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Preface

Injury c ontinues t o b e t he l eading c ause o f d eath a nd 
 disability i n c hildren o lder t han o ne year i n t he United 
States a nd i n o lder c hildren a nd a dolescents w orldwide. 
ἀ e spectrum of causes varies w ith age, but blunt forces 
cause the overwhelming majority of injuries. ἀ e com-
mon adage “children a re not just small adults” certainly 
holds t rue i n p ediatric t rauma, a s m any o f t he d iffer-
ences in behavior, risk, exposure, anatomy, and physiol-
ogy between children and adults have a direct bearing on 
trauma care. In recent years, this reality has been widely 
accepted in the field. ἀ e Committee on Trauma of the 
American College of Surgeons has specifically addressed 
the n eeds o f i njured c hildren i n i ts r esources d ocument 
and i n t he c urriculum o f i ts A dvanced T rauma L ife 
Support® c ourse. I n m any c ountries a round t he w orld, 
children’s h ospitals, p ediatric s urgical s ubspecialists, 
pediatric e mergency p hysicians, a nd pr ehospital pr ovid-
ers have focused on the needs of injured children and have 
established pediatric-specific benchmarks in the manage-
ment of trauma care. But there is a problem. ἀ ere are sim-
ply n ot e nough c hildren’s h ospitals o r p ediatric t rauma 
specialists to meet the needs of all the injured children. 
Much, if not most, of pediatric trauma care is provided in 
general hospitals by nonpediatric specialists. 

ἀ is b ook i s i ntended f or e veryone w ho t reats i njured 
children. ἀ e p rimary t arget a udience includes p ediat-
ric surgeons, general surgeons, trauma surgeons, emer-
gency physicians, and surgical subspecialists. Trainees and 

mid-level providers in any of these fields, as well as  providers 
in low-resource countries, may also find this book useful as 
it provides a b road overview of t he key topics in pediatric 
trauma care. ἀ e content not only relates primarily to direct 
patient care, but a lso includes topics such as disaster plan-
ning, injury prevention, and long-term outcomes. 

ἀ e b ook i s d ivided i nto f our pa rts. Part I  d eals w ith 
trauma s ystems f or c hildren, i ncluding e pidemiology a nd 
organization o f p ediatric t rauma c are. Part I I c overs gen-
eral principles of resuscitation and supportive care relevant 
to a ll pediatric t rauma patients, including management of 
burns and child abuse, and pediatric-specific imaging and 
transfusion recommendations. Part III covers the manage-
ment of specific injuries, including brain, truncal, skeletal, 
and vascular injuries. Finally, Part IV deals with outcomes, 
rehabilitation, a nd e ffective c ommunication w ith f amilies 
of injured children. ἀ e chapters from the first edition have 
been revised and updated to reflect the most contemporary 
practices within the field.

We w ould l ike t o t hank t he T aylor & F rancis Gr oup 
and o ur e ditorial a ssistants, C herry A llen a nd M iranda 
Bromage, for encouraging and supporting us in this project. 
We would also like to thank the authors, who were selected 
because of their expertise, for their important contributions 
and commitment to uphold t he quality of t he second edi-
tion of this publication.

David E. Wesson and Bindi Naik-Mathuria
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1
Epidemiology of pediatric trauma

DAVID E. WESSON

Introduction

Epidemiology i s t he s tudy of t he d istribution of d iseases 
in groups or populations. One of its aims is to deἀne the 
occurrence o f d isease b y p lace a nd t ime i n t he g eneral 
population and in speciἀc subpopulations. The overarch-
ing goal is to reduce the incidence and severity of speciἀc 
diseases. Injury epidemiology involves the collection of 
data on the time, place, mechanism, and victim of injury. 
Studies of pediatric injury epidemiology have had a major 
impact on our understanding of pediatric trauma. Injury 
epidemiology h as a llowed u s t o i dentify a nd q uantify 
speciἀc i njury r isks, d evelop p revention a nd t reatment 
strategies, a nd m onitor t heir e ffectiveness. The s tudy o f 
injury epidemiology has produced one f undamental fact: 
Injuries are the leading threat to the health and well-being 
of young people in our society today [1,2]. This is of major 
importance to public health officials and health care pro-
viders alike.

Epidemiology c an h elp c linicians b y iden tifying co m-
mon causes, mechanisms, a nd patterns o f injury. This is 
best done in deἀned populations of children at the local, 
regional, n ational, o r in ternational le vel. E pidemiology 
tells us that motor vehicle crashes and falls from a great 
height cause more life-threatening injuries than sports and 
recreational activities. We know that blunt injuries far out-
number p enetrating in juries a nd t hat c hildren a re p rone 
to develop intracranial hypertension from cerebral edema 
after a c losed head injury. The astute trauma surgeon will 
learn to suspect and recognize these patterns based on the 
age of the child and the mechanism of injury. As in most 
areas of surgical practice, the history of events before pre-
sentation aids signiἀcantly in diagnosis and treatment.

Historical perspective

One hundred years a go, i nfections were t he g reat s courge 
of c hildren i n our s ociety. Today t he problem i s i njury or 
trauma. C hanging s ocial c onditions, b etter h ousing a nd 
nutrition, immunization, and quarantine of infectious cases 
all helped reduce the threat from infectious diseases. Over 
the same t ime period, new environmental factors, notably 
the i ntroduction o f t he a utomobile, i ncreased t he r isk o f 
injury.

Trauma systems for children

Our present understanding of the epidemiology of trauma 
in o ur s ociety b egan i n t he 1960s w ith t he p ublication o f 
a monograph entitled Accidental Death and Disability: The 
Neglected Disease of Modern Society by the Committees on 
Trauma a nd Sh ock o f t he N ational A cademy o f S ciences 
[3]. This report pointed out that accidental injuries were 
the n ation,s m ost i mportant en vironmental h ealth p rob-
lem. This w as f ollowed b y a nother i mportant p ublication 
Injury in America that documented in much greater detail 
the i mpact of i njuries on A merican society a nd suggested 
a broad approach to the problem encompassing epidemiol-
ogy, prevention, biomechanics, acute t reatment, a nd reha-
bilitation [4].

Since t hese two important publications appeared, much 
progress h as b een m ade b oth in p revention and t reatment 
of injuries. During the 1980s a nd 1990s, t he mortality rate 
from pediatric trauma in the United States fell by about 50%. 
This t rend h as co ntinued. The m ortality ra te f rom unin -
tentional in juries among c hildren 1–19 y ears o f a ge in t he 
United States fell f rom 15.0 p er 100,000 in 2000 t o 8.3 p er 
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100,000 in 2013 [1,2]. No doubt this resulted from improve-
ments in both prevention and treatment. But there are many 
reasons why we will have to increase our prevention efforts 
if we hope to see another 50% reduction in the next 20 years.

The costs of treating trauma victims and the pain and suf-
fering they endure are very high, even when the ἀnal outcome 
is excellent. Prevention would eliminate these effects. About 
50% of pediatric trauma deaths occur in the ἀeld before the 
victim e ven r eaches a t rauma center. Here t oo, p revention 
is the answer. Most trauma systems now have very low pre-
ventable death rates. There is always room for improvement, 
but the curve is flattening out. It is unlikely that substantial 
reductions in the overall trauma mortality rate in the United 
States could be achieved by better care of the injured.

We lack effective treatments for primary brain injuries, the 
most common cause of death in p ediatric trauma. Here too, 
prevention is the solution. A report from the National Pediatric 
Trauma Registry showed t hat about 70% o f p ediatric injury 
deaths are caused by central nervous system (CNS) injury [5]. 
Only prevention can signiἀcantly reduce these deaths.

Injury facts

More than half of all childhood deaths in the United States 
result from injuries. In 2013, among children 1–19 years old, 
unintentional i njuries (accidents), s uicide (self-harm), a nd 
homicide (assault) were the ἀrst, second, and third lead-
ing causes of death, respectively [1]. Together they account 
for >56% o f a ll d eaths a mong c hildren 1–19 y ears o f a ge. 
Unintentional injuries are the number one childhood killer 
in all age brackets—1–4, 5–9, 10–14, and 15–19 [1]. In 2013, 
unintentional i njuries o f a ll t ypes, i ncluding s uffocation, 
drowning, burns and scalds, as well as blunt and penetrat-
ing trauma, caused 6489 deaths among children 1–19 years 
of age in the United States. This represents 34% of all pedi-
atric d eaths a nd a m ortality r ate o f 8 .3 i njury d eaths p er 
100,000 per year. There has been considerable improvement 
in these numbers since 2000. In that year, there were 11,232 
deaths accounting for 44% of all deaths at a rate of 15.0 per 
100,000 children from 1 to 19 years of age [2].

Also in 2013 s uicide, the second leading cause of death, 
resulted in 2143 de aths or 11% o verall. Homicide contrib-
uted 2021, a lso around 11% o f a ll deaths. The incidence of 
homicide plotted against age creates a U-shaped curve with 
peaks a mong infa nts a nd ado lescents. A mong infa nts, t he 
most common mechanism is abusive head trauma (AHT) or 
“shaken b aby sy ndrome” t hat p eaks a t 2–3 m onths o f a ge. 
This i s t he a ge a t w hich co lic i s m ost prevalent s uggesting 
that infant cr ying m ay t rigger at le ast s ome c ases o f AHT. 
At our Level I pediatric trauma center, we admit 60–80 chil-
dren each year with injuries caused by physical abuse. Most 
of them are infants less than 6 m onths of age. Child abuse 
accounts for more than one-third of all trauma deaths at our 
center. It is the single most common cause of fatal injury.

In Texas, injuries are the leading cause of death among 
children from 1 to 17 [6]. Motor vehicle–related injuries are 
the most common cause. Most were passengers, followed by 

pedestrians struck by a motor vehicle and drivers. In Texas, 
almost t wo-thirds o f p ediatric h omicides a re c ommitted 
with a ἀ rearm, u sually a h andgun. G unshot w ounds a re 
also the most common mechanism of child suicide.

For every injured child who dies dozens more are hospi-
talized and hundreds are treated in emergency centers.

Risk factors

The risk of most types of injury varies with age. Homicide is 
the leading cause of injury death for infants from 1 month 
to 1 year of age in the United States. The homicide rate for 
boys is almost three times h igher t han for g irls. It i s also 
much h igher a mong A frican A mericans t han C aucasians. 
Child abuse causes the m ajority o f h omicides i n t he ἀrst 
year of life; gunshot wounds predominate among teenagers. 
A person known to the victim, most commonly a parent, 
perpetrates the vast majority of homicides.

Suffocation i s t he n umber o ne c ause o f u nintentional 
injury death in infants, but is rare in other groups. Drowning 
and submersion are the leading cause of death in children 1–4 
years of age. Toddlers have a much higher death rate for burns 
and scalds than older children do. The risk of injury for school-
aged boys is far greater than for girls. Motor vehicle occupant 
injuries predominate among teenagers 15–19 years old.

The likelihood of a c hild being fatally injured is associated 
with single parentage, low maternal education, young maternal 
age at birth, poor housing, large family size, and parental abuse 
of alcohol and other drugs. A study from Newcastle, England, 
of fatal head injuries revealed that children from poorer neigh-
borhoods were at greater risk than were those from more afflu-
ent areas [ 7]. The authors concluded t hat t he l ack o f proper 
playgrounds, which forced poor children to play in the streets, 
accounted for the difference. Children living in trailer homes in 
the United States have twice the risk of dying in house ἀres than 
children living in other types of housing. Children who live in 
rural counties have a higher incidence of motor vehicle–related 
injury and a higher risk of dying compared to urban children. 
There is a lso a s trong correlation between per capita income 
and mortality from motor vehicle crashes among all the coun-
ties in t he lower 48 s tates. Racial and ethnic factors correlate 
with other socioeconomic determinants, but even when these 
are controlled for, American Indians have the highest rates of 
injury mortality in the country.

Costs

It is difficult to accurately determine all of the costs of pedi-
atric trauma but it is clear that injuries are the leading cause 
of medical costs. Most estimates suggest that these costs are 
enormous. Hospital costs represent only one slice of the pie. 
Other costs include medical services, lost productivity, indi-
rect costs to families for lost i ncome, a nd so on. R ice a nd 
Mackenzie estimate that the cost of injury to children from 
birth to 14 years of age in the United States in 1985 was $13.8 
billion [8]. A recent report entitled “Unintentional Injuries 
in Childhood” in the Future of Children series published by 
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the David and Lucile Packard Foundation provides a lot of 
data on this subject [9]:

 ● For school-aged children and teenagers, injuries are 
almost as frequent as the common cold.

 ● In 1996, injuries—mostly to the brain, spinal cord, and 
limbs—and burns left an estimated 150,000 children 
permanently disabled.

 ● Injuries to children resulted in the loss of 2.7 million 
quality adjusted life years.

This publication also attempted to express the impact of 
childhood injuries in ἀnancial terms. It estimated the total 
ἀnancial burden of childhood injury in America for 1996 as 
$81 billion:

 ● Direct spending for medical services over the lifetime of 
the victim amounted to $14 billion.

 ● Other resource costs including emergency medical 
services totaled $1 billion.

 ● Lifetime productivity losses amounted to $66 billion.

Trends

We have made substantial progress in the ἀght against child-
hood injury. The death rate has declined signiἀcantly in o ne 
generation. Unintentional injury mortality fell by 50% f rom 
1970 to 1995 in t he Organization for Economic Cooperation 
and Development (OECD) nations (the 26 r ichest nations in 
the world) [10]. During the same period, the proportion of all 
childhood deaths caused by injuries rose from 25% to 37%.

Improved h ighway a nd vehicle design, smoke detectors 
and a larms, car seats, and seat belts have a ll played a p art 
in reducing childhood injury mortality. Even the homicide 
rate has declined. This trend continues [1,2].

In the province of Ontario, Canada, the number of chil-
dren seriously injured while bicycling fell sharply during 
the 1990s [11]. This w as due i n p art to l egislation m aking 
helmets mandatory for children r iding a b icycle on public 
roads. Across Canada, there is a c lear association between 
bike helmet legislation and the risk of head injury. Provinces 
with helmet laws had a 25% lower head injury risk.

Comparisons with other countries

Injuries a re t he p rincipal c ause o f de ath f or c hildren 1–14  
years of age in a ll nations in the OECD, the wealthiest coun-
tries [10]. Injuries account for 40% o f a ll deaths in c hildren 
1–14 years of age. Together they take the lives of more than 
20,000 children each year in the OECD nations. Traffic acci-
dents account for 41% o f t he de aths. For e very de ath, t here 
are 160 hospital admissions and 2000 emergency department 
visits. Injuries account for almost 30% o f the total burden of 
childhood disease measured by disability adjusted life years.

The S wedish, B ritish, I talian, a nd D utch c hild i njury 
death r ates a re a mong t he l owest; t he U nited S tates r ate 

is a mong t he h ighest a long w ith P oland, N ew Z ealand, 
Portugal, a nd M exico. The U nited S tates a ccounts f or 
almost one-third of all child injury deaths in the developed 
nations. More than 12,000 child injury deaths a year could 
be prevented if all countries had the same child injury death 
rate as Sweden. Bringing the United States rate down to that 
of Sweden would save 4700 American children each year.

Common clinical scenarios and 
patterns of injury

Astute c linicians l earn to recognize c ommon c linical s ce-
narios a nd patterns of i njury. Thus, k nowledge of t he c ir-
cumstances c an h elp i dentify p atients w ith c ertain t ypes 
of i njury. For e xample, restrained c hildren i n s ide-impact 
crashes are much more likely to sustain injuries from com-
partment i ntrusion t han children i n f rontal crashes. Side-
impact c rashes a lso c ause m ore s evere i njuries ( Injury 
Severity Score >15; Glasgow Coma Scale <9) and more inju-
ries to the head, cervical spine, and chest to restrained chil-
dren [11]. In contrast to this, restrained children in frontal 
crashes are more likely to suffer injuries to the abdomen and 
lumbar spine.

The f ollowing i s a p artial l ist o f c ommon p ediatric 
trauma clinical scenarios:

 ● The infant brought in with a vague history (e.g., a fall at 
home), altered mental status, and severe neurotrauma 
from child abuse

 ● The properly restrained toddler involved in a high-
speed motor vehicle crash brought in by ambulance who 
proves to have no signiἀcant injury

 ● The school-aged child struck by a motor vehicle who 
presents with a lower limb fracture, intra-abdominal or 
thoracic visceral trauma, and a closed head injury

 ● The preteen who suffers a high-grade hepatic or splenic 
injury from an off-road all-terrain vehicle (ATV) crash

 ● The child with an acute epidural hematoma following a 
seemingly minor direct blow to the head

 ● The rear seat passenger with a transverse abdominal 
bruise and occult small bowel and lumbar spine and/or 
spinal cord injuries from a lap belt

 ● The child with a duodenal hematoma or pancreatic 
laceration from a direct blow to the abdomen from a 
hockey stick or bike handlebar

Emergency physicians and trauma surgeons should 
be o n t he a lert f or c hildren w ith t hese t ypical c linical 
presentations.

Role of the trauma center

The p rimary r ole o f t he t rauma c enter i s, o f c ourse, t o 
care f or p atients w ith l ife- a nd l imb-threatening i nju-
ries. T rauma c enters c an a lso m ake i mportant c ontribu-
tions to injury control through education and prevention. 
Education efforts can target health care providers and the 
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greater c ommunity. E ducation i s a n ecessary c omponent 
of a ll i njury prevention programs a nd i s u sually a n eces-
sary ἀ rst s tep b efore n ew l egislation m andating i njury 
prevention m easures s uch a s s eat b elts, c hild r estraints, 
bike h elmets, a nd s o o n. T rauma c enters c an a lso h elp 
identify s peciἀc c auses o f i njury a nd a ssociations o r p at-
terns o f i njury. D ata f rom t he t rauma registry s howing a  
signiἀcant n umber o f f atal b icycling i njuries m otivated 
the trauma program staff at the Hospital for Sick Children, 
Toronto, to s tart a b ike helmet c ampaign. The ἀ rst phase 
of the campaign was intended to educate the public, health 
care w orkers, g overnment officials, a nd politicians of the 
risk of bike-related head trauma and of the beneἀts of bike 
helmets. This e ventually l ead t o a b ike h elmet l aw i n t he 
province o f O ntario, w hich c ontributed s igniἀcantly t o a  
26% r eduction i n b icycling-related h ead i njuries a mong 
children 1 –19 y ears o f a ge [12]. The r ate o f f atal i njuries 
ultimately fell by more t han 50% [13]. A n ational popula-
tion-based study across Canada conἀrmed that parts of the 
country with helmet laws had lower head injury rates.
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SUMMARY

Injuries a re t he leading r isk to t he l ives a nd l imbs 
of c hildren f rom i nfancy t hrough a dolescence i n 
our modern world. The mechanisms and the num-
bers vary with age, gender, race, parental education, 
social c lass, a nd e conomic s tatus. A wareness o f 
these variations can assist clinicians in the manage-
ment of pediatric trauma victims. Analysis of these 
variations can also help us develop ways of prevent-
ing c hildhood i njuries f rom o ccurring i n t he ἀ rst 
place.

http://www.nptr.org
http://www.�futureofchildren.org
http://www.�futureofchildren.org
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Organizing the community for pediatric trauma
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Introduction

Modern pediatric trauma care, l ike adult trauma care, has 
undergone c onstant e volution d uring t he p ast g eneration, 
since the care of injured children ἀrst emerged as a distinct 
discipline. In part, this was driven by the widespread recog-
nition among pediatric surgeons—initially led by Dr. Jacob 
Alexander Ha ller, Jr., of The Johns Hopkins University in 
Baltimore—that p ediatric t rauma c are c onstituted a k ey 
component of the subspecialty of pediatric surgery [1], and 
in part by the u ltimate recognition by the Federal govern-
ment t hat emergency medical s ervices (EMS) for children 
had been neglected during the development of EMS systems 
nationwide [2]. Since their inception, pediatric trauma pro-
grams have stressed the need for full integration with their 
affiliated a dult t rauma p rograms a nd t heir r egional E MS 
systems, t o ensure s eamless care and cost-effective use o f 
scarce h uman a nd ἀ nancial r esources [3]. They h ave a lso 
recognized the need for all who care for pediatric patients 
to ensure that the special needs of injured children are met 
at every level of trauma and EMS system organization [4].

To t his end, t his chapter describes t he c urrent s tate of 
the a rt w ith r espect t o p ediatric t rauma s ystem d esign. 
Consistent with this purpose, the public health approach to 
trauma and EMS systems will be emphasized. Additionally, 
the l iterature supporting t he need for a nd components of 
pediatric-capable trauma and EMS systems will be reviewed. 
Finally, c ritical e lements of prehospital c are for t he p edi-
atric t rauma p atient w ill b e d elineated, t o a rm n ot o nly 

pediatric-capable t rauma professionals, but a lso adult-
oriented trauma professionals—who, of necessity, provide the 
majority of pediatric trauma care in the United States—with 
a working knowledge of pediatric trauma system design and 
function, to ensure, insofar as is possible, that every child in 
every community has the beneἀt of optimal pediatric trauma 
prevention and treatment, hence the greatest possible oppor-
tunity for relief, recovery, and rehabilitation.

Trauma and EMS for children (EMSC)

Modern EMS systems evolved because of the recognition 
that trauma and sudden cardiac emergencies were the lead-
ing causes of death in the United States, and that the largely 
volunteer, ἀ re c ompany–based r escue s quads t hat h istori-
cally comprised most EMS were not optimally prepared to 
meet this challenge. The physicians who ἀrst created the EMS 
systems were t rained chiefly i n t he adult-oriented special-
ties of surgery, internal medicine, cardiology, and anesthe-
siology [5]. Infants and children were cared for in these EMS 
systems, but their needs were not speciἀcally addressed, and 
deἀciencies in their care were not recognized, based on the 
false notion t hat c hildren c ould b e t reated a s l ittle adults. 
Hence, n one of the key legislative initiatives that resulted 
in the creation of modern EMS—the Highway Safety Act of 
1966, the Emergency Medical Service Systems Act of 1973, 
and the Preventive Health and Health Services Block Grant 
Program of 1982 that ultimately replaced the EMS Systems 
Act—made special mention of the unique needs of infants 
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