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 Abstract 

Blunt abdominal trauma is the third most common cause of pe-
diatric trauma deaths, but it is the most common unrecognized 
fatal injury. This issue discusses common mechanisms and injuries 
seen in children with blunt abdominal trauma and takes a closer 
look at current evaluation and management techniques. The main-
stays of diagnostic evaluation include laboratory, sonography, and 
computed tomography studies. However, the routine use of these 
studies may not be necessary, and controversy exists as to which 
studies are beneficial and which are less valuable. The concern for 
radiation-induced malignancy has led to increased efforts to limit 
radiation exposure by decreasing the use of unnecessary computed 
tomography scans. The history and physical examination, com-
bined with the mechanism of injury, should be used to develop a 
thoughtful and directed diagnostic workup.  

October 2014
Volume 11, Number 10

Authors

Nicole Schacherer, MD
Pediatric Emergency Medicine Fellow, Eastern Virginia 
Medical School, Children’s Hospital of The King’s 
Daughters, Norfolk, VA
Jill Miller, MD
Assistant Professor of Pediatrics, Eastern Virginia Medical 
School, Department of Pediatric Emergency Medicine, 
Children’s Hospital of The King’s Daughters, Norfolk, VA
Kelli Petronis, MD
Assistant Professor of Pediatrics, Eastern Virginia Medical 
School, Department of Pediatric Emergency Medicine, 
Children’s Hospital of The King’s Daughters, Norfolk, VA

Peer Reviewers

James Naprawa, MD
Associate Clinical Professor of Pediatrics, The Ohio State 
University College of Medicine; Attending Physician, 
Emergency Department, Nationwide Children’s Hospital, 
Columbus, OH 
Lara Zibners, MD
Honorary Consultant, Paediatric Emergency Medicine, St 
Mary’s Hospital, Imperial College Trust; EM representative, 
Steering Group ATLS®-UK, Royal College of Surgeons, 
London, England
 

Prior to beginning this activity, see “Physician CME 
Information” on the back page.

This article is eligible for 4 trauma CME credits.

 Editor-in-Chief
Adam E. Vella, MD, FAAP 
 Associate Professor of Emergency 

Medicine, Pediatrics, and Medical 
Education, Director Of Pediatric 
Emergency Medicine, Icahn 
School of Medicine at Mount Sinai, 
New York, NY

Associate Editor-in-Chief
Vincent J. Wang, MD, MHA 
 Associate Professor of Pediatrics, 

Keck School of Medicine of the 
University of Southern California; 
Associate Division Head, 
Division of Emergency Medicine, 
Children's Hospital Los Angeles, 
Los Angeles, CA

Editorial Board
Jeffrey R. Avner, MD, FAAP 

Professor of Clinical Pediatrics 
and Chief of Pediatric Emergency 
Medicine, Albert Einstein College 
of Medicine, Children’s Hospital at 
Montefiore, Bronx, NY

Steven Bin, MD
 Associate Clinical Professor, 

Division of Pediatric Emergency 
Medicine, UCSF Benioff Children’s 
Hospital, University of California, 
San Francisco, CA

Richard M. Cantor, MD, FAAP, 
FACEP

 Professor of Emergency Medicine 
and Pediatrics, Director, Pediatric 
Emergency Department, Medical 
Director, Central New York 
Poison Control Center, Golisano 
Children's Hospital, Syracuse, NY

Ilene Claudius, MD
 Associate Professor of Emergency 

Medicine, Keck School of Medicine 
of the University of Southern 
California, Los Angeles, CA

Ari Cohen, MD
 Chief of Pediatric Emergency 

Medicine Services, Massachusetts 
General Hospital; Instructor in 
Pediatrics, Harvard Medical 
School, Boston, MA

Marianne Gausche-Hill, MD, 
FACEP, FAAP
 Professor of Clinical Medicine, 

David Geffen School of Medicine 
at the University of California at 
Los Angeles; Vice Chair and Chief, 
Division of Pediatric Emergency 
Medicine, Harbor-UCLA Medical 
Center, Los Angeles, CA

Michael J. Gerardi, MD, FAAP, 
FACEP, President-Elect 

 Associate Professor of Emergency 
Medicine, Icahn School of 
Medicine at Mount Sinai; Director, 
Pediatric Emergency Medicine, 
Goryeb Children's Hospital, 
Morristown Medical Center, 
Morristown, NJ

Sandip Godambe, MD, PhD
 Vice President, Quality & Patient 

Safety, Professor of Pediatrics and 
Emergency Medicine, Attending 
Physician, Children's Hospital 
of the King's Daughters Health 
System, Norfolk, VA

Ran D. Goldman, MD
 Professor, Department of Pediatrics, 

University of British Columbia; 
Co-Lead, Division of Translational 
Therapeutics; Research Director, 
Pediatric Emergency Medicine, BC 
Children's Hospital, Vancouver, BC, 
Canada

Alson S. Inaba, MD, FAAP
 Associate Professor of Pediatrics, 

University of Hawaii at Mãnoa 
John A. Burns School of Medicine, 
Division Head of Pediatric 
Emergency Medicine, Kapiolani 
Medical Center for Women and 
Children, Honolulu, HI

Madeline Matar Joseph, MD, FAAP, 
FACEP    

 Professor of Emergency Medicine 
and Pediatrics, Chief and Medical 
Director, Pediatric Emergency 
Medicine Division, University 
of Florida Medical School-
Jacksonville, Jacksonville, FL 

Stephanie Kennebeck, MD
 Associate Professor, University 

of Cincinnati Department of 
Pediatrics, Cincinnati, OH

Anupam Kharbanda, MD, MS
 Research Director, Associate 

Fellowship Director, Department 
of Pediatric Emergency Medicine, 
Children's Hospitals and Clinics of 
Minnesota, Minneapolis, MN

Tommy Y. Kim, MD, FAAP, FACEP
 Assistant Professor of Emergency 

Medicine and Pediatrics, Loma 
Linda Medical Center and Children’s 
Hospital, Loma Linda, CA, California 
Emergency Physicians, Riverside, CA

Melissa Langhan, MD, MHS
 Associate Professor of Pediatrics, 

Fellowship Director, Pediatric 
Emergency Medicine, Director of 
Education, Pediatric Emergency 
Medicine, Yale School of Medicine, 
New Haven, CT

Robert Luten, MD
 Professor, Pediatrics and 

Emergency Medicine, University of 
Florida, Jacksonville, FL 

Garth Meckler, MD, MSHS
 Associate Professor of Pediatrics, 

University of British Columbia; 
Division Head, Pediatric 
Emergency Medicine, BC 
Children's Hospital, Vancouver, 
BC, Canada

Joshua Nagler, MD 
 Assistant Professor of Pediatrics, 

Harvard Medical School; 
Fellowship Director, Division of 
Emergency Medicine, Boston 
Children’s Hospital, Boston, MA

James Naprawa, MD 
 Associate Clinical Professor 

of Pediatrics, The Ohio State 
University College of Medicine; 
Attending Physician, Emergency 
Department, Nationwide Children’s 
Hospital, Columbus, OH

Steven Rogers, MD 
 Assistant Professor, University of 

Connecticut School of Medicine, 
Attending Emergency Medicine 
Physician, Connecticut Children's 
Medical Center, Hartford, CT

Christopher Strother, MD 
 Assistant Professor, Director, 

Undergraduate and Emergency 
Simulation, Icahn School of 
Medicine at Mount Sinai, New 
York, NY

AAP Sponsor
Martin I. Herman, MD, FAAP, FACEP 
 Professor of Pediatrics, Attending 

Physician, Emergency Medicine 
Department, Sacred Heart 
Children’s Hospital, Pensacola, FL

International Editor
Lara Zibners, MD, FAAP 
 Honorary Consultant, Paediatric 

Emergency Medicine, St Mary's 
Hospital, Imperial College Trust; 
EM representative, Steering Group 
ATLS®-UK, Royal College of 
Surgeons, London, England

Pharmacology Editor
James Damilini, PharmD, MS, 

BCPS 
 Clinical Pharmacy Specialist, 

Emergency Medicine, St. 
Joseph's Hospital and Medical 
Center, Phoenix, AZ

Quality Editor
Steven Choi, MD 
 Medical Director of Quality, 

Director of Pediatric Cardiac 
Inpatient Services, The Children’s 
Hospital at Montefiore, Assistant 
Professor of Pediatrics, Albert 
Einstein College of Medicine, 
Bronx, NY



Copyright © 2014 EB Medicine. All rights reserved. 2 www.ebmedicine.net • October 2014

in managing the injured child.3 Similar to their 
adult counterparts, children can have an unreliable 
abdominal examination from an associated head 
injury and a decreased Glasgow Coma Scale (GCS) 
score. Additionally, children are more likely to have 
an unreliable abdominal examination secondary to 
crying and abdominal distension.2

 The routine use of trauma panels and computed 
tomography (CT) scans of the head, neck, chest, 
abdomen, and pelvis should not be employed in the 
pediatric patient. Unnecessary radiation exposure 
in the pediatric patient carries an increased lifetime 
risk of fatal malignancy, in addition to an increased 
cost burden.4,5 Instead, as discussed in this review, a 
more thoughtful and focused approach to the child 
suffering from blunt abdominal trauma should be 
undertaken.  

 Critical Appraisal Of The Literature 

A literature search of Ovid, Clinical Key, and 
PubMed was completed using the terms pediat-
ric blunt abdominal trauma, blunt abdominal trauma, 
pediatric trauma, and abdominal trauma and specific 
organ injuries. The Cochrane Database of Systematic 
Reviews and the National Guidelines Clearinghouse 
were reviewed, but they had limited information on 
pediatric abdominal trauma. Additionally, Clinical-
Trials.gov was reviewed for ongoing studies. The 
search was limited mostly to the last 15 years. Much 
research has been completed on trauma and on pedi-
atric trauma, but the literature lacks strong random-
ized control trial data and prospective studies. Many 
of the studies on which our current evaluation and 
management strategies are based are retrospective 
reviews. There are a few prospective observational 
studies that validate the retrospective studies and an 
even smaller number of meta-analyses. For injuries 
with a low incidence of occurrence (such as adrenal 
injuries), case studies dominate the literature. 

 Etiology And Pathophysiology 

Epidemiology
Unintentional injury is the leading cause of death 
in children aged > 1 year. In all age groups, MVCs 
are the most common cause of death.6 Injury is also 
a major source of morbidity, with an estimated 11.9 
million injury-related ED visits for children and 
adolescents in the United States between 2009 and 
2010. This represents approximately 35% of all ED 
visits by children and adolescents during that time 
period.7 Unintentional falls are the most common 
mechanism of nonfatal injury in children aged < 15 
years.8 Blunt abdominal trauma is the third most 
common cause of pediatric trauma deaths, but is the 
most common unrecognized fatal injury.9  
 The spleen and liver are the most commonly 

 Case Presentations 

A 10-year-old girl involved in a motor vehicle crash 
is brought to your ED. She was restrained in the rear 
driver’s-side seat of the vehicle with a lap and shoulder 
belt when the vehicle was struck at high speed on the 
driver’s side. On arrival to the ED, she is awake and alert, 
immobilized with a cervical collar and back board, and has 
the following vital signs: temperature 37.5°C; heart rate, 
130 beats/min; blood pressure, 105/70 mm Hg; respira-
tory rate, 20 breaths/min; and oxygen saturation, 98% on 
room air. She is able to maintain her airway and has clear 
and equal breath sounds without increased work of breath-
ing, and she has strong distal pulses. She complains of ab-
dominal pain. Her abdomen is soft and nondistended, but 
she has localized tenderness in the left upper quadrant. 
There are no bruises or abrasions noted on the abdomen. 
Several questions are running through your mind: What 
fluids should I give her, how much, and how fast? What 
labs should I order? Should I perform a FAST exam? 
Should I order a CT of the abdomen/pelvis? Do I need 
contrast for the CT? Or does she need to go emergently to 
the operating room?
 In the next room, a 9-year-old boy has presented to 
the ED for epigastric pain and 1 episode of nonbloody, 
nonbilious vomiting. He is awake and alert and has the 
following vital signs: temperature, 37°C; heart rate, 
110 beats/min; respiratory rate, 24 breaths/min; blood 
pressure 95/55 mm Hg; and oxygen saturation, 98% on 
room air. He has no diarrhea, and there are no known sick 
contacts. While you are examining him, you note moder-
ate tenderness with voluntary guarding of the epigastric 
area. On further examination, you notice a faint bruise to 
the epigastric area and ask the patient how it occurred. He 
remembers that he was riding his bicycle the day before, 
and fell onto the handlebars. You wonder if this could be 
the cause of his pain and vomiting. For what injuries is 
he at risk? What tests should you order? Do you need to 
obtain a surgery consultation? Should he be admitted to 
the hospital?

 Introduction 

Trauma remains the leading cause of childhood 
death and disability in children aged > 1 year.1 
While head and thoracic trauma account for most 
death and disability in children, abdominal injuries 
constitute the most common unrecognized cause of 
death.2 Blunt injury accounts for 90% of abdominal 
trauma in children.2 Common mechanisms include 
motor vehicle crashes (MVCs), falls, pedestrian inju-
ries, bicycle and sports-related injuries, and nonacci-
dental trauma (NAT). Penetrating injuries are much 
less common in children than in adults.2

 Management of pediatric trauma has unique 
challenges. The developmental stage of the patient, 
a lack of verbal skills in younger patients, and a 
lack of prehospital information create limitations 
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 Common Mechanisms Of Injury In Blunt 
 Abdominal Trauma 

Motor Vehicle Crashes
Although death is more commonly caused by associ-
ated head injury, MVCs are the most common cause 
of blunt abdominal injury in children.12 Several fac-
tors affect the pattern of injury in children involved 
in MVCs, including the type of restraint used, the 
seating position, and the type of accident. The 
American Academy of Pediatrics has issued a policy 
statement with recommendations for child passen-
ger safety, which is available at: http://pediatrics.
aappublications.org/content/early/2011/03/21/
peds.2011-0213.full.pdf+html.16 Seat belts and child 
safety seats are estimated to have saved > 12,000 
lives in the United States in 2011 alone;17 however, a 
significant number of children remain unrestrained 
or suboptimally restrained, leading to injuries that 
can be prevented. 
 Children who are inappropriately restrained 
may suffer injury due to the restraint itself. Data 
from the National Trauma Database Pediatric Report 
2013 show a significant number of injuries second-
ary to lap and shoulder belts.18 A cross-sectional 
study of children aged < 16 years found that opti-
mally restrained children were more than 3 times 
less likely to suffer an abdominal injury compared 
to suboptimally restrained children. There were 
no abdominal injuries reported among optimally 
restrained children aged 4 to 8 years.19 Other studies 
have supported these findings and highlight the im-
portance of following current child passenger safety 
recommendations.20-22 
 The type of impact may also affect the injury 
pattern. Data from the National Automotive Sam-
pling System show side impacts account for more 
abdominal injuries (particularly to the liver and 
spleen) than frontal impacts.23 

Seat-Belt Syndrome
Inappropriate restraint with lap-only belts or lap-and-
shoulder belts may lead to seat-belt syndrome. This 
was first described in adults in 1956, as a distinctive 
pattern of injuries associated with lap belts in serious 
crashes, including hip and abdominal contusions (see 
Figure 1, page 4), pelvic fractures, lumbar spine inju-
ries, and intra-abdominal injuries to both solid organs 
and hollow viscera. Seat-belt syndrome in children 
was first reported in the 1980s.24  
 During a 2-year study by Sokolove et al, 399 
children with risk for intra-abdominal injury follow-
ing an MVC presented to a level I trauma center.25 
Of those, 46 (12%) had a seat-belt sign, defined as 
an area of erythema, ecchymosis, and/or abrasion 
across the abdominal wall resulting from a seat-belt 
restraint. Patients with a seat-belt sign were more 
likely to have an intra-abdominal injury (relative 

injured abdominal organs in children, followed by 
the kidney, small bowel, and pancreas.10-12 Frequent 
causes of intra-abdominal injury in children include 
MVCs, auto-pedestrian or auto-bicycle collisions, 
and falls. Less common causes of intra-abdominal 
injury include a direct blow from bicycle handlebars, 
sports, all-terrain vehicle incidents, furniture and 
television tip-overs, and NAT. Although only 1% of 
children hospitalized for NAT sustain intra-abdom-
inal injury, it is the second most common form of 
fatal physical child abuse.13 

Etiology And Pathophysiology
There are several anatomic and physiologic differ-
ences between children and adults that may make 
children more susceptible to serious injury secondary 
to blunt abdominal trauma, while at the same time 
making injury more difficult to identify. In children, 
abdominal organs are relatively larger, abdominal 
muscles are poorly developed, there is less intra-
abdominal fat to offer protection against injury. In 
addition, the ribcage is compliant, which allows direct 
transmission of force to the liver and spleen.2,10,11 
 Injured children may cry secondary to pain or 
fear, causing a significant amount of swallowed air, 
which can lead to gastric distension.2 While examin-
ing the abdomen, it may be difficult to differentiate 
crying due to pain and tenderness versus fear and 
abdominal distension due to injury versus swal-
lowed air. 
 Though crying and fear may also cause elevated 
heart rate in injured children, it is important to pay 
attention to tachycardia, as it may be the only indica-
tor of significant blood loss. A child’s first physiolog-
ic response to blood loss is tachycardia, to increase 
stroke volume and cardiac output.10,14,15 Children 
may not manifest a decrease in systolic blood pres-
sure until 30% of circulating blood volume is lost.14 
Therefore, hypotension alone is a late indicator of 
decompensation, and a normotensive blood pres-
sure is an inadequate measure of volume status or 
end point in resuscitation.14,15 Other signs of blood 
loss are a weakening of peripheral pulses, a decrease 
of pulse pressure to < 20 mm Hg, skin mottling or 
clammy skin, cool extremities, and a decreased level 
of consciousness.14 Assessing capillary refill may be 
unreliable due to the effect of environmental tem-
perature, variability in patient response to hypovole-
mia, and inter-observer variation.12 
 The smaller body mass in children results 
in greater force applied per unit of body surface 
area, often leading to multiple injuries. The larger 
surface area can more easily lead to hypothermia, 
which can complicate the treatment of shock.12,14  
For these reasons, frequent reassessment, high clini-
cal suspicion, and knowledge of common injury 
patterns and mechanisms is vital in caring for a 
pediatric trauma patient. 

http://pediatrics.aappublications.org/content/early/2011/03/21/peds.2011-0213.full.pdf%2Bhtml
http://pediatrics.aappublications.org/content/early/2011/03/21/peds.2011-0213.full.pdf%2Bhtml
http://pediatrics.aappublications.org/content/early/2011/03/21/peds.2011-0213.full.pdf%2Bhtml
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liver laceration, 1% bowel injury).30 The authors 
defined a fall as either low (< 15 ft) or high (≥ 15 ft), 
and found that abdominal injuries were just as likely 
to occur after a low fall as after a high fall. However, 
the incidence of life-threatening abdominal injuries 
was greater in the high-fall group. Lallier et al per-
formed a retrospective review of 1410 patients ad-
mitted after a fall from a minimum height of 10 feet, 
and found abdominal injury in 12% of the cases.31 
Bulut et al found abdominal injury in 9% of trauma 
cases due to falls from a median height of 3.8 meters 
(12.46 ft).32 Common sites of falls include balconies, 
windows, stairs, walls, trees, and roofs.30-32 The ma-
jority of falls occurred in private homes.30,31 
 According to a meta-analysis, in 312 cases of 
small-intestine perforations, falls on stairs were not 
reported to be the mechanism of injury in any of the 
cases.33 The authors found that, in 677 cases of falls 
on stairs, there were no reports of any intra-abdomi-
nal injury, including small-bowel perforation. This is 
important to note, as parents of abused children may 
report a fall on the stairs as the cause of injury. The 
emergency clinician should be highly suspicious of 
NAT in any patient with a small-bowel perforation 
due to a reported fall on stairs. 

Bicycle Injuries
Bicycle injuries account for many ED visits by 
children, and one study has shown a trend toward 
more-severe injuries and an increasing number of 
abdominal injuries.34 A 2010 retrospective review 
found that the number of patients with bicycle-
related injuries in a pediatric intensive care unit 
of a Level II trauma center had increased signifi-
cantly during recent years.35 A total of 46 cases were 
reviewed, with 54.4% sustaining abdominal injury. 
The median age of patients with abdominal trauma 
was significantly younger than those without ab-
dominal injury, and the most common mechanism 
of injury was falling from a bicycle (88%), with the 
majority impacted by the handlebars.
 Injuries caused by direct impact with a handle-
bar require a high index of suspicion for intra-
abdominal injury, as patients may have delayed 
presentation. Alkan et al found the mean delay in 
presentation from the time of accident for patients 
with severe abdominal injury secondary to trauma 
from a bicycle handlebar was 34.5 hours.36 In a ret-
rospective review of 40 patients aged < 16 years with 
a handlebar injury, potentially harmful injuries were 
found in 20 patients, and 8 required operative inter-
vention.37 A retrospective review of 462 children aged 
< 17 years with trauma from a bicycle incident found 
that abdominal handlebar injuries represented 9% of 
bicycle injuries.38 However, the handlebar injuries 
contributed to 19% of all internal-organ injuries, 
45.4% of solid-organ injuries, 87.5% of hollow-
viscous injuries, 66.6% of vascular or lymphatic 

risk, 2.9). Specifically, there were much higher rates 
of gastrointestinal and pancreatic injuries in patients 
with a seat-belt sign than in those without (relative 
risk, 12.8 and 22, respectively). In this study, 6 of 46 
children with a seat-belt sign did not have abdomi-
nal tenderness, and none of those 6 children had 
intra-abdominal injury. A retrospective chart review 
of 53 children with abdominal wall bruising after 
MVC found that 55% had intra-abdominal inju-
ries.26 The most common injuries were mesenteric or 
bowel, followed by spleen and liver.

Pedestrian Struck By Motor Vehicle 
Pedestrian injuries may occur in the street or in 
driveways. Factors that may increase the risk for 
children being struck by motor vehicles include 
impulsive behavior, lack of parental supervision, 
young age, and male sex.27 
 Urban centers have a higher incidence of pedestrian 
collisions, but injuries are more severe and are fatal a 
greater percentage of the time in rural settings. Injury 
patterns depend on several factors (including vehicle 
speed, angle of impact, center of gravity of the pedes-
trian, body part contacted by vehicle, part of vehicle 
impacted, and vehicle design).27 A retrospective review 
of 5000 pedestrians injured by motor vehicles found 
that children aged < 15 years accounted for 38% of 
cases.28 Among all patients, 3.9% had abdominal/pelvic 
injuries. A retrospective chart review of 4444 pediatric 
trauma patients (which included 465 patients struck by 
motor vehicles) found that only 2.4% had head, leg, and 
abdominal injuries (known as Waddell Triad).29 

Falls
Falls are the most common mechanism of nonfatal 
injury in children aged < 15 years.8 In a retrospective 
analysis of 729 pediatric patients treated for fall-re-
lated trauma, approximately 4% were found to have 
intra-abdominal injury (2.1% splenic injury, 1.1% 

Figure 1. Seat-Belt Sign

Reprinted from Pediatric Surgery, 7th ed., Arnold G. Coran, Steven 

Stylianos, Richard H. Pearl, Abdominal Trauma, pages 289-309, 

Copyright 2012, with permission from Elsevier.
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 Effective communication between first respond-
ers and the receiving facility is crucial in the transfer 
of the injured patient. The mechanism of trauma, 
pertinent physical examination findings, and vital 
signs should be given to the receiving facility. This 
information is important in pediatric trauma where 
a parent is often not initially present and the child is 
frequently unable to communicate effectively. The 
brief report provided by emergency medical ser-
vices can aid the emergency clinician in establishing 
which injuries to suspect and in directing a purpose-
ful, logical workup.44

 Emergency Department Evaluation 

Primary Survey
Evaluation of the child with blunt abdominal trauma 
begins with the primary survey.14 Priorities include 
maintaining or supporting the airway, breathing, 
and circulation while rapidly identifying and treat-
ing any life-threatening or limb-threatening injuries 
and preventing neurological compromise. The pa-
tient must be fully undressed in order to evaluate for 
possible injuries while also making an effort to avoid 
hypothermia.14 In the setting of multisystem trauma, 
history, physical examination, diagnostic studies, 
and treatment all typically occur simultaneously. 
The focused assessment sonography in trauma 
(FAST) is a tool utilized during the primary survey 
and will be discussed later on page 8.14

Focused History  
A history may be difficult to obtain due to several 
factors. Preverbal children will not be able to pro-
vide a history, and caregivers may not be present, 
may not have seen the event occur, or may be un-
reliable in the setting of abuse. Young children may 
have difficulty describing the event or symptoms. 
Adolescents may give false information to avoid 
getting in trouble, or they may be impaired due to 
drugs or alcohol. Altered mental status or impaired 
memory due to associated brain injury may also 
occur. The “AMPLE” acronym emphasized in the 
Advanced Trauma and Life Support (ATLS) guide-
lines focuses the history to include only important 
information, without delaying initiation of other 
interventions: Allergies, Medications, Past illnesses, 
Last meal, and Events/Environment related to the 
injury.14  
 Important information to gather includes how 
and where the injury occurred and deaths on the 
scene, as well as details about restraint, seating posi-
tion, and impact type, if relevant. Details about the 
body parts struck, how the patient landed, and any 
symptoms experienced immediately after the inci-
dent or at the time of evaluation are also essential. 
In addition, the emergency clinician should have a 
high index of suspicion for NAT in patients with an 

injuries, and 100% of pancreatic injuries. Handlebar 
injuries were 10 times more likely to cause severe 
injury versus other bicycle injuries, and more than 
half were misdiagnosed at initial presentation. 

Sports Injuries
An Australian study of 513 children with abdominal 
injury found that 33 (6%) were due to sports.39 Males 
were more commonly injured than females, and rug-
by was the most common sport involved, followed 
by soccer, cricket, and baseball. Twenty-three percent 
of patients with sports-related abdominal trauma had 
a single, solid-organ injury, with the spleen being the 
most commonly injured, followed by the kidneys and 
liver. Fifteen percent of patients had hollow-viscus or 
multiple-organ injuries. 
 In the United States, the National Pediatric Trau-
ma Registry data identified abdominal injury due to 
contact sports in only 0.56% of patients.40 The sports 
most commonly involved were football, hockey, 
baseball, soccer, and basketball. Adolescents had a 
higher rate of abdominal injury than preadolescents. 
The spleen was the organ most commonly injured, 
followed by the kidney. In a review of children with 
soccer injuries severe enough to require trauma ac-
tivation, 20% sustained abdominal injury (including 
splenic laceration, liver laceration, pancreatic transec-
tion, and duodenal hematoma).41 Snowboarders are 
also at risk for abdominal organ injury, with splenic 
injury being the most common.42 It is important to 
recognize the intra-abdominal organs that are most 
commonly injured due to sports in order to direct 
management. 

Nonaccidental Trauma
A retrospective chart review of 6186 trauma patients 
aged < 18 years identified that 7.3% of patients had 
injury secondary to NAT.43 Compared to patients 
with accidental trauma, these patients were younger, 
more severely injured, and required both a longer 
intensive care unit stay and overall hospital stay. Ab-
dominal exploration was necessary more than twice 
as often in patients with injury secondary to NAT. 
Although solid-organ injuries are the most common 
in children with inflicted injury, NAT patients are 
also more likely to suffer hollow-viscus injury, more 
likely to suffer combined hollow-viscus and solid-or-
gan injury, and there is often a delay in seeking care, 
compared to those with accidental trauma.13 

 Prehospital Care 

Prehospital providers must immediately assess and 
manage the patient’s airway, breathing, and circula-
tion. They must control external hemorrhage and 
initiate spine immobilization and fluid resuscitation 
as necessary.14 Transfer to definitive care should not 
be delayed.
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chymosis, and abrasions as positive predictors 
of intra-abdominal injury.47 However, a negative 
examination and the absence of comorbid injuries do 
not completely rule out an intra-abdominal injury.1 
 Several important physical examination findings 
have been associated with intra-abdominal injury in 
the setting of blunt abdominal trauma. In a prospec-
tive observational study by Holmes et al, patients 
with low systolic blood pressure for age were 4 
times more likely to have intra-abdominal injury, 
and patients with abdominal tenderness were almost 
6 times as likely to have intra-abdominal injury.48 
However, the absence of abdominal tenderness did 
not definitively rule out intra-abdominal injury, as 
it was present in only 58% of children with intra-
abdominal injuries. Even in children with a GCS 
score > 13, abdominal tenderness was only present 
in 77% of patients with intra-abdominal injury. In 
the Holmes study, falls off bicycles, crush injuries, 
assault, and abuse were less common mechanisms 
of injury. Therefore, results may not be generaliz-
able to patients with those mechanisms of injury. In 
a follow-up prospective study by Holmes et al to 
validate the clinical prediction rule developed in the 
aforementioned study, hypotension and abdominal 
tenderness were, again, found to be strong predic-
tors of intra-abdominal injury, with relative risks of 
4.4 and 2.2, respectively.49 
 In a prospective study of 147 children admitted 
for blunt abdominal trauma, abdominal pain, signs 
of peritoneal irritation, and hemodynamic instability 
each had a relative risk of 5 for abdominal organ in-
jury.50 A retrospective study performed in the Nether-
lands to externally validate the score developed from 
the Holmes study also found that abdominal pain, 
peritoneal irritation, and hemodynamic instability 
occurred significantly more often in pediatric trauma 
patients with abdominal injury versus those without 
abdominal injury.51 Another retrospective study from 
Canada found that any concerning abdominal find-
ings (including tenderness, distension, shoulder tip 
pain, and abdominal wall contusion or abrasion) were 
significant predictors of clinically important intra-
abdominal injury, with an odds ratio of 12.6 for any of 
the findings.52 These studies highlight the importance 
of abdominal examination findings in the evalua-
tion of children who have sustained blunt abdominal 
trauma. However, care must be taken in the interpre-
tation of the abdominal examination in patients with 
decreased mental status, as the examination may be 
unreliable due to an altered ability to perceive or com-
municate pain.48 
 In children involved in MVCs, it is important to 
evaluate for abdominal wall bruising or the seat-belt 
sign. A study analyzing a crash surveillance database 
found that restrained children involved in a MVC 
who sustained abdominal bruising were 232 times 
more likely to have a significant intra-abdominal 
injury when compared to those without bruising.53

inconsistent history, delay in presentation, or other 
features concerning for abuse.
 It is important to identify any underlying condi-
tions that may predispose the child to more severe 
injury or make him or her more difficult to evaluate. 
Children with bleeding disorders, or those on anti-
coagulants or antiplatelet therapy may have more 
severe bleeding. Children with any type of anemia 
may have a low baseline hemoglobin and hema-
tocrit. This is helpful to identify in order to avoid 
unnecessary testing. 
 Children with pre-existing organomegaly may 
be at risk for more severe injury. This may include 
children with certain types of malignancies or bleed-
ing disorders, underlying liver or metabolic disease, 
or infection with Epstein-Barr virus (mononucleo-
sis). Children with prior abdominal surgeries may 
have preexisting abnormalities on imaging studies 
that make them more difficult to interpret, especially 
if a previous study is not available for comparison. 
Children with underlying liver disease or obesity 
may have abnormal liver transaminases at baseline, 
and children with underlying renal disease may 
have hematuria unrelated to the injury. 
 It is important for the emergency clinician to be 
made aware of any allergies and any medications 
the child is taking to avoid allergic reactions and 
medication interactions. Children with developmen-
tal delay or autism may be more difficult to evalu-
ate, and it is important to know the child’s baseline 
mental status in order to evaluate for any evidence 
of neurologic injury. 

Secondary Survey
The secondary survey is a head-to-toe examination 
to evaluate for additional injuries that are not imme-
diately life-threatening. A rectal examination is no 
longer routinely recommended in pediatric trauma 
patients. The ATLS guidelines recommend a digital 
rectal exam (DRE) be performed selectively before 
inserting an indwelling urinary catheter,14 although 
certain studies question its utility. In a chart review 
of pediatric patients, Shlamovitz et al found a lack of 
evidence for DREs.45 They concluded that the DRE 
has poor sensitivity for the diagnosis of spinal cord, 
bowel, rectal, bony pelvis, and urethral injuries. 
According to a prospective study by Esposito et al, 
the DRE is, at best, equivalent to, and in most cases, 
inferior to other clinical indicators of injury. Omis-
sion of routine DREs appears to be permissible, safe, 
and advantageous.46

Physical Examination Findings Suggestive 
Of Abdominal Injury 
Any abdominal abnormality or other associated 
comorbid injuries discovered on examination should 
increase suspicion for an intra-abdominal injury.1 
Cotton et al identified abdominal tenderness, ec-
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No test had a high enough positive predictive value 
(PPV) to be useful as a predictor of abdominal 
pathology. Additionally, the decision to obtain a CT 
scan was made before the return of routine trauma 
panel laboratory test results and was based more on 
the mechanism of injury and physical examination 
findings, which left them questioning the necessity 
of the laboratory tests. One limitation of the study 
was that it did not correlate laboratory results with 
physical examination findings.  
 In 2002, Holmes et al sought to determine the 
utility of laboratory testing in the identification of 
children with intra-abdominal injuries after blunt 
torso trauma. They developed a prediction rule 
and looked specifically at 6 high-risk variables: low 
age-adjusted systolic blood pressure, abdominal 
tenderness, femur fracture, increased liver enzyme 
levels (serum AST > 200 U/L or serum ALT > 125 
U/L), microscopic hematuria (> 5 RBC/high-power 
field), or an initial hematocrit level < 30%.48 After 
adjusting for physical findings of tenderness or 
abnormality on abdominal examination, they found 
that laboratory testing significantly contributed to 
the identification of children with intra-abdominal 
injuries. Increased liver transaminases and mi-
croscopic hematuria offered the best initial risk 
stratification of patients. Pediatric patients with 
any of these risk factors should be considered to be 
at significant risk for intra-abdominal injury and 
should undergo further testing. Patients with none 
of these risk factors are considered to be at low 
risk for intra-abdominal injury, and CT scan may 
be deferred. This study was externally validated in 
2009 by a prospective observational study of 1119 
patients, with a sensitivity of 94.9% (149 of 157; 95% 
confidence interval [CI], 90.2%-97.7%) and specific-
ity of 37.1% (357 of 962; 95% CI, 34%-40.3%). The 
8 patients not identified by the prediction rule did 
not require any therapeutic interventions.49

 Amylase and lipase values have not proven to be 
a helpful predictor of intra-abdominal injury. A mul-
ticenter review of 131 pediatric trauma patients with 
pancreatic injuries found that neither initial nor peak 
amylase or lipase values correlated with the grade of 
injury, and neither predicted length of stay or mortal-
ity.56 Adamson et al performed a retrospective study 
of 1821 pediatric trauma patients examining serum 
amylase and lipase levels.57 They found that 48% of 
patients with elevated amylase and lipase levels had 
no clinical or CT evidence of intra-abdominal injury. 
Seventy-four patients with elevated amylase/lipase 
levels underwent abdominal and pelvic CT scanning, 
and 38 (51%) had completely normal scans. In pa-
tients with pancreatic injury, there was no correlation 
between amylase/lipase values and pancreatic injury 
severity. The authors concluded that serum amylase 
and lipase determinations may support clinical suspi-
cion in the diagnosis of pediatric pancreatic trauma, 

Initial Management
Initial management of a trauma patient involves 
rapid diagnosis and treatment of potentially life-
threatening injuries. The hemodynamically stable 
patient can undergo a thorough secondary survey, 
laboratory tests, and imaging studies, as indicated.
 Children who have hemodynamic signs of blood 
loss or instability require fluid resuscitation. This 
is typically based on the child’s weight, which can 
be estimated using the Broselow® Pediatric Emer-
gency Tape. An initial bolus of 20 mL/kg of warmed 
isotonic crystalloid solution is recommended and 
can be repeated for a total of 3 boluses, or 60 mL/kg. 
Packed red blood cells (PRBCs) at an initial dosage 
of 10 mL/kg should be considered at any point that 
the child deteriorates during the resuscitation and 
especially if the child remains hemodynamically 
unstable after the third bolus. Surgical consulta-
tion should be initiated (if this has not already been 
done) in any child who does not become hemody-
namically stable after the first bolus.14 A bedside 
FAST should be completed on any unstable patient to 
identify hemoperitoneum or hemopericardium. The 
child should be taken to the operating room for emer-
gent laparotomy if those conditions are found.12,54

 Diagnostic Studies 

Laboratory Tests
The routine use of extensive trauma panels are no 
longer recommended, but there are some laboratory 
tests that may be helpful in assessing the trauma 
patient.1,55 The benefit of laboratory testing has been 
controversial. Wegner noted that there are 2 reasons 
for performing laboratory testing. The first is to 
immediately treat a potentially unstable patient by 
ordering a type and cross match and administer-
ing blood. The second is to screen a stable child for 
a possible intra-abdominal injury.1 The most use-
ful tests are the complete blood count (CBC), liver 
function tests (LFTs), and urinalysis (UA). However, 
the physical examination and mechanism of injury 
should guide the evaluation. 
 In 2004, Cotton et al determined that the com-
bination of abdominal tenderness and an aspartate 
aminotransferase (AST) > 131 U/L correctly predicted 
the presence of intra-abdominal injury with a sensi-
tivity of 100% and a specificity of 87%.47 Hynick et al 
found that hematuria (gross or microscopic), elevated 
serum alanine aminotransferase (ALT) > 125 U/L, 
and documentation of clinically concerning abdomi-
nal findings were significant predictors of a clinically 
important abdominal injury.52

 However, in a retrospective review of 382 pa-
tients, Capraro et al found that there was no single 
laboratory test that had a sufficiently high sensitivity 
and negative predictive value (NPV) to provide a 
clinically useful screen for abdominal pathology.55 
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They argue that a negative FAST may miss a small 
percentage of patients with free fluid or paren-
chymal injury, but the clinical significance of these 
injuries is not clear given that nonoperative manage-
ment of blunt abdominal trauma in hemodynami-
cally stable children is a widely accepted practice. 
 However, a prospective study by Emery et al in 
2001 found 7 of 17 liver and spleen injuries (41%) 
without fluid on screening sonography were grade 
III, indicating that one cannot assume that injuries 
without fluid are necessarily trivial.66 They also 
found that 34% of patients had intra-abdominal 
injury detected by CT without free fluid, thus un-
identifiable by FAST. Stassen et al showed that FAST 
cannot reliably exclude intestinal injuries. In their 
retrospective review, 78% of patients with lap-belt 
marks and significant intestinal injuries had negative 
or equivocal FAST examinations at presentation.67

 Several studies have attempted to improve the 
sensitivity of FAST by combining it with other fac-
tors. A study by Suthers et al combined FAST with 
physical examination.68 An examination was con-
sidered positive when either the FAST or the physi-
cal examination was suggestive of intra-abdominal 
injury. FAST alone had a sensitivity of 70% and 
a specificity of 100%, but, when combined with 
physical examination, sensitivity rose to 100% and 
specificity decreased to 74%. A study by Sola et al 
combined FAST with liver transaminase level tests.4 
When FAST was combined with AST or ALT levels 
> 100 U/L, it had a sensitivity of 88% and a specific-
ity of 98% with an NPV of 96% for identifying intra-
abdominal injury. It should be noted that not all pa-
tients had FAST, AST/ALT levels, or CT scans. They 
concluded that FAST combined with liver enzymes 
is an effective screening tool for intra-abdominal 
injury in children after blunt abdominal trauma.  
 A positive FAST in the pediatric population sug-
gests hemoperitoneum and requires further diagnos-
tic evaluation. Regardless of the results of the FAST, 
unstable patients require emergent intervention.54,69 
Ultrasonography has the best test performance for 
children who are hypotensive, with a sensitivity 
of 100%, and it should be obtained early in the ED 
evaluation.69 However, FAST is operator-dependent, 
likely to be inconclusive in cases of increased bowel 
gas and subcutaneous air distortion, and poor at 
identifying bowel, diaphragm, and pancreas inju-
ries.14 A negative FAST cannot rule out an intra-
abdominal injury and will likely aid little in the 
diagnosis and medical management of the pediatric 
trauma patient.

Computed Tomography
CT scans with intravenous contrast have become the 
gold standard in diagnostic imaging for abdominal 
injuries after blunt trauma in hemodynamically 
stable patients.5,70 Oral contrast may be indicated in 

but they are not reliable or cost-effective as screening 
tools. Obtaining these values should be considered 
in cases of clinical or radiographic suspicion of pan-
creatic injury.

Focused Assessment With Sonography In 
Trauma
FAST enables the emergency clinician to rapidly 
detect the presence of hemoperitoneum, which is 
indicative of intra-abdominal injury.14 Studies in 
the adult population have found sensitivities for 
detection of intra-abdominal organ injury as high 
as 86% to 97%.14,58-60 However, its use in the pedi-
atric population is not as prevalent. According to a 
2012 study, bedside ultrasonography in only 45% of 
pediatric trauma centers compared to 74% to 96% 
of adult settings.60 Advantages of FAST are that 
it is noninvasive and repeatable, it can be rapidly 
completed at the bedside, and it does not expose 
the patient to ionizing radiation.14 According to the 
ATLS guidelines, ultrasound has sensitivity, specific-
ity, and accuracy in detecting intra-abdominal fluid 
comparable to diagnostic peritoneal lavage. 
 Recent concerns regarding radiation-induced 
malignancy from CT scans have led to increased 
use of FAST in the pediatric population. However, 
the validity and usefulness of FAST in the pediatric 
population has been controversial.61 For example, 
FAST cannot identify an intra-abdominal injury in 
the absence of hemoperitoneum, and approximately 
26% to 35% of patients with an intra-abdominal 
injury do not have hemoperitoneum.61 The meta-
analysis performed by Holmes et al in 2007 found 
the sensitivity of FAST to detect hemoperitoneum in 
children to be 80% ((95% CI, 76%-84%).61 However, 
when looking only at studies graded at level I or 
level II methodology, the sensitivity dropped to 66%. 
In patients with intra-abdominal injury (with and 
without hemoperitoneum), FAST had a sensitivity of 
50%. The specificity of identifying hemoperitoneum 
was 96% (95% CI, 95%-97%) with a positive likeli-
hood ratio of 22.9 (95% CI, 17.2-30.5). They conclud-
ed that a negative FAST examination is not sufficient 
to rule out the presence of an intra-abdominal injury, 
but a positive FAST examination should prompt an 
immediate abdominal CT scan in a hemodynami-
cally stable patient.
 Multiple other studies echo these findings, and 
conclude that a negative FAST examination aids 
little in decision making and should not be used 
as the sole diagnostic test in the hemodynamically 
stable patient.62-64 
 Retzlaff et al retrospectively looked at patients 
diagnosed with intra-abdominal organ injury after 
blunt trauma and found that ultrasound, combined 
with physical assessment, proved to be effective in 
establishing a diagnosis and led to appropriate sur-
gical decision making in > 97% (34/35) of patients.65 
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sibility of an intra-abdominal injury. The authors of 
the study emphasized that patients with ≥ 1 of the 
prediction rule variables do not necessarily require 
CT scan. In such cases, clinical judgment is required. 
The addition of laboratory testing, FAST, and/or 
observation instead of abdominal CT may be used 
in patients with ≥ 1 variables of the rule and who ap-
pear to be at low risk clinically.75  
 Karam et al developed the Blunt Abdominal 
Trauma in Children score, which utilized 10 parame-
ters covering physical examination, laboratory tests, 
and ultrasound.50 The score was recently studied by 
de Jong et al, who attempted to predict patients who 
might benefit from CT scan and patients in whom 
it can be avoided. However, the applicability of the 
study is limited because of a low sample size and 
the large number of parameters.51 Sola et al found 
that patients with a negative FAST and liver trans-
aminases < 100 U/L should be observed rather than 
subjected to the radiation risk of CT scanning, with 
an NPV of 96%.4 In 2009, Holmes et al identified 
6 high-risk variables for intra-abdominal injury.49 
Patients with none of these variables can likely forgo 
abdominal CT. If the clinical decision rule was ap-
plied to the study sample, 365 (32.6%) abdominal CT 
scans could have been avoided.
 Despite the extensive use of CT imaging, clinical 
findings remain a predominant factor in deciding 
which patients require exploration.71 Operative 
management is primarily decided based on clinical 
criteria and hemodynamic status of the patient, not 
on CT findings.5 The most common indication lead-
ing to exploration was abdominal pain that persisted 
or progressed to peritonitis.71 A repeat CT scan is 
unlikely to confidently exclude a bowel injury in 
children with a worsening abdominal examination, 
especially in the presence of findings suggestive of a 
bowel injury on initial imaging.71 In cases of chil-
dren with equivocal initial imaging and those who 
cannot provide a reliable examination secondary to 
a brain injury or multiple distracting injuries, repeat 
imaging may be helpful, but observation and serial 
examinations are an acceptable alternative.64,71

 Children who are initially evaluated with 
abdominal CT scans at community hospitals 
frequently undergo repeat scans after transfer to 
pediatric trauma centers, increasing their radia-
tion exposure.64 Cook et al found that 80% of 
pediatric patients transferred to a Level I trauma 
center had repeat abdominal CT scans that 
were potentially preventable.76 As per the ATLS 
guidelines, transfer should not be delayed for 
diagnostic imaging to be performed at the refer-
ring hospital if results will not affect the need for 
transfer.14 Additionally, it is important to avoid 
repeat CT scans at the receiving facility unless it 
will directly impact management.

rare instances, such as with suspected pancreatic or 
hollow-viscus injury.70,71 CT has a high sensitivity 
for the detection of solid-organ injuries and for the 
detection and quantification of peritoneal or extra-
peritoneal fluid.5 Additionally, it is relatively sensi-
tive in detecting the risk of hollow-viscus injury, 
with sensitivities ranging from 87% to 95% and 
specificities ranging from 48% to 84%.5,71  
 In a meta-analysis comprised of 2596 patients 
with prospectively collected data, the overall rate of 
intra-abdominal injury after a negative abdominal 
CT scan was 0.19% (95% CI, 0.08%-0.44%).72 The 
overall NPV of abdominal CT was 99.8% (95% CI, 
99.6%-99.9%). However, there are no current recom-
mendations for the highest tolerable miss rate of an 
intra-abdominal injury. 

Risks Of Computed Tomography In Pediatric Patients
The major risk of CT is ionizing radiation exposure 
and radiation-induced malignancy. Malignancy risk 
from radiation exposure during CT scanning in chil-
dren was first broadly publicized by Brenner et al in 
2001.73 The growing tissues and organs of children 
are more sensitive to radiation than those of adults.74 
It is estimated that the risk of a fatal cancer from 
radiation is 1 per 1000 pediatric CT scans in young 
children and 0.18% lifetime risk for abdominal CT 
in a 1-year-old child.4,73,74 This has led to the devel-
opment of radiation dose-reduction strategies and 
the institution of as-low-as-reasonably-achievable 
(ALARA) principles when CT scanning is neces-
sary.5 The risk of an adverse reaction to intravenous 
contrast is extremely rare.5 

Determining Which Patients Do Not Need Computed 
Tomography
Holmes et al performed a large multicenter prospec-
tive observational cohort study of 12,044 children 
with blunt torso trauma.75 A prediction rule was 
derived to identify children at very low risk for 
intra-abdominal injuries that would require acute 
intervention and for whom CT could be obviated. 
The prediction rule consisted of 7 history and physi-
cal examination findings. The children considered 
at very low risk (in descending order of importance) 
had: (1) no evidence of abdominal wall trauma or 
seat-belt sign; (2) a GCS score > 13; (3) no abdominal 
tenderness; (4) no evidence of thoracic wall trauma; 
(5) no complaints of abdominal pain; (6) no de-
creased breath sounds; and (7) no vomiting. The 
rule had an NPV of 99.9% (5028 of 5034; 95% CI,  
99.7%-100%), a sensitivity of 97%, and a specificity 
of 42.5%. The study did not include laboratory test-
ing or abdominal ultrasonography (FAST). It failed 
to identify 6 patients with intra-abdominal injury, 
but all 6 of those patients had hemoperitoneum that 
would likely have been identified by FAST. Five 
of the 6 children not identified also had laboratory 
abnormalities that would have suggested the pos-
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splenic injury secondary to diaphragmatic or phren-
ic nerve irritation.80 Patients with massive bleeding 
can present with shock and/or peritoneal signs. 
Laboratory data are nonspecific for spleen injury; 
therefore, if suspected, the patient should undergo 
imaging evaluation. CT of the abdomen and pelvis 
with intravenous contrast is the diagnostic modal-
ity of choice; however, hemodynamically unstable 
trauma patients who do not respond to crystalloid 
and blood transfusions should be taken to the oper-
ating room immediately.

Management
In the hemodynamically stable patient with blunt 
splenic trauma, the standard of care has shifted to 
nonoperative management.80,82 Several decades ago, 
patients would undergo immediate splenectomy.80 
However, in addition to immediate operative and 
postoperative complications, patients who have 
undergone splenectomy are at long-term risk for 
overwhelming infection and sepsis. Davies reviewed 
management of blunt splenic trauma over 50 years 
and found decreased mortality, decreased blood 
transfusions, and decreased length of hospital stay 
with nonoperative management.83 Feigin et al dem-
onstrated decreased inpatient mortality with non-
operative management of liver and spleen injuries.84 
Out of 156 patients who did not require immediate 
surgery, Bond et al found an overall efficacy rate of 
97.4% for nonoperative management of pediatric 
patients with liver or spleen injury.85 Patients treated 
nonoperatively were placed on strict bedrest, were 
closely monitored, and had serial hematocrits. It is 
important that patients who are not immediately 
taken to the operating room (based on surgical 
consultation) be closely monitored and have serial 
physical examinations. 

Liver Trauma
The liver is the second most commonly injured organ 
in pediatric blunt abdominal trauma.79 The vascu-
lar supply of the liver and its proximity close to the 
inferior vena cava predisposes the liver to the risk 
of hemorrhage in the setting of trauma. Prognosis is 
related less to the grade of injury than to the overall 
injury severity score and associated injuries.79  

Diagnosis
The standard approach to patients with suspected 
liver injury includes physical examination, laboratory 
screening, and CT scan with intravenous contrast. 
Multiple studies have shown the utility of elevated 
liver enzymes to be significant predictors of clinically 
important abdominal injury.1,47-49,52 Particularly, 
ALT > 125 U/L and AST > 200 U/L are concerning 
for abdominal injury and warrant further workup 
(except in cases of possible NAT, where transaminase 
levels > 80 U/L should affect management).48,49,86

 Treatment 

The treatment of patients with blunt abdominal 
trauma is first guided by initial stabilization and then 
ultimately, by diagnosis. Pain control is an important 
step in initial management that can be easily over-
looked in a complex case. In a hemodynamically 
unstable patient, fluid resuscitation should begin with 
crystalloid and then progress to blood, as explained 
previously. Patients with low systolic blood pressure 
despite fluid resuscitation should be taken for emer-
gent laparotomy. A positive FAST in this case can aid 
in determining whether the bleeding is originating 
from the abdomen. However, a negative FAST should 
not delay surgical exploration. A hemodynamically 
stable patient can undergo diagnostic testing and can 
be observed with the use of serial abdominal exami-
nations to monitor for any changes. 
 Most solid-organ injury can be managed non-
operatively.5 Children have smaller blood vessels 
and appear to have an enhanced vasoconstrictor 
response, which usually allows bleeding to stop 
spontaneously.5 In a multicenter study of 312 chil-
dren with isolated Grades I to IV hepatic or splenic 
injuries, only 1% required laparotomy.77 Another 
multicenter study of 1880 children by Holmes et al 
found the failure rate of nonoperative management 
to be 5% and failure typically occurred within 12 
hours of injury.78 Specific management strategies 
for the most common injuries in blunt abdominal 
trauma patients are outlined here.

Management Of Specific Organ Injuries 
Injury grading scales specific to each organ can be 
found on the American Association for the Surgery 
of Trauma website and are available at: http://
www.aast.org/library/traumatools/injuryscor-
ingscales.aspx. As a general rule, grades IV to VI 
solid-organ injuries represent vascular injury and 
fractured or shattered organs.  

Splenic Trauma
The spleen is the most frequently injured abdominal 
organ in blunt trauma in children and it accounts 
for up to 45% of all visceral injuries.79,80 Injuries 
to the spleen are often associated with other intra-
abdominal injuries.80 Children have less body fat 
and soft tissue to absorb traumatic impact, com-
pared to adults. The common mechanisms of splenic 
trauma are MVCs, falls, sports injuries, and bicycle 
accidents.80,81 NAT should also be considered if the 
mechanism reported is inconsistent with the injury.80  

Diagnosis
Injuries to the spleen may present with left upper 
quadrant pain and/or tenderness. The patient may 
also present with generalized abdominal pain. Pain 
that radiates to the left shoulder may indicate a 

http://www.aast.org/library/traumatools/injuryscoringscales.aspx
http://www.aast.org/library/traumatools/injuryscoringscales.aspx
http://www.aast.org/library/traumatools/injuryscoringscales.aspx
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ries.95 Determining which children need a CT scan 
is the more challenging question. Indications for CT 
scan include a mechanism of injury that placed the 
child at risk for renal trauma, contusion or ecchy-
mosis of the flank, and fractures of the lower ribs or 
thoracolumbar spine.98 
 Gross hematuria is a definite indication for 
imaging; microscopic hematuria is more con-
troversial.94 In adults, gross hematuria alone or 
microscopic hematuria in the context of shock are 
indications for further imaging. In children, this is 
less clear.95,99 According to Fraser’s review of renal 
trauma, CT imaging of all pediatric patients with 
hematuria is recommended.95 Buckley et al used 
an imaging threshold of 50 RBC/high-power field 
on urinalysis in patients with blunt trauma, and 
found a sensitivity of > 98% for detecting 
≥ Grade II injuries.100 Holmes et al used micro-
scopic hematuria of > 5 RBC/high-power field to 
define which patients were not at a low risk for in-
jury.48,49 However, the absence of hematuria does 
not rule out renal injury.98  
 Additionally, pediatric patients may also have 
an undiagnosed congenital anomaly. Abou-Jaoude 
et al retrospectively reviewed 100 patients from the 
trauma registry who had sustained blunt abdominal 
trauma.99 Twenty-seven patients had a renal injury or 
anomaly, and 89% with an injury or congenital anom-
aly had a least 1 positive examination finding (includ-
ing abdominal or flank tenderness, pelvic instability, 
or blood at the urethral meatus). The authors of the 
study also found that microscopic hematuria was not 
a good predictor of injury, and using a threshold of 
> 20 RBC/high-power field would have missed 7 
injuries or anomalies. Thus, the mechanism of injury, 
the physical examination, and clinical judgment re-
main important elements in determining the need for 
CT scan for suspected renal injury.98-100

Management  
Over the last 25 years, nonoperative management 
has become the mainstay of treatment for hemody-
namically stable patients with blunt renal trauma, 
particularly in patients with grades I to III injuries.92 
The goal of management is preservation of renal 
function and decreased morbidity.93 He et al re-
viewed 84 cases of children with blunt renal injury 
and found that all children with grades I to III inju-
ries were successfully managed nonoperatively.101 
Of those with grades IV or V injuries, 61% required 
surgery. Umbreit et al reviewed the literature regard-
ing grade IV injuries that were not renovascular 
and found that 68 out of 95 patients did not require 
an intervention and 81 out of the 95 patients did 
not require laparotomy.93 Those with nonsurgical 
interventions were managed percutaneously or en-
doscopically. In their meta-analysis, overall, 72% of 
patients were managed without any invasive proce-

Management 
Nonoperative management has become the standard 
of care for patients who are hemodynamically stable 
or who respond to crystalloid fluid resuscitation 
and do not require > 40 cc/kg blood transfusion.87-90 
Complications of nonoperative care include biloma, 
hepatic artery pseudoaneurysm, and necrotic gall 
bladder. Most complications occur with higher-
grade injuries.89 When less-invasive procedures 
(such as arterial embolization) are included in 
conservative management, more patients can avoid 
laparotomy.88 Angiography, endoscopic retrograde 
cholangiopancreatography, and ultrasound-guided 
percutaneous drainage can be useful techniques to 
facilitate nonoperative management.89 
 Since hemodynamic instability is currently the 
main indicator for operative management, contrast 
blush on CT has been studied as a possible predictor 
of the need for intervention in liver injury. Contrast 
blush on CT scan refers to active extravasation of 
intravenous contrast and indicates sites of active 
bleeding. In addition to hemodynamic instability, 
contrast blush may be a predictor of patients for 
whom nonoperative management will fail. Eubanks 
et al reviewed a group of 77 pediatric patients with 
blunt liver trauma and found a similar length of 
hospitalization and intensive care unit stay between 
the blush versus no-blush groups. The group with 
a blush required a greater volume of transfused 
blood, yet they still rarely required operative man-
agement.90 Van der Vlies et al reviewed 9 studies de-
scribing 117 patients.91 Based on the available data, 
they concluded that patients with a contrast blush 
were more likely to require intervention, whether 
operative or via angioembolization. Emergency cli-
nicians should consider contrast blush when manag-
ing the patient with blunt liver and spleen injury, but 
this is an area for further research.

Renal Trauma   
Renal injuries are less common than liver or spleen 
injuries in children, but they occur more frequently 
than in adults.92 Renal injuries account for approxi-
mately 10% of blunt abdominal trauma injuries in 
children, and associated injuries are found in 90% of 
patients with renal trauma.93,94 Due to the location 
and size of their kidneys, children are more suscep-
tible to blunt renal injury than adults.95 Additionally, 
children have less perirenal fat, more-compliant ribs, 
and relatively smaller abdominal muscles.96 In a 
review of pediatric renal trauma, the most common 
mechanisms of injury were MVCs, pedestrian versus 
motor vehicle collisions, and falls.97

Diagnosis  
For suspected renal injuries, the diagnostic test of 
choice is CT scan of the abdomen and pelvis.98 CT is 
superior for detection of renal injuries compared to 
other modalities, especially for lower-grade inju-
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Clinical Pathway For Management Of The Pediatric Patient 
With Blunt Abdominal Trauma

Patient presents after sustaining blunt 

abdominal trauma

• Perform primary survey

• Begin crystalloid resuscitation and 

stabilization if needed (20 mL/kg 

bolus, up to 60 mL/kg)

• Perform FAST examination

Perform secondary survey 

Any of the following:

abdominal wall trauma, pain, 

tenderness, or, vomiting?

ALT > 125 U/L or
AST > 200 U/L or
hematocrit < 30%?

GCS ≤ 13 or
Femur fracture or

Urinalysis > 5 RBC/HPF?

Low likelihood of intra-abdominal 

injury (Class I)

Consider abdominal CT

(Class I)

Repeat physical examination

Consider discharge

or observation

(Class I)

Surgical consultation

and transfusion (Class I)

Surgical consultation

and likely admission

Concern for intestinal/missed 

injury?

(Class II)

This clinical pathway is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual needs. Failure 
to comply with this pathway does not represent a breach of the standard of care. 
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Class I
• Always acceptable, safe
• Definitely useful
• Proven in both efficacy and effectiveness

Level of Evidence:
• One or more large prospective studies 

are present (with rare exceptions)
• High-quality meta-analyses
• Study results consistently positive and 

compelling

Class II
• Safe, acceptable
• Probably useful

Level of Evidence:
• Generally higher levels of evidence
• Nonrandomized or retrospective studies: 

historic, cohort, or case control studies
• Less robust randomized controlled trials
• Results consistently positive

Class III
• May be acceptable
• Possibly useful
• Considered optional or alternative treat-

ments

Level of Evidence:
• Generally lower or intermediate levels 

of evidence
• Case series, animal studies,  

consensus panels
• Occasionally positive results 

Indeterminate
• Continuing area of research
• No recommendations until further 

research

Level of Evidence:
• Evidence not available
• Higher studies in progress
• Results inconsistent, contradictory
• Results not compelling

 Class Of Evidence Definitions
Each action in the clinical pathways section of Emergency Medicine Practice receives a score based on the following definitions. 

NO

NO

NO

NO

UNSTABLE

POSITIVE FAST AND STABLE

NEGATIVE FAST AND STABLE

POSITIVE

POSITIVE

NEGATIVE

NEGATIVE

YES

YES

YES

YES

Abbreviations: ALT, alanine aminotransferase; AST, aspartate amino-

transferase; CT, computed tomography; FAST, focused assessment 

with sonography in trauma; GCS, Glasgow Coma Scale; HPF, high-

power field; RBC, red blood cell.
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current literature is limited by small sample size and 
the mostly retrospective nature of the data.
 Over a period of 10 years and at 3 institutions, 
Cuenca et al reviewed 79 cases of children with 
blunt pancreatic trauma.104 Most of the patients had 
associated injuries, and although amylase and lipase 
levels were typically elevated, they were not predic-
tive of the grade of injury or the need for surgery (27 
children underwent surgery for a pancreatic-specific 
indication). An increasing grade of injury strongly 
correlated with the need for surgical management. 
Of the surgeries performed, 75% were on patients 
with grades II to V injuries. Overall, there were 
fewer surgeries in the second 5 years of the study, 
indicating a trend toward nonoperative manage-
ment as has been noted with other solid-organ blunt 
trauma.104 In Sutherland’s study of 91 patients with 
pancreatic injury, the overall operative rate was 13%, 
and those patients tended to have sustained higher 
grade injuries.103  
 The conservative management of pancreatic 
injury includes placement of a nasogastric tube, 
total parenteral nutrition, and antibiotics.105 All 36 
patients in the study by Abbo et al were managed 
without laparotomy. Of these patients, 30% devel-
oped a pseudocyst, mostly with grades III and IV  
injuries. Five patients required invasive procedures 
(including endoscopic cystogastrostomy or percuta-
neous drain placement), but avoided open laparot-
omy.105 Conversely, Beres et al noted the increased 
risk of pseudocyst for patients with grades III and 
IV pancreatic injuries (ie, pancreatic transection or 
ductal injury) that were managed nonoperatively.107 
These patients also required more prolonged total 
parenteral nutrition than the nonoperative patients. 
The authors of that study suggested operative man-
agement for the higher grade pancreatic injuries.107 
Similarly, Mattix et al conducted a multi-institution-
al retrospective study and found that, out of 173 
pancreatic injuries, higher grade injuries were more 
predictive of failure of nonoperative management. 
They also concluded that patients with ductal injury 
should be managed more aggressively.111 In general, 
while the approach to grades I and II pancreatic inju-
ries tends to be nonoperative, the best management 
of higher grade injuries remains controversial.

Gastrointestinal Trauma  
Blunt intestinal trauma is more common in chil-
dren than adults, but it occurs less commonly than 
most solid-organ injuries.112 Common mechanisms 
of intestinal injury are MVCs with improper child 
restraint use and bicycle accidents.71 The most 
common mechanisms for duodenal injury are NAT, 
handlebar injuries, and MVCs.113,114

Diagnosis  
Gastrointestinal injury can be more difficult to 
diagnose than solid-organ trauma, and this may 

dure. Fitzgerald et al performed a prospective study 
of patients evaluated for renal trauma and found 39 
cases, confirmed by CT, that were initially managed 
conservatively, and 97% of the patients were success-
fully managed nonoperatively.94 
 Similar to other blunt organ trauma, patients 
who are managed supportively are hospitalized 
on a trauma service and closely monitored, ini-
tially placed on bed rest, transfused as needed, and 
undergo follow-up imaging as required. In patients 
with renal trauma who are treated nonoperatively, 
long-term follow-up requires monitoring for hyper-
tension. A lack of quality studies limits our knowl-
edge of the true risk of hypertension in the setting of 
renal injury.

Pancreatic Trauma
Pancreatic trauma occurs in up to 12% of blunt pedi-
atric abdominal trauma, though most report this to be 
< 10%.102,103 Despite being the fourth most frequently 
injured organ, overall, pancreatic trauma is uncom-
mon in children.104 In general, the mechanism is due 
to a large deceleration force, with an object impacting 
the epigastrium.103 The most common mechanisms 
are MVCs, bicycle handlebars striking the abdomen, 
and NAT.102-106 Pancreatic injuries cause significant 
morbidity, and management is controversial.107 Com-
plications of pancreatic trauma include pseudocysts, 
pancreatic fistula, and pancreatitis.102,104 

Diagnosis
The diagnosis of pancreatic injury can be challenging. 
Patients may complain of midepigastric pain.81 How-
ever, the examination can be normal and laboratory 
studies nonspecific.108,109 Over a period of 14 years, 
Arkovitz et al reviewed 26 cases of children with 
pancreatic injuries.102 Though admission amylase 
levels were usually elevated, this was not predictive 
of length of stay, grade of injury, injury severity score, 
or development of pseudocyst. In children, laboratory 
studies may be less helpful than in adults, as there is 
a lower total rise of pancreatic enzymes, and the rise 
can be delayed by many hours.103

 As with other intra-abdominal injury, CT scan 
with intravenous contrast is the diagnostic test of 
choice. However, a normal CT scan does not exclude 
pancreatic trauma.106 The use of endoscopic retro-
grade cholangiopancreatography has been recom-
mended as an adjunct to assess pancreatic trauma, 
especially if the CT results are questionable.106,109,110 

Management
The treatment of pancreatic trauma has trended to-
ward nonoperative management. However, injuries 
of greater severity that involve the pancreatic duct 
still require further study to reach a consensus on 
management.106 In light of the rarity of pancreatic 
trauma (especially higher grade injuries), quality 
prospective studies are difficult to perform, and the 
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are unlikely to be an indication for surgical manage-
ment in a blunt trauma patient.116,117 However, an 
adrenal injury implies a mechanism with significant 
force and is usually associated with other injuries, 
the liver being most commonly injured.116,118

 Special Populations/Circumstances 

Nonaccidental Trauma
In abdominal injury due to NAT, the external exami-
nation may be normal. Thus, a high index of sus-
picion is required, especially in cases of associated 
inflicted injury. It has been noted that as few as 12% 
of children with inflicted abdominal injuries will 
have bruising of the abdominal wall.119 Of concern, 
abusive abdominal injury has a higher morbidity 
and mortality rate than nonabusive abdominal in-
jury.119 Blunt injury to the liver and intestine are the 
most frequent injuries in NAT. Additionally, NAT 
is the leading cause of duodenal perforation, which 
rarely occurs due to accidental injury.119 Unusual 
injuries (such as isolated adrenal injury) should raise 
suspicion for NAT as well.118  
 Lindberg et al reviewed the use of liver enzyme 
testing to screen children in whom there is concern 
for NAT, and they recommended that children with 
transaminase levels > 80 U/L or with abdominal 
bruising, tenderness, or distension should undergo 
definitive testing.86 CT scan with intravenous con-
trast is the imaging modality of choice for detecting 
NAT to the abdomen. Nonaccidental injuries are 
more likely to have a delayed presentation than 
accidental injuries and are more likely to require 
surgical management.119

Obesity
There are limited data evaluating how obesity 
affects children who sustain blunt abdominal 
trauma. In a study primarily evaluating obesity 
and lower-extremity long-bone fractures, obese 
patients (weight > 95th percentile for age/sex) 
sustained more intra-abdominal solid-organ inju-
ries (24.4% vs 13.5%, P = .02) and hollow-viscus 
injuries (3.9% vs 0.0%, P = .0105) injuries.120 How-
ever, another study looking at children involved 
in MVCs found no increased abdominal injuries 
in obese children aged 2 to 13 years compared 
to nonobese children, and found decreased ab-
dominal injuries in obese children aged 14 to 17 
years.121 A retrospective study of 1314 pediatric 
trauma patients at a Level I trauma center also 
found a lower incidence of intra-abdominal inju-
ries in obese versus nonobese patients (6% vs 11%, 
P = .023).122 
 Obese patients are likely to be more difficult to 
evaluate and detect abdominal tenderness. Obesity 
may compromise the quality of ultrasound images 
and make the images more difficult to interpret.123 

delay diagnosis.72,115 This delay increases the risk of 
peritonitis. In detecting gastrointestinal injury, emer-
gency clinicians must combine physical examination 
findings on serial abdominal examinations with CT 
findings. For example, a seat-belt sign should be 
interpreted as concerning for intra-abdominal injury 
(especially intestinal injury), and further workup is 
imperative.115 CT scanning with intravenous con-
trast is the standard. CT findings suggestive of in-
testinal injury include free fluid, free air, and bowel 
wall thickening. In the Chartoorgoon et al study, the 
most common indication for surgery was worsening 
abdominal pain rather than CT findings.71   

Management
In a retrospective review of pediatric blunt intestinal 
injuries that were confirmed in the operating room, 
the authors compared patients with nondelayed di-
agnosis to a group whose diagnoses were delayed.115 
Overall, 78% of children (25) were taken to the 
operating room on the basis of physical examination. 
The delayed diagnosis group was defined as having 
undergone laparotomy ≥ 12 hours after presentation. 
In the delayed group, 10 out of 12 patients were ini-
tially evaluated at a hospital that was not a trauma 
center. The average hospital stay was 3.5 days less 
in the nondelayed group. The authors concluded 
that, when intestinal injury is present, the physical 
examination will be abnormal initially or on reas-
sessment. This study is limited by small sample size, 
but it does support the importance of the physical 
examination in the assessment and reassessment of 
the alert pediatric trauma patient.   
 Duodenal injuries carry a high risk of morbid-
ity and mortality and can be difficult to diagnose 
and manage. Gutierrez reviewed 54 cases of hospi-
talized patients with operative duodenal injuries.113 
In this study, 90% of patients who required surgery 
did have abnormal physical examination findings 
that indicated a potential abdominal injury (includ-
ing abdominal abrasions or contusions, seat-belt 
sign, handlebar marks, and tenderness to palpation 
or percussion). Delayed detection of duodenal in-
jury also leads to prolonged hospital stay and more 
complications.114

Adrenal Trauma
Adrenal trauma is very rare in the setting of pedi-
atric blunt trauma, occurring in < 1% of patients.116 
The adrenal glands are protected by surrounding 
structures. The mechanism is usually direct com-
pression of the abdomen as occurs in an MVC. 
Typically, the injury only affects 1 gland, and adrenal 
insufficiency does not occur unless both adrenal 
glands are injured. Patients with bilateral adrenal 
trauma will need further evaluation for adrenal in-
sufficiency.116 Adrenal injuries usually do not cause 
hemodynamic instability or specific symptoms, and 
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 Controversies And Cutting Edge  

Massive Transfusion Protocols
Massive transfusion generally refers to > 10 units of 
PRBCs within the first 24 hours of admission.14 Proto-
cols have been developed to rapidly control bleeding 
and reduce the detrimental effects of coagulopathy, 
hypothermia, and acidosis.14 Improved survival has 
been found in adults with early administration of 
PRBCs, plasma, and platelets, while minimizing ag-
gressive crystalloid administration, but pediatric data 
are inconclusive.14 There has been an overall trend 
towards a 1:1 ratio of fresh-frozen plasma (FFP):PRBC 
in massive transfusion protocols. A meta-analysis 
of 16 retrospective studies confirmed a significantly 
lower mortality rate in patients treated with the high-
est FFP and/or platelet ratio when compared with 
the lowest FFP and/or platelet ratio.134 However, 
few studies have examined the impact of balanced 
resuscitation in pediatric trauma patients requiring 
massive transfusion. A retrospective review of 105 
massively transfused pediatric trauma patients found 
that higher plasma/PRBC and platelet/PRBC ratios 
were not significantly associated with increased sur-
vival rates.135 Further prospective studies are needed 
to establish the optimum ratios of blood products for 
massive transfusion in children.

Thromboembolization 
Angiographic embolization is a well-established 
technique for controlling hemorrhage in adults with 
blunt abdominal trauma. However, there are limited 
data on its use in children. Kiankhooy et al reviewed 
127 patients with 149 blunt injuries to the spleen, 
liver, or kidney.136 Angiographic embolization was 
performed in 7 patients and was successful in all 
cases with no procedure-related complications. In 
2014, Vo et al reviewed 97 pediatric patients with 
blunt trauma who underwent abdominal or pelvic 
angiography.137 Embolization was performed for on-
going hepatic, renal, splenic, or nonvisceral retroper-
itoneal injury. Pelvic angiography was performed for 
ongoing hemorrhage secondary to pelvic fracture. A 
total of 54 patients required embolization involving 
62 separate sites. The rate of success for hemorrhage 
control was 87%, mortality was 4%, and the rate of 
major complications was 6%. The number of PRBC 
units required before angiography was found to be 
a significant predictor of less favorable hemorrhage 
control. These studies show that angiographic embo-
lization may be a safe and effective treatment option 
in children and may help to identify the population 
in which it may be most successful. 

Contrast-Enhanced Ultrasound
Contrast-enhanced ultrasound is beginning to show 
usefulness in adult medicine. With a few exceptions, 
limited information is available regarding its uses 

Although obese children may have elevated ALT 
levels secondary to nonalcoholic fatty liver disease, 
a cross-sectional study of obese children aged 6 to 
14 years found that ALT levels above the normal 
limits was not common, with only 12% of the obese 
children having an elevated ALT.124  
 Inappropriate restraint of obese children can 
significantly increase the risk for intra-abdominal 
injury. Unfortunately, there are a limited number of 
child safety seats with weight limits to accommodate 
obese children, and they are often expensive.125 In 
addition, many children who meet the height recom-
mendation for the use of booster seats may exceed 
the maximum weight.126  

Postmenarchal Females And Pregnancy
It is important to consider the possibility of pregnancy 
in any postmenarchal female being evaluated for blunt 
abdominal trauma and to obtain urine pregnancy 
testing. Trauma in pregnancy is the leading cause of 
nonobstetric maternal death and remains a major cause 
of fetal demise. Although penetrating trauma has a 
significantly higher rate of fetal demise compared to 
blunt trauma, no significant difference was found for 
maternal mortality rates. Blunt trauma to the abdo-
men increases the risk of placental abruption,127,128 
and abortion is the most common complication after 
blunt abdominal trauma (5%).129 Rh immunoglobulin 
therapy should be administered in all Rh-negative 
pregnant patients with abdominal trauma.14

 Initial evaluation and resuscitation should al-
ways be maternally directed. Once maternal stability 
is established, vigilant evaluation of fetal well-being 
becomes warranted. Continuous fetal heart monitor-
ing, ultrasonography, CT, open peritoneal lavage, 
and/or exploratory laparotomy may be indicated in 
a case of obstetric trauma.130

 Although CT is the mainstay for evaluation 
of blunt abdominal trauma,131 ultrasound may be 
useful. A study of 89 patients undergoing routine 
obstetric ultrasound without an early history of 
trauma found that only 6.7% had free fluid in the 
cul-de-sac.132 This suggests that the likelihood of 
the presence of pelvic free fluid in pregnant pa-
tients without antecedent trauma is very low. Thus, 
after blunt abdominal trauma, the presence of free 
fluid in the pelvis of a pregnant patient may not be 
physiologic, especially if it is > 2 to 4 mm. A retro-
spective review of 208 pregnant patients with blunt 
abdominal trauma admitted to a Level I trauma 
center found that 127 patients (61%) had an abdomi-
nal ultrasound during the initial ED evaluation.133 
Ultrasound had a sensitivity of 83% and a specificity 
of 98%, similar to rates seen in nonpregnant patients. 
However, when CT scanning is indicated, imaging 
should not be delayed.127 
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 The hemodynamically stable patient without 
evidence of intra-abdominal injury presents more of 
a challenge. Routine admission for serial abdominal 
examinations and subsequent laboratory testing in 
patients with a normal abdominal CT scan is likely 
unnecessary. These patients can likely be discharged 
safely from the ED.72 Patients who meet low-risk 
criteria based on the Holmes et al 2013 study, in 
addition to negative laboratory tests and a nega-
tive FAST, are also likely safe to be discharged from 
the ED.75 However, for patients who do not meet 
strict “low-risk” criteria, but are still considered to 
be at low risk and may not need a CT scan, clini-
cal judgment is necessary. Observation with serial 
abdominal examinations may be of benefit in those 
patients.75 Identifying a stable and supportive home 
environment, the ability to follow up closely, and the 
ability to follow discharge instructions with indica-
tions for when to return for medical care should be 
considered at the time of disposition.72,75  

 Summary 

The diagnosis and management of pediatric 
abdominal trauma can be challenging, even for 
experienced clinicians. Details from the history 
and physical examination, combined with the 
mechanism of injury, should be used to develop 
a thoughtful and purposeful diagnostic workup. 
A history of improper restraint use in a vehicle, a 
direct blow to the abdomen, or concerns for abuse 
should heighten suspicion for intra-abdominal 
injury, even in the context of a normal examina-
tion. While the routine use of trauma panels is 
not recommended, certain laboratory values may 
be of benefit when determining which patients 
are at risk for intra-abdominal injury. The risks 
and benefits of abdominal CT scanning must be 
weighed and should be discussed with the parent 
or caregiver when a clear indication for CT does 
not exist. Guidelines are available to aid in decid-
ing when a CT scan can be avoided, and they may 
help to decrease the number of scans and prevent 
radiation-induced malignancy. Being aware of cur-
rent evidence-based practices will enable emer-
gency clinicians to confidently provide optimal 
care to patients.   

 Case Conclusions 

You administered a rapid 20 mL/kg bolus of isotonic fluid 
for the 10-year-old-girl, ordered a CBC, AST, ALT, and 
urinalysis, and performed a bedside FAST. Her heart 
rate decreased to 95 beats/min after the bolus, her blood 
pressure remained normal, and all laboratory tests and 
the bedside FAST were normal. She continued to have 
left upper quadrant abdominal tenderness, so you decided 
to order a CT of the abdomen/pelvis with intravenous 

in pediatrics. The contrast is a microbubble agent 
that remains in the vascular space.138 In light of the 
concerns about ionizing radiation with CT scan 
and the limitations of FAST, studies with contrast-
enhanced ultrasound in trauma management should 
be considered, especially in the long-term follow-up 
of patients with intra-abdominal trauma.139

Decreased Time On Bed Rest
In 1999, guidelines for patients with spleen and liver 
injury were published, and hospitalization was rec-
ommended with days of bed rest equal to the grade 
of injury plus 1.140 St. Peter et al prospectively stud-
ied patients in order to determine whether bed rest 
duration could be decreased safely.141 They imple-
mented a protocol of overnight bed rest for grades 
I and II injuries and 2 nights of bed rest for higher 
grades. Patients were allowed to ambulate after this 
time unless a transfusion was required, at which 
point bed rest duration was reset to time zero. They 
found that an abbreviated bed rest protocol safely 
decreased length of hospitalization. This is an area 
for further study to develop updated guidelines. 

Abdominal-Only Computed Tomography
Investigators in an ongoing study proposed an 
alternative and complementary strategy to decrease 
radiation by selectively eliminating the pelvic 
imaging portion of the abdominopelvic CT scan in 
low-risk patients. They hypothesized that, in stable, 
alert patients without clinical evidence of pelvic or 
hip fractures, abdominal CT imaging alone (dia-
phragm to iliac crest) identifies clinically significant 
intra-abdominal injury as accurately as routine 
abdominopelvic imaging (diaphragm to greater 
trochanter) and results in a clinically important 
decrease in radiation exposure. This is a prospective, 
observational cohort study including both pediatric 
and adult patients, and is estimated to be completed 
in February 2015. If results of this study find that CT 
of the abdomen alone accurately identifies intra-
abdominal injury and decreases radiation exposure, 
this may become a standard option in appropriately 
selected patients in the future.142

 Disposition 
 
The disposition of the hemodynamically un-
stable patient with blunt abdominal trauma who 
does not respond to initial resuscitation efforts is 
straightforward. The child will be immediately 
taken to the operating room for laparotomy.15 Any 
hemodynamically stable patient with a document-
ed intra-abdominal injury will likely be admitted, 
and most will undergo nonoperative manage-
ment.15 However, variation in management still 
exists in the case of an asymptomatic patient with 
minor CT findings.143  
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contrast. The results of the CT scan showed a grade II 
splenic laceration. You obtained a surgery consultation, 
and the surgeon agreed to admit her to their service for 
observation. 
 After recalling the literature you have read on 
handlebar injuries, you realized that the 9-year-old boy 
was at significant risk for intra-abdominal injury, based 
on the mechanism of injury and the examination findings. 
You ordered a CT of the abdomen/pelvis with intravenous 
contrast. The preliminary read on the CT was negative, 
and you considered discharging him home. However, on 
repeat physical examination, he continued to have epigas-
tric tenderness and vomited once more. You remembered 
that injuries to the small bowel and pancreas may occur 
secondary to handlebar impact, and CT does not always 
identify these injuries. You obtained a surgery consulta-
tion, and they agreed to admit the patient to their service 
for observation. 

1. Do not perform a “trauma panel” or head-to-
toe CT scan on every patient. 
Use the history and physical examination to 
guide the workup. Ordering laboratory tests and 
imaging studies that are unnecessary will lead 
to increased costs and unnecessary radiation 
exposure. 

2. If a patient has worsening abdominal pain, he 
or she should be taken to the operating room, 
not for repeat imaging studies. 
A repeat CT scan is unlikely to confidently 
exclude a bowel injury. Patients with increasing 
abdominal pain should be taken to the operating 
room to exclude other injuries.71

3. As per the ATLS guidelines, the referring hos-
pital should not obtain a CT scan in order to 
avoid duplication of imaging, unless it would 
somehow alter management. 
Transfer should not be delayed for diagnostic 
imaging to be performed at the referring 
hospital if the results will not affect the 
need for transfer. Imaging prior to transfer 
ultimately delays transfer to the trauma facility. 
Additionally, images can be lost in transport 
or the referring and receiving imaging systems 
are incompatible and images are not able to be 
viewed.

4. Recognize which patients are safe to discharge. 
Patients who are asymptomatic, tolerating oral 
liquids, and ambulating without difficulty are 
likely safe to discharge as long as they have 
proper discharge instructions and can follow up 
with a primary care provider. Clinical judgment 
should guide decision making.72

Time- And Cost-Effective 
Strategies
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1. “The patient’s blood pressure was fine, and I 
thought his high heart rate was just due to cry-
ing, so I didn’t start fluids.”
Hypotension is a late indicator of hemodynamic 
instability in children. Although tachycardia 
may be secondary to pain or fear, it is also the 
first indicator of blood loss in injured children. 
Fluids should be initiated in any child who has 
suffered blunt abdominal trauma and has an 
elevated heart rate. If pain or fear is thought 
to be the cause, comforting measures should 
be implemented. If tachycardia continues, 
additional fluid boluses should be given 
and transfusion considered. If the heart rate 
remains elevated despite these measures, the 
patient should be considered hemodynamically 
unstable and undergo immediate surgery 
consultation. 

2. “He had normal laboratory tests and a normal 
CT scan, so I thought he could go home even 
though he still had pain. I was surprised when 
he returned to the ED the next day with wors-
ening abdominal pain.”
Persistent pain, abdominal tenderness, or vomiting 
are important indicators of possible abdominal 
injury in children. Serial examinations are 
important in any child who has suffered blunt 
abdominal trauma. Surgical consultation should 
be obtained, and hospitalization or prolonged 
observation with serial examinations should be 
strongly considered.

Risk Management Pitfalls In The Management Of Blunt Abdominal Trauma 
In Pediatric Patients (Continued on page 19)

3. “The FAST was negative, so I didn’t think 
there was an intra-abdominal injury.”
Several studies in children have shown 
that sensitivity of FAST alone is only 
approximately 50%. FAST can adequately detect 
hemoperitoneum; however, up to one-third 
of intra-abdominal injuries in children do not 
cause hemoperitoneum and are undetectable 
by ultrasound. A negative FAST in children is 
not sufficient to rule out intra-abdominal injury. 
In any child with a concerning mechanism of 
injury or examination findings, other diagnostic 
tests and serial examinations should be obtained 
to further evaluate for intra-abdominal injury.

4. “I ordered a chest x-ray for the baby who had 
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3.  Which of the following statements is TRUE? 
a.  Gastrointestinal injury is easier to diagnose  
 on CT than solid-organ trauma. 
b.  Patients with suspected NAT and   
 transaminase levels > 120 U/L    
 should undergo definitive testing, such as  
 CT of the abdomen/pelvis with intravenous  
 contrast. 
c.  Most blunt solid-organ trauma can be  
 managed nonoperatively in    
 hemodynamically stable children. 
d.  The anatomy of children and adults place  
 them at similar risk for types of intra-  
 abdominal injury. 

4.  The current gold standard imaging technique 
in pediatric blunt abdominal trauma is: 
a.  CT scan with intravenous contrast 
b.  Magnetic resonance imaging with and   
 without contrast 
c.  FAST 
d.  Intravenous pyelogram 

5.  Which of the following are possible indica-
tions to order an abdominal CT scan after 
blunt abdominal trauma? 
a.  Hematuria 
b.  Abdominal pain 
c.  Elevated ALT and AST levels 
d.  Abdominal wall bruising 
e.  All of the above 

6.  Which of the following is the best indicator for 
a repeat abdominal CT scan? 
a.  A hemodynamically stable child with a CT  
 scan from an outside, transferring facility. 
b.  A hemodynamically unstable child with 
 worsening abdominal pain after a   
 previously equivocal abdominal CT scan. 
c.  A hemodynamically stable child with   
 a brain injury and a previously equivocal  
 abdominal CT scan. 
d.  A hemodynamically stable child with   
 an initially negative CT scan who has been  
 asymptomatic after observation in the ED  
 for 6 hours.

7.  All of the following mechanisms have higher 
risk for pancreatic or hollow viscus injury EX-
CEPT: 
a.  Handlebar/direct blow to abdomen 
b.  NAT 
c.  Inappropriate restraint with lap belt only 
d.  Pedestrian versus motor vehicle 
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1.  The most common cause of blunt abdominal 
trauma in children is: 
a.  Falls 
b.  NAT 
c.  MVCs 
d.  Sports-related injuries 

2.  Physical examination findings that may indi-
cate intra-abdominal injury include: 
a.  Abdominal tenderness 
b.  Abdominal wall bruising 
c.  Hypotension 
d.  All of the above 
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8.  Which of the following patients could be 
safely discharged home? 
a.  A 10-year-old boy with persistent   
 epigastric tenderness after a handlebar   
 injury and a normal CT scan 
b.  A 5-year-old girl who was appropriately  
 restrained in an MVC with no complaint  
 of abdominal pain, no vomiting, and  
 normal abdominal examination, vital  
 signs, FAST, screening laboratory tests, and 
 repeat abdominal examination 
c.  A 4-month-old boy with spiral femur 
 fracture and a normal abdominal   
 examination 
d.  A hemodynamically stable 3-year-old girl  
 with a grade I splenic injury

9.  Which patient is most likely to require opera-
tive management? 
a.  A 5-year-old with blood pressure of  
 100/70 mm Hg, heart rate of   
 110 beats/min, and a grade III liver   
 laceration 
b.  A 2-year-old with blood pressure of 
 97/60 mm Hg, heart rate of    
 115 beats/min, and a grade III splenic   
 laceration 
c.  A 16-year-old with an initial blood   
 pressure of 90/40 mm Hg, heart rate of 120 
 beats/min, who responds well to 1 L   
 of normal saline, and had a grade III liver  
 laceration 
d.  An 8-year-old with blunt abdominal  
 trauma and blood pressure of 80/40 mm  
 Hg and heart rate of 130 beats/min after  
 2 intravenous fluid boluses and    
 40 cc/kg PRBCs


