 minutes. Subsequent to this, in 1986, using an animal model,
Brown demonstrated significant increases in blood flow to
vital organs with increasing epinephrine doses. At higher
doses, however, significant side effects such as hypertension,
malignant dysrhythmias, and endocardial ischemia became
more prominent.

Multiple studies in both adult and pediatric populations
have failed to show improved outcomes with high-dose epi-
nephrine. In fact, a recent prospective study of children with
in-hospital cardiac arrest showed that the use of high-dose

TABLE 1.11

DRUGS AND DOSES OF RESUSCITATION

Drug Dose (IV/10)

0.1 mg/kg, max 6 mg
Repeat 0.2 mg/kg, max 12 mg

0.02 mg/kg, min 0.1 mg

ETT: 0.03 mg/kg

Maximum single dose
Child 0.5 mg
Adolescent 1 mg

Adenosine

Atropine

Amiodarone 5 mg/kg, repeat to 15 mg/kg, max 300 mg
Calcium chloride 20 mg/kg or 0.2 mL/kg

(10%)
Dobutamine 2-20 pg/kg/min infusion
Dopamine 2-20 pg/kg/min infusion
Epinephrine IV: Use 1:10,000

0.01 mg/kg or 0.1 mL/kg, max 1 mg
0.1-1 pg/kg/min infusion

ETT: Use 1:1000

0.1 mg/kg or 0.1 mL/kg, max 10 mg

Glucose 10% 0.5-1 g/kg, 5-10 mL/kg

Lidocaine 1 mg/kg load, max 100 mg
20-50 pg/kg/min
ETT: 2-3 mg
Magnesium 25-50 mg/kg, max 2 g
sulfate
Naloxone <S5 yr or <20 kg 0.1 mg/kg
>5 yr or >20 kg 2 mg IV
Procainamide 15 mg/kg over 30-60 min
Sodium 1 mEq/kg (after adequate ventilation)
bicarbonate
Vasopressin 40 IU

IV, intravenous; 1O, intraosseous.
Adapted from The American Heart Association 2005 Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.

epinephrine was associated with worse survival. Another study
of out-of-hospital arrest in pediatric patients did not show any
benefit with high dose over standard dose epinephrine.

After a decade of experience, the new guidelines recom-
mend standard dose epinephrine (0.01 mg per kg) for initial
and subsequent IV doses for unresponsive or refractory pedi-
atric asystolic arrest. High-dose epinephrine may be consid-
ered for patients with calcium channel blocker toxicity. It is
important to be familiar with the two available concentra-
tions for epinephrine dosing to avoid error. Once ROSC has
occurred, an infusion of epinephrine can be titrated to
achieve the desired effects. Epinephrine should be given in a
secure IV or IO to avoid ischemia-associated infiltration.
Infusions are best given via a central catheter. It should not
be mixed with bicarbonate solutions to prevent drug inacti-
vation. Side effects include hypertension, tachycardia,
widened pulse pressure, malignant dysrhythmias, and exces-
sive vasoconstriction.
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Vasopressin. In an effort to improve rates of ROSC, investiga-
tors have looked at a number of other vasoconstrictors,
including vasopressin, norepinephrine, phenylephrine, and
endothelin-1. To date, none of these has replaced epinephrine.
Vasopressin is an endogenous hormone that is found in high lev-
els in patients undergoing CPR. Levels of this hormone are
higher in patients that survive the event. Vasopressin acts at V;
receptors causing (i) intense vasoconstriction in skeletal muscle,
intestine, and skin; (ii) slightly less vasoconstriction in coronary
and renal vessels; and (iii) vasodilatation in cerebral vessels.

There have been several adult studies comparing vaso-
pressin and epinephrine. None of these to date have shown
clear benefit of using vasopressin over epinephrine. A few
pediatric case series have appeared in the literature, these do
not provide clear evidence for its use in children (2005 AHA
guidelines indeterminate).

Sodium Bicarbonate. Initial AHA guidelines recommended
the use of sodium bicarbonate to treat the profound acidosis
associated with low or no-flow states. Subsequent to these ear-
lier recommendations, investigations reported potential delete-
rious effects of its use resulting in a change in the 1992 guide-
lines, which stated that the use of sodium bicarbonate may be
considered in the scenario of prolonged cardiopulmonary
arrest. Its use remains controversial in the literature.

Adequate ventilation and restoration of pulmonary blood
flow and tissue perfusion is the foundation of acid-base bal-
ance during resuscitation. This treats the respiratory compo-
nent of acidosis. It is known that significant acidosis develops
within minutes of cardiopulmonary arrest. Controversy exists
regarding the treatment of the metabolic component. During
arrest, a substantial gradient exists between central venous
pH, arterial pH, and Pco,. These differences resolve once cir-
culation is restored. Buffering with the administration of
sodium bicarbonate occurs via production of CO,, which
must then be removed through ventilation. This results in an
increase in intracellular acidosis when pulmonary blood flow
is low or absent. Other potential detrimental effects of
sodium bicarbonate therapy include hyperosmolarity, hyper-
natremia, leftward shift of the oxyhemoglobin dissociation
curve, increased lactate production, catecholamine inactiva-
tion, and reduction of coronary artery perfusion pressure.

Several retrospective studies have failed to demonstrate
improved outcomes with the use of sodium bicarbonate.
However, retrospective reviews lack accurate down times, ini-
tial pH measurements, and presenting rhythms among other
important data points. A single, double-blinded, randomized
trial of adult out-of-hospital arrest (n = 502, asystole, ventric-
ular fibrillation) comparing a mixture of bicarbonate-trometa-
mol-phosphate with normal saline failed to show increased
rates of hospital admission or survival to discharge. However,
in this study, the mean response time was 5.8 minutes, 48 % of
cases had bystander CPR, and 44% had VF, all factors sug-
gesting early intervention and effective resuscitation.

Animal studies have shown conflicting results. Some have
shown no benefit, whereas others have demonstrated an
improved resuscitation success with reduced neurologic
deficit. The experimental model used may differ considerably
from real clinical scenarios. In most, the arrest was less than or
equal to 5 minutes and buffer is administered early in the
resuscitation effort.

Current guidelines recommend that the use of sodium
bicarbonate may be considered in prolonged pediatric arrest
only after adequate ventilation is ensured and epinephrine and
chest compressions have been instituted (Class ITa). The initial
recommended dose is 1 mEq per kg. Subsequent doses should
be determined by measured acidosis, or empiric 0.5 to 1 mEq
per kg can be considered after every 10 minutes of persistent
arrest. Half-strength (0.5 mEq per mL) solution should be
used in neonates. Sodium bicarbonate is also recommended
for the treatment of hyperkalemia, hypermagnesemia, tricyclic
antidepressant overdose, and sodium channel blocker poisoning.

Atropine. Atropine is a parasympatholytic drug, which has
peripheral and central effects. Peripherally, it is vagolytic and
accelerates sinus and atrial pacemakers and increases conduc-
tion through the AV node. Centrally, it stimulates the
medullary vagal nucleus, which causes bradycardia. This effect
occurs when the drug is administered in low doses.

Atropine is recommended for the treatment of bradycardia
that is known to be vagally mediated (such as bradycardia
associated with ET intubation). It may be used in children with
symptomatic bradycardia when adequate oxygenation and
ventilation is not successful. Practitioners should prepare for
transcutaneous pacing. The recommended dose is 0.02 mg per
kg, with a minimum dose of 0.1 mg, and a maximum dose of
0.5 mg in a child and 1.0 mg in adolescents. The dose may be
repeated every 5 minutes to a maximum of 1 mg in a child and
2 mg in an adolescent.

Glucose. Glucose is a major substrate for both the brain and
the myocardium. Because of high metabolic rate and decreased
glycogen stores, children have high requirements for glucose.
Losek performed a cross-sectional study of 49 consecutive
children presenting to a pediatric ED requiring resuscitative
interventions for altered mental status, seizures, respiratory
and cardiac failure, and cardiopulmonary arrest. Eighteen per-
cent of these patients were hypoglycemic. Current data
remains controversial as to whether or not hyperglycemia
affects neurologic outcome. Therefore, it is currently recom-
mended that glucose be monitored in the post-arrested patient.
Hypoglycemia should be treated (Class IIb). Continuous infu-
sions are most physiologic. The recommended dose is 0.5 to
1 g per kg, which can be given as 5 to 10 mL per kg of Dy,.
It may also be important to treat significant hyperglycemia.

Adenosine. Adenosine is a short-acting purine nucleoside that
slows conduction through the AV node and blocks reentry cir-
cuits by direct action on AV nodal adenosine receptors. It
depresses the automaticity of primary pacemaker cells. It is
metabolized by adenosine deaminase, which is present on the
surface of red blood cells, and thus has an extremely short
half-life. It has proven to be very effective in the treatment of
supraventricular tachycardia (SVT) in children. It is the treat-
ment of choice for stable and unstable SVT (Class IIa). The
recommended dose is 0.1 mg per kg, with a maximum of 6 mg.
A second dose of 0.2 mg per kg, with a maximum of 12 mg
may be given. Adenosine must be administered via rapid IV
bolus during continuous EKG monitoring. A two-syringe
method with stopcock is recommended; one syringe contains
the drug, and the second contains a 5-mL saline flush. Its
effects are seen within 15 to 30 seconds. Transient side effects
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include facial flushing, chest pain, anxiety, and dyspnea.
However, because of its extremely short half-life, these effects
disappear within 10 to 20 seconds. Other more serious side
effects include bronchospasm or apnea, accelerated ventricular
rhythm, wide complex tachycardia, and brief asystole. These
have been reported rarely, probably because of the short half-
life of the drug. However, they emphasize the need for appro-
priate equipment and personnel to be available during admin-
istration of this medication.

Amiodarone. Amiodarone is a class III antiarrhythmic.
Potassium channels are blocked, which prolongs phase 3 of the
cardiac action potential and thus prolongs the refractory period.
This is the principal effect of the drug. Amiodarone also has
properties of sodium channel and beta-adrenoreceptor blockade.
Amiodarone is used for the treatment of adult patients with
shock refractory VI and VF/VT. The trial amiodarone versus
lidocaine in prehospital VF (ALIVE) was a prospective, double-
blinded, randomized, controlled trial of amiodarone versus lido-
caine in 347 patients with out-of-hospital cardiac arrest resulting
from refractory VE Survival to hospital admission was 22.8% in
the amiodarone group versus 12% in the lidocaine group. There
was no difference between the groups in survival to hospital dis-
charge. The widespread use of amiodarone in adults is supported
by research; however, experience with its use in pediatric patients
has demonstrated its effectiveness. Current guidelines recom-
mend a loading dose of 5 mg per kg with a maximum of 15 mg
per kg per day. Avoid use with class I antiarrhythmics (lidocaine,
procainamide) because all these medications prolong the QT
interval. It is metabolized by the liver, is highly protein bound,
and is rapidly distributed and highly lipophilic. The main
adverse effects include bradycardia, tachydysrhythmias, and
hypotension. In the scenario of VF or pulseless VT, it should be
administered as a rapid bolus; otherwise, it is given as an infu-
sion over 20 to 60 minutes (Class IIb). The concentration should
not exceed 2 mg per mL to avoid local phlebitis. No light pro-
tection is required after the drug has been reconstituted.

Lidocaine. Lidocaine is a class I antiarrhythmic and functions as
a sodium-channel blocker, reducing the slope of phase 4 repolar-
ization of the myocyte-decreasing automaticity. More recent
experience has called its role in resuscitation into question. There
is little evidence that lidocaine is superior to other drugs or to
placebo when treating adults in the out-of-hospital setting. In
fact, a recent, randomized, prospective study of adults with out-
of-hospital VF compared the use of lidocaine to epinephrine
after defibrillation. There was no difference in survival to hospi-
tal admission or discharge between the two groups. As discussed
earlier, the ALIVE trial showed higher rates of survival to both
hospitalization and discharge in adults treated with amiodarone
versus lidocaine for the treatment of shock-resistant VE. The
Amiodarone in Out-of-Hospital Resuscitation of Refractory
Sustained Ventricular Tachycardia (ARREST) trial also sug-
gested that amiodarone is superior to lidocaine for shock-resis-
tant out-of-hospital VE Thus, evidence is mounting that sup-
ports the use of amiodarone over lidocaine for resuscitation.
Current recommendations state that lidocaine may be used for
shock-resistant VF or pulseless VT in children. A loading dose of
1 mg per kg is given intravenously, followed by an infusion of 20
to 50 mcg per kg per minute. Side effects include myocardial
depression, CNS depression, seizures, and muscle twitching.

Calcium. Calcium has an important role in vascular smooth
muscle excitation—contraction coupling. Calcium enhances
systolic function and systemic vascular resistance via vascular
smooth muscle contraction. Calcium administration does not
improve outcome in patients with out-of-hospital asystolic
arrest. It has also been demonstrated that increases in intracel-
lular calcium contribute to cell death due to reperfusion injury.

The 2005 AHA Guidelines do not recommend the routine
administration of calcium in children with asystolic arrest. A
recent review of pediatric patients from the National Registry
of Cardiopulmonary Resuscitation revealed that calcium was
used in 45% of cases. Importantly, use of calcium was associ-
ated with decreased survival to discharge. Calcium treatment
is indicated for children with documented hypocalcemia,
hypermagnesemia, hyperkalemia, and calcium channel over-
dose. Calcium should be monitored and hypocalcemia treated
in ill children, particularly those with sepsis.

The most favorable dosing for calcium remains unclear.
Calcium chloride 10% (100 mg per mL, 27.2 mg per mL of ele-
mental calcium) seems to offer the best bioavailability. The cur-
rent recommended dose is 5 to 7 mg per kg of elemental calcium.
Therefore, 0.2 mL per kg of calcium chloride (20 mg calcium
chloride/kg) can be given slow IV push during arrest or more
slowly, over 5 to 10 minutes, in more stable patients. The rec-
ommended dose for calcium gluconate 10% (100 mg per mL, 9
mg per mL of elemental calcium) is 60 to 100 mg per kg or 0.6
to 1 mL per kg.

Magnesium. Magnesium inhibits calcium channels, decreas-
ing intracellular calcium resulting in smooth muscle relax-
ation. Severe magnesium deficiency is associated with arrhyth-
mias, sudden death, and congestive heart failure. Available
information does not reveal any effect on outcomes for
patients receiving magnesium during resuscitation.
Magnesium has been shown to be effective in children with
severe asthma who have persistent respiratory distress despite
aggressive beta-agonist therapy. Current guidelines recom-
mend the use of magnesium sulfate for documented hypo-
magnesemia, torsades de pointe, and severe asthma. A dose of
25 to 50 mg per kg (maximum of 2 g) is given intravenously
over 10 to 20 minutes.

Fluid Resuscitation

Restoration of the circulating intravascular volume is an
important element of successful resuscitation. Crystalloids in
20 mL per kg aliquots remain the mainstay of acute volume
resuscitation. Dextrose solutions should not be used in the ini-
tial phases of fluid resuscitation.

Hypertonic saline causes an osmotic shift of fluid from the
intracellular and interstitial spaces to the extracellular com-
partment, providing rapid volume expansion with less intersti-
tial edema. In addition, less volume is required, which can be
given over a shorter period of time. Hypertonic solutions are
also believed to reduce ICP by establishing an osmotic gradient
across the blood-brain barrier that draws water from the
brain into the vascular space. Conversely, potential ill effects
include continued hemorrhage from injured blood vessels, and
increased ICP due to leakage of sodium through a disrupted
blood-brain barrier. Currently, there is not enough data to
support the use of hypertonic crystalloid instead of isotonic
crystalloid for the resuscitation of patients.
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TABLE 1.12A

PRESENTING RHYTHM IN PEDIATRIC PATIENTS WITH OUT-OF-HOSPITAL

CARDIOPULMONARY ARREST (%)

n Asystole VT/VF PEA
Young 1999 548 67 9 24
Sirbaugh 1999 300 83 4 12
Diechmann 1995 65 83 9 8
Young 2004 3,097 75 10
Donoghue 2005 2,734 78 8 13
Gerein 2006 503 77 4 16

Serum albumin concentration has been shown to be inversely
related to mortality risk. Thus, its use in the resuscitation of ill
patients has been explored. It is 30 times more expensive than
crystalloid solutions and has limited availability. Systematic
reviews have failed to show benefit its administration; in fact, its
use may be associated with an increased risk of death. Albumin
is believed to have some anticoagulant properties and may leak
across the capillary wall promoting edema. The ongoing,
prospective x trial saline vs. albumin fluid evaluation (SAFE)
aims to answer this question.

Defibrillation and Cardioversion

The true prevalence of VT and VF in children with cardiopul-
monary arrest is not known. In published reports the incidence
varies from 9% to 10% in pediatric out-of-hospital arrest
(Table 1.12A-B). The incidence of an initial rhythm of VI/VF
amongst pediatric inpatient arrest is also approximately 10%.
An additional 10% to 15% will develop VT/VF as a subse-
quent rhythm. Although the need for defibrillation is relatively
uncommon, it should always be considered, particularly in
older children, children with a history of congenital heart dis-
ease or dysrhythmias, or children who experience a witnessed
sudden arrest.

Defibrillation is the asynchronous delivery of a shock to the
myocardium in an attempt to produce simultaneous depolar-
ization of a critical mass of myocardial cells to allow sponta-
neous repolarization and the resumption of a perfusing cardiac
rhythm. Defibrillators can deliver monophasic or biphasic
wave forms. Biphasic wave forms allow for successful defibril-
lation at a lower energy of 150 J. Biphasic defibrillators have
largely replaced monophasic defibrillators. Standard adult

paddles are 8 to 13 cm in diameter. Pediatric paddles 4.5 cm in
diameter are available with most defibrillators. The correct
paddle size is that which makes complete uniform contact with
the chest wall. The large paddle can usually be used for infants
older than 1 year of age and/or weighing more than 10 kg if
placed on front and back. Larger paddle surfaces result in
decreased intrathoracic impedance, which optimizes the
energy reaching the myocardium. Electrode paste should be
used to decrease impedance and prevent injury to the skin.
Saline soaked pads should never be used because they can cre-
ate a bridge between the two electrodes. Paddles should be
applied with pressure on the anterior chest wall at the upper
right side of the chest below the clavicle and to the left of the
nipple in the anterior axillary line directly over the heart, never
touching each other. Now most defibrillators have disposable
adhesive pads that allow rhythm recognition through which a
shock can be delivered. These can be applied to the chest, or
anteriorly and posteriorly if appropriate, of the arrested child
immediately at the beginning of the resuscitation and can aid
in preventing delays in rhythm checks and treatment. The ini-
tial dose for defibrillation is 2 ] per kg, increased to 4 J per kg
if the first attempt is unsuccessful. Automated external defib-
rillators (AEDs) automatically interpret the cardiac rhythm
and, if VF is present, advise the operator to deliver a charge.
They are small, easy to use, and have batteries that last for §
years. For patients with VF, early rapid defibrillation is the
treatment of choice. AEDs have been proven to be highly sen-
sitive and specific when used on adults, and there is good evi-
dence that its use in the out-of-hospital setting has resulted in
a dramatic improvement in survival of adults with VE. Cecchin
et al. studied 696 rhythm strips from children younger than 12
years of age to test the accuracy of AEDs. There was 100%
sensitivity for nonshockable rhythms, and the sensitivity for

TABLE 1.12B

PRESENTING RHYTHM IN PEDIATRIC PATIENTS WITH IN-HOSPITAL

CARDIOPULMONARY ARREST (%)

Asystole VT/VF PEA
Reiss” 2002 55 1 11
Nadkarni 2006 40 14 24

“Children with heart disease not in the study population
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VF was 96%. Since the 2005 guidelines, new information has
shown that AEDs can be used to deliver shocks safely in chil-
dren older than 1 year of age (Class IIb). Data is lacking to
make a recommendation for or against its use in children
younger than 1 year of age. Available AEDs deliver a standard
adult charge between 150 and 200 J. More recently, an atten-
uating pediatric electrode system has become available that
decreases the charge delivered to 50 J.

Synchronous cardioversion is the delivery of a charge that
is timed with the patient’s R wave. This reduces the risk of
inducing VF by avoiding delivery of the charge during the T
wave. This is indicated for treatment of rhythms in which the
patient still has a pulse but has evidence of compromised per-
fusion, such as VT and SVT. The initial charge for synchro-
nized cardioversion is 0.5 to 1 ] per kg. This dose can be dou-
bled to 2 J per kg if the tachydysrhythmia persists. Sedation
and analgesia should be considered during this procedure.

Special Scenarios

The chain of survival includes rapid access to emergency med-
ical services, rapid CPR, rapid defibrillation when indicated,
and rapid advanced care. Once in the ED, the process of resus-
citation is best accomplished with an effective leader that orga-
nizes and directs a skilled team. The American College of
Surgeons divides the resuscitation into the primary and sec-
ondary surveys. During the primary survey, the life-threatening
condition is identified and appropriate interventions are under-
taken. These include the so-called ABCDEs of resuscitation,
which includes attention to A, airway/breathing/cervical spine;
B, breathing; C, circulation; D, disability, dextrose, decontami-
nation; and E, exposure and environment. This phase of resus-
citation should be completed within the first 5 to 10 minutes of
arrival. Monitors (cardiorespiratory, pulse oximeter, end-tidal
CO,, blood pressure cuff) should be placed, IV access should be
obtained, and a Foley catheter placed, if necessary. The sec-
ondary survey is a head-to-toe examination to determine the
etiology of the illness. During this portion of the resuscitation,
diagnostic studies are done, consultants are called, and
arrangements for definitive care are completed. The ABCs
should be reassessed frequently throughout the resuscitation.

Teamwork in Resuscitation. The new PALS and ACLS curric-
ula have incorporated curricula on leadership, role clarity, and
communication. Effective leaders and team members must have
cognitive skill (fund of knowledge), technical and procedural
skills, and behavioral skills. Recent information reveals lack of
effective teamwork skills and their negative impact on resuscita-
tion outcomes. Effective education includes challenging active
exercises, such as high-fidelity simulation. Video-recording of
resuscitation provides another venue for reviewing errors and
providing constructive feedback on team management skills.

Specific Resuscitation Scenarios

In the 2005 AHA resuscitation guidelines, an international
expert panel updated guidelines for pediatric prearrest/arrest
scenarios. Figures 1.25 to 1.28 summarize these guidelines
along with the following commentary. It is important to
remember that no algorithm can cover every clinical situation;
the treating team of health-care professionals must consider

the many etiologies of arrest and modify therapies accordingly.
Early recognition and intervention of/for respiratory and
circulatory failure, vascular access, and frequent reassessment
are the foundation of successful resuscitation efforts for all
scenarios encountered in the pediatric ED.

Asystole/Bradycardia

The algorithms for the treatment of asystole and bradycardia
adapted from the expert consensus statement are outlined in
Figures 1.25 and 1.26. These are the most common prear-
rest/arrest scenarios encountered in the pediatric ED. As stated
earlier, impending or existing respiratory failure is the most
common etiology. As always, early recognition and interven-
tion to support the respiratory system and other vital functions
reduces morbidity and may be lifesaving. Other etiologies of
bradycardia include heart block, heart transplant, increased
ICP, hypoglycemia, hypercalcemia, drug effect, increased
parasympathetic tone, and hypothermia. The first step in the
treatment of children with bradycardia is airway management.
Remember that increase in heart rate is the primary mechanism
by which children increase their stroke volume, bradycardia
readily leads to hypotension. Chest compressions should begin
when perfusion is inadequate. Assess the rhythm on the cardiac
monitor. If the bradycardia is believed to be due to increased
vagal tone or heart block, atropine is an appropriate interven-
tion. For most situations, epinephrine is the drug of choice. In
children with heart block, cardiac pacing may be necessary.

In the pulseless child, it is important to identify the rhythm
on the monitor so the correct intervention can be instituted.
Asystole, PEA, pulseless VT, or VF are all possibilities, although
in pediatric cardiopulmonary arrest, asystole predominates. In a
witnessed, sudden arrest, primary cardiac etiologies should be
considered. For asystole and PEA, SDE is the drug of choice.
Always consider treatment of reversible causes such as hypov-
olemia, hypothermia, electrolyte abnormalities, poisonings, ten-
sion pneumothorax, and cardiac tamponade.

Tachydysrhythmias

The differential diagnosis of tachycardias includes sinus tachycar-
dia (ST), SVT, and VT. Narrow complex morphology and beat-
to-beat variability are usually present in children with ST. Rates
rarely exceed 220 beats per minute (bpm) in infants and 180 bpm
in children. Common causes of ST include hypoxemia, hypov-
olemia, hyperthermia, metabolic abnormalities, and pain/anxiety.
Therapy is directed at treating the underlying cause.

SVT can be distinguished from ST by its lack of beat-to-beat
variability and rate (most often greater than 220 bpm in infants
and greater than 180 bpm in children). In children, aberrant con-
duction yielding a wide complex rhythm occurs less than 10% of
the time. SVT is most commonly caused by accessory reentry
pathways. The algorithm for the treatment of tachydysrhyth-
mias appears in Figure 1.27. Patients with stable SVT have ade-
quate oxygenation and perfusion; those with unstable SVT have
inadequate perfusion and thus require rapid intervention.
Chemical or electrical conversion can be used for the treatment
of unstable SVT. Because of the efficacy and safety of adenosine
in the treatment of SVTs, most practitioners have adopted this as
first-line treatment when vascular or 10 access is available. It is
optimal to obtain a 12-lead EKG prior to and during treatment
to aid in the diagnosis. Resuscitation equipment and drugs
should be close at hand. If the patient fails to convert to sinus



Pulseless Arrest
CPR, O,, attach monitor,
defibrillator

l

Check Rhythm

Shockable | Not Shockable
VTIVF Asystole/PEA
Give 1 shock Resume CPR
2 J/kg Epi, g 3-5 min
AED > 1 yr age
Resume CPR immediately 5 cycles CPR

l 5 cycles CPR Check rhythm

Check rhythm

l Shockable
CPR while defibrillator charges REMINDERS
Give 1 shock, 4 J/kg Push hard, push fast, 100/min
Resume CPR immediately Ensure full chest recoil
Epinephrine Minimize interruptions in chest

compressions
5 cycles CPR One cycle = 15 compressions; 2 breaths
Check rhythm Secure airwgy, confirm placement
Advanced airway = 8-10 bpm, no cycles
l Shockable

CPR while defibrillator charges Search for, Treat Possible Causes

Give 1 shock, 4 J/kg Hypovolemia Toxin

Resume CPR immediately Hypoxia Tamponade

Consider antiarrhythmics H-ion Tension PTX
Amiodarone Hypo/hyperkalemia Thrombosis
Lidocaine Hypo/hyperthermia Trauma
Magnesium

Bradycardia with Pulse Causing Cardiorespiratory Compromise
Support ABCs, give oxygen, attach monitor/defibrillator

l

Persistent cardiorespiratory compromise?

No | Yes

Support ABCs Perform CPR
Observe (HR < 60 bpm)
REMINDERS Persistent cardiorespiratory compromise?
Push hard, push fast, 100/min l
Ensure full chest recoil Epinephrine q 3-5 min
Minimize interruptions in chest Atropine
compressions Vagal tone T
One cycle = 15 compressions; 2 breaths AV block
Secure airway, confirm placement Cardiac pacing

Advanced airway = 8-10 bpm, no cycles

Search for, Treat Possible Causes

Hypovolemia Toxin
Hypoxia Tamponade
H-ion Tension PTX

Hypo/hyperkalemia Thrombosis
Hypo/hyperthermia  Trauma

FIGURE 1.25 Management approach to
pulseless arrest. ABCDE: A, airway/breath-
ing/cervical spine; B, breathing; C, circulation;
D, disability, dextrose, decontamination; E,
exposure and environment; CPR, cardiopul-
monary resuscitation; 10, intraosseous; 1V,
intravenous; PEA, pulseless electrical activity;
PTX, tension pneumothorax; VF, ventricular
fibrillation; VT, ventricular tachycardia.
(Adapted from American Heart Association
Guidelines 2005 for Cardiopulmonary
Resuscitation and Emergency Cardiovascular
Care [Supplement]. Circulation 2005;112.)

FIGURE 1.26 Management approach for
bradycardia. CPR, cardiopulmonary resuscita-
tion. (Adapted from American Heart
Association Guidelines 2005 for Cardio-
pulmonary Resuscitation and Emergency
Cardiovascular Care [Supplement]. Circulation
2005; 112.)
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Tachycardia with pulses and poor perfusion
ABCs, O, attach monitor, defibrillator

l Symptoms persist
QRS Duration

l

l

Consider vagal maneuvers
No delay

Immediate Adenosine
e 0.1 mg/kg (max 6 mg)
e Rapid bolus

or
Immediate cardioversion

e Sedation, if possible

<0.08 sec >0.08 sec
Evaluate Possible VT
12-lead ECG l
| Synchronized cardioversion
l l 0.5-1 Jikg
ST ST Sedation
May attempt adenosine
e History compatible e History compatible Y P
e P waves present e P waves absent l
e Variable RR e HR not variable E N ltati
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e Double and repeat dose once

e 0.5t0 1.0 J/kg (up to 2 J/kg)

e Procainamide 15/mg/kg IV over 30-60 min

(do not routinely administer together)

FIGURE 1.27 Management approach for tachycardia with adequate perfusion. ABCs, airway, breathing,
circulation HR, heart rate; ST, sinus tachycardia; SVT, supraventricular tachycardia; VT, ventricular tachy-
cardia. (Adapted from American Heart Association Guidelines 2005 for Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care [Supplement]. Circulation 2005; 112.)

rhythm after two doses of adenosine, synchronized cardiover-
sion (0.5 J per kg) is recommended. Use of sedation analgesia
should be considered. Vagal maneuvers were reintroduced in the
2000 AHA guidelines for stable SVT. In infants, ice may be
applied to the face; in older children, Valsalva maneuvers, such
as knee to chest or forceful blowing on an obstructed straw, may
be attempted. Ocular and carotid pressure should be avoided.
Use of other therapies such as procainamide, digoxin and beta-
blockers may be considered after cardiology consultation.

VT is characterized by wide complex (QRS greater than
0.08 seconds) and typically has a rate ranging form 120 to 200
bpm. Etiologies of VT include prolonged QT syndrome, struc-
tural heart disease, myocarditis, cardiomyopathy, and poison-
ings. In children presenting with stable VT, close monitoring
and immediate consultation with a pediatric cardiologist to
determine etiology and definitive treatment is the best manage-
ment. Chemical conversion using amiodarone, procainamide,

or lidocaine is first-line therapy. In children who fail to convert,
synchronized cardioversion is indicated. Treatment for pulse-
less VT or VF is immediate CPR and defibrillation. In the 2005
guidelines, recommendation for single defibrillation replaced
the recommendation for three successive shocks. This recom-
mendation resulted from the fact that biphasic defibrillators,
which have largely replaced monophasic defibrillators, have a
higher first shock success rate and that the administration of
three successive shocks leads to delays in CPR is associated
with decreased survival. Cardiac compressions should be inter-
rupted only for rhythm checks and administration of the shock.
If defibrillation is unsuccessful, epinephrine is the drug of
choice. The use of vasopressin can be considered. Magnesium
is indicated if the rhythm is torsades de pointes VT. The antiar-
rhythmics recommended are the same as those used for stable
VT. The pattern of interventions is CPR—rhythm check—
charge defibrillator during CPR—deliver single shock—
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immediate CPR—brief rhythm check —resume CPR as drug is
prepared and administered. Interruptions in CPR should be
held to very brief periods to check the rhythm and to adminis-
ter shocks. The resuscitation team should anticipate the need
for the next interventions.

Extracorporeal Cardiopulmonary
Resuscitation

There is now some information regarding the use of extracor-
poreal CPR (E-CPR) to treat refractory cardiac arrest in chil-
dren presenting to an ED setting. Currently, it is an option
available in large, tertiary care Children’s Hospitals. The
majority of the literature to date comes from the treatment of
inpatients with primary cardiac disease. Use of E-CPR for
these patients following a witnessed arrest seems to increase
the chance for favorable outcome. The 2005 Guidelines state
“Consider extracorporeal CPR for in-hospital cardiac arrest
refractory to initial resuscitation attempts if the condition
leading to cardiac arrest is reversible or amenable to heart
transplantation, if excellent conventional CPR has been per-
formed after no more than several minutes of no-flow cardiac
arrest, and if the institution is able to rapidly perform extra-

corporeal membrane oxygenation (ECMO) (Class IIb).
MacLaren et al. published a retrospective case series of children
with septic shock who were treated with ECMO. Forty percent
of the 45 cases received CPR prior to cannulation and 47% of
the 45 cases survived to hospital discharge. Posner et al. pre-
sented case reports of two children treated with E-CPR in the
ED, one patient with prolonged QT survived neurologically
intact. Use of E-CPR can be considered for children with refrac-
tory arrest who have had a short downtime and have received
high-quality CPR when the resources and personnel are available.

STABILIZATION AND TRANSPORT

Once resuscitation efforts have achieved cardiorespiratory sta-
bility, the patient should be transported to an inpatient special
care unit for the critically ill. This transport may require a
move of several hundred yards or several hundred miles to an
appropriate pediatric hospital. In either circumstance, the
patient should be transported with advanced support technol-
ogy in place and qualified personnel in appropriate numbers in
attendance, with options for further interventions immediately
available. Medications for resuscitation, sedation, and muscle
relaxation should also be available (Fig. 1.28).

ABCDEs

QRS Duration

<0.08s / >0.08's
-

ST SVT

History compatible History compatible <
HR varies with activity HR not variable

Infants:  rate <220 bpm Abrupt rate changes
Children: rate <180 bpm Infants:  rate >220 bpm
Children: rate >180 bpm

During evaluation Probable VT
e ABCs
e EKG monitor
e Expert consultation
e Prepare for cardioversion
Immediate cardioversion

Consider vagal maneuvers
No delay

Immediate adenosine

e 0.1 mg/kg (max 6 mg)

e Rapid bolus

e Double and repeat dose once
or

Immediate cardioversion

e 0.5-1.0 J/kg (up to 2 J/kg)

e Sedation, if possible

Consider alternative medication
e Amiodarone 5 mg/kg over 20-60 min

or
P> | * Procainamide 15 mg/kg IV over 30-60 min
or
e Lidocaine 1 mg/kg IV
e Consult pediatric cardiologist
o 12-lead EKG

FIGURE 1.28 Management approach to tachycardia with poor perfusion. ABCs, airway, breathing, cir-
culation; ABCDE, A, airway/breathing/cervical spine; B, breathing; C, circulation; D, disability, dextrose,
decontamination; E, exposure and environment; bpm, beats per minute; EKG, electrocardiogram; HR,
heart rate; IV, intravenous; ST, sinus tachycardia; SVT, supraventricular tachycardia; VT, ventricular
tachycardia. (Adapted from American Heart Association Guidelines 2000 for cardiopulmonary resusci-
tation and emergency cardiovascular care [Supplement]. Circulation 2000;102(8) and American
Academy of Pediatrics/American Heart Association. PALS provider manual. 2002.)
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DISCONTINUATION OF
LIFE SUPPORT

If well-executed resuscitative measures fail to achieve ROSC,
resuscitative efforts should be discontinued. There is now good
evidence that if cardiac muscle remains unresponsive to aggres-
sive airway intervention, cardiac massage, and two doses of
epinephrine, there is no chance for a successful resuscitation.
Thus, a brief, well-executed resuscitation is indicated for the
child who arrives to the ED with cardiopulmonary arrest. This
includes definitive airway management; vigorous, monitored
chest compressions; 10 access; and one to two doses of epi-
nephrine. During this time, the leader of the resuscitation can
review the history and complete the primary and secondary
survey. Prolonged resuscitation efforts past 20 minutes, with-
out ROSC, are usually futile unless other treatable problems
exist such as hypothermia, drug overdose, or VT/VE
Ultimately, the diagnosis of death and subsequent discontinua-
tion of resuscitative efforts is a judgment that is made by the
team leader. A decision not to begin resuscitation is generally
not made in the ED unless there is a written do not resuscitate
(DNR) document provided by the child’s parent or guardian.
Baren and Mahon have written about other end-of-life issues in
the pediatric ED.

A well-prepared ED should consider and have a plan in
place for issues such as (i) advanced directives, (ii) palliative
care issues, (iii) bereavement measures and postmortem care,
(iv) survivor follow-up, and (v) request for autopsy and organ
donations. Proper documentation of a death is essential, as is
notification of medical legal authorities, donor programs, and
referring physicians and consultants.

CEREBRAL RESUSCITATION

Permanent brain damage following arrest is determined by
many factors and includes arrest time (no-flow state), CPR
time (low-flow state), and temperature. Cardiopulmonary—
cerebral resuscitation is needed to prevent brain injury.
Oxygen stores are depleted within 20 seconds following arrest,
and glucose and adenosine are depleted within 5 minutes.
During no-flow states, multiple complex chemical derange-
ments occur that contribute to the death of neurons. With
ROSC, there is impaired cerebral blood flow. Circulatory and
pharmacologic interventions to prevent post-anoxic brain
injury have yielded disappointing results to date. However, the
use of hypothermia may show some promise.

Hypothermia

The use of mild hypothermia after out-of-hospital cardiac arrest
due to ventricular fibrillation in adults has been associated with
improved neurologic outcome and is generally tolerated without
significant complication. The Hypothermia after Cardiac Arrest
Study Group reported on 275 adult patients resuscitated from
out-of-hospital VF cardiac arrest, who were randomized to
either mild hypothermia (32°C to 24°C) for 24 hours or standard
normothermic postresuscitation management. Favorable neuro-

logic outcome at 6 months was seen in 55% of the patients in the
hypothermia group versus 39% in the normothermic group, p
<0.009. Death occurred less frequently in the hypothermia
group, 41% versus 55%, p <0.02. A second study by Bernard et
al. produced similar results. Seventy-seven patients were ran-
domized to hypothermia versus normothermia; 49% of those
treated with hypothermia versus 26% with normothermia were
discharged with good neurologic function. A recent trial of
induced hypothermia for asphyxiated neonates was associated
with a significant decrease in outcomes of death or moderate dis-
ability at 18 months. A multicenter trial of induced hypothermia
following pediatric arrest is now ongoing. Currently, cooling to
32°C to 34°C for 12 to 24 hours may be considered for children
who remain comatose post-arrest (Class IIb).

COMMON ERRORS IN
RESUSCITATION

Because of the complexity and stress of these situations, many
errors are possible. Lack of effective leadership is a common
problem, especially in the setting of large, tertiary care, teach-
ing hospitals. Effective leaders assign specific roles and tasks to
the members of the resuscitation team. They make clinical
decisions and give specific direction without directly perform-
ing tasks or procedures. Frequent reassessment following
interventions is cornerstone. Team members are queried for
suggestions during the resuscitation and during termination of
the resuscitation. As stated earlier, the importance of team-
work is essential to well-executed resuscitation.

Procedural errors are not uncommon. Correct ET tube
placement should be continually confirmed by physical exami-
nation and end-tidal CO, monitoring. Adequacy of chest com-
pressions should also be monitored by the leader, and team
members should be alternated every 2 minutes to prevent inef-
fective compressions due to rescuer fatigue. Immediate feed-
back compression devices should be used for children older
than 8 years of age. Team members should be skilled in 10
placement and should have knowledge of the necessary equip-
ment and procedures for peripheral and central line placement.
They should also be familiar with the use of the defibrillator.
Medication dosing and administration errors are also more
likely to occur in this highly charged and intense situation. The
leader and team members should maintain up-to-date knowl-
edge on all necessary procedures, important equipment, and
the most recent published guidelines. After the resuscitation,
the team leader is responsible for debriefing the team members.

PARENTAL PRESENCE DURING
CARDIOPULMONARY
RESUSCITATION

Parental presence in the resuscitation room is becoming
routine practice. A recent study by Dingeman et al. docu-
mented that 87% of families wanted this choice, 86% believed
it was their right, and 94% said that they would choose it
again. There remains a high variation of practice, 22% to 93%
honor the families’ request. Parents want to be with their child
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during what may be the last moments of life. They also want
to be certain that they and the ED staff have done all that is
possible. Thus, in many centers, it is now recommended that
parents be asked if they want to be in the resuscitation area. If
they assent, they should be accompanied by a nurse or social
worker who can serve as a support person and an interpreter.
The decision to allow or not allow family presence is one that
must be made by each ED, and there must be staff education,
preparation, and quality assessment for this practice to be
effective in easing the pain of the worst tragedy a human being
can face—the loss of their child.

ETHICAL ISSUES IN PEDIATRIC
CARDIOPULMONARY
RESUSCITATION

Fearon, in a more recent publication, discussed many unique
ethical challenges faced by the emergency physician. In pro-
viding CPR, emotions are often highly charged and, at times, a
dirth of data is provided on which to base the immediate deci-
sions that must be made. Fearon raised several important con-
siderations: When are resuscitation attempts futile, and is the
ED physician obligated to provide care at the families’ insis-
tence? How do family religious beliefs play a role in decision
making? What is the role of parental presence? Should proce-
dures be performed on the recently dead? Can resuscitation
research be performed without informed consent? Some of
these issues have been addressed in policy statements made by
professional organizations, but each question needs to be con-
sidered in discussions that occur at the local ED level.

SUMMARY

In most circumstances, resuscitation of the pediatric patient
can be approached with a sense of optimism for reversing the
process that acutely threatens the child’s life. Well-organized
and well-qualified personnel can affect a high rate of success-
ful resuscitation. However, organization and qualification
require advanced planning, training, and preparation.
Inherent in this preparation is the development of personnel
disciplined to follow the sequence of evaluation and manage-
ment of the ABCs. In addition, personnel must stay knowl-
edgeable about the science of resuscitation and prevention,
new interventions, new equipment, and new procedures to
provide the best possible care to children.
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CHAPTER 2 ® NEONATAL RESUSCITATION
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EPIDEMIOLOGY

More than 100 million babies are born each year worldwide,
and approximately 4 million are born each year in the United
States. Although more American women are seeking prenatal
care in the first trimester of their pregnancies and there has been
a decline in women who receive late or no prenatal care, the
United States has one of the highest infant mortality rates of
developed countries: 6.78 per 1,000 live births in 2004. This rate
is markedly affected by birth weight. The infant mortality rate in
2004 was 2.26 per 1,000 for infants who weighed 2,500 g or
more, 57.64 per 1,000 for infants who weighed less than 2,500 g,
and 244.50 per 1,000 for those weighing less than 1,500 g. The
infant mortality rate had declined by more than 75% between
1950 and 2004. These declines have been linked to improved
access to care, advances in neonatal medicine, and educational
campaigns such as the “Back to Sleep” campaign aimed at
reducing sudden infant death syndrome. Still, the infant mortal-
ity rate has not declined significantly since 2004, and racial and
ethnic disparities remain. Infant mortality rates are highest for
infants of non-Hispanic black mothers, and lowest for infants of
Asian mothers.

Amazingly, nearly 90% of neonates transition from
intrauterine to extrauterine life without resuscitative needs.
However, the remaining 10% require some assistance, and 1%
require extensive resuscitative efforts. Resuscitative needs also
vary greatly by birth weight. Approximately 6% of term new-
borns will require resuscitation at birth, compared with nearly
80% of infants weighing less than 1,500 g. Resuscitation of
the newborn in the emergency department (ED) is an uncom-
mon yet critical event that can cause an ED team well versed in
other resuscitative scenarios to lose their usual level of confi-
dence in critical situations. The key to a successful newborn
resuscitation for the ED team includes preparedness of staff
and equipment and anticipation of high-risk births.

EMERGENCY DEPARTMENT
PREPAREDNESS

The best place for the birth of a newborn infant is in the deliv-
ery suite. However, because of varying circumstances, infants
are born at home, in the prehospital setting, and in the ED.
Most neonatal resuscitations in the ED occur without prior
notice. Any knowledge that can be obtained before the arrival
of the laboring mother or recently born infant will aid in the
success of the resuscitation. Discussions with local prehospital
providers to offer early notification to ED staff regarding
anticipated or recent births will aid in more successful new-
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born resuscitations. Education of staff, available and function-
ing equipment, and familiar policies and procedures are criti-
cal for preparedness.

Staff

The American Heart Association (AHA) and the American
Academy of Pediatrics (AAP) have been leaders in developing
guidelines for and offering training in neonatal resuscitation
since 1979. Their Pediatric Advanced Life Support course
offers didactic and skills teaching for neonatal resuscitation
that occurs outside the delivery room. In addition, resuscita-
tion in the delivery room is addressed in depth in the Neonatal
Resuscitation Program (NRP). In concert with the goals of the
AHA and the AAP, all personnel responsible for care of new-
borns, including ED staff, should complete courses and main-
tain their skills in the area of newborn resuscitation. At least
one person skilled in newborn resuscitation should attend
every birth in a delivery room. Additional trained personnel
must be available for high-risk deliveries, such as most of those
occurring in the ED or other locations outside the delivery
room. Ideally, there should be at least three members on the
team that are trained to work together. Identification and
training of staff is the first step in preparation for neonatal
resuscitation.

Equipment

In addition to a standard obstetric tray, every ED should have
a newborn resuscitation kit that is readily accessible, main-
tained meticulously with other emergency equipment, and
rapidly restocked after use. Necessary equipment and medica-
tions are listed in Table 2.1. A medication dosing chart by
weight and a radiant warmer are invaluable to a neonatal
resuscitation.

Policies and Procedures

As soon as the need for neonatal resuscitation becomes evi-
dent, a prearranged plan should be activated to organize per-
sonnel and assemble equipment. Readily available policies for
accessing pediatric and neonatal consultants, as well as neona-
tal transport teams for transfer to regional centers, are critical.
Because neonatal resuscitations in the ED are uncommon,
simulations, mock codes, and scavenger hunts for newborn
equipment on a routine basis allow staff to remain familiar
with their neonatal resuscitation skills and supplies.



TABLE 2.1

NEONATAL RESUSCITATION EQUIPMENT
AND DRUGS

Equipment

Gowns, gloves, and masks for universal precautions

Radiant warmer with temperature probe

Warm towels and blankets

Bulb syringe

Suction equipment with manometer

Suction catheters (S, 8F, and 10F)

Meconium aspirator

Oxygen with flow meter and tubing

Self-inflating resuscitation bag (500 mL) with oxygen reser-
voir or anesthesia (flow-inflating) bag with manometer
(must be capable of delivering 90-100% oxygen and be no
larger than 750 mL)

Face masks (premature, newborn, and infant sizes)

Oral airways (sizes 000, 00, and 0)

Endotracheal tubes (2.5, 3.0, 3.5, and 4.0) and small stylets

Laryngoscope handles and straight blades (nos. 0 and 1)

Extra batteries and laryngoscope bulbs

Laryngeal mask airways

Stethoscope

Tape

Scissors

Sterile umbilical catheterization tray

Umbilical catheters (3.5F and 5F)

Three-way stopcocks

Needles and syringes

Nasogastric feeding tubes (8F and 10F)

Cardiorespiratory monitor

Small electrocardiographic leads

Pulse oximeter with newborn probe

End-tidal CO, detector

Chest tubes (8F and 10F)

Magill forceps, small

Drugs

Weight-based resuscitation chart

Epinephrine 1:10,000 (0.1 mg/mL)

Dextrose in water, 10%

Naloxone (1 mg/mL or 0.4 mg/mL)

Sodium bicarbonate 4.2% (0.5 mEq/mL)

Isotonic crystalloid: normal saline, Ringer’s lactate

HIGH-RISK BIRTHS

Most births that occur outside the delivery room have high-
risk components such as trauma-induced labor and unex-
pected or teenage pregnancy. There is usually little time to
obtain a complete obstetric history, but a brief period of
questioning may reveal pertinent information that will affect a
successful newborn resuscitation. Particularly important infor-
mation includes prematurity, multiple gestation, meconium-
stained amniotic fluid, and maternal drug use. The team can
then anticipate the need for assisted ventilation, simultaneous
resuscitations, tracheal suctioning, or pharmacologic interven-
tions. Table 2.2 lists other risk factors associated with the need
for neonatal resuscitation. Knowledge of many of these factors
will only be available in a more controlled delivery room set-
ting, but familiarity with this high-risk profile will benefit
those involved in newborn resuscitation.
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PATHOPHYSIOLOGY

Physiology of Intrauterine Development

The lungs develop over the second and third trimesters of
pregnancy. Terminal airways develop by approximately 24
weeks’ gestation, and the alveoli develop by 30 to 32 weeks.
Surfactant is initially produced by about 23 to 24 weeks; how-
ever, sufficient amounts for opening the airways are usually
not present until 34 weeks’ gestation. In utero, the lung is filled
with amniotic fluid, which is primarily removed by chest com-
pression during vaginal birth. Preterm infants or those born by
cesarean section tend to have more fluid in their lungs. At
birth, the key physiologic change is the initiation and mainte-
nance of respiration. Factors such as cold, touch, hypoxia, and
hypercarbia help stimulate respiration. However, severe acido-
sis, prolonged hypoxia, maternal drugs, and moderate hypo-
thermia depress this effort.

The heart and circulatory system begin developing during
the third week of gestation. In utero, the circulation is more
like a parallel circuit rather than a series circuit because of the
foramen ovale and ductus arteriosus that serve as bypasses.
After birth, these structures close physiologically. Severe aci-
dosis, hypoxia, hypovolemia, and hypothermia can impair
the closure. Anatomic closure of the bypasses may not occur
for 2 to 4 weeks. The fetal heart is also sensitive to hypo-
glycemia because of the neonate’s limited energy stores, and
myocardial failure can occur if the infant becomes hypo-
glycemic.

Changes at Birth

The fetus has two large right-to-left shunts: one from the right
atrium to the left atrium through the foramen ovale, and the
second from the pulmonary artery to the aorta across the duc-
tus arteriosus. The placenta is the gas-exchange organ that
provides a low-resistance shunt compared with the high resis-
tance of the fetus’ pulmonary circulation. At birth, two major
changes occur that eliminate these shunts: The umbilical cord
is clamped, and then respirations are initiated. Expansion of
the lungs increases the neonate’s Pao, and pH, which causes
pulmonary vasodilation and a fall in pulmonary vascular resis-
tance. The normal heart rate will vary between 100 and 200
beats per minute initially and then stabilize between 120 and
150 beats per minute.

The normal newborn will begin spontaneous respirations
within seconds after birth. The normal rate will be between 35
and 60 breaths per minute. The initial breaths taken by the
infant must inflate the lungs and effect a change in vascular
pressures so that the lung water is absorbed into the pul-
monary arterial system and cleared from the lung. This infla-
tion pressure is a powerful mechanism for the release of pul-
monary surfactant, which increases compliance of the lung
and establishes a functional residual capacity.

The neonate oxidizes free fatty acids released from the
brown fat stores for heat production and increases oxygen
consumption. The neonate experiences substantial heat loss by
all four heat-loss mechanisms, especially if he or she is not
dried promptly and thoroughly.
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TABLE 2.2

NEONATAL HIGH-RISK PROFILE

Rh sensitization

o . Polyhydramnios or
Cardiac, liver, or renal disease

< ¢ oligohydramnios
Oxerlnla . | ) Forceps delivery
Preeclampsia, eclampsia Asphyxia

No prenatal care

Fetal

Fetal distress on monitor
Multiple gestation
Meconium-stained amniotic fluid
Premature labor

Postmature labor

Intrauterine growth retardation

Prenatal Natal Postnatal
Maternal Maternal Fetal
Older than 35 yr of age Hypotension Respiratory distress
Younger than 16 yr of age Prolonged labor Asphyxia
Diabetes Placenta previa Hypotension
Hypertension Abruptio placenta Meconium staining
Third-trimester bleeding Drugs Prematurity
Infection Cesarean section Small for dates
Premature rupture of Fetal

me[pbr anes Abnormal presentation
Drug ingestion or therapy Prolapsed cord
Drug gbuse Abnormal heart rate
Anemia

Meconium-stained fluid

Asphyxia

Asphyxia is defined as the failure to provide the cell with oxy-
gen and remove carbon dioxide, resulting in metabolic
acidemia. Both ventilation and circulation are essential to avoid
asphyxia. Multiple stimuli at birth initiate respirations and
alter the prenatal circulation. The actual stimuli for initiating
respirations are believed to include a rise in Paco,, interrup-
tion of umbilical circulation, and tactile and temperature stim-
ulation.

Neonatal asphyxia can result from multiple factors, as
listed in Table 2.3. The initial response to asphyxia will be

TABLE 2.3

CAUSES OF NEONATAL ASPHYXIA

Maternal Fetal

Diabetes Abnormal presentation
Hypertension Meconium aspiration
Toxemia Sepsis

Preeclampsia Hypovolemia
Eclampsia Prolapsed cord

Exposure to alcohol, magnesium,
B-adrenergic agents, narcotics

Isoimmunization

Infection

Abruptio placenta

Placenta previa

Congenital anomalies

hyperpnea for 2 to 3 minutes and sinus tachycardia. If there
is no significant increase in Pao,, respirations will stop for 1
to 1.5 minutes (primary apnea). During primary apnea,
stimulation such as drying or slapping of the feet will restart
breathing. If the apnea is prolonged, the infant loses muscle
tone and becomes mottled, cyanotic, and then bradycardic.
The infant may attempt gasping, nonrhythmic respiratory
efforts of 6 to 10 times per minute for several minutes, while
the heart rate continues to fall. Soon thereafter, the child
ceases to gasp (secondary apnea). At this point, stimulation
will not cause the infant to resume breathing, but rather ven-
tilatory support must be initiated for the newborn to sur-
vive. Brain and other organ damage progresses rapidly
beyond this point.

It is important to realize that when one evaluates a neonate
in distress or full arrest, the asphyxial event may have begun in
utero. It is difficult to document the beginning of the hypoxic
period. Indeed, the infant may have passed through both
stages of apnea in utero. Thus, there must be aggressive inter-
vention if the infant is to survive. A rule of thumb is that for
every minute of secondary apnea, the infant will require 4 min-
utes of artificial ventilation before rhythmic breathing is
reestablished. An apneic infant must be treated as if he or she
is in a secondary apneic stage, and resuscitation must begin
immediately. If a rapid increase in heart rate does not occur
with assisted ventilation, chest compressions and aggressive
circulatory support will be required. If hypoxemia remains
untreated, there may be further pulmonary vasoconstriction
and increased right-to-left shunting through the ductus arte-
riosus and foramen ovale, as well as a persistence of fetal cir-
culation.



ASSESSMENT OF THE
NEWLY BORN

Successful resuscitation of a depressed newborn requires accu-
rate assessment of the infant’s respiratory effort, heart rate,
color, and tone. In addition, attention to the newborn’s tem-
perature must accompany all resuscitative efforts.

Assessment of these critical parameters occurs simultane-
ously with management of any detected abnormality in a rapid
and timely fashion. The evaluation of the clinical manifesta-
tions of a depressed newborn should occur along with resusci-
tative efforts within the first minute after birth. Complete
assessment is performed after the infant is dried and placed in
a warm environment, the airway is cleared, and stimulation
has been provided.

Respiratory Effort

Most newborns will begin to breathe effectively in response to
mild stimulation. The infant should be assessed for respiratory
rate (between 35 and 60 breaths per minute is normal).
Adequacy of respirations is noted by evaluating chest rise, aus-
cultating good air movement, and confirming a heart rate
above 100 beats per minute with improving color of the
infant. Observation of tachypnea, retractions, or grunting
warrants close evaluation and management. A gasping, cyan-
otic, or unresponsive infant requires immediate respiratory
support with oxygenation and ventilation (see “Management”
section).

Heart Rate

The newborn’s heart rate is an excellent objective measurement
of the success of the resuscitation and should be monitored
closely with assessment of respiratory effort. The heart rate
may be determined in many ways: (i) palpation of the pulse at
the base of the umbilical cord, (ii) auscultation of heart tones
with a stethoscope, (iii) palpation of the femoral or brachial
pulse, and (iv) placement of a cardiac monitor. Auscultation of
the apical heart rate is often difficult in a noisy environment,
and the electrodes of a cardiac monitor may be difficult to place
while vernix covers the newborn’s body. The normal infant’s
heart rate is greater than 100 beats per minute at birth. The
average awake infant’s heart rate is between 120 and 150 beats
per minute shortly after birth. Variations in heart rate com-
monly occur with hypoxia, hypovolemia, hypothermia, and
maternal drug use. Trends in heart rate are followed closely
during resuscitation and postresuscitation stabilization. The
average mean arterial pressure of term infants in the first
12 hours of life is between 50 and 55 mm Hg.

Color

As respirations begin and pulmonary vascular pressures fall,
the newborn rapidly becomes pink. Acrocyanosis, or persis-
tent cyanosis of the distal extremities, may persist for several
hours after birth. Acrocyanosis is not a reflection of inade-
quate oxygenation, but it may indicate hypothermia if persis-
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tent. Pallor may be a sign of decreased cardiac output, anemia,
hypovolemia, hypothermia, or acidosis. Its cause should be
investigated and corrected promptly. Central cyanosis that has
not resolved with administration of oxygen and ventilation
within the first minute of life must be emergently evaluated for
heart disease, sepsis, diaphragmatic hernia, other congenital
anomalies, or other causes.

Temperature

Particular attention must be paid to the thermoregulation of
all infants, especially those born in a prehospital setting or ED,
where the ambient temperature is lower than ideal for a new-
born. As the patient is dried and placed under a radiant
warmer, the temperature should be monitored via the axillary
route using electronic thermometers with a disposable tip.
Normal axillary temperatures fall between 36.5°C and 37.4°C.
Rectal temperatures are reserved for infants whose core tem-
perature may be in question. Recovery from acidosis is delayed
by hypothermia. In addition, hypothermia increases metabolic
needs and produces hypoxia, hypercarbia, metabolic acidosis,
and hypoglycemia. Thus, efforts to maintain a normal body
temperature are crucial to a successful resuscitation.

Apgar Score

The Apgar score is a useful guide to evaluate the newborn at
specific intervals after birth. Although the Apgar score has been
used as an indicator of responsiveness to resuscitative efforts,
the score is not used to determine the need for resuscitation.
Five objective signs—heart rate, respirations, muscle tone,
reflex irritability, and color—are assessed 1 minute and 5 min-
utes after birth. Each sign receives a score between 0 and 2, and
the points are then totaled for the final score (Table 2.4). If the
S-minute Apgar score is less than 7, additional scores may be
obtained every 5 minutes until the infant is 20-minutes old. The
score at 5 minutes and beyond is more predictive of survival
and neurologic status. Although experienced physicians have
developed these guidelines, they have not undergone rigorous
clinical trials. Thus, if resuscitative efforts are needed for a
newborn infant, they should be started immediately and not be
delayed while the Apgar score is obtained.

MANAGEMENT

Initiation and Termination of Resuscitation

When and if to begin resuscitative efforts on a newborn is
fraught with emotion and difficult to objectively address.
Studies have shown that between 40% and 50% of apparently
stillborn term newborns survived. Approximately two-thirds
of these infants had a normal neurologic outcome. Current
recommendations state that noninitiation of resuscitation is
appropriate in some conditions that include gestational age
less than 23 weeks, anencephaly, or known trisomy 13.
Otherwise, resuscitative efforts should be performed on any
term infant. There are multiple ethical issues regarding initia-
tion of resuscitation of the very low-birth-weight infant.
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TABLE 2.4

APGAR SCORE
Score

Sign 0 1 2
Heart rate Absent <100 beats/min >100 beats/min
Respirations Absent Slow, irregular Good, crying
Muscle tone Limp Some flexion Active motion
Reflex irritability None Grimace Cough, sneeze, cry
Color Blue or pale Pink body, blue hands and feet Completely pink

However, with surfactant therapy and improved management
of these infants, outcomes have improved over time and the
controversy of resuscitation remains. Current recommenda-
tions note that a birth weight less than 400 g may be one cri-
terion to not initiate resuscitation. At the stressful time of an
emergency delivery, if there is any question of viability, it is
probably best to initiate resuscitative efforts.

A difficult decision is when to stop resuscitation. One pre-
dictor is the Apgar score. Survival is extremely unlikely if the
10-minute Apgar score remains 0. In this circumstance, a 10-
minute period of resuscitation is usually warranted; but if the
Apgar score remains 0 or 1 at that time, resuscitation may be
terminated because of extremely poor outcomes. It is impera-
tive to believe that every resuscitative step has been performed
correctly and repetitively prior to termination of resuscitation.
In addition, emergency staff with neonatal expertise on site
should be invited to participate in these resuscitative efforts
and decisions to terminate resuscitation.

Initial Management Priorities

Four questions should be asked when an infant is born:

1. Is the infant term?

2. Is the amniotic fluid clear of meconium?
3. Is the baby breathing or crying?

4. Does the baby have good muscle tone?

If the answers to these questions are yes, it is likely that the
newborn will do well and require routine care. However, most
births occurring outside the delivery suite will have high-risk
attributes and require supportive or ongoing newborn care.
The initial steps of neonatal resuscitation include positioning
and clearing the airway, drying and warming with prevention
of heat loss, stimulating, and repositioning. These steps occur
within 30 seconds and are followed immediately by an evalu-
ation of respirations, heart rate, and color. When possible, all
resuscitation equipment should be ready for use, the radiant
warmer on, and a team with preassigned roles assembled.
Figure 2.1 is a flow diagram of neonatal resuscitation.

Thermoregulation

The initial step of drying the infant to minimize heat loss is
extremely important, and further resuscitation is continued
after warming has begun. Premature infants are at greater risk
of hypothermia because of their greater body surface area-to-
weight ratio, minimal fat stores, and thinner epidermis and

dermis. As previously stated, recovery from acidosis is delayed
by hypothermia, and hypothermia is a special problem for the
infant born outside the hospital. Thus, simply resuscitating the
baby in a warm environment, under a prewarmed radiant
warmer while drying the amniotic fluid from the infant and
removing wet linens from contact with the skin will markedly
decrease heat loss. These maneuvers will maximize the infant’s
chance of recovery. Alternative methods of warming infants,
particularly while awaiting a radiant warmer in the case of an
unexpected delivery, include warm blankets and towels.
Placing the infant naked against the mother’s body and cover-
ing both mother and infant with blankets may also warm the
stable infant. Although preventing heat loss is vital, hyperther-
mia should be avoided because it is associated with perinatal
respiratory depression and hypoxic-ischemic injury may be
worsened.

Cerebral hypothermia has been advocated by some as a
means to protect asphyxiated infants from further brain
injury. A multicenter, randomized controlled trial showed that
systemic hypothermia initiated within 6 hours of life reduced
death or neurologic disability in infants with moderate or
severe hypoxic-ischemic encephalopathy. Another randomized
controlled trial showed improved neurodevelopmental out-
comes with selective head cooling in asphyxiated infants with
less severe encephalopathy. However, there remain insufficient
data to recommend the routine use of systemic or selective
hypothermia in asphyxiated infants until further clinical trials
are undertaken. In the ED, maintenance of a normal body tem-
perature and avoidance of hyperthermia are critical.

Suctioning

Many newborns have excessive secretions, including amniotic
fluid, cervical mucus, and meconium, which may obstruct
their airways. (Meconium is a special situation discussed in the
following section.) These secretions can generally be removed
by placing the infant on his or her side and gently suctioning
the mouth and then the nose with a bulb syringe. Mechanical
suction with an 8F or 10F suction catheter may also be used.
To avoid soft-tissue injury, negative pressure from mechanical
suctioning should not exceed 100 mm Hg. Deep suctioning of
the oropharynx in a newborn is likely to cause vagally medi-
ated bradycardia and/or apnea. Excessive suctioning may also
contribute to atelectasis. Most clear fluid is resorbed by the
lungs into the arterial system. Consequently, suctioning should
be gentle and brief because this is usually adequate to remove
secretions.
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FIGURE 2.1 Overview of neonatal resuscitation. (Adapted from Kattwinkel ], Short J, Boyle D, et al.
Textbook of neonatal resuscitation. 5th ed. Elk Grove Village, IL: American Academy of Pediatrics and

American Heart Association, 2006.)

Stimulation

Most newborns will begin effective breathing during stimula-
tion from routine drying and suctioning. Other methods of safe
stimulation include flicking the heels and rubbing the back of
the newborn infant. More vigorous methods of stimulation are
unnecessary and may be associated with harmful consequences.
If after a brief period of stimulation, suctioning, and drying (no
more than 30 seconds; Fig. 2.1), effective respirations have not
been established, positive-pressure ventilation (PPV) is initiated.

Airway Positioning and Oxygen Administration

Most infants require only warming, drying, stimulation, and
suctioning after birth for a smooth transition to their extrauter-
ine environment. If a newborn is exhibiting signs and symp-

toms of airway obstruction after routine suctioning, the airway
should be repositioned. Correct positioning, with the neck
slightly extended in the “sniffing position,” will bring the pos-
terior pharynx, larynx, and trachea inline and facilitate air
entry. This maneuver may also be accomplished by placing a
towel or blanket beneath the shoulders and upper back of the
supine infant. By elevating the shoulders and upper back
approximately 1 inch, the airway is again slightly extended into
a neutral position, compensating for the infant’s relatively large
occiput. Avoid flexion or hyperextension of the newborn’s
neck, which is likely to exacerbate airway obstruction.

An infant who exhibits central cyanosis, yet is making ade-
quate, spontaneous respirations and has a heart rate above
100 beats per minute, needs supplemental oxygen. It is impor-
tant to deliver as close to 100% oxygen as possible, with a
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flow rate of at least 5 L per minute via blow-by through tub-
ing, a face mask attached to a flow-inflating (anesthesia) bag,
or an appropriately sized simple mask. Ideally, oxygen should
be warmed and humidified. Although this may not always be
possible initially in an emergency setting, efforts to warm and
humidify oxygen delivered to a newborn should be made as
soon as possible because unheated and unhumidified oxygen
at high flow rates may result in significant convective heat loss.

Further Resuscitative Interventions

Upon completion of the initial management priorities in
neonatal resuscitation, personnel must assess the newborn’s
respirations, heart rate, and color in preparation for providing
further resuscitative interventions.

Airway and Breathing

The 2005 NRP, sponsored by the AHA and the AAP, states
repeatedly: “Ventilation of the lungs is the single most impor-
tant and most effective step in cardiopulmonary resuscitation
of the compromised newborn baby.” One large observational
study noted that initial management steps and ventilation were
effective in establishing normal vital signs in more than 99%
of newly born infants. Therefore, particular attention must be
paid to providing maximal and skilled ventilation interven-
tions for compromised newborns in the ED.

Bag-valve-mask Ventilation. Ventilation is the key to neonatal
resuscitation. Adequate expansion of the lung is often the only
and most important measure needed for successful resuscita-
tion of the newborn. The fluid-filled lungs must be inflated
with air. Adequate inflation stimulates surfactant secretion and
also allows some gas trapping during exhalation to create
a functional residual capacity. Although this is best done by
negative pressure generated by a vigorous term infant with a
strong chest wall, some infants require PPV to initiate lung
expansion. If initial management priorities discussed previ-
ously (warming, suctioning, stimulating, positioning, and
blow-by oxygen) are unsuccessful and the newborn is still not
breathing or is gasping, the heart rate is less than 100 beats per
minute, and/or the color remains cyanotic despite 100% oxy-
gen, PPV must be initiated. Indications for PPV are summa-
rized in Table 2.5.

PPV is best achieved with a well-fitted face mask, which
covers the infant’s nose and mouth but does not place pressure
on the eyes. A cushioned rim on the face mask allows the best
possible seal. A relatively high inflation pressure, between 25
and 40 cm H,0, delivered slowly over several seconds is nec-
essary for the infant’s first breath. Subsequent ventilations typ-
ically require less pressure (15 to 20 cm H,O for normal lungs

TABLE 2.5

INDICATIONS FOR POSITIVE-PRESSURE VENTILATION

Apnea or gasping respirations

Heart rate <100 beats/min

Persistent central cyanosis despite administration of 100%
oxygen

and 20 to 40 H,O for diseased or immature lungs), and are
best judged by good chest wall rise and breath sounds. If effec-
tive ventilation does not result, the airway should be reposi-
tioned and suctioning of the oropharynx considered. An
assisted ventilatory rate of 40 to 60 breaths per minute will
provide effective oxygenation and ventilation.

Typically 100% oxygen is delivered via PPV for rapid
reversal of hypoxia. However, some physician investigators
advocate resuscitation with room air because of concerns
about the generation of free radicals from high concentrations
of oxygen, which may exacerbate brain injury. A 2005
Cochrane review and 2008 meta-analysis both showed a
reduction in mortality in infants resuscitated with room air
versus those resuscitated with 100% oxygen, without any
adverse effects on neurologic outcome. However, method-
ologic and analytic limitations of the studies have resulted in
caution in the interpretation of the results. A recent random-
ized clinical trial showed that room air failed to provide ade-
quate oxygen saturation when used in the resuscitation of pre-
mature infants. The standard resuscitation algorithm continues
to include the use of 100% oxygen; however, the available evi-
dence does support the option to provide PPV with room air,
especially in the preterm infant. If resuscitation with room air
is undertaken, supplementary oxygen should be utilized if
there is no clinical improvement within 90 seconds of birth. As
ventilation remains the most important step in the resuscita-
tion of the newborn, if supplemental oxygen is not available,
PPV should be initiated with room air.

PPV may be delivered by a self-inflating bag or a flow-
inflating (anesthesia) bag. Although self-inflating bags do not
require a gas source to operate, they must be used with an oxy-
gen source and a reservoir to deliver high concentrations of
oxygen. They are straightforward and easy to use, but several
caveats must be kept in mind. First, relatively small volumes of
air (approximately 4 to 6 mL per kg) are delivered to new-
borns during PPV. A 450-mL self-inflating bag rather than the
larger bags should be used to avoid complications from baro-
traumas, such as a pneumothorax. In addition, many self-
inflating bags have a pressure-limiting pop-off valve set at 30
to 45 cm H,O. In some circumstances, when an infant requires
higher initial inflation pressures, the bag may not allow the
resuscitator to deliver enough pressure to the newborn for an
adequate first breath. Unless the valve is occluded, effective
inflation may be prevented.

To inflate properly, flow-inflating bags require adequate
airflow and a good mask seal. Consequently, the resuscitator
must be facile at positioning the airway and mask, controlling
the flow valves, and monitoring the manometer, which is
needed to monitor peak ventilatory pressures delivered to the
infant. Benefits of the flow-inflating bag include the ability to
deliver a wide range of peak inspiratory pressures, positive
end-expiratory pressure, high concentrations of oxygen com-
pared with the self-inflating bag, and ease of determination
whether there is a tight seal. Proper use requires training and
practice.

If bag-valve-mask ventilation is required for longer than sev-
eral minutes, an orogastric tube should be placed to decompress
the stomach so further effective ventilation is not inhibited. This
tube should be left in place. The infant should be reevaluated
after 30 seconds of PPV for spontaneous respirations and heart
rate. If the infant has begun breathing and the heart rate is



TABLE 2.6

INDICATIONS FOR ENDOTRACHEAL INTUBATION

Ineffective bag-valve-mask ventilation

Prolonged need for positive-pressure ventilation

Suctioning of meconium in an infant who is not vigorous
When chest compressions are required

Administration of resuscitation medications

Advanced resuscitation situations such as extreme prematurity

above 100 beats per minute, PPV may be slowly discontinued.
If respirations are inadequate or the heart rate remains less than
100 beats per minute, assisted ventilation must be continued
and endotracheal (ET) intubation must be considered.

Endotracheal Intubation. Most resuscitative efforts succeed
with bag-valve-mask ventilation alone. In the event that there is
a prolonged need for PPV or mask ventilation has not been
effective in restoring vital functions, ET intubation is indicated.
Indications for ET intubation are summarized in Table 2.6.
Once the decision to intubate the trachea has been made, sup-
plies from the newborn resuscitation tray are organized. Sizes
of airway equipment can be determined by birth weight (Table
2.7). ET tube size can also be estimated by gestational age:

ET tube size in mm = Gestational age in weeks/10

Thus, a 35-week premature infant would require a 3.5-mm ET
tube.

ET intubation is typically performed via the orotracheal
route during direct laryngoscopy with a straight blade. The
laryngoscope blade is inserted into the vallecula or onto the
epiglottis and reveals the vocal cords during a gentle lifting
movement. Laryngoscopy in the newborn is challenging
because of the infant’s large tongue and secretions, which may
obscure airway landmarks. Attempts at ET intubation should
be limited to 20 seconds per attempt. If the glottis is not visu-
alized or the tube is not inserted into the trachea within 20
seconds, oxygenate the infant with 100% oxygen provided by
bag-valve-mask ventilation, and then try again. Successful ET
intubation also requires proper tube positioning. Most neona-
tal ET tubes have a black vocal cord line near the tip. When
this guide is placed at the level of the vocal cords, the tip of the
tube is likely to be positioned properly in the trachea. Another
estimate for the insertion distance of the ET tube is

Total cm at gum line = 6 + Weight of the infant in kg
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Proper positioning of the ET tube must be confirmed by
auscultation of equal breath sounds in both axillae; good,
symmetric chest wall movement; and improvement of the
infant’s cardiorespiratory status. Once positioning is clinically
verified, the ET tube must be securely taped in place, and posi-
tioning may then be confirmed with a radiograph as indicated.
End-tidal CO, detectors are the recommended means of con-
firming ET tube placement during newborn resuscitation. It is
important to note that they may be associated with false-
negative results, particularly in infants with extremely com-
promised cardiac output. Other issues, such as decreased
pulmonary blood flow and small tidal volume, may influence
end-tidal CO, detection in newborns. If ET tube positioning is
uncertain and the end-tidal CO, detector does not detect
exhaled carbon dioxide, the safest measure is to extubate, pro-
vide bag-valve-mask ventilation, and reintubate the trachea.
Note that pulse oximetry is not routinely used in newborns
after delivery. Some studies have shown that the readings did
not correlate with blood gas values. Furthermore, the defini-
tion of a “normal” oxygen saturation immediately after birth
is unknown, and aggressively attempting to increase the satu-
ration to near 100% may cause oxygen toxicity.

More recently, investigators found laryngeal mask airways
(LMAs) successful for ventilating full-term or near-term new-
borns, particularly in cases of ineffective bag-valve-mask ven-
tilation or failed ET intubation. Although LMAs may be used
as a secondary device to ventilate term newborns by health-
care practitioners skilled in their use, data supporting use of
LMAs in preterm infants are insufficient to routinely recom-
mend their use in this scenario. Furthermore, LMAs cannot
replace ET intubation when meconium suctioning is required.

Circulation

Chest Compressions. Chest compressions are rarely needed
during neonatal resuscitation. Most series have demonstrated
that less than 0.1% of all births require chest compressions.
Bradycardia and asystole in the newborn are virtually always
a result of respiratory failure, hypoxemia, and tissue acidosis.
Consequently, oxygenation and ventilation are most critical to
successful infant resuscitation. Chest compressions should be
started whenever the heart rate remains less than 60 beats per
minute despite 30 seconds of PPV. Indication for chest com-
pressions, which are always performed simultaneously with
PPV with 100% oxygen, are listed in Table 2.8.

Current recommendations state that three chest compres-
sions are followed by a brief pause for one ventilation. Thus,
in 1 minute, the newborn should receive 90 chest compres-
sions and 30 ventilations. This technique allows for optimal

TABLE 2.7

SELECTION OF AIRWAY EQUIPMENT BY WEIGHT

Weight (g) or Endotracheal tube Laryngoscope
gestational age (wk) size (mm) Suction catheter (F) Oral airway straight blade
<1,000 or <28 2.5 5,6 000 0
1,000-2,000 or 28-34 3.0 6,8 000 or 00 0
2,000-3,000 or 34-38 3.5 8 00 or 0 0,1
>3,000 or >38 3.5,4.0 8 or 10 0 1
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TABLE 2.8

INDICATION FOR CHEST COMPRESSIONS

Heart rate <60 beats/min despite 30 s of effective positive-
pressure ventilation

lung expansion by not compressing the chest during PPV, and
the most important aspects of reversing neonatal asphyxia,
good oxygenation and ventilation, are maximized.

Two techniques of performing chest compressions in the
neonate or young infant are recommended. The preferred
method involves placing the thumbs on the lower third of the
sternum, encircling the chest and supporting the back with
the fingers (Fig. 2.2). The thumbs should be placed side by
side just below the nipple line. However, if the neonate is
very small or if the resuscitator is large, the thumbs may need
to be superimposed. Pressure must be placed on the sternum
and not the adjacent ribs. In the event that the resuscitator’s
hands are too small to encircle the newborn’s chest or encir-
cling the chest obstructs other resuscitative efforts such as
umbilical line placement, then the two-finger technique may
be used. This method entails placing the ring and middle fin-
gers on the sternum just below the nipple line for chest com-
pressions.

With either method of chest compression, the resuscitator
should compress the chest approximately one-third of the
anterior-posterior diameter of the chest to generate a palpable
pulse. The compression stroke should also be somewhat
shorter in duration than the relaxation phase for generation of
maximum cardiac output. In addition, the fingers or thumbs
should not be lifted off the chest at any time to save time with
correct finger positioning; maintain control over compression
depth and preserve correct finger positioning to prevent dam-
age to underlying organs.

One over the other

Side by side

After approximately 30 seconds of well-coordinated chest
compressions and ventilation, stop chest compressions to check
the spontaneous heart rate by palpating the pulse at the base
of the umbilical cord. Ventilations can be continued while using
this method of pulse check. If auscultating the left chest for
heart rate check, compressions and ventilations will need to be
suspended. If the heart rate is at least 60 beats per minute, com-
pressions can stop, but ventilation should be continued at the
40 to 60 breath per minute rate. If the heart rate remains below
60 beats per minute, compressions must be continued and epi-
nephrine should be given (see below). In addition, resuscitators
must be sure they are providing adequate ventilation with
100% oxygen, resulting in good chest wall movement and
coordinated compressions and ventilations.

Vascular Access. A newborn requires vascular access for
administration of medications or volume expansion.
Bradycardia or asystole unresponsive to effective oxygenation,
ventilation, and chest compressions warrant pharmacologic
therapy. Infants exhibiting signs of poor perfusion, particu-
larly those with risk for hypovolemia, such as fetal hemor-
rhage or maternal hypotension from placental abruption,
require volume expansion.

Several methods of vascular access may be used in the new-
born. The umbilical vein is often considered a preferred site for
vascular access during neonatal resuscitation because it is eas-
ily located and cannulated, and medication delivery requires
insertion only to the point at which blood is able to be aspi-
rated (usually 2 to 4 cm). (See Section VII: Umbilical Vein
Catheterization for methods.) A skilled resuscitator may elect
to cannulate the umbilical artery to obtain arterial blood gases
and monitor arterial pressures in critically ill infants; however,
administration of medications is not recommended via this
route. (See Section VII: Umbilical Artery Catheterization.)
Vascular access may also be obtained by placing peripheral
catheters in the extremities or scalp. In a newborn resuscitation

FIGURE 2.2 A: Thumb method of chest compressions. Infant receiving chest compressions with thumb
1 fingerbreadth below the nipple line and hands encircling chest. B: Hand position for chest encirclement
technique for external chest compressions in neonates. Thumbs are side by side over the lower third of the
sternum. In the small newborn, thumbs may need to be superimposed (inset). Gloves should be worn dur-

ing resuscitation.
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TABLE 2.9

MEDICATIONS FOR NEONATAL RESUSCITATION

Medication Concentration Dosage Route Comment
Epinephrine 1:10,000 0.1-0.3 mL/kg IV, ET, IO Rapid push, dilute with 2 mL saline via ET tube
Sodium 0.5 mEg/mL 1-2 mEq/kg v, 10 Slowly over 2 min with effective ventilation
bicarbonate (4.2% solution)
Naloxone 1 mg/mL 0.1 mg/kg v, 10 Rapid push
0.4 mg/mL M, SC Only in well-perfused neonate
Dextrose 10% 2-5 mL/kg IV, IO Correction of hypoglycemia
1V, intravenous; ET, endotracheal; IM, intramuscular; SC, subcutaneous.

scenario, peripheral venous access may be difficult. In the event
that fluids and medications are required and other methods of
vascular access have failed, intraosseous lines may be used (see
Section VII: Intraosseous Infusion). Although experience with
other infants is extensive in this arena, experience in the
neonate is limited. A 20- or 22-gauge spinal needle may replace
the 16- or 18-gauge larger intraosseous needles; however,
the procedure for line placement in the proximal tibia is the
same as for older children (see Appendix 3.8). Recall that pre-
mature infants have a small intraosseous space. Finally, the ET
tube may be used for administration of epinephrine when vas-
cular access has not yet been established.

Medications and Volume Expanders for Acute Resuscitation
Epinephrine. Although medications are rarely required for
neonatal resuscitation, epinephrine is the most commonly
indicated medication. Because asystole and bradycardia are
usually the result of respiratory failure and tissue acidosis, epi-
nephrine therapy is indicated when the newborn’s heart rate
remains less than 60 beats per minute, despite 30 seconds of
effective ventilation with 100% oxygen and another 30 sec-
onds of coordinated chest compressions and ventilation.
Epinephrine works because of its a-adrenergic effects. Swine
models have demonstrated that epinephrine induces vasocon-
striction secondary to a-receptor agonism in infants, increases
the diastolic and mean arterial pressures, and thus increases
the perfusion pressure to the coronary arteries, enhancing oxy-
gen delivery to the heart. The B-adrenergic effects of epineph-
rine that increase myocardial contractility and stimulate spon-
taneous contractions appear less important.

The dose of epinephrine therapy in neonates is 0.01 to
0.03 mg per kg of a 1:10,000 concentration, or 0.1 to 0.3 mL
per kg (Table 2.9). It may be administered via an umbilical
venous catheter, a peripheral IV, an intraosseous line, or the
ET tube. The dose should be repeated every 3 to 5 minutes as
needed throughout the resuscitation. Intravenous epinephrine
should be administered as rapidly as possible and followed by
a 1-mL normal saline flush. The safety and efficacy of high-
dose epinephrine (0.1 to 0.2 mg per kg) has not been studied
in neonates. A concern that large doses of epinephrine may
lead to prolonged hypertension and subsequent intracranial
hemorrhage in neonates has precluded the investigation of
changing dosing recommendations. The AHA does recom-
mend giving a higher dose of endotracheally administered epi-
nephrine, between 0.03 and 0.1 mg per kg. However, given

that there are no data from newborn infants to assess the
safety of higher doses of intratracheal epinephrine, IV admin-
istration remains the preferred route. Given the need to dis-
tribute the medication throughout the lungs, ET epinephrine
should be followed by 1 to 2 mL of normal saline and several
positive-pressure breaths.

Volume expanders. Volume expanders are indicated for the
treatment of hypovolemia. Both historical and physical exam-
ination findings suggest the need for volume expansion.
Historical factors include fetal hemorrhage from an avulsed
cord or trauma, or maternal hypotension from placenta pre-
via, placental abruption, or trauma. Umbilical cord prolapse
may cause hypovolemia in the newborn. Physical examination
findings include pallor that persists despite oxygenation, weak
peripheral pulses, persistently high or low heart rate, and a
poor response to resuscitation, including effective ventilation.

Volume expanders (Table 2.10) are administered intra-
venously in 10 mL per kg aliquots and should be given fairly
quickly (over 5 to 10 minutes), but not so rapidly as to
increase the risk of intracranial hemorrhage from delicate vas-
cular beds. The umbilical vein is the best site for administra-
tion of volume expanders, although the intraosseous or
peripheral IV route may be used. After each infusion, the
infant is reassessed for improvements in perfusion, blood pres-
sure, and oxygenation. Current recommendations are to begin
with a crystalloid solution, such as normal saline or Ringer’s
lactate. Administration of O-negative red blood cells (cross-
matched with mother’s blood if time allows) may be indicated
for large volume blood loss or poor response to crystalloid

TABLE 2.10

VOLUME EXPANDERS FOR NEONATAL

RESUSCITATION
Fluid Dosage (mL/kg) Route
Normal saline 10 v
Ringer’s lactate 10 v
Packed red blood cells 10 v
1V, intravenous.
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infusion. Albumin-containing solutions are no longer recom-
mended because of cost, limited availability, risk of infection,
and potential increased mortality.

Other Medications

Sodium bicarbonate. There are insufficient data to recom-
mend routine use of bicarbonate therapy in neonatal resuscita-
tion. Bicarbonate therapy may contribute to respiratory acido-
sis and a worsening intracellular acidosis, which may actually
impair myocardial and cerebral function. Thus, its use is dis-
couraged in brief resuscitations. In prolonged resuscitations
and after establishment of adequate ventilation, bicarbonate
may be given for documented metabolic acidosis or hyper-
kalemia using arterial blood gases and serum chemistries to
guide administration. The dose of sodium bicarbonate is 1 to
2 mEq per kg administered intravenously and slowly over
2 minutes to decrease adverse effects associated with its hyper-
tonicity. For the same reason, only the 0.5 mEq per mL (4.2%)
solution should be administered to neonates. If only the 1 mEq
per mL solution is available, it should be diluted 1:1 with ster-
ile water before intravenous delivery. Because of its caustic
nature, bicarbonate should never be administered via the ET
route. Little research data exist to support the choice of other
buffers, such as tris(hydroxymethyl)aminomethane (THAM),
for documented metabolic acidosis, although many practition-
ers use this medication to reduce the occurrence of hyperna-
tremia. This controversial area requires rigorous research.

Naloxone hydrochloride. Naloxone is a narcotic antagonist
that reverses respiratory depression induced by narcotics.
Naloxone is indicated for infants displaying signs of respira-
tory depression after PPV has restored a normal heart rate and
color, and for those infants whose mothers have received nar-
cotics within the 4 hours before delivery. Prompt and effective
oxygenation and ventilation must be provided and the infant
must have adequate perfusion before the administration of
naloxone. The current dosing recommendation for naloxone is
0.1 mg per kg, which is given as 0.1 mL per kg of the 1 mg per
mL concentration (Table 2.9). Caution must be used, as there
are several concentrations of naloxone available. Naloxone is
best administered via the intravenous, intraosseous, or intra-
muscular routes. ET administration is not recommended
because of lack of data. Furthermore, the resuscitator must
remember that repetitive doses of naloxone may be required
because the duration of action of narcotics may exceed that of
naloxone. Finally, do not give naloxone to the newborn of a
mother suspected of narcotic addiction because this may pre-
cipitate acute narcotic withdrawal and seizures.

Atropine. Atropine is not recommended for acute neonatal
resuscitation. Atropine is a parasympatholytic drug that
reduces vagal tone and accelerates sinus or atrial pacemakers
and atrioventricular conduction. Because vagal stimulation
does not cause bradycardia in neonatal resuscitation, atropine
is not indicated. Furthermore, many investigators believe that
the bradycardic vagally mediated response to hypoxia is a
valuable reflex to guide resuscitative efforts and should not be
pharmacologically abolished by atropine.

The usual dose of atropine is 0.02 mg per kg with a mini-
mum dose of 0.1 mg and a maximum dose of 2 mg. Because
most newborns weigh less than 5 kg, their dose would require

the 0.1 mg minimum. If smaller doses are given, paradoxical
bradycardia and slowed atrioventricular conduction will likely
occur. In conclusion, the efficacy of atropine in newborn resus-
citation is unproven and anecdotal and could have deleterious
consequences.

Postresuscitation Stabilization

After appropriate resuscitative efforts, continuous monitoring
and anticipation of complications must occur until the patient
is safely transported to a neonatal facility. Priority must be
given to thermoregulation by providing the infant with a
warm environment and repetitively monitoring the tempera-
ture. Measures of effective oxygenation and ventilation are
assessed. Pulse oximetry and arterial blood gases are per-
formed. ET tubes are securely taped and a chest radiograph is
ordered to confirm tube and venous access placement.
Vascular access is secured, and correction of metabolic acido-
sis and hypovolemia is continued. Glucose monitoring and the
avoidance of hypoglycemia are also paramount as low blood
glucose has been associated with poor neurologic outcome.

If mechanical ventilation is required while waiting trans-
port to the neonatal facility, a pressure ventilator is used. Peak
pressures are determined by clinical evaluation of adequate
chest wall rise and blood gas analyses. A good starting point
for peak pressure is the pressure needed for good chest wall
rise and breath sounds during resuscitation as shown on the
manometer. In general, this is between 15 and 30 cm H,O. The
physician should try to use the lowest pressure necessary for
good clinical and laboratory response. Excessive positive pres-
sure will decrease venous return to the heart, decrease cardiac
output, and cause injury to lung tissue.

SPECIAL SITUATIONS

Meconium

Management of meconium-stained amniotic fluid has changed
substantially with the most recent recommendation of the NRP.
Meconium staining of the amniotic fluid complicates between
10% and 20% of all pregnancies. The risk of meconium-
related complications at delivery increases to nearly 30% in
infants born after 42 weeks’ gestation. Approximately 2% to
5% of infants born with meconium in the amniotic fluid will
experience some degree of aspiration syndrome, ranging from
mild tachypnea to very severe pneumonitis with persistent pul-
monary hypertension (Fig. 2.3). The management of an infant
born through meconium differs from that previously discussed
for other depressed infants.

When meconium staining is detected during delivery, resus-
citative personnel must be prepared in the event that specific
interventions are needed (Fig. 2.4). In the event the delivery
occurs in the ED or a setting where health-care personnel are
present and there is meconium staining of the amniotic fluid,
the infant should be immediately transferred to the resuscita-
tion team without intrapartum suctioning of the infant’s
mouth and nose. This recommendation is a change from pre-
vious guidelines after a multicenter randomized trial showed
no decrease in the risk of meconium aspiration syndrome
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FIGURE 2.4 Management of infant born with meconium-stained
amniotic fluid. PPV, positive-pressure ventilation.
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FIGURE 2.3 Meconium aspiration radiograph.

when suctioning was performed after delivery of the infant’s
head but before delivery of the body.

Current guidelines for further management of newborns
with meconium in the amniotic fluid are based on the status of
the newborn rather than the consistency of the meconium. If
meconium is present and the baby is not vigorous—that is, a
baby with depressed respirations, depressed muscle tone, or a
heart rate less than 100 beats per minute—direct suctioning of
the trachea soon after delivery is indicated before many respi-
rations have occurred. After delivery, the infant is placed in a
warm environment, and before other usual resuscitative
efforts, meconium suctioning is completed. First, the trachea is
intubated, and suctioning of the lower airway occurs. Because
the ET tube itself is the largest diameter item placed in the tra-
chea, it is the most effective means of suctioning meconium.
Thus, a meconium aspirator (Fig. 2.5) directly attached
between the ET tube and mechanical suction is the preferred
method of removing meconium from the lower airway.
Negative pressure is applied by occluding the opening on the
side of the aspirator with a finger. Mechanical suctioning
should not exceed 100 mm Hg. Repeat intubation and

FIGURE 2.5 Meconium aspirator.
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suctioning with another ET tube may be required until the
aspirated material is clear. After initial tracheal suctioning, it
may be necessary to begin PPV if the heart rate or respirations
are severely depressed, despite persistent meconium in the air-
way. Wait until completion of tracheal suctioning and resusci-
tation to place an orogastric tube to empty meconium from the
newborn’s stomach, which could potentially be aspirated later.
When meconium is present and the baby is vigorous, defined
as a baby with a normal respiratory effort, normal muscle tone,
and a heart rate greater than 100 beats per minute, a bulb
syringe or large-bore (12F or 14F) suction catheter is used to
clear secretions and any meconium from the mouth and nose.
Tracheal suctioning should be eliminated in vigorous infants,
regardless of the consistency of the meconium. This recommen-
dation is based on several large randomized trials that demon-
strated that routine tracheal suctioning did not decrease mor-
bidity or mortality from meconium aspiration syndrome.

Prematurity

Premature infants have an increased likelihood of needing
newborn resuscitation. Early involvement of neonatologists
and neonatal centers adept in the management of low-birth-
weight infants is crucial to improve outcome. Only 15% of
hospitals have specialized neonatal units. Hospitals without
neonatal units need easily available guidelines and established
relationships for accessing neonatal consultation and trans-
port. Several factors have added importance in the resuscita-
tion of the preterm infant. These include greater risk for heat
loss, greater mechanical ventilation needs, and greater risk of
intraventricular hemorrhage.

Premature infants are at greatest risk for heat loss because
of their higher ratio of body surface area to body mass.
Premature infants require the strictest attention to mainte-
nance of normal body temperature.

Premature infants are more likely to develop respiratory dis-
tress than term infants. As a result, assisted ventilation must be
provided effectively but gently. ET intubation is usually neces-
sary for surfactant administration and transport to a neonatal
facility. Too much ventilatory pressure may result in barotrauma
to the lungs and decreased cardiac output as a result of decreased
venous return. Good clinical judgment should be used by watch-
ing for adequate chest wall rise and listening for good breath
sounds. The physician should use the lowest pressure necessary
to achieve a heart rate greater than 100 and good color; inflation
pressures can generally be initiated at 20 to 25 em H,O and
titrated to these clinical endpoints. Hyperoxia may lead to com-
plications such as retinopathy of prematurity in low-birth-
weight infants, and so beginning the resuscitation with less than
100% inspired oxygen is a reasonable option. If no improve-
ment in heart rate or color occurs by 90 seconds, the fraction of
inspired oxygen should be increased. Once the infant is stabilized
after initial resuscitative care, the fraction of inspired oxygen can
be decreased while monitoring pulse oximetry.

The germinal matrix of the preterm infant’s brain is vulner-
able to bleeding. Factors contributing to subsequent intracra-
nial hemorrhage include excessive pressure or osmolality
delivered to an already maximally dilated vascular bed.
Subsequently, in premature infants, hyperosmolar solutions

such as 25% dextrose or 8.4% sodium bicarbonate should be
avoided. Volume expanders, dextrose, and sodium bicarbon-
ate solutions, when indicated, should be administered slowly
to minimize injury to these vascular beds.

Pneumothorax

Pneumothorax is a potentially lethal problem in the neonate
because it can rapidly progress to a tension pneumothorax and
thereby decrease cardiac output. It is often the result of PPV,
positive end-expiratory pressure, or resuscitation.

Pneumothorax is also more common in premature infants
with surfactant deficiency and in infants with meconium aspi-
ration. Signs and symptoms include grunting respirations;
intercostal, sternal, and substernal retractions; elevated respi-
ratory rate; and tachycardia followed by bradycardia and
hypotension. The physical examination findings may include
asymmetrically decreased breath sounds and distant heart
tones. However, it often may not be possible to diagnose or
localize a pneumothorax by auscultation. Transillumination
by a high-intensity light in a dark room will reveal increased
light transmission on the side of the pneumothorax.

If significant respiratory distress is present and pneumotho-
rax is suspected, rapid decompression may be achieved with a
large syringe, 20-gauge needle or catheter over needle, and
three-way stopcock. The chest is cleansed with antiseptic solu-
tion, and the needle is advanced at the fourth intercostal space
in the anterior axillary line or the second interspace in the mid-
clavicular line. This will relieve the tension and decompress the
pleural space. Subsequently, a chest tube (8F) may be placed
using a standard technique (see Section VII: Insertion of a
Chest Tube). If the infant is stable, an expedient portable
anteroposterior chest radiograph may be taken to confirm the
diagnosis.

Diaphragmatic Hernia

Diaphragmatic hernia is a true neonatal emergency and may
be suspected by tachypnea, asymmetric chest wall motion,
and a scaphoid abdomen. The diagnosis is confirmed by a
chest radiograph showing bowel gas within the thorax (Fig.
2.6). Infants with diaphragmatic hernias must be immedi-
ately endotracheally intubated to avoid excessive amounts of
air accumulation in the bowel. Since the bowel is in the tho-
racic cavity, distended bowel impedes ventilation. A nasogas-
tric tube should also be rapidly placed to decompress the
stomach. The infant must be rapidly evaluated by a pediatric
surgeon after ventilation is stabilized and venous access is
achieved.

Spina Bifida

Spina bifida (meningocele, meningomyelocele, and lipomeningo-
cele) involves a wide array of defects. It can range from the
least significant form (spina bifida occulta, nonfusion of verte-
bral laminar arches) to the severe form with meninges and
neural tissue protruding, with poorly organized cord tissue
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FIGURE 2.6 Left diaphragmatic hernia.

exposed to the surface. Neurologic deficit ranges from none to
severe impairment and associated hydrocephalus. The child
should receive proper supportive care, oxygen and fluid (as
needed), sterile moist dressings to the exposed sac or tissues,
and prompt referral to a pediatric neurosurgeon.
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CHAPTER 3 B SHOCK

LOUIS M. BELL, MD

All physicians who care for ill children will be faced with man-
aging the clinical syndrome of shock. Many common childhood
illnesses, such as trauma, gastroenteritis, infection, and acciden-
tal drug ingestions, can lead to shock. Ultimately, without timely
medical intervention, the child in shock will follow a common
pathway to multiorgan system failure and death. Early recogni-
tion and appropriate therapy are vital if we hope to reduce the
morbidity and mortality associated with this serious syndrome.

The first section of this chapter is devoted to early recognition,
which demands a clear understanding of the definition, patho-
physiology, and clinical manifestations of shock. Next, the etio-
logic types of shock, including hypovolemic, cardiogenic, distrib-
utive (septic), dissociative, and obstructive shock, are discussed.

Finally, the appropriate therapy and prevention of shock
are discussed. Exciting developments are occurring within this
area. Advances in molecular biology and immunology have led
to a better understanding of the biochemical mediators
involved in initiating and maintaining shock. Noninvasive
methods for measurement of cardiac output are being devel-
oped for use in the emergency department (ED). Treatment
modalities that antagonize or prevent the inflammatory cas-
cade that lead to shock, multiorgan dysfunction syndrome
(MODS), and death are now being studied. Combined with
aggressive supportive and microbial therapies, these experi-
mental immunotherapies may further reduce the morbidity
and mortality associated with shock.

DETERMINANTS OF CARDIAC
OUTPUT AND THE DEFINITION
OF SHOCK

Circulation in the Child

Normal circulatory function is maintained by the complex
interplay between the central pump (heart) and blood flow at
the regional level, all done with the sole purpose of delivering
oxygen and nutrients to the tissues.

The cardiac output is calculated by multiplying the stroke
volume (volume of blood ejected by the left ventricle) by the
heart rate (ejection cycles per minute). The stroke volume
depends on the filling volume of the ventricle (preload),
myocardial contractility (Starling’s curve), and the resistance
against which the heart is pumping blood into the systemic
vasculature (afterload).

Heart rate is controlled through the vagus nerve and
endogenous catecholamine release. Hypertension and severe
hypoxemia can lead to increases in vagal tone and bradycar-
dia. In times of flight, fright, or stress, endogenous cate-
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cholamine release increases adrenergic tone with an increased
heart rate. In the infant who has relatively less myocardial con-
tractility, in times of metabolic need, increase in cardiac output
depends on an increasing heart rate rather than on an increase
in stroke volume. This is also the reason bradycardia is poorly
tolerated in this age group; cardiac output falls quickly because
there is little ability to compensate with an increase in stroke
volume. Conversely, faster heart rates are best tolerated in
infants, in whom ventricular filling time is less critical in con-
tributing to stroke volume and, ultimately, to cardiac output.

Definition of Shock

An understanding of normal physiology allows us to define shock
as an acute syndrome that occurs because of cardiovascular dys-
function and the inability of the circulatory system to provide
adequate oxygen and nutrients to meet the metabolic demands of
vital organs. Note that this definition recognizes that shock can
and does exist without hypotension, especially in children.

PATHOPHYSIOLOGY

Microcirculatory Dysfunction

The clinical manifestations of shock can be directly related to
the abnormalities seen on the tissue, cellular, and biochemical
levels. Microcirculatory dysfunction, common to all etiologic
types of shock, is characterized by maldistribution of capillary
blood flow. Local sympathetic, vasoconstrictor nerve activity
and circulatory vasoactive substances (Table 3.1) cause
smooth muscle contraction in the precapillary sphincters and
arterioles. As shock continues, mechanical obstruction of cap-
illary beds occurs by blockage with cellular debris. Normally,
polymorphonuclear leukocytes undergo extensive deforma-
tion as they squeeze through the capillaries. Hydrostatic pres-
sure within the capillary makes this possible. However, hydro-
static pressures fall by 30% to 40% during shock states. As a
result, capillary beds are blocked and endothelial damage
occurs. Subsequent complement activation causes still further
aggregation of platelets and granulocytes. During septic shock,
exposure to endotoxin directly damages vascular endothelium.
Once damaged, endothelial cells can generate procoagulant
activity, which may explain the mechanism by which fibrin is
deposited in the microcirculation. Superoxide radicals, lysoso-
mal metabolites, and cytokines produced by macrophages and
neutrophils for bacterial killing can result in further tissue
damage, especially to endothelium, adding to the vicious cycle
of damage to the microcirculation.
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TABLE 3.1

ENDOGENOUS (HOST-DERIVED) VASOACTIVE MEDIATORS IN SHOCK

Bacterial antigens

Thromboxane A, Hypoxia
Prostaglandins F, Hypoxia
Prostaglandins I, Hypoxia

Myocardial depressant Ischemia
factor Tissue damage

Opiates (B-endorphins) Hypoxia

Inducible nitrous oxide Inflammatory cytokines

Mediator Stimulus Major sources Major actions

Norepinephrine Hypovolemia Sympathetic nervous system Vasoconstriction
Head trauma Adrenal medullae B1, B, stimulation

Epinephrine Hypovolemia Adrenal medullae Vasoconstriction
Hypercapnea a, B; stimulation

Angiotensin II Hypovolemia Kidneys, brain, blood Vasoconstriction

Arachidonic acid metabolites

Leukotrienes Tumor necrosis factor Macrophages Capillary permeability

Vasoconstriction, release of
lysomal hydrolases

Platelets Vasoconstriction, platelet
aggregation

Platelets Vasoconstriction

Vascular smooth muscle

Healthy vascular Vasodilator counterbalances
endothelium thromboxane A,

Pancreas Direct negative inotropic effects

Pituitary Decreased myocardial contractility

Decreased sympathetic tone
hypotension

Leukocytes Vasodilation of vascular smooth
muscle

Tissue Ischemia

Tissue ischemia is also basic to all forms of shock. The conse-
quences of poor tissue perfusion sustain the cascade of events
that occur during shock. When there is a lack of oxygen,
energy production at the cellular level becomes inefficient, pro-
ducing only 2 moles of adenosine triphosphate (ATP) per mole
of glucose instead of the normal 38 moles of ATP produced by
aerobic metabolism.

In addition, anaerobic metabolism depletes glycogen
stores with an accumulation of lactate and associated acido-
sis. The decreasing energy and acidosis lead to an efflux of
potassium and an influx of sodium and calcium with an
obligate influx of water into the cell. Cellular swelling and
further cellular dysfunction occur, which is seen clinically as
edema.

Release of Biochemical Mediators

Biochemical mediators play an important role in the devel-
opment and continuation of all types of shock. These vasoac-
tive and inflammatory mediators are endogenous (host-
derived) products primarily from cells of nervous system and
hematopoietic origin. Although in septic shock these media-
tors are stimulated after exposure to microbial products
(e.g., endotoxin) and play a primary role in initiating shock,
in hypovolemic and cardiogenic shock, they are released sec-
ondarily in response to ischemic cellular injury as just

described.

Vasoactive Mediators

The vasoactive mediators exert their effect primarily by induc-
tion of severe vasoconstriction and vasospasm, induction of
platelet aggregation and thrombus formation, increased capil-
lary permeability, and redistribution of blood flow away from
vital tissues (Table 3.1).

Inflammatory Mediators

In the past, it was believed that invasive microbial agents
were directly responsible for the cellular damage and micro-
circulatory dysfunction seen in septic shock. However, since
the mid-1990s, it has become clear that endogenous inflam-
mation mediators are the real culprits in the pathogenesis of
septic shock and that lethal tissue injury occurs when pro-
duction of these mediators escalates out of control. The con-
cept that shock (and particularly septic shock) is an uncon-
trolled inflammatory response is being challenged as more is
discovered about the types of cytokines that are secreted by
the immune system. As we know, the CD4 T cells secrete
cytokines with inflammatory properties from type 1 helper T
cells (TH1s). Cytokines with antiinflammatory [type 2 helper
T-cell (TH2)] properties, such as interleukin (IL)-4 and IL-
10, are also produced. Although the factors that determine
whether the T cells have a TH1 or TH2 response is
unknown, it is clear that the cascade of events that lead to
shock is a complicated interaction between pathogen and
host immunity.
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TABLE 3.2

ENDOGENOUS (HOST-DERIVED) INFLAMMATORY MEDIATORS IN SHOCK

Mediator Stimulus Major sources Major action
Platelet-activating factor TNF Platelets Thrombosis
Bacterial antigens Neutrophils Vascular permeability
Cytokines
Tumor necrosis factor @ (TNF-a) Bacterial antigens Macrophages Induces other mediators
Severe trauma Monocytes Adhesion to endothelium
Enhanced TNF-x production
Interferon-gamma Bacterial antigens T cells
Interleukin (IL)-1 beta TNF Mononuclear Fever
Bacterial antigens Phagocytes Leukocytosis
Acute-phase reactants
Adhesion to endothelium
IL-6 TNF Monocytes Fever
IL-1 Endothelial cells Leukocytosis
Thrombosis
IL-8 Endotoxin Monocytes Neutrophil activation
TNF Endothelial cells
Complement fragments TNF Alternate pathway Chemotactic activity
Bacterial antigens
Toxic oxygen species TNF Neutrophils Cellular damage
Bacterial antigens

Septic shock starts with exposure to microbial products.
Perhaps the most potent stimulator of the inflammatory cas-
cade is the outer cell membrane of gram-negative bacteria, a
lipopolysaccharide (LPS) coat, also called endotoxin. Once in
the bloodstream, the LPS attaches to a plasma protein called
LPS-binding protein (LBP). This complex (LPS-LBP) binds to
the CD14 receptor on the surface of the monocyte/
macrophage, which leads to stimulation of tumor necrosis fac-
tor alpha (TNF-a) and IL-1, and ultimately, to the entire cas-
cade of inflammatory mediators.

As a group, these protein mediators are called cyrokines
(Table 3.2). TNF plays a pivotal role in triggering the production
of not only other cytokines, but also other inflammatory media-
tors. TNF is one known endogenous factor that is capable of
inducing a broad range of vasoactive and inflammatory media-
tors. Because of this, treatment of shock with anti-TNF antibod-
ies has been attempted with mixed results (see “Initial Therapy”
section). TNF in physiologic amounts has beneficial effects in tis-
sues and promotes wound healing, tissue remodeling, and neo-
vascularization. In pathogenic amounts, TNF and other inflam-
matory mediators (Table 3.2) cause severe septic shock in animal
models and act primarily by inducing fever, increasing the white
blood cell counts, inducing production of procoagulant and cell
adhesion molecules by endothelial cells, causing aggregates of
hematopoietic cells, and increasing vascular permeability.

Nitric Oxide

Although nitric oxide synthases (NOS) are absent in resting cells,
it is known that the gene is rapidly expressed in response to stim-
uli by inflammatory cytokines. For example, after exposure to
TNF-a and IL-1, a variety of cells, including macrophages, vas-
cular endothelium, vascular smooth muscle, hepatocytes, and
cardiac myocytes, are induced to increase nitric oxide (NO) pro-

duction. In these pathologic amounts, NO causes vasodilation of
vascular smooth muscle, vascular hyporesponsiveness, and
hypotension and shock. In physiologic amounts, NO has benefi-
cial effects that make it important in host defense against infec-
tion as a neurotransmitter and in cardiovascular homeostasis.

Complement Activation

The complement system is activated by circulating bacteria
and bacterial products. The low-molecular-weight peptides
that are released as a result induce both vasoactive and inflam-
matory effects. Vasoactive effects are seen with C3 and C5
fragments, which promote the release of histamine and other
vasoactive mediators, which produce increased permeability
and vasodilation. Complement fragments also stimulate an
inflammatory response by promoting the activation and aggre-
gation of platelets and granulocytes.

Myocardial Depressant Factor

Mpyocardial depression occurs in all types of shock. More recent
investigation suggests that myocardial depression may occur as a
result of mediators that act directly on myocardial tissue.
Discovered in 1970, a small peptide called myocardial depressant
factor is produced when the pancreas is ischemic and hypoper-
fused. Myocardial depressant factor has been shown to have neg-
ative inotropic effects in isolated heart muscle and causes con-
striction of the splanchnic vascular bed. In 1985, Parker, using
isolated heart muscle preparation, found altered inotropic
responsiveness within 1 to 2 hours of endotoxin treatment,
demonstrating in vitro what is apparent in patients with shock
syndrome. Other pathways have been implicated in myocardial
depression including NO-induced cytokine production.



Intrinsic myocardial depression, either primarily as in sep-
tic shock or secondarily as in hypovolemic or cardiogenic
shock, adds to other circulatory derangements that have been
discussed. Understanding this intrinsic or direct cardiac
depression is important in designing treatment strategies.

CLINICAL MANIFESTATIONS

Early or Compensated Shock

Regardless of the etiology, shock begins when there is absolute
or functional hypovolemia. Absolute hypovolemia exists in
cases of severe emesis and diarrhea, trauma with blood loss,
peritonitis, and “third spacing” of fluids or increased capillary
permeability, as in sepsis. Functional hypovolemia exists when
vascular capacity increases, as in septic shock, spinal cord
injury, anaphylaxis, and barbiturate overdose.

The signs of early shock include tachycardia, mild tachyp-
nea, slightly delayed capillary refill (more than 2 to 3 seconds),
orthostatic changes in blood pressure or pulse, and mild irri-
tability. These earliest symptoms result from an effort to com-
pensate for shock, increase cardiac output, and maintain perfu-
sion of vital organs (brain, heart, kidneys). Unexplained
tachycardia without other signs may be one of the earliest signs
of shock. Tachycardia occurs to compensate for a diminished
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stroke volume (Fig. 3.1). Delayed capillary refill occurs as
increases in sympathetic tone by endogenous catecholamines
cause peripheral vasoconstriction. In some cases of early septic
shock, the skin may be warm and dry without a decrease in cap-
illary refill, reflecting cutaneous vasodilation in a state of
increased cardiac output and increased venous capacitance—so-
called warm distributive shock. As systemic vascular resistance
falls, cardiac output must increase to maintain normal arterial
pressure. Often, in this form of distributive (septic) shock (i.e.,
high cardiac output and low systemic vascular resistance), the
pulse will be bounding and the pulse pressure widened.

Late or Uncompensated Shock

As shock continues, these early compensatory mechanisms are
not enough to meet the metabolic demands of the tissue, and
uncompensated shock follows (Fig. 3.1). In uncompensated
shock, the effects of cellular ischemia with the associated
release of vasoactive and inflammatory mediators begin to
affect the microcirculation, and the child shows signs of brain,
kidney, and cardiovascular compromise.

Tachycardia and tachypnea continue. Tachypnea becomes
more severe because an increasing acidosis elicits a compensatory
increase in the minute ventilation, resulting in a fall in Paco, and
a compensatory respiratory alkalosis. The skin may be mottled or
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pale and extremities cool as vasoconstriction and diminished
blood flow to the skin occur. Capillary refill becomes markedly
delayed (more than 4 seconds). Hypotension is noted. Decreased
cardiac output and vasoconstriction cause a decrease in renal per-
fusion, and oliguria is noted. The gastrointestinal tract is also
underperfused and may become ischemic. Under these condi-
tions, decreased motility, distension, release of vasoactive and
inflammatory mediators, and fluid accumulation may occur. In
patients with septic shock, fever (greater than 38.3°C rectally) or
hypothermia (less than 35.6°C rectally) may occur.

As perfusion of the brain is compromised, irritability pro-
gresses to agitation, confusion, hallucinations, alternating
periods of agitation and stupor, and finally coma. The MODS
secondary to ongoing shock and exaggerated inflammatory
responses is at the end of a continuum that has been termed
systemic inflammatory response syndrome (SIRS), a syndrome
that is meant to describe the nonspecific inflammatory process,
which may occur after trauma, infection, burns, pancreatitis,
and other diseases. (See “Distributive Shock” section.)

The effects of a dysfunctional microcirculation, tissue
ischemia, and release of vasoactive and inflammatory media-
tors obviously affect all tissues, including the pulmonary tissues
and vasculature. Damage to the capillary endothelium in the
lung allows fluid to fill the interstitium of the intraalveolar sep-
tum. If the shock syndrome progresses, fluid accumulation will
eventually lead to fluid leakage into the alveolar spaces, which
prevents adequate gas exchange. As the damage to the lungs
continues, the child demonstrates dyspnea, tachypnea, cyanosis
refractory to oxygen therapy, decreased lung compliance, and
diffuse alveolar infiltrates. These signs, when grouped together,
represent syndromes of pulmonary injury referred to as acute
lung injury (ALI) and the more severe acute respiratory distress
syndrome (ARDS). Carcillo found that 11 (32%) of 34 chil-
dren with septic shock developed ARDS. The incidence of
ALI/ARDS is approximately 10 times more common in adults
(22 to 86 cases per 100,000 persons) than in the pediatric age
group (2 to 8 cases per 100,000 persons per year).

TYPES OF SHOCK

Hypovolemia

Hypovolemia (decreased circulating blood volume) is the most
common cause of shock in children. The most common cause
of hypovolemic shock occurs from water losses associated
with diarrhea and vomiting (see Chapter 18). The World
Health Organization estimates that in developing countries,
1.5 to 2.5 million diarrhea-associated infant deaths occur
annually among children younger than 5 years of age, primar-
ily because of hypovolemic shock, secondary to the vomiting
and diarrhea that occurs with a variety of infectious agents,
such as rotaviruses. Other causes of hypovolemic shock
include blood losses (trauma, gastrointestinal, intracranial
hemorrhage), plasma losses (burns, hypoproteinemia, peri-
tonitis), and water losses (glycosuric diuresis, sunstroke).

Distributive Shock

Distributive shock occurs primarily because of vasodilation
and pooling of blood in the peripheral vasculature. Causes

TABLE 3.3

BACTERIAL ETIOLOGY OF INVASIVE DISEASE
IN INFANTS AND CHILDREN*

Streptococcus pneumoniae
Neisseria meningitides

Group B Streptococcus
Listeria monocytogenes
Haemophilus influenzae type b
Gram-negative bacilli®
Staphylococcus aureus
Pseudomonas aeruginosa
Salmonella enteritidis

Fungus

“Isolated from blood or cerebrospinal fluid.

YIncludes Escherichia coli and Enterobacter species.

Based on data from Schuchat A, Robinson K, Wenger JD, et al.
N Engl ] Med 1997;337:970-976 and Watson RS, Carcillo JA,
Linde-Zwirble WT, et al. Am | Respir Crit Care Med
2003;167:695-701.

include anaphylaxis, central nervous system (CNS) or
spinal injuries, drug ingestions, and most commonly in chil-
dren, sepsis. The primary derangements in septic shock
results from exposure to microbial components (e.g., endo-
toxin, teichoic acid, viral proteins), which trigger the cas-
cade of inflammatory and vascular mediators described.
The bacterial etiology of septic shock (and meningitis) is
listed in Table 3.3.

SIRS in pediatrics is defined by having at least two of the
following findings, one of which must be abnormal temper-
ature or leukocyte count: (i) hyper- or hypothermia,
(i1) tachycardia for age, (iii) tachypnea, and (iv) alteration in
white blood cell counts, or the presence of immature neu-
trophils. Sepsis is defined as SIRS associated with infection.
Although many children will have SIRS, the progression
from SIRS (or sepsis) to severe sepsis (sepsis plus cardiovas-
cular organ dysfunction or ARDS or two or more other
organ dysfunctions), to septic shock (hypotension and need
for vasoactive drugs), and/or to MODS (the presence of
combinations of disseminated intravascular coagulation,
ARDS, renal failure, or mental status changes) appears to be
the natural history of untreated SIRS. Many patients who
appear to have sepsis, severe sepsis, septic shock, or MODS
have negative cultures.

Using 1995 hospital discharge and population data from
seven states, Watson and colleagues estimated the incidence of
severe sepsis (bacterial or fungal infection with at least one
acute organ dysfunction) in children (up to 19 years old) to be
0.6 cases per 1,000 population per year. The mortality rate
was 10%. The incidence was highest in infants (5 per 1,000).
Half of the cases had underlying disease. In those with under-
lying disease, fungal infections were more common than bac-
terial. In some cases of septic shock, superantigenic bacterial
toxins are responsible. Toxins such as staphylococcal toxic
shock syndrome toxin-1 and streptococcal exotoxin-A are sus-
pected to cause profound hypotension, leading to inflamma-
tion and multiorgan failure. Both of these superantigens have
been shown to stimulate monocyte/macrophage production of
TNF-a, IL-18, and IL-6.



Cardiogenic Shock

Cardiogenic shock can usually be distinguished from other
forms of shock because of associated signs of congestive heart
failure, including rales auscultated throughout the lungs, a gal-
lop cardiac rhythm, enlarged liver, and jugular venous disten-
sion.

Regardless of the etiology, cardiogenic shock leads to
decreased cardiac output, in most cases as a result of a decrease
in myocardial contractility. As we have seen, direct myocardial
damage occurs in all types of shock as a late manifestation.
Other common etiologies of cardiogenic shock in children
include viral myocarditis, arrhythmia, drug ingestions, postoper-
ative complications of cardiac surgery, metabolic derangements
(hypoglycemia), and congenital heart disease. Occasionally, con-
genital heart disease is diagnosed in an infant, usually within
the first 3 months of life, when the infant presents to the ED in
congestive heart failure and shock. These infants invariably
have congenital heart abnormalities, such as truncus arterio-
sus, transposition of the great vessels, or left hypoplastic heart
syndrome, that depend on flow through the ductus arteriosum
to maintain adequate oxygen delivery. The closure of the duc-
tus precipitates congestive heart failure and eventually cardio-
genic shock.

The management of obstructive shock, which is caused by
mechanical obstructions to ventricular outflow and occurs
with pericardial tamponade or tension pneumothorax (see
Chapter 107 and Section VII), and dissociative shock, which
occurs secondary to carbon monoxide poisoning (see Chapter
87) or methemoglobinemia, are discussed elsewhere.

TREATMENT

Initial Therapy

To determine proper therapy, recall the definition and patho-
physiology of shock. Shock is defined as an acute syndrome
that occurs because of cardiovascular dysfunction, as well as
the inability of the circulatory system to provide adequate
oxygen and nutrients to meet the metabolic demands of vital
organs. Therefore, initial therapy in the ED can be applied
universally, regardless of the etiology of shock, and is
directed to reverse or halt further tissue injury. To underscore
this, in 1991, Carcillo compared hemodynamic and oxygen
use in children with either cardiogenic shock or septic shock.
These data suggested that there was little difference physio-
logically, and therefore, initial treatment should be similar.
Furthermore, the early recognition and aggressive fluid resus-
citation and inotropic therapies appear to be vital in improv-
ing outcomes. The American College of Critical Care
Medicine—Pediatric Advanced Life Support (ACCM-PALS)
guidelines for hemodynamic support of newborns and chil-
dren in septic shock recommends a therapeutic guideline
(Fig. 3.2). In community hospitals (prior to transport) a ret-
rospective cohort of 91 infants and children presenting with
suspected septic shock were significantly more likely to sur-
vive if the guidelines were followed (8% vs. 38% survival).
Survival was most dependent on early aggressive fluid resus-
citation.
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As noted previously, the basic defects are in shock hypov-
olemia, microcirculatory dysfunction, tissue ischemia, and car-
diovascular dysfunction. Each defect becomes more severe the
longer the shock state exists, so prompt and aggressive treat-
ment is mandatory. The etiology of shock can be determined
as therapy begins.

With this pathophysiology in mind, the first steps of ther-
apy are to (i) establish an adequate airway; (ii) determine
whether breathing is adequate; (iii) pr