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Pediatric Trauma, Part I
The topic of pediatric trauma is broad, with acute care physicians very 

aware of the unique features children possess that can complicate a trauma 
resuscitation. This two-part article will focus on advances and controversies 
that have emerged in the literature in the last 5 years. New advances in diag-
nostic evaluation and treatment will be discussed, as well as limitations for 
each modality. The first part of this article will focus on the unique features of 
the pediatric trauma patient and advances in this subpopulation. The second 
part will include sections on imaging the pediatric patient, especially new uses 
for ultrasound to reduce lifetime radiation exposure; non-accidental trauma; 
and subtle presentations for non-accidental trauma. 

— Ann M. Dietrich, MD, Editor

Introduction
Traumatic injuries continue to be the number one cause of death and 

disability in children and adolescents. Additionally, these injuries account 
for one-third of all emergency department (ED) visits in patients 
younger than age 15 years.1 Pediatric trauma patients are significantly 
different than their adult counterparts; they have different mechanisms 
of injury, injury patterns based on anatomic variations, body proportions, 
skeletal ossification, physiologic responses to injury, as well as social and 
emotional needs. This report will review recent/current/future areas of 
innovation and contrast them to historical practice. 

ABCs of Pediatric Trauma Patients
ED physicians should account for several special considerations when 

resuscitating pediatric patients. In contrast to adult arrests where cardiac 
issues are the likely culprit, respiratory issues (including hypoxia and 
inadequate ventilation) are the most common causes of pediatric car-
diopulmonary arrest.2 Survival from pediatric cardiopulmonary arrest is 
associated with a dismal prognosis. Although in one series, only 0.25% 
of pediatric trauma patients had no signs of life in the field, only 4.4% of 
these patients survived to hospital discharge. Thus, airway management is 
a critical component in the care of pediatric patients. Understanding the 
differences in pediatric and adult anatomy and physiology is important 
to properly address the special needs of this population. Tools such as the 
Broselow resuscitation are helpful to estimate fluid, equipment sizes, and 
drug dosages through grouping infants and young children into different 
color zones.  
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EXECUTIVE SUMMARY
 z The Khine formula has been proposed (age in years/4 +3) if 

use of a cuffed endotracheal tube is preferred; however, most 
studies suggest (age in years/4 + 3.5) with 3.0 mm tube for 
infants less than 1 year of age and a 3.5 mm tube for those 
between 1 and 2 years of age.

 z The earliest sign of shock in pediatric patients is tachycar-
dia, and children may move from a compensated state to a 
decompensated shock very rapidly.

 z Central lines, especially femoral lines, may be placed when 
indicated under ultrasound guidance, but should not take 

precedence over peripheral or I/O lines.

 z The “seat belt sign” can be an important sign of underlying 
abdominal injury. This is seen as a well-defined area of ecchy-
mosis, erythema, or abrasion along the abdomen caused by 
the seat belt. This is mostly seen when the belt is improperly 
fitted and rides too high on the child.

 z The spleen is the most commonly injured organ following 
blunt abdominal trauma, and accounts for up to 45% of all 
visceral injuries. 

Airway
Infants and small children have 

proportionally larger heads in rela-
tion to the rest of their bodies, 
which result in neck flexion and 
airway obstruction in an unconscious 
patient. Children should be placed 
in the “sniffing position” with the 
plane of the face parallel to the sur-
face of the board and neck slightly 
extended. This often requires placing 
a flattened towel under the shoulder 
blades. Infants, if not obligate, are 
highly preferential nasal breath-
ers, so any nasal obstruction should 
be dealt with quickly.3,4 Pediatric 
patients also have large tongues and 
small oral cavities, as well as anteri-
orly and superiorly positioned lar-
ynxes when compared to adults. This 
can make visualization of the airway 
difficult during intubation attempts. 
A straight (Miller) blade is generally 
used for pediatric intubation, espe-
cially in infants. The more anterior 
airway and floppy epiglottis of the 
infant can be overcome by using a 
straight rather than a curved blade 
to allow better visualization of the 
vocal cords during intubation. The 
narrowest portion of the pediatric 
airway is subglottic, at the level of 
the cricoid cartilage, and this nar-
rowness of the airway lumen means 
that edema (toxic or traumatic) is 
less well tolerated.5

Sizing of the uncuffed pediatric 
endotracheal tube can be deter-
mined by using the modified Cole 
formula (age in years/4) + 4, with 
a 3.5 mm tube for infants younger 
than 1 year and a 4.0 mm tube for 
those between 1 and 2 years of 

age; however, length-based sizing 
may be more accurate.6,7 Another 
method often used, and likely easier 
to remember in a time-critical, high 
stress, unanticipated situation, is to 
estimate the diameter of the endo-
tracheal tube by comparing the tube 
to a child’s small finger; however, 
this method may be less accurate 
than those previously described.8

Once limited to those older than 8 
years old due to concerns regarding 
damage to tracheal mucosa, perhaps 
largely secondary to early manufac-
turing issues, cuffed endotracheal 
tubes seem to be coming more into 
general practice acceptance. Benefits 
of cuffed tubes include prevention 
of hospital-acquired pneumonia, 
prevention of inadvertent extubation, 
more accurate titration of ventila-
tion, prevention of tracheal mucosal 
injury (long the rationale for using 
uncuffed tubes) when cuff pressures 
are kept < 20 cm H2O, and reduced 
need for reintubation due to air leak 
— of particular concern in critical 
situations.9,10,11,12 

The Khine formula has been pro-
posed (age in years/4 +3) if use of a 
cuffed endotracheal tube is preferred; 
however, most studies suggest (age in 
years/4 + 3.5) with 3.0 mm tube for 
infants less than 1 year of age and 
a 3.5 mm tube for those between 1 
and 2 years of age.13,14

Rapid sequence intubation (RSI) 
has been reported as improving 
likelihood of successful intubation, 
with use of etomidate and a short-
term paralytic agent preferred.15,16 
However, one recent report suggests 
that RSI may not be a panacea for 

staff in training.17

A well-accepted rule of thumb 
for depth of tube placement is using 
three times the tube size for tube 
length in centimeters at the lips. 
For example, a size 5 tube should be 
placed 15 cm at the lips; however, 
using Broselow tape, suggested depth 
of insertion may be more accurate.18

Once intubated, pediatric patients 
are also at an increased risk for tube 
displacement secondary to their rela-
tively short tracheas (this includes 
both right mainstem intubation and 
accidental extubation).19,20 

A technique for helping reduce 
the risk of accidental extubation, 
right mainstem tube migration, or 
inadvertent hyperventilation is by 
making sure that the bag is being 
squeezed with the hand supinated 
(underhanded). Since flexor carpi 
ulnaris contraction with associated 
ulnar hand deviation does not occur 
in underhanded bagging as it does 
in overhanded bagging and the bag 
rests in the hand, less movement of 
the airway circuit occurs. In addi-
tion, overhanded bagging results 
in more forceful delivery of larger 
tidal volumes and higher airway 
pressures with greater potential for 
barotrauma.21 This is additionally 
concerning, since children are known 
to be particularly prone to iatrogenic 
hyperventilation.22

If a child has a contraindication to 
endotracheal intubation (i.e., severe 
orofacial injury or direct laryngeal 
injury is present), needle cricothy-
rotomy should be performed only as 
a last resort if bag mask-ventilation 
is not possible.23,24
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Circulation
To accurately assess the hemody-

namics of pediatric patients, normal 
values for pediatric vital signs should 
be readily available in resuscitation 
rooms. A general rule is that any 
heart rate > 150 in a child older than 
1 year of age requires close atten-
tion. Children are much more reliant 
on heart rate to maintain cardiac 
output. Pediatric patients also have a 
markedly different response to blood 
loss than adult patients. Children 
are better able to maintain relatively 
normal blood pressure despite hav-
ing significant blood loss. Studies 
have shown that children can lose 
35-40% of their blood volume before 
becoming hypotensive. Therefore, 
hypotension is a late finding in chil-
dren with significant hemorrhage. 
Increased heart rate accounts for 
their increased stroke volume and 
cardiac output during times of blood 
loss, so any interventions or medica-
tions that lower heart rate can lead 
to a dangerous loss of perfusion. The 
earliest sign of shock in pediatric 
patients is tachycardia, and children 
may move from a compensated state 
to a decompensated shock very 
rapidly.2 Ultrasonography of the 
inferior vena cava with and without 
concomitant bedside echocardiogra-
phy has been studied as a means of 
acutely determining volume status 
in children at the bedside; however, 
adoption has not been paralleled as 
in the adult community.25,26

Another critical aspect of manag-
ing the circulation of a pediatric 
trauma patient is obtaining vascular 
access quickly. Guidelines suggest 
that if two peripheral IVs cannot 
be successfully placed in the first 90 
seconds, an intraosseous (IO) line 
should be placed in the proximal 
tibia or distal femur.27,28 There is 
evidence to suggest that proximal 
humerus utilization offers advan-
tages over lower extremity insertion 
sites of increased flow rates and 
less chance of intervening fracture 
or vascular injury vs disadvantages 
of lower insertion success rate and 
prohibition on raising the upper 
extremity if desired for CT scanning 
or tube thoracostomy insertion.29

All equipment for placing an IO 
line should be readily available in the 
trauma area, and physicians should 
not hesitate to place the line quickly 
if IV access is not immediately 
available. Central lines, especially 
femoral lines, may be placed when 
indicated under ultrasound guidance, 
but should not take precedence over 
peripheral or IO lines. Venous cut-
downs, once a mainstay, have been 
largely and gladly relegated to paleo-
emergency medicine.2

A thorough secondary survey is 
necessary following the initial pri-
mary survey. The child needs to be 
completely undressed, although spe-
cial care needs to be taken that the 
child does not become hypothermic. 
Since pediatric patients have a larger 
body surface area for weight, they 
are more prone to heat loss and may 
require external means to keep body 
temperatures adequate. Temperature 
should be monitored carefully, and 
warm blankets or external heating 
devices should be used if there is 
any concern that the child is becom-
ing hypothermic.30 Interestingly, the 
incidence of inadvertent hypother-
mia in adults and children in both 
trauma and perioperative popula-
tions is paradoxically similar, perhaps 
being more reflective of an endemic 
level of thermodynamic inatten-
tiveness rather than reflecting the 
expected result of significant physi-
ological differences.30,31,32

Mechanisms of Injury
Common mechanisms for pedi-

atric traumatic injuries vary by age 
and level of development. Younger 
pediatric patients tend to be injured 
by falls, drowning, burns, motor 
vehicle collisions (MVCs), and non-
accidental trauma (NAT). Older 
children are also injured in MVCs 
and falls, but also start experiencing 
sports-related accidents, bicycle acci-
dents, and gunshot wounds.33

MVC
Injuries related to MVCs are 

the leading cause of mortality in 
children age 5 years and older in 
the United States and account for 
more than 50% of the unintentional 

injuries that cause death in the pedi-
atric population. Being unrestrained 
or having improperly fitted restraints 
has been associated with the greatest 
risk of injury in pediatric patients 
who are passengers involved in 
MVCs. Lap belts that are situated 
over the abdomen instead of the 
pelvis put a child at risk for abdomi-
nal trauma. The “seat belt sign” can 
be an important sign of underlying 
abdominal injury. This is seen as a 
well-defined area of ecchymosis, 
erythema, or abrasion along the 
abdomen caused by the seat belt. 
This is mostly seen when the belt is 
improperly fitted and rides too high 
on the child.34 Children also have 
a less protective iliac crest than do 
adults.35 In addition, children who 
are front-seat passengers are at risk 
for head, cervical spine, ocular, and 
extremity injuries in the case of 
airbag deployment. This has led the 
American Academy of Pediatrics to 
strongly recommend that children 
under 13 should only sit in rear car 
seats. 

Pedestrians
Pedestrians struck by automobiles 

is another unfortunately common 
cause of injury in this population. 
This includes back-over or driveway 
injuries. Despite the fact that these 
accidents often occur at low vehicle 
speeds, they have some of the high-
est morbidity and mortality and 
are associated with increased sever-
ity of injury.36 One reason for the 
increased morbidity and mortality 
related to these injuries is that often 
the child’s head will be at the level 
of the collision, resulting in a direct 
impact. This is contrary to adult 
pedestrians being struck by automo-
biles, where orthopedic injuries are 
more common due to the level of 
direct impact.35

Penetrating Abdominal 
Trauma

Unfortunately pediatric penetrat-
ing trauma seems to be on the 
increase.37 Although a detailed treat-
ment of pediatric penetrating trauma 
is beyond the scope of this report 
(but does have some overlap with 
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blunt abdominal trauma manage-
ment, which is treated in detail), it 
should be noted that selective non-
operative management of penetrat-
ing abdominal trauma in children is 
now being explored.38 While adult 
criteria have been established for 
selective nonoperative management 
of penetrating abdominal trauma, 
pediatric criteria have yet to be 
established despite pediatric leader-
ship in selective nonoperative man-
agement of blunt trauma.39 General 
management of blunt and penetrat-
ing thoracic trauma overlap consid-
erably and will be covered in Part II.

Blunt Abdominal Trauma 
Blunt abdominal trauma (BAT) 

most commonly leads to injuries 
of solid organs and less commonly 
damages the bowel and mesentery.40 
Incidence of isolated liver, spleen, 
or renal injuries requiring operative 
management remains extremely low, 
while multiple solid organ injury 
warrants a somewhat more inva-
sive but still largely nonoperative 
approach.41 The question of utiliza-
tion of imaging, which modality, and 
for what purpose, now becomes the 
more paramount question. Has CT 

imaging become more a modality 
primarily for prognosticating heal-
ing time rather than acute interven-
tion?42 As such, can other modalities 
be used for these purposes to reduce 
cost and potentially deadly radiation 
exposure for nonlethal injuries?

Splenic Injury
The spleen is the most commonly 

injured organ following BAT, and 
accounts for up to 45% of all visceral 
injuries. Symptoms of splenic injury 
may include left upper quadrant or 
generalized abdominal pain, possibly 
radiating to the left shoulder due 
to diaphragmatic or phrenic nerve 
irritation (Kehr’s sign). Radiographic 
findings may include left lower rib 
fractures. A triad of other radio-
graphic findings has been described 
and includes left diaphragmatic 
elevation, left lower lobe atelecta-
sis, and left pleural effusion. Other 
radiologic possibilities include a 
medially displaced gastric bubble or 
inferior displacement of the splenic 
flexure.43

The degree of splenic injury 
depends on the force of impact, 
degree of deceleration, and ana-
tomic characteristics of the spleen. 

A splenic contusion is defined by 
parenchymal lesions, whereas splenic 
rupture is associated with hematoma. 
If the capsule is also ruptured this 
will be associated with hemoperi-
toneum. A splenic laceration that 
extends through two surfaces is 
referred to as a fracture. The hemo-
peritoneum associated with splenic 
injury is usually present in the left 
paracolic gutter into the rectouterine 
space in girls and the rectovesical 
space in boys.43 See Table 1 for the 
American Association for the Surgery of 
Trauma (AAST) grade and classifica-
tion of splenic injuries. 

Management. Historically, splenic 
injuries were treated by prompt sple-
nectomy, although over time treat-
ment has evolved into handling the 
majority of cases nonoperatively or 
by performing splenorrhaphy. It has 
been shown that children tolerate 
higher-grade splenic injuries with 
nonoperative management vs adults. 
As long as a child is hemodynami-
cally stable, nonoperative manage-
ment is the standard of care for all 
grades of splenic injury. Conservative 
management includes hospital 
admission, generally 2-5 days of 
bed rest and IV hydration, monitor-
ing of vital signs and hemoglobin, 
and possible antibiotic therapy.43 
Angioembolization of splenic blunt 
trauma is currently being utilized as 
an alternative to laparotomy for rela-
tively stable patients with persistent 
bleeding.44 The American Pediatric 
Surgical Association (APSA) 
Trauma Committee developed con-
sensus guidelines to direct care for 
these patients including hospital 
length of stay, imaging, and post-
discharge activity restriction. APSA 
does not recommend any additional 
pre- or post-discharge imaging. It 
does recommend between 3-6 weeks 
of activity restriction based on the 
grade of injury.43 

Liver Injury
The liver is the second most 

commonly injured organ in blunt 
abdominal trauma and is most 
common after trauma to the upper 
right abdomen or right hemithorax. 
Injuries are most often in the right 

Table 1. Spleen Injury Scale

Grade* Injury Type Description of Injury

I Hematoma Subcapsular, < 10% surface area

Laceration Capsular tear, < 1 cm parenchymal depth

II Hematoma Subcapsular, 10%-50% surface area
intraparenchymal, < 5 cm in diameter

Laceration Capsular tear, 1-3 cm parenchymal depth that does not 
involve a trabecular vessel

III Hematoma Subcapsular, > 50% surface area or expanding; ruptured 
subcapsular or parecymal hematoma; intraparenchymal 
hematoma ≥ 5 cm or expanding

Laceration > 3 cm parenchymal depth or involving trabecular vessels

IV Laceration Laceration involving segmental or hilar vessels producing
major devascularization (> 25% of spleen)

Laceration Completely shattered spleen

Vascular Hilar vascular injury with devascularizes spleen

*Advance one grade for multiple injuries up to grade III.

Adapted from:  Moore EE, Cogbill TH, Jurkovich GJ, et al. Organ injury scaling: Spleen and liver (1994 
revision) J Trauma 1995;38:323-324.
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lobe secondary to location and size. 
Due to the blood supply from sys-
temic and portal circulation, liver 
injuries can lead to significant blood 
loss. For this reason, liver injuries 
tend to be more significant than 
splenic injuries and are associated 
with higher morbidity and mortal-
ity. Patients may complain of right 
upper quadrant pain or right shoul-
der pain.

It is recommended that basic 
laboratory studies be collected in 
cases of BAT, as they may help guide 
additional diagnostic evaluation. 
Very high aspartate aminotransferase 
(AST) and alanine aminotransfer-
ase (ALT) levels may correlate with 
severity of liver injury, although 
some studies suggest that half of all 
patients with no discernable liver 
injury on CT still had elevated AST 
or ALT levels.43 Some current stud-
ies suggest that normal AST and 
ALT levels can essentially rule out 
liver parenchymal damage.45 Liver 
enzymes should be measured and 
used in conjunction with physical 
exam and imaging in order to guide 
management of possible liver injury. 
See Table 2 for AAST grade and clas-
sification of liver injuries. 

Management. In hemodynami-
cally stable patients, liver injuries 
(like injuries to the spleen) are also 
managed conservatively. Surgery may 
be required if patients are hemody-
namically unstable, needing blood 
transfusions over 30 mL per kg in 
the first 24 hours, or are having peri-
toneal irritation or evidence of con-
comitant hollow organ perforation.45 
Another emerging option is hepatic 
artery angioembolization (rather 
than surgery) if there is evidence of 
ongoing bleeding (seen with contrast 
extravasation on CT).46

Kidney Injury 
Blunt kidney injury in children 

was once thought to be more fre-
quent than in adults, but this has 
come into question. Microscopic 
hematuria used to be an indication 
for CT scanning, but imaging is 
currently reserved for patients with 
gross hematuria and/or hemody-
namic instability.47 See Table 3 for 

AAST classification of renal injury.
Management. Management of 

renal injuries is once again largely 
nonoperative as in other solid organ 

injury. One case in which surgery 
may be required in the relatively 
hemodynamically stable patient may 
be when there is a single kidney with 

Table 2. Liver Injury Scale

Grade* Injury Type Description of Injury

I Hematoma Subcapsular, < 10% surface area

Laceration Capsular tear, < 1 cm parenchymal depth

II Hematoma Subcapsular, 10%-50% surface area
intraparenchymal, < 10 cm in diameter

Laceration Capsular tear 1-3 parenchymal depth, < 10 cm in length 

III Hematoma Subcapsular, > 50% surface area of ruptured subcapsular 
or parenchymal hematoma; intraparenchymal hematoma 
> 10 cm or expanding

Laceration > 3 cm parenchymal depth

IV Laceration Parenchymal disruption involving 25% to 75% hepatic 
lobe or 1-3 Couinaud’s segments

V Laceration Parenchymal disruption involving > 75% of hepatic lobe 
or > 3 Couinaud’s segments within a single lobe

Vascular Juxtahepatic venous injuries; ie, retrohepatic vena
cava/central major hepatic veins

VI Vascular Hepatic avulsion

*Advance one grade for multiple injuries up to grade III.

Adapted from:  Moore EE, Cogbill TH, Jurkovich GJ, et al. Organ injury scaling: Spleen and liver (1994 
revision) J Trauma 1995;38:323-324.

Table 3. Kidney Injury Scale

Grade* Injury Type Description of Injury

I Contusion Microscopic or gross hematuria, urologic studies normal

Hematoma Subcapsular, nonexpanding without parenchymal 
laceration

II Hematoma Nonexpanding perirenal hematoma confirmed to renal 
retroperitoneum

Laceration < 1.0 cm parenchymal depth of renal cortex without 
urinary extravagation

III Laceration < 1.0 cm parenchymal depth of renal cortex without 
collecting system rupture or urinary extravagation

IV Laceration Parenchymal laceration extending through renal cortex, 
medulla, and collecting system

Vascular Main renal artery or vein injury with contained 
hemorrhage

V Laceration Completely shattered kidney

Vascular Avulsion of renal hilum which devascularizes kidney

*Advance one grade for bilateral injuries up to grade III.

Adapted from:  Moore EE, Shackford SR, Pachter HL, et al. Organ injury scaling: spleen, liver, and 
kidney. J Trauma 1989;29:1664-1666.
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a significant renovascular injury. 
Most renal injuries can be managed 
nonoperatively with angioemboliza-
tion, a therapeutic option even in 
Grade 4 injuries.48

Bowel, Duodenal, and 
Pancreatic Injury 

Patterns of blunt injury to the 
bowel differ in children and adults 
but utilize the same injury scor-
ing system. Children have a much 
higher incidence of duodenal injury 
with a significant number of these 
cases secondary to “classic handlebar 
injuries.”49 Duodenal injuries offer 
unique challenges in comparison to 
other bowel injuries, hence, their 
own scoring system. There is often 
accompanying pancreatic injury 

in patients with duodenal injuries 
with therapeutic implications.50 See 
Tables 4 and 5 for AAST classification 
of bowel injuries, Table 6 for AAST 
classification of duodenal injuries, and 
Table 7 for AAST classification of pan-
creatic injuries.

Management. Blunt bowel per-
foration is rare and frequently 
initially missed. It is a source of 
morbidity but typically not mor-
tality. Treatment of less serious 
bowel injuries, in contradistinction, 
remains largely nonoperative and 
supportive.51 Isolated nonperforated 
duodenal injury is treated much the 
same way.50 Management of isolated 
pancreatic injury largely depends 
on presence and location of injury 
to the pancreas and its main duct 

but also associated duodenal injury. 
Unlike other solid abdominal organs, 
pancreatic injuries often require 
operative management. Minor inju-
ries without suspected injury to the 
main pancreatic duct are initially 
managed nonoperatively with serial 
re-evaluation for development of 
complications such as pseudocyst or 
pancreatic fistula. Patients with sus-
pected main pancreatic duct injury 
require surgery and either distal 
pancreatectomy for duct injuries to 
the left of the superior mesenteric 
vein, closed drainage for injury 
where main duct injury is felt to be 
to the right of the superior mesen-
teric vein, and for severe injuries to 
the pancreatic head usually in com-
bination with severe duodenal injury 
— primary pancreatoduodenectomy 
or damage control surgery fol-
lowed by pancreatoduodenectomy.50 
Management of combined duodenal 
and pancreatic injury must both be 
considered in devising operative 
strategy.50 Due to the rarity of seri-
ous pancreatic injury in children, 
some have advocated nearly uni-
versal early nonoperative manage-
ment; however, this is accompanied 
by a high failure and complication 
rate.52,53 It should be noted that non-
operative management of pancreatic 
duct injuries by endoscopic stenting 
can be done selectively in children.52

Imaging in BAT
Patients sustaining blunt abdomi-

nal trauma rarely need to be man-
aged surgically. However, there is a 
need to quickly and accurately iden-
tify those patients with injuries that 
will need rapid surgical intervention. 
The gold standard diagnostic test for 
evaluation of intra-abdominal inju-
ries (IAI) is an intravenous contrast-
enhanced CT scan. Although CT 
scans may remain the gold standard 
for diagnosing IAI, they do come 
with a substantial exposure to ion-
izing radiation, which may signifi-
cantly increase a child’s lifetime risk 
of developing a lethal malignancy.54 
This is especially worrisome in 
IAIs where children can sometimes 
receive multiple scans, for example, 
after transfer from community 

Table 4. Small Bowel Injury Scale

Grade* Injury Type Description of Injury

I Hematoma Contusion or hematoma without devascularization

Laceration Partial thickness, no perforation

II Laceration Laceration < 50% of circumference

III Laceration Laceration ≥ 50% of circumference without transection

IV Laceration Transection of the small bowel

V Laceration Transection of the small bowel with segmental tissue 
loss

Vascular Devascularized segment

*Advance one grade for multiple injuries up to grade III.

Adapted from:  Moore EE, Cogbill TH, Malangoni MA, et al. Organ injury scaling: Pancreas, duodenum, 
small bowel, colon, and rectum. J Trauma 1990;30:1427-1429.

Table 5. Colon Injury Scale

Grade* Injury Type Description of Injury

I Hematoma Contusion or hematoma without devascularization

Laceration Partial thickness, no perforation

II Laceration Laceration < 50% of circumference

III Laceration Laceration ≥ 50% of circumference without transection

IV Laceration Transection of the colon

V Laceration Transection of the colon with segmental tissue loss

Vascular Devascularized segment

* Advance one grade for multiple injuries up to grade III. 

Adapted from:  Moore EE, Cogbill TH, Malangoni MA, et al. Organ injury scaling: Pancreas, duodenum, 
small bowel, colon, and rectum. J Trauma 1990;30:1427-1429.
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hospital to pediatric trauma centers 
and to follow up on known inju-
ries. IV contrast given along with 
the CT also has the potential to 
induce nephropathy. As few as 2% 
of all pediatric patients obtaining 
abdominal CT scan for blunt trauma 
required surgery.55 Thus, CT has a 
fairly low yield for identifying inju-
ries requiring surgery and is essen-
tially used as a tool to identify and 
determine prognosis in patients who 
will survive.56

BATiC Score
The Blunt Abdominal Trauma in 

Children (BATiC) score uses readily 
available lab values, Doppler ultra-
sound results, and physical exam 
findings to assess trauma patients 
without the use of imaging requir-
ing radiation. The score combines 
the results of abdominal Doppler 
ultrasound with three physical exam 
findings (abdominal pain, perito-
neal irritation, and hemodynamic 
instability) and six laboratory values 
(AST, ALT, WBC, LDH, lipase, and 

creatinine).57

The Blunt Abdominal Trauma 
in Children (BATiC) score assigns 
points as follows:
• 4 points for an abnormal Doppler 

evaluation of the renal arteries on 
abdominal ultrasound

• 2 points each for abdominal pain, 
signs of peritoneal irritation on 
physical exam, hemodynamic 
instability, AST > 60 IU/L, and 
ALT > 25 IU/L

• 1 point each for peripheral white 
blood cell count > 9.5 g/L,  
lactate dehydrogenase > 330 
IU/L, lipase > 30 IU/L, and  
creatinine > 50 µg/L

A BATiC score cutoff of > 6 (out 
of a possible score of 18) resulted in 
a sensitivity of 100% and specific-
ity of 87% for IAI. A cutoff of 7 
resulted in a sensitivity of 89% and 
a specificity of 94%. Using cutoffs of 
6 and 7 could have avoided 47% and 
56%, respectively, of the 34 com-
puted tomography scans performed.

Willem-Jan et al studied the 
validity of the BATiC score on 216 
trauma patients minus Doppler 
ultrasound and found that it had a 
99% negative predictive value, and, 
therefore, could be used to reliably 
rule out IAI. They did suggest that 
a positive score should lead to sub-
sequent CT scan.58 The use of the 
BATiC score could help reduce the 
amount of unnecessary CT scans, 
reducing radiation exposure as well 
as cost.

Focused Assessment with 
Sonography in Trauma (FAST) 
remains an item of contention in 
pediatric trauma.59 Some authors 
advocate not to use it at all.60 In 
part, this likely stems from its 
inability to identify abdominal 
parenchymal injury when used in its 
simplest B-mode implementation. 
However, the addition of Doppler 
ultrasound — preferably power 
Doppler, which is more sensitive for 
any flow, vs color Doppler, whose 
directionality is unneeded under 
investigation and termed c-FAST 
(for color), vs the more accurate but 
socially unacceptable alternative 
acronym for using recommended 
power Doppler (p-FAST) — will 

Table 6. Duodenum Injury Scale

Grade* Injury Type Description of Injury

I Hematoma Involving single portion of duodenum

Laceration Partial thickness, no perforation

II Hematoma Involving more than one portion

Laceration Disruption < 50% of circumference

III Laceration Disruption 50%-75% of circumference of D2

Disruption 50%-100% of circumference of D1, D3, D4

IV Laceration Disruption > 75% of circumference of D2

Involving ampulla or distal common bile duct

V Laceration Massive disruption of duodenopancreatic complex

Vascular Devascularization of duodenum

*Advance one grade for multiple injuries up to grade III. D1-first position of duodenum; D2-second 
portion of duodenum; D3-third portion of duodenum; D4-fourth portion of duodenum 

Adapted from:  Moore EE, Cogbill TH, Malangoni MA, et al. Organ injury scaling: Pancreas, duodenum, 
small bowel, colon, and rectum. J Trauma 1990;30:1427-1429.

Table 7. Pancreas Injury Scale

Grade* Injury Type Description of Injury

I Hematoma Minor contusion without duct injury

Laceration Superficial laceration without duct injury

II Hematoma Major contusion without duct injury or tissue loss

Laceration Major laceration without duct injury or tissue loss

III Laceration Distal transection or parenchymal injury with duct injury

IV Laceration Proximal** transection or parenchymal injury involving 
ampulla

V Laceration Massive disruption of pancreatic head

*Advance one grade for multiple injuries up to grade III. 

**Proximal pancreas is to the patients’ right of the superior mesenteric vein 

Adapted from:  Moore EE, Cogbill TH, Malangoni MA, et al. Organ injury scaling: Pancreas, duodenum, 
small bowel, colon, and rectum. J Trauma 1990;30:1427-1429.
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permit identification of solid organ 
injuries not visualized by B-mode 
and not accompanied by free fluid. 
Power Doppler highlights paren-
chymal injuries via deformation 
of vascular arcades by relatively 
isoechoic intraparenchymal hema-
tomas, absence of typical regional 
parenchymal vascularity (ultraso-
nographic Westermark sign), and 
linear truncation of parenchymal 
vascular arcades — with administra-
tion of ultrasound contrast likely to 
improve sensitivity even further.61 
(See Figures 1, 2, and 3.) There are 
two commercially available ultra-
sound agents in the United States 
and three in Europe. Their usable 
half-life is about 5 minutes and 
they can only be re-dosed once, 
hence limiting patient re-evaluation 
but they do facilitate parenchymal 
injury detection. Power Doppler 
viewing is best utilized by obtaining 
a “hilar” long axis view of the organ 
in question and fanning through the 
organ using a single window when 
feasible. Given the confounding 
problem of aerophagia in children, 
low intercostal views are preferred 
vs abdominal views when scanning 
intra-abdominal organs. The liver is 
more complex to scan given its size, 
lack of a simple hilum, and “non-
bean” morphology. By identifying 
vascular structures in the liver, such 
as hepatic veins’ origination from 
inferior vena cava and/or portal 
vein and tracing branches out to the 
periphery, the entire territory of the 
liver can be covered in an organized 
fashion and the power Doppler util-
ity fully leveraged. The reliability 
of these techniques in children by 
nonradiologists vs CT scan has yet 
to be established. Neither Karam 
nor Willem-Jan indicated that they 
looked for free air, highly diagnos-
tic for perforated hollow viscus, or 
that they detected it in perforated 
hollow viscus cases, implying that 
it was not screened for. Intra-
abdominal free air is easily detected 
on ultrasound with suprahepatic-
subdiaphragmatic free air (the most 
common location) easily seen when 
viewing Morrison's pouch.62 As 
such, ultrasound offers the ability to 

screen for free air long before the 
onset of peritonitis. Visualization 
of the pancreas is problematic given 
the prevalence of pediatric aeropha-
gia and lack of suitability of inter-
costal windows. 

Conclusion
With the advent of child safety 

devices and practices, the incidence 
of serious pediatric trauma, in the 
youngest, most difficult to treat 
age groups, has declined. In addi-
tion, Broselow tapes and advances 
in airway and vascular access have 

Figure 1. Unremarkable Spleen in B-mode  
in 19 yo Trauma Patient

Figure 2. CT Scan of Figure 1 Patient Showing Fracture of 
Medial Aspect of Spleen Undetected on B-mode
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improved the ability of providers 
to stabilize a child's vital functions 
rapidly and effectively.

Nonoperative management for 
BAT remains dominant, with even 
fewer operative procedures neces-
sary with advancements in  inter-
ventional radiological procedures. 
Reserving the utilization of CT 
scanning for those in whom the 
risk-benefit ratio exceeds future 
cancer risk is critical. Advances in 
ultrasound may enable clinicians 
to further decrease CT scanning 
rates, while maintaining diagnostic 
accuracy.

References
1. Tracy ET, Englum BR, Barbas AS, et al. 

Pediatric injury patterns by year of age. J 
Pediatr Surg 2013;48:1384-1388.

2. Kleinman ME, Chameides L, 
Schexnayder SM, et al. Part 14: 
Pediatric Advanced Life Support 2010 
American Heart Association Guidelines 
for Cardiopulmonary Resuscitation 
and Emergency Cardiovascular Care. 
Circulation 2010;122:S876-S908.

3. Miller MJ, Martin RJ, Carlo WA, et al. 
Oral breathing in newborn infants. J 
Pediatr 1985;107:465-469.

4. Gnagi SH, Schraff SA. Nasal obstruc-
tion in newborns. Pediatr Clin North Am 
2013;60:903-922.

5. Harless J, Ramaiah R, Bhananker SM. 
Pediatric airway management. Int J Crit 
Illn Inj Sci 2014;4:65-70.

6. Cole F. Pediatric formulas for the anes-
thesiologists. Am J Dis Child 1957;94:672-
673.

7. Luten RC, Wears RL, Broselow J, et al. 
Length-based endotracheal tube and 
emergency equipment in pediatrics. Ann 
Emerg Med 1992;21:900-904.

8. King BR, Baker MD, Braitman LE, et al. 
Endotracheal tube selection in children: A 
comparison of four methods. Ann Emerg 
Med 1993;22:530-534.

9. Deakers TW, Reynolds G, Stretton M, et 
al. Cuffed endotracheal tubes in pediatric 
intensive care. J Pediatr 1994;125:57-62.

10. James I. Cuffed tubes in children. Paediatr 
Anaesth 2001;11:259-263.

11. Ho AMH, Aun CST, Karmakar MK. 
The margin of safety associated with the 
use of cuffed pediatric tracheal tubes. 
Anesthesia 2002;57:169-182.

12. Bhardwaj N. Pediatric cuffed endotra-
cheal tubes. J Anaesthesiol Clin Pharmacol 
2013;29:13-18.

13. Khine HH, Corddry DH, Kettrick RG, 
et al. Comparison of cuffed and uncuffed 
endotracheal tubes in young children 
during general anesthesia. Anesthesiology 
1997;86:672-631.

14. Duracher C, Schmautz E, Martinon C, 
et al. Evaluation of cuffed tracheal tube 
size predicted using the Khine formula in 
children. Paediatr Anaesth 2008;18:113-
118.

15. Bramwell KJ, Haizlip J, Pribble C, et al. 
The effect of etomidate on intracranial 
pressure and systemic blood pressure 
in pediatric patients with severe trau-
matic brain injury. Pediatr Emerg Care 
2006;22:90-93.

16. Zelicof-Paul A, Smith-Lockridge A, 
Schnadower D, et al. Controversies in 
rapid sequence intubation in children. 
Curr Opin Pediatr 2005;17:355-362.

17. Kerrey BT, Rinderknecht AS, Geis GL, et 
al. Rapid sequence intubation for pediat-
ric emergency patients: Higher frequency 
of failed attempts and adverse effects 
found by video review. Ann Emerg Med 
2012;60:251-259.

18. Phipps LM, Thomas NJ, Gilmore RK, et 
al. Prospective assessment of guidelines 
for determining appropriate depth of 
endotracheal tube placement in children. 
Pediatr Crit Care Med 2005;6:519-522.

19. Donn SM, Kuhns LR. Mechanism of 
endotracheal tube movement with change 
of head position in the neonate. Pediatr 
Radiol 1980;9:37-40.  

20. Weiss M, Knirsch W, Kretschmar O, 
et al. Tracheal tube-tip displacement in 
children during head-neck movement—
a radiological assessment. Br J Anaesth 
2006;96:486-491.

21. Bassani MA, Mezzacappa Filho F, Coppo 
MR, et al. Peak pressure and tidal volume 
are affected by how the neonatal self-
inflating bag is handled. J Pediatr (Rio J) 
2009;85:217-222.

22. Niebauer JM, White ML, Zinkan JL, 
et al. Hyperventilation in pediatric 
resuscitation: Performance in simulated 
pediatric medical emergencies. Pediatrics 
2011;128:e1195-1200.

23. Smith RB, Myers EN, Sherman H. 
Transtracheal ventilation in paediat-
ric patients; case reports. Br J Anaesth 
1974;46:313-314.

24. Ravussin P, Bayer-Berger M, Monnier P, 
et al. Percutaneous transtracheal ventila-
tion for laser endoscopic procedures in 
infants and small children with laryngeal 
obstruction: Report of two cases. Can J 
Anaesth 1987;34:83-86.

25. Pershad J, Myers S, Plouman C, et al. 
Bedside limited echocardiography by the 

Figure 3. Patient Showing No Obvious Splenic Fracture

Patient from Figures 1 and 2 showing no obvious splenic fracture. However, medial 
aspect of spleen is devascularized suggesting presence of fracture seen on CT.



42    Pediatric Emergency Medicine Reports / April 2015  www.ahcmedia.com

emergency physician is accurate during 
evaluation of the critically ill patient. 
Pediatrics 2004;114:667-671.

26. Lambert RL, Boker JR, Maffei FA. 
National survey of bedside ultrasound use 
in pediatric critical care. Pediatr Crit Care 
Med 2011;12:655-659. 

27. Guy J, Haley K, Zuspan SJ. Use of 
intraosseous infusion in the pedi-
atric trauma patient. J Pediatr Surg 
1993;28:158-161.

28. Greene N, Bhananker S, Ramaiah R. 
Vascular access, fluid resuscitation, and 
blood transfusion in pediatric trauma. Int 
J Crit Illn Inj Sci 2012;2:135-142. 

29. Paxton JH, Knuth TE, Klausner HA. 
Proximal humerus intraosseous infusion: 
A preferred emergency venous access. J 
Trauma 2009;67:606-611.  

30. Waibel BH, Durham CA, Newell MA, 
et al. Impact of hypothermia in the rural, 
pediatric trauma patient. Pediatr Crit Care 
Med 2010;11:199-204.

31. Martin RS, Kilgo PD, Miller PR, et al. 
Injury-associated hypothermia: An analy-
sis of the 2004 National Trauma Data 
Bank. Shock 2005;24:114-118. 

32. Hart SR, Bordes B, Hart J, et al. 
Unintended perioperative hypothermia. 
Ochsner J 2011;11:259-270.

33. Tracy ET, Englum BR, Barbas AS, et al. 
Pediatric injury patterns by year of age. J 
Pediatr Surg 2013;48:1384-1388.

34. Gaines BA. Intra-abdominal solid 
organ injury in children: diagnosis 
and treatment. J Trauma 2009;67(2 
Suppl):S135-139.

35. Lynn KN, Werder GM, Callaghan RM, 
et al. Pediatric blunt splenic trauma: A 
comprehensive review. Pediatr Radiol 
2009;39:904-916. 

36. Srinivasan S, Chang T. Diagnosis and 
management of motor vehicle trauma 
in children: An evidence-based review. 
Pediatric Emergency Medicine Practice 
2013;10:1-28.

37. Gabeff SC. Challenging the patho-
physiologic connection between subdural 
hematoma, retinal hemorrhage and 
shaken baby syndrome. West J Emerg Med 
2011;12:144-158. 

38. Schecter SC, Betts J, Schecter WP, et 
al. Pediatric penetrating trauma: The 
epidemic continues. J Trauma Acute Care 
Surg 2012;73:721-725.

39. Cigdem MK, Onen A, Siga M, et al. 
Selective nonoperative management of 
penetrating abdominal injuries in chil-
dren. J Trauma 2009;67:1284-1286.

40. Como JJ, Bokhari F, Chiu WC, et al. 
Practice management guidelines for 
selective nonoperative management of 
penetrating abdominal trauma. J Trauma 
2010;68:721-733.

41. Coant PN, Kornberg AE, Brody AS, et 
al. Markers for occult liver injury in cases 
of physical abuse in children. Pediatrics 
1992;89:274-278.

42. Lane WG, Dubowitz H, Langenberg P. 
Screening for occult abdominal trauma 
in children with suspected physical abuse. 
Pediatrics 2009;124:1595-1602.

43. Lynn KN, Werder GM, Callaghan RM 
et al. Pediatric blunt splenic trauma: A 
comprehensive review. Pediatr Radiol 
2009;39:904-916.

44. Gross JL, Woll NL, Hanson CA, et al. 
Embolization for pediatric blunt splenic 
injury is an alternative to splenectomy 
when observation fails. J Trauma Acute 
Care Surg 2013;75:421-425.

45. Arslan S, Guzel M, Turan et al. 
Management and treatment of liver injury 
in children. Ulus Travma Acil Cerr Derg 
2014;20:45-50.

46. Ong CC, Toh L, Lo RH, et al. Primary 
hepatic artery embolization in pediat-
ric blunt hepatic trauma. J Pediatr Surg 
2012;47:2316-2320.

47. Santucci RA, Langenburg SE, Zachareas 
MJ. Traumatic hematuria in children 
can be evaluated as in adults. J Urol 
2004;171(2 Pt 1):822-825.

48. Dinkel HP, Danuser H, Triller J. Blunt 
renal trauma: Minimally invasive manage-
ment with microcatheter embolization—
Experience in nine patients. Radiology 
2002;223:723-730.

49. Allen GS, Moore FA, Cox CS Jr, et al. 
Hollow visceral injury and blunt trauma. J 
Trauma 1998;45:69-75.

50. Gutierrez IM, Mooney DP. Operative 
blunt duodenal injury in children: A 
multi-institutional review. J Pediatr Surg 
2012;47:1833-1836.

51. Canty TG Sr, Canty TG Jr, Brown C. 
Injuries of the gastrointestinal tract from 
blunt trauma in children: A 12-year expe-
rience at a designated pediatric trauma 
center. J Trauma 1999;46:234-240.

52. Bass J, Di Lorenzo M, Desjardins JG, et 
al. Blunt pancreatic injuries in children: 
The role of percutaneous external drainage 
in the treatment of pancreatic pseudo-
cysts. J Pediatr Surg 1988;23:721-724.

53. Mattix KD, Tataria M, Holmes J, et al. 
Pediatric pancreatic trauma: Predictors 
of nonoperative management failure 
and associated outcomes. J Pediatr Surg 
2007;42:340-344.

54. Mathews JD, Forsythe AV, Brady Z, et al. 
Cancer risk in 680,000 people exposed to 
computed tomography scans in childhood 
or adolescence: Data linkage study of 11 
million Australians. BMJ 2013;346:f2360.

55. Fenton SJ, Hansen KW, Meyers RL, et 
al. CT scan and the pediatric trauma 
patient--are we overdoing it? J Pediatr 
Surg 2004;39:1877-1881. 

56. McVay MR, Kokoska ER, Jackson RJ, 
et al. Throwing out the “grade” book: 
Management of isolated spleen and liver 
injury based on hemodynamic status. J 
Pediatr Surg 2008;43:1072-1076.

57. Karam O, Sanchez O, Chardot C, et 
al. Blunt abdominal trauma in children: 
A score to predict the absence of organ 
injury. J Pediatr 2009;154:912-917.

58. Willem-Jan JD, Stoepker L, Nellensteijn 
DR, et al. External validation of the blunt 
abdominal trauma in children (BATiC) 
score: Ruling out significant abdominal 
injury in children. Trauma Acute Care Surg 
2014;76:1282-1287.

59. Scaife ER, Fenton SJ, Hansen KW, et 
al. Use of focused abdominal sonogra-
phy for trauma at pediatric and adult 
trauma centers: A survey. J Pediatr Surg 
2009;44:1746-1749.

60. Scaife ER, Rollins MD, Barnhart DC, 
et al. The role of focused abdominal 
sonography for trauma (FAST) in pedi-
atric trauma evaluation. J Pediatr Surg 
2013;48:1377-1383. 

61. Doody O, Lyburn D, Geoghegan 
T, et al. Blunt trauma to the spleen: 
Ultrasonographic findings. Clin Radiol 
2005;60:968-976.

62. Moriwaki Y, Sugiyama M, Toyoda H, et 
al. Ultrasonography for the diagnosis of 
intraperitoneal free air in chest-abdomi-
nal-pelvic blunt trauma and critical acute 
abdominal pain. Arch Surg 2009;144:137-
141.

Complete Your Test 
with Each Issue

Here’s a change we know you’ll 
like: From now on, there is no 
more having to wait until the 
end of a 6-month semester 
or calendar year to earn your 
continuing education credits or to 
get your credit letter.

Log on to www.cmecity.com to 
complete a post-test and brief 
evaluation after each issue. 
Once the completed evaluation 
is received, a credit letter is 
e-mailed to you instantly. 

If you have questions, please call 
us at (800) 688-2421, or outside 
the United States at (404) 262-
5476. You can also email us at: 
customerservice@ahcmedia.com.



www.ahcmedia.com Pediatric Emergency Medicine Reports / April 2015     43

CME Questions
1. Which of the following can lead to 

a dangerous loss of perfusion in a 
pediatric trauma patient?
A. Supine positioning
B. Medications that lower heart 

rate
C. Endotracheal intubation
D. IV fluids

2. What is the most commonly 
injured organ after blunt abdominal 
trauma?
A. Liver
B. Spleen
C. Kidney
D. Bowel

3. How do you determine hypoten-
sion in a pediatric patient?
A. It is the same as an adult
B. SBP < 70 mmHg
C. SBP < 70 mmHg + 2 times the 

age in years
D. Evidence of end organ  

dysfunction

4. In which of the following scenarios 
is surgery absolutely required?
A. Grade V liver laceration
B. Positive seat belt sign and heart 

rate of 120
C. Evidence of intestinal  

perforation
D. Tibia fracture

5. The ultrasound feature best suited 
for detecting blood flow is:
A. M-mode.
B. B-mode.
C. Com-mode.
D. Power Doppler.

PEDIATRIC EMERGENCY 
MEDICINE REPORTS 

CME Objectives

Upon completion of this 
educational activity, participants 
should be able to:

• recognize specific 
conditions in pediatric 
patients presenting to the 
emergency department;

• describe the epidemiology, 
etiology, pathophysiology, 
historical and examination 
findings associated with 
conditions in pediatric 
patients presenting to the 
emergency department;

• formulate a differential 
diagnosis and perform 
necessary diagnostic tests;

• apply up-to-date 
therapeutic techniques to 
address conditions  
discussed in the 
publication;

• discuss any discharge or 
follow-up instructions with 
patients.

To reproduce any part of this 
newsletter for promotional purposes, 
please contact:

STEPHEN VANCE

Phone: (800) 688-2421, ext. 5511
Email: stephen.vance@ahcmedia.com

To obtain information and pricing 
on group discounts, multiple copies, 
site-licenses, or electronic distribu-
tion please contact:

TRIA KREUTZER

Phone: (800) 688-2421, ext. 5482
Email: tria.kreutzer@ahcmedia.com 

To reproduce any part of AHC 
newsletters for educational 
purposes, please contact The 
Copyright Clearance Center for 
permission:

Email: info@copyright.com
Website: www.copyright.com
Phone: (978) 750-8400

CME INSTRUCTIONS
To earn credit for this activity, please follow these instructions:

1. Read and study the activity, using the references for 
further research.

2. Scan the QR code to the right or log on to log onto 
AHCMedia.com and click on MyAHC. First-time users 
will have to register on the site using the 8-digit sub-
scriber number printed on the mailing label or invoice.

3. Pass the online tests with a score of 100%; you will 
be allowed to answer the questions as many times as 
needed to achieve a score of 100%. 

4. After completing the test, your browser will be directed to the activity evalu-
ation form. 

5. Once the completed evaluation is received, a credit letter will be e-mailed to 
you instantly. 

AHC Media’s NEW |State-of-the-Art Website is Here!

Visit www.ahcmedia.com  for all the details!



ACCREDITATION

AHC Media is accredited by the Accreditation Council for Continuing 
Medical  Education to provide continuing medical education for physicians. 

AHC Media designates this enduring material for a maximum of 30 
AMA PRA Category 1 CreditsTM. Physicians should claim only credit 
commensurate with the extent of their participation in the activity.

Approved by the American College of Emergency Physicians for a 
maximum of 30.00 hour(s) of ACEP Category I credit.

This continuing medical education activity has been reviewed by the 
American Academy of Pediatrics and is acceptable for a maximum of 
30.00 AAP credits. These credits can be applied toward the AAP CME/
CPD Award available to Fellows and Candidate Members of the American 
Academy of Pediatrics.

The American Osteopathic Association has approved this continuing 
education activity for up to 30 AOA Category 2-B credits. 

This CME activity is intended for emergency and pediatric physicians. 
It is in effect for 36 months from the date of the publication.

This is an educational publication designed to present  scientific 
information and opinion to health professionals, to stimulate thought, 
and further investigation. It does not provide advice regarding medical 
diagnosis or treatment for any individual case. It is not intended for 
use by the layman. Opinions expressed are not necessarily those of 
this publication. Mention of products or services does not constitute 
endorsement. Clinical, legal, tax, and other comments are offered for 
general guidance only; professional counsel should be sought for specific 
situations.

PEDIATRIC EMERGENCY MEDICINE 
REPORTS™ (ISSN 1082-3344) is published 
monthly by AHC Media LLC, One Atlanta Plaza, 950 
East Paces Ferry Road NE, Suite 2850, Atlanta, GA 
30326. Telephone: (800) 688-2421 or (404) 262-7436.  

Editorial Director: Lee Landenberger
Executive Editor: Leslie Coplin
Managing Editor: Leslie Hamlin

GST Registration No.: R128870672
Periodicals Postage Paid at Atlanta, GA 30304 and at 
 additional mailing offices.

POSTMASTER: Send address changes 
to Pediatric Emergency Medicine 
Reports, P.O. Box 550669, Atlanta, GA 
30355.

Copyright © 2015 by AHC Media LLC, Atlanta, GA. 
All rights reserved. Reproduction, distribution, or 
translation without express written permission is strictly 
prohibited.

Back issues: $65. Missing issues will be fulfilled 
by customer service free of charge when contacted 
within one month of the missing issue’s date.

EDITORS
EDITOR IN CHIEF
Ann Dietrich, MD, FAAP, FACEP
Associate Professor of Primary Care-
Lead, Ohio University Heritage College 
of Medicine, Medical Director of  
Education, Ohio Chapter ACEP, 
Columbus, Ohio, editor-in-chief
Associate Pediatric Medical Director, 
MedFlight

EDITOR EMERITUS
Larry B. Mellick, MD, MS, FAAP, 
FACEP 

Professor of Emergency Medicine  
Professor of Pediatrics
Georgia Regents University
Augusta, Georgia 

EDITORIAL BOARD
James E. Colletti, MD, FAAP, 
FAAEM, FACEP

Associate Residency Director
Emergency Medicine
Mayo Clinic College of Medicine
Rochester, Minnesota

Robert A. Felter, MD, FAAP, CPE, 
FACEP

Attending Physician
Emergency Medicine and Trauma 
Center

Professor of Clinical Pediatrics
Georgetown University School  
of Medicine

Washington, DC

George L. Foltin, MD, FAAP, FACEP
Associate Professor of Pediatric  
and Emergency Medicine
New York University School of Medicine
New York, New York

Michael Gerardi, MD, FAAP, FACEP
Clinical Assistant Professor of Medicine, 
New Jersey Medical School
Director, Pediatric Emergency Services,
Goryeb Children’s Hospital,
Morristown Memorial Hospital
Morristown, New Jersey

Christopher J. Haines, DO, FAAP, 
FACEP
Chief Medical Officer
Children’s Specialized Hospital
New Brunswick, New Jersey
Associate Professor of Pediatrics and 
Emergency Medicine
Drexel University College of Medicine
Attending Physician
St. Christopher’s Hospital for Children
Philadelphia, Pennsylvania

Dennis A. Hernandez, MD
Medical Director
Pediatric Emergency Services
Walt Disney Pavilion
Florida Hospital for Children
Orlando, Florida

Steven Krug, MD
Head, Division of Pediatric Emergency 
Medicine, Children’s Memorial Hospital
Professor, Department of Pediatrics-
Northwestern University Feinberg 
School of Medicine
Chicago, Illinois

Jeffrey Linzer Sr., MD, FAAP, FACEP
Assistant Professor of Pediatrics and 
 Emergency Medicine
Emory University School of Medicine
Associate Medical Director for  
   Compliance
Emergency Pediatric Group
Children’s Healthcare of Atlanta at 
Egleston and Hughes Spalding
Atlanta, Georgia

Charles Nozicka DO, FAAP, FAAEM
Medical Director 
Pediatric Emergency Medicine
Advocate Condell Medical Center
Clinical Professor  
of Emergency Medicine
Rosalind Franklin University
Libertyville, Illinois

Ronald M. Perkin, MD, MA
Professor and Chairman
Department of Pediatrics
The Brody School of Medicine
at East Carolina University
Greenville, North Carolina

Alfred Sacchetti, MD, FACEP
Chief of Emergency Services 
Our Lady of Lourdes Medical Center
Camden, New Jersey
Clinical Assistant Professor  
Emergency Medicine  
Thomas Jefferson University 
Philadelphia, Pennsylvania

John P. Santamaria, MD, FAAP, 
FACEP

Affiliate Professor of Pediatrics
University of South Florida School 
of Medicine, Tampa, Florida

Robert W. Schafermeyer, MD, 
FACEP, FAAP, FIFEM

Associate Chair, Department of 
Emergency Medicine
Carolinas Medical Center
Charlotte, North Carolina
Clinical Professor of Pediatrics  
and Emergency Medicine
University of North Carolina School of 
Medicine, Chapel Hill, North Carolina

Ghazala Q. Sharieff, MD, MBA
Clinical Professor
University of California, San Diego 
Director of Pediatric Emergency 
Medicine, Palomar Health System, 
Escondido, California

Jonathan I. Singer, MD, FAAP, 
FACEP

Professor of Emergency Medicine and  
Pediatrics, Boonshoft School of Medicine  
Wright State University,  
Dayton, Ohio

Brian S. Skrainka, MD, FAAP, FACEP
Medical Director
Pediatric Emergency Department
St David’s Children’s Hospital
Austin, Texas

Milton Tenenbein, MD, FRCPC, 
FAAP, FAACT

Professor of Pediatrics and 
  Pharmacology
University of Manitoba
Director of Emergency Services
Children’s Hospital
Winnipeg, Manitoba

James A. Wilde, MD, FAAP 
Professor of Emergency Medicine, 
Associate Professor of Pediatrics 
Georgia Health Sciences University, 
Augusta, Georgia

Steven M. Winograd, MD, FACEP 
St. Barnabas Hospital, Core Faculty
Emergency Medicine Residency 
Albert Einstein Medical School
Bronx, New York

© 2015 AHC Media LLC. All rights 
reserved. 

SUBSCRIBER INFORMATION 

CUSTOMER SERVICE: 1-800-688-2421

Customer Service E-Mail Address:  
customerservice@ahcmedia.com

Editorial E-Mail Address:  
leslie.coplin@ahcmedia.com

World-Wide Web page:  
www.ahcmedia.com

SUBSCRIPTION PRICES

1 year with 30 ACEP, AMA, or AAP  
Category 1 credits: $399 
Add $19.99 for shipping & handling

MULTIPLE COPIES: 
Discounts are available for group subscriptions, 
 multiple copies, site-licenses or electronic 
distribution. For pricing information, call  
Tria Kreutzer at 404-262-5482.

One to nine additional copies:  
$350 each;  
10 or more additional copies:  
$311 each.

All prices U.S. only. U.S. possessions and Canada, 
add $30 plus applicable GST. Other international 
orders, add $30.



Exclusive to our subscribers RAPID ACCESS MANAGEMENT GUIDELINES

Pediatric Trauma, Part I

Spleen Injury Scale

Grade* Injury Type Description of Injury

I Hematoma Subcapsular, < 10% surface area

Laceration Capsular tear, < 1 cm parenchymal depth

II Hematoma Subcapsular, 10%-50% surface area
intraparenchymal, < 5 cm in diameter

Laceration Capsular tear, 1-3 cm parenchymal depth that does not 
involve a trabecular vessel

III Hematoma Subcapsular, > 50% surface area or expanding; ruptured 
subcapsular or parecymal hematoma; intraparenchymal 
hematoma ≥ 5 cm or expanding

Laceration > 3 cm parenchymal depth or involving trabecular vessels

IV Laceration Laceration involving segmental or hilar vessels producing
major devascularization (> 25% of spleen)

Laceration Completely shattered spleen

Vascular Hilar vascular injury with devascularizes spleen

*Advance one grade for multiple injuries up to grade III.

Adapted from:  Moore EE, Cogbill TH, Jurkovich GJ, et al. Organ injury scaling: Spleen and liver (1994 
revision) J Trauma 1995;38:323-324.

Liver Injury Scale

Grade* Injury Type Description of Injury

I Hematoma Subcapsular, < 10% surface area

Laceration Capsular tear, < 1 cm parenchymal depth

II Hematoma Subcapsular, 10%-50% surface area
intraparenchymal, < 10 cm in diameter

Laceration Capsular tear 1-3 parenchymal depth, < 10 cm in length 

III Hematoma Subcapsular, > 50% surface area of ruptured subcapsular 
or parenchymal hematoma; intraparenchymal hematoma 
> 10 cm or expanding

Laceration > 3 cm parenchymal depth

IV Laceration Parenchymal disruption involving 25% to 75% hepatic 
lobe or 1-3 Couinaud’s segments

V Laceration Parenchymal disruption involving > 75% of hepatic lobe 
or > 3 Couinaud’s segments within a single lobe

Vascular Juxtahepatic venous injuries; ie, retrohepatic vena
cava/central major hepatic veins

VI Vascular Hepatic avulsion

*Advance one grade for multiple injuries up to grade III.

Adapted from:  Moore EE, Cogbill TH, Jurkovich GJ, et al. Organ injury scaling: Spleen and liver (1994 
revision) J Trauma 1995;38:323-324.

Kidney Injury Scale

Grade* Injury Type Description of Injury

I Contusion Microscopic or gross hematuria, urologic studies normal

Hematoma Subcapsular, nonexpanding without parenchymal 
laceration

II Hematoma Nonexpanding perirenal hematoma con� rmed to renal 
retroperitoneum

Laceration < 1.0 cm parenchymal depth of renal cortex without 
urinary extravagation

III Laceration < 1.0 cm parenchymal depth of renal cortex without 
collecting system rupture or urinary extravagation

IV Laceration Parenchymal laceration extending through renal cortex, 
medulla, and collecting system

Vascular Main renal artery or vein injury with contained 
hemorrhage

V Laceration Completely shattered kidney

Vascular Avulsion of renal hilum which devascularizes kidney

*Advance one grade for bilateral injuries up to grade III.

Adapted from:  Moore EE, Shackford SR, Pachter HL, et al. Organ injury scaling: spleen, liver, and 
kidney. J Trauma 1989;29:1664-1666.
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Small Bowel Injury Scale

Grade* Injury Type Description of Injury

I Hematoma Contusion or hematoma without devascularization

Laceration Partial thickness, no perforation

II Laceration Laceration < 50% of circumference

III Laceration Laceration ≥ 50% of circumference without transection

IV Laceration Transection of the small bowel

V Laceration Transection of the small bowel with segmental tissue 
loss

Vascular Devascularized segment

*Advance one grade for multiple injuries up to grade III.

Adapted from:  Moore EE, Cogbill TH, Malangoni MA, et al. Organ injury scaling: Pancreas, duodenum, 
small bowel, colon, and rectum. J Trauma 1990;30:1427-1429.

Duodenum Injury Scale

Grade* Injury Type Description of Injury

I Hematoma Involving single portion of duodenum

Laceration Partial thickness, no perforation

II Hematoma Involving more than one portion

Laceration Disruption < 50% of circumference

III Laceration Disruption 50%-75% of circumference of D2

Disruption 50%-100% of circumference of D1, D3, D4

IV Laceration Disruption > 75% of circumference of D2

Involving ampulla or distal common bile duct

V Laceration Massive disruption of duodenopancreatic complex

Vascular Devascularization of duodenum

*Advance one grade for multiple injuries up to grade III. D1-� rst position of duodenum; D2-second 
portion of duodenum; D3-third portion of duodenum; D4-fourth portion of duodenum 

Adapted from:  Moore EE, Cogbill TH, Malangoni MA, et al. Organ injury scaling: Pancreas, duodenum, 
small bowel, colon, and rectum. J Trauma 1990;30:1427-1429.

Pancreas Injury Scale

Grade* Injury Type Description of Injury

I Hematoma Minor contusion without duct injury

Laceration Super� cial laceration without duct injury

II Hematoma Major contusion without duct injury or tissue loss

Laceration Major laceration without duct injury or tissue loss

III Laceration Distal transection or parenchymal injury with duct injury

IV Laceration Proximal** transection or parenchymal injury involving 
ampulla

V Laceration Massive disruption of pancreatic head

*Advance one grade for multiple injuries up to grade III. 

**Proximal pancreas is to the patients’ right of the superior mesenteric vein 

Adapted from:  Moore EE, Cogbill TH, Malangoni MA, et al. Organ injury scaling: Pancreas, duodenum, 
small bowel, colon, and rectum. J Trauma 1990;30:1427-1429.

Colon Injury Scale

Grade* Injury Type Description of Injury

I Hematoma Contusion or hematoma without devascularization

Laceration Partial thickness, no perforation

II Laceration Laceration < 50% of circumference

III Laceration Laceration ≥ 50% of circumference without transection

IV Laceration Transection of the colon

V Laceration Transection of the colon with segmental tissue loss

Vascular Devascularized segment

* Advance one grade for multiple injuries up to grade III. *863.41,863.51-ascending;863.42, 
863.52-transverse;863.45,863.53-descending; 863.44,863.54-rectum.

Adapted from:  Moore EE, Cogbill TH, Malangoni MA, et al. Organ injury scaling: Pancreas, duodenum, 
small bowel, colon, and rectum. J Trauma 1990;30:1427-1429.
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