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What’s Known on This Subject

What This Study Adds

Pediatric trauma victims in Iraq are frequently admitted to US military facilities with high
mortality rates and use a great deal of resources. In the United States, studies have not
found a difference between pediatric and adult blunt trauma mortality rates.

We evaluated the affect of young age on mortality in penetrating traumatic injury during
wartime and showed an independent increased risk for mortality in children and used an
age of ⱕ8 as physiologically different to distinguish pediatric versus adult trauma care.

ABSTRACT
OBJECTIVE. The objective of this study was to determine whether age ⱕ8 y is an

independent predictor of mortality in noncoalition trauma patients at a US combat
support hospital.
METHODS. A retrospective chart review was conducted of 1132 noncoalition trauma

patients who were admitted to a combat support hospital between December 2003
and December 2004. Data on age, severity of injury indices, and in-hospital mortality
rates were analyzed. All variables that were associated with death on univariate
analysis were analyzed by multivariate logistic regression to determine independent
associations with mortality.
RESULTS. There were 38 young pediatric patients (aged ⱕ8 years) and 1094 older

pediatric and adult patients (aged ⬎8 years). Penetrating trauma accounted for 83%
of all injuries. Young pediatric patients compared with older pediatric and adult
patients had increased severity of injury indicated by decreased Glasgow Coma Scale
score; increased incidence of hypotension, base deficit, and serum pH on admission;
red blood cell transfusion amount; and increased injury severity scores on admission.
Young pediatric patients compared with older pediatric and adult patients also had
increased ICU lengths of stay (median 2 [interquartile range 0 –5] vs median 0
[interquartile range 0 –2] days) and in-hospital mortality rate (18% vs 4%), respectively. Multivariate logistic regression indicated that base deficit, injury severity score
of ⱖ15, Glasgow Coma Scale score of ⱕ8, and age of ⱕ8 years were independently
associated with mortality.

CONCLUSIONS. Young children who present to a combat support hospital have increased
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severity of injury compared with older children and adults. In a population with
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primarily penetrating injuries, after adjustment for severity of injury, young children
may also have an independent increased risk for death compared with older children
and adults. Providing forward-deployed medical staff with pediatric-specific equipment and training in the acute care
of young children with severe traumatic injuries may improve outcomes in this population. Pediatrics 2008;122:
e959–e966

T

RAUMA REMAINS THE leading cause of childhood mortality, accounting for ⬎15 000 deaths annually in the United
States.1 During wartime, including the current conflict in Iraq, pediatric injuries and death as a result of trauma
are an unfortunate yet often unavoidable tragedy. Modern warfare has changed in such a way that children
frequently become victims of crossfire injuries and improvised explosive devices. In contrast to trauma in the United
States, injuries that are sustained in combat are predominantly penetrating, rather than blunt.2–6
The US Army has established many combat support hospitals (CSHs) in Iraq to provide medical care to US military
personnel. In addition, the US military medical mission includes providing care to all patients, regardless of personnel
status, who have injuries that are threatening to life, limb, or eyesight. As a result, the US medical facilities in Iraq
have cared for thousands of Iraqi patients, both children and adults.2,4,6–11 Patients present to these facilities with both
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Noncoalition

US coalition patients

patients

FIGURE 1
Patient groups (shaded boxes) were included in this study
because they all did not wear body armor and were not
routinely transferred out of Iraq to higher levels of medical
care. These patients also all remained at the CSH until they
were hemodynamically stable, did not require mechanical ventilation, and did not require additional signiﬁcant
operative intervention.

US military and other
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traumatic and medical illnesses. Although many of the
traumatic injuries are combat related, some injuries are
accidental and non– combat related.
According to recent reports, 40% of all admissions
and 70% of hospital bed days at US military hospitals in
Iraq and Afghanistan are civilian patients.9 Published
data indicate that these patients, including enemy combatants, have received the same level of care as US
soldiers.9 Recent data also indicate that 4% of all admissions to Army CSHs in Iraq and Afghanistan are children
(younger than 18 years) and account for 10% of all
hospital bed days.7 Another report suggested not only
that pediatric trauma patients are admitted to Army
CSHs in both Iraq and Afghanistan with increased severity of injury compared with adults, but also that there is
an increased unadjusted mortality risk for children who
are younger than 6 years compared with children who
are ⱖ6 years of age in this population.12 Providing care to
severely injured children by a medical system that is
designed primarily to care for adult traumatic injuries
has been a challenge for the US Army, which, as a result,
has made many adjustments during these recent conflicts to improve the care that is delivered to children
with traumatic injuries.9
In an effort to determine whether the increased
incidence of mortality in young children, noted in
previous reports,12 was related to the increased severity of injury or other potential factors, we performed
this study. Our objective was to determine whether
young children are at increased risk for death compared with older children and adults with traumatic
injuries during combat.
METHODS
Patients
The cohort for this institutional review board–approved
retrospective review was derived from the 31st CSH
trauma database, which includes all patients, both military and civilian, who were treated at the 31st CSH in
Iraq between December 2003 and December 2004. The
31st CSH was located in Baghdad, Iraq, and served as
e960
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Non-US civilian

contract workers

contract workers

with body armor

without body armor

the only neurotrauma center for the country during the
period of this study. This study included only civilians
and combatants who were not wearing body armor
(Fig 1). US soldiers and other coalition soldiers with
body armor were excluded from the study, because the
use of body armor and the practice of rapidly transporting these patients to higher levels of care outside Iraq
would bias our primary outcome measurement of inhospital mortality. Noncoalition patients are defined to
include enemy combatants and all civilians, and these
patients received treatment at the nearest American or
coalition medical facility when their injuries were
threatening to life, limb, or eyesight. They also did not
wear body armor; remained at the CSH for treatment;
and were not transferred to local facilities until they
were hemodynamically stable, did not require mechanical ventilation, and did not require additional significant
operative intervention.8
Patients were divided into 2 groups on the basis of age
of ⱕ8 years (“young children”) and age ⬎8 years (“older
children and adults”). This definition was supported by
visual inspection of the relationship between age and
mortality by using the US Army Patient Administration
Systems and Biostatistics Activity database, which includes ⬃19 000 trauma patients and 1300 patients who
are younger than 18 years (data not shown). The Patient
Administration Systems and Biostatistics Activity database is an epidemiologic database that is maintained by
the US Army and includes all patients who were admitted to CSHs in Iraq and Afghanistan. Recent literature
also supports using 8 years of age to categorize pediatric
patients on the basis of the concept that physiology is age
dependent in children.13,14 In addition, the lay rescuer
definition of a child is 1 to 8 years of age according to
current 2005 Pediatric Advanced Life Support (PALS)
guidelines.15
Penetrating injuries were categorized as either from
gun shot wounds or from explosive devices. Explosive
devices included injuries secondary to shrapnel from
grenades, rockets, or any other type of improvised explosive device. The injury severity score (ISS) and Ab-
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breviated Injury Scale (AIS) score were calculated by
trained staff at the US Army Institute of Surgical Research according to standard methods.16 Primary outcome for all patients in this study was in-hospital mortality, which was recorded until time of hospital transfer
or discharge. Data that vary by age, including heart rate,
blood pressure, and hematocrit, were analyzed as dichotomous variables to allow for definitions that vary
with age. For adults, bradycardia was defined as heart
rate of ⬍60 beats per minute and tachycardia as a heart
rate of ⬎100 beats per minute,17 whereas for children,
heart-rate parameters were based on defined values for
age.18 Hypotension was defined on the basis of current
PALS guidelines by using systolic blood pressure of ⬍70
mm Hg for patients ⬍1 year old and ⬍70 mm Hg ⫹ (2 ⫻
age in years) for patients 1 to ⬍10 years old and systolic
blood pressure of ⬍90 mm Hg for all patients ⬎10 years
old.15 Anemia was defined as ⬍2 SDs below the mean for
age.19 For all age groups, hypothermia was defined as
admission temperature of ⬍36°C.20 Anatomic and physiologic causes of death were categorized by 1 investigator
according to data available in the chart.
Statistical Analysis
Parametric data are presented as means ⫾ SD. Nonparametric data are presented as median (interquartile range
[IQR]) and mean. Student’s t test was used to compare
parametric continuous data. The Wilcoxon rank-sum
test was used to compare nonparametric continuous
data. Categorical data were compared by using 2 test or
Fisher’s exact test as appropriate. Multivariate logistic
regression was then used to determine which variables
were independently associated with mortality by initially including all variables with a P ⬍ .1. All tests are
2-sided, and significance for all comparisons was set at P
ⱕ .05. Statistical analysis was performed by using SPSS
15.0 (SPSS, Inc, Chicago, IL).
RESULTS
A total of 1132 patients met inclusion criteria and were
admitted to the CSH between December 2003 and December 2004. Thirty-eight (3.4%) of these patients were
ⱕ8 years, and 1094 (96.6%) were ⬎8 years. The incidence of penetrating injuries was 24 (63%) of 38 in
young children and 778 (83%) of 923 in older children
and adults (P ⫽ .001). Ten (42%) of 24 penetrating
injuries in young children were gunshot wounds, and 14
(58%) of 24 were explosive device injuries. Isolated
blunt trauma accounted for 13 (34%) of the injuries in
young children and 134 (15%) in older children and
adults. The remaining young pediatric patients had a
26% body surface area second- and third-degree burns
from an accidental hot-water injury. Young children
were less likely to be male than older children and adults
(58% vs 96%, respectively; P ⬍ .001; Table 1). In addition, young children (ⱕ8 years) were less likely to be
male compared with older children (9 –17 years; 22
[58%] of 38 vs 59 [89%] of 66, respectively; P ⬍ .001).
No young children were classified as enemy combatants,
whereas 10 (15%) of 66 older children (9 –17 years)

TABLE 1 Comparison of Variables Between Study Groups
Variable

Age, y
Median (IQR)
Mean
Male, n/N (%)
Penetrating injuries, n/N (%)
Hypotension, n/N (%)
Bradycardia, n/N (%)
Tachycardia, n/N (%)
Temperature, mean ⫾ SD, °F
Hypothermia (temperature
⬍36°C), n/N (%)
GCS
Median (IQR)
Mean
GCS ⱕ8
Hematocrit, mean ⫾ SD, %
Anemia
pH, mean ⫾ SD
Base deﬁcit
Median (IQR)
Mean
RBCs, U
Median (IQR)
Mean
FFP
Median (IQR)
Mean
Whole blood
Median (IQR)
Mean
ICU length of stay, d
Median (IQR)
Mean
Hospital length of stay, d
Median (IQR)
Mean
ISS
Median (IQR)
Mean
ISS ⱖ15, n/N (%)
AIS
Head
Median (IQR)
Mean
Face
Median (IQR)
Mean
Thorax
Median (IQR)
Mean
Abdomen
Median (IQR)
Mean
Pelvis/extremity
Median (IQR)
Mean
External
Median (IQR)
Mean
Overall mortality, n/N (%)

Young Children
Aged ⱕ8 y
(N ⫽ 38)

Older Children and
Adults Aged ⬎8 y
(N ⫽ 1094)

P

5 (4–6)
5
22/38 (58)
24/38 (63)
5/37 (14)
0/38 (0)
14/38 (37)
98.5 ⫾ 3.0
6/32 (19)

30 (23–37)
31
1050/1094 (96)
778/923 (84)
48/1086 (4)
25/1090 (2)
437/1090 (40)
97.9 ⫾ 1.9
185/968 (19)

⬍.001
.001
.027
.999
.739
.110
.999

14 (12)
11
10/37 (27)
30 ⫾ 9
20/28 (71)
7.23 ⫾ 0.18

15 (0)
14
115/1062 (11)
38 ⫾ 8
462/875 (53)
7.31 ⫾ 0.10

⬍.001
.006
⬍.001
.056
⬍.001

7.5 (3.8–11.0)
8.0

2.0 (0.0–5.0)
3.8

⬍.001

0.5 (0.0–2.0)
1.2

0.0 (0.0–0.0)
1.1

.004

0.0 (0.0–0.0)
0.6

0.0 (0.0–0.0)
0.5

.139

0.0 (0.0–0.0)
0.1

0.0 (0.0–0.0)
0.1

.787

2.0 (0–5.0)
4.0

0.0 (0.0–2.0)
2.0

⬍.001

4.0 (2.0–9.0)
7.9

4.0 (2.0–9.0)
8.0

.620

13.0 (5.0–20.0)
15.0
15/38 (39)

9.0 (4.0–13.0)
10.0
214/1073 (20)

.002
.007

0.0 (0.0–4.0)
1.7

0.0 (0.0–0.0)
0.6

⬍.001

0.0 (0.0–1.0)
0.5

0.0 (0.0–0.0)
0.2

.051

0.0 (0.0–0.3)
0.6

0.0 (0.0–0.0)
0.5

.408

0.0 (0.0–0.0)
0.2

0.0 (0.0–0.0)
0.5

.224

0.0 (0.0–1.0)
0.7

1.0 (0.0–3.0)
1.3

.011

0.0 (0.0–1.0)
0.9
7/38 (18)

0.0 (0.0–1.0)
0.6
42/1094 (4)

.984
.001

⬍.001

RBCs indicates red blood cells; FFP, fresh-frozen plasma.
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FIGURE 2
Anatomic causes of death for each age group. A, Age ⱕ 8 years (n ⫽ 7). B, Age ⬎ 8 years
(n ⫽ 42). P ⬎ .05 for all comparisons of injury location between groups.

FIGURE 3
Physiologic causes of death for each age group. A, Age ⱕ 8 years (n ⫽ 7). B, Age ⬎ 8 years
(n ⫽ 42). P ⬎ .05 for all comparisons of physiologic causes of death between groups.

were classified as enemy combatants. All of the children
who were classified as enemy combatants were male and
had 100% survival.
Table 1 summarizes admission vital signs and laboratory values, in addition to other descriptive characteristics and indicators of severity of injury for each of the 2
age groups. Younger children (aged ⱕ8 years) were
more likely to have increased severity of injury on the
basis of admission vital signs, laboratory values, Glasgow
Coma Scale (GCS) score, red blood cell transfusion requirement, and ISS. Increased severity of injury in
young children compared with older children and adults
is also indicated by a higher incidence of severe traumatic injury (ISS ⱖ15; 39% vs 20%, respectively; P ⫽
.007) and increased mean head AIS values (1.7 vs 0.6,
respectively; P ⬍ .001). In-hospital mortality was increased in the younger children compared with the older
children and adults (18% vs 4%, respectively; P ⫽ .001).
For patients who died, the length of time they remained
alive was similar for young children (median: 3 days
[IQR: 1–9 days]) compared with older children and
adults (median: 3 days [IQR: 1–5 days]; P ⫽ .51). Anatomic and physiologic causes of death for both groups of
patients are displayed in Figs 2 and 3, respectively, although neither was significantly different when compared.
Mortality for each age group is displayed in Fig 4. For
patients between the ages of 9 and 40, mortality ranged
between 2.5% and 5.3% and was similar between all
patient age categories (P ⫽ .98). Mortality was increased
in older adults (ⱖ40 years) compared with older children and young adults (9 –39 years; 14 [6.1%] of 228 vs
25 [3.1%] of 800, respectively; P ⫽ .04; Fig 4).
Table 2 compares the characteristics of patients who
survived with those who did not. Younger patients had
higher in-hospital mortality (14% vs 3%, respectively;
P ⫽ .001). Patients who died were more likely to have
hypotension (22% vs 4%), tachycardia (65% vs 39%),
and hypothermia (53% vs 18%; P ⬍ .001). They were
also more likely to have an elevated base deficit; have a
low pH; and require more red blood cells, fresh-frozen
plasma, and whole blood (P ⬍ .001). Patients who died
were also more likely to have a GCS score of ⱕ8 (56% vs
9%) and an ISS ⱖ15 (69% vs 18%; P ⬍ .001). AISs
suggest that head, thorax, and abdominal injuries were

significantly worse in patients who died, whereas pelvic/
extremity injuries were less severe. Variables that were
included in the multivariate logistic regression analysis
were age ⱕ8 years; hypotension; tachycardia; hypothermia; GCS score of ⱕ8; base deficit; pH; hematocrit; units
of blood products transfused; head, thorax, abdomen,
and pelvis/extremity AIS; and ISS ⱖ15. Only pH was
eliminated from the model because of co-linearity with
base deficit. Variables that were determined to be independently associated with in-hospital mortality were
base deficit, GCS score of ⱕ8, ISS ⱖ15, and age ⱕ8 years
(Table 3). As a measure of accuracy, the area under the
curve was 0.86 for our regression model, which was
calculated by using predicted probabilities and receiver
operator curve analysis.

e962
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DISCUSSION
This is the first study to compare outcomes, with adjustment for severity of injury, of children with older patients with traumatic injuries at a CSH. Our results indicate that children who were ⱕ8 years of age presented
to the CSH with increased severity of injury. More important, with adjustment for severity of injury by multivariate logistic regression analysis, age ⱕ8 years was
determined to be independently associated with an increased risk for in-hospital mortality. The use of body
armor and differences in transport or referral times were
not considered, because US military patients and all
others with body armor were excluded from our study.
Young children may have increased severity of injury
compared with older children and adults for many reasons. It is possible that children who were ⱕ8 years had
increased severity of injury given that the primary
mechanism involved was most commonly the result of
penetrating injuries. Explosion injuries are more likely
to affect a larger proportion of body surface area in
younger children compared with older children and
adults. In addition, with penetrating injury, it is possible
that the risk for severe bleeding may be increased in
children because of decreased blood volumes. As a result, younger children may have increased risk for hemorrhagic shock when compared with older children and
adults. The increased base deficit as a reflection of hypoperfusion or shock in young children compared with
older children and adults supports this possibility. An-
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25
n = 21

FIGURE 4
Mortality of patients according to age. Mortality rates were greater
for patients who were ⱕ8 years old (18%) compared with patients
who were 9 to 77 years old (4%) (P ⫽ .001). Mortality rates were
greater for patients who were 40 to 77 years old (6%) compared
with those who were 9 to 39 years old (3%) (P ⫽ .04).
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other potential factor is that children may be closer to
explosions than adult civilians as a result of their proximity to soldiers. Young children, especially boys, often
congregate around soldiers out of curiosity and unfortunately are injured concurrently when soldiers are targeted. The loss of male dominance in the young child
group even compared with older children is potentially a
result of the randomness of injuries that occur to young
children, whereas older male children are more likely to
be involved in combat-related activities. This is supported by our findings that 15% of older children were
identified as enemy combatants. The incidence of older
children who were directly involved with engaging enemy combatants was not able to be measured.
The young children in our study who died had increased head, neck, and airway injuries compared with
older children and adults, although these differences
were not statistically significant. Because autopsies were
not performed on these patients, we were not able to
determine whether any of the fatal injuries in this study
were potentially survivable. Although it is possible that
young children had an increased incidence of nonsurvivable head, neck, and airway injuries compared with
older children and adults, our regression analysis does
include abbreviated ISSs for head and neck location,
which may have adequately adjusted for the increased
incidence of death as a result of injuries in this location.
Our findings of an independent risk for increased
mortality in young children ⱕ8 years of age may be
influenced by many factors. We were not able to determine the specific causes of the increased risk for mortality independent of severity of injury to young children in
our retrospective study. It is possible that young children

with significant traumatic injuries require care that is
provided by a multidisciplinary team that is trained in
pediatric critical care to decrease the risk for mortality.
Our patients, both children and adults, were cared for
primarily by adult care providers to include nurses, respiratory therapists, critical care physicians, anesthesiologists, and surgeons. A pediatric intensivist (Dr Spinella)
was available only on an intermittent basis to consult for
a few hours a day on the care provided for all children
who were admitted to the CSH during the time of this
study. No pediatric trained personnel (physician, nurse,
or respiratory therapist) were stationed at the CSH at the
time these data were collected; neither was a complete
set of pediatric resuscitative equipment available.
Several previous studies that did not adjust for injury
severity compared pediatric with adult mortality for specific types of trauma. Each of these studies indicated that
pediatric patients (aged ⬍18 years) have reduced mortality when compared with adult patients.21–26 It is also
possible that the differences found in these studies are
related to the effects of blunt versus penetrating trauma
in young children. Previous studies of pediatric patients
who had primarily blunt trauma and were cared for in
adult trauma centers, even after adjustment for severity
of injury, did not report an increased risk for death in
children27–31; however, other, more recent studies compared care of pediatric trauma patients in adult versus
pediatric trauma centers and found improved outcomes
at pediatric trauma centers.32–35 The American Academy
of Pediatrics recently published a policy statement on the
management of pediatric trauma that supports that agespecific trauma resources and qualified personnel are
particularly important for the youngest and most sePEDIATRICS Volume 122, Number 5, November 2008
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TABLE 2 Comparison of Variables Between Survivors and
Nonsurvivors
Variable

Survivors
(N ⫽ 1083)

Nonsurvivors
(N ⫽ 49)

Age, mean ⫾ SD, y
30 ⫾ 12
28 ⫾ 14
Age ⱕ8, n/N (%)
31/1083 (3)
7/49 (14)
Age ⬍18, n/N (%)
94/1083 (9)
10/49 (20)
Male, n/N (%)
1027/1083 (95)
45/49 (92)
Penetrating injuries, n/N (%)
769/919 (84)
33/44 (75)
Hypotension, n/N (%)
43/1077 (4)
10/46 (22)
Bradycardia, n/N (%)
24/1079 (2)
1/49 (2)
Tachycardia, n/N (%)
419/1079 (39)
32/49 (65)
Temperature, mean ⫾ SD, °F
98.0 ⫾ 1.9
96.1 ⫾ 3.6
Hypothermic (temperature
173/966 (18)
18/34 (53)
⬍ 36°C), n/N (%)
GCS
Median (IQR)
15 (15–15)
3 (3–15)
Mean
14
8
GCS ⱕ 8, n/N (%)
100/1054 (9)
25/45 (56)
Hematocrit, %
Median (IQR)
39.00 (33.00–44.00) 35.00 (24.00–44.00)
Mean
38.00
34.00
Anemia, n/N (%)
453/858 (53)
29/45 (64)
Base deﬁcit
Median (IQR)
2.00 (0.00–5.00)
8.00 (4.00–16.50)
Mean
3.50
11.00
pH, mean ⫾ SD
7.32 ⫾ 0.09
7.18 ⫾ 0.19
RBCs, U
Median (IQR)
0.00 (0.00–0.00)
2.00 (0.00–6.50)
Mean
1.00
5.00
FFP
Median (IQR)
0.00 (0.00–0.00)
0.00 (0.00–2.50)
Mean
0.44
2.80
Whole blood
Median (IQR)
0.00 (0.00–0.00)
0.00 (0.00–0.00)
Mean
0.06
0.69
ICU length of stay, d
Median (IQR)
0.00 (0.00–2.00)
3.00 (1.00–8.00)
Mean
2.32
6.82
ISS
Median (IQR)
9.00 (4.00–13.00) 18.50 (11.50–26.00)
Mean
9.00
23.00
ISS ⱖ 15, n/N (%)
196/1063 (18)
33/48 (69)
AIS
Head
Median (IQR)
0.00 (0.00–0.00)
0.00 (0.00–3.75)
Mean
0.55
1.33
Face
Median (IQR)
0.00 (0.00–0.00)
0.00 (0.00–0.00)
Mean
0.25
0.17
Thorax
Median (IQR)
0.00 (0.00–0.00)
0.00 (0.00–1.00)
Mean
0.48
0.81
Abdomen
Median (IQR)
0.00 (0.00–0.00)
0.00 (0.00–2.00)
Mean
0.45
1.00
Pelvis/extremity
Median (IQR)
1.00 (0.00–3.00)
0.00 (0.00–1.75)
Mean
1.33
0.85
External
Median (IQR)
0.00 (0.00–1.00)
0.00 (0.00–1.00)
Mean
0.58
1.29
RBCs indicates red blood cells; FFP, fresh-frozen plasma.
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TABLE 3 Variables Independently Associated with In-Hospital
Mortality According to Multivariate Logistic Regression
P
.508
.001
.011
.324
.190
⬍.001
1.000
⬍.001
⬍.001
⬍.001

⬍.001
⬍.001

.018
.167

⬍.001
⬍.001
⬍.001
⬍.001
⬍.001
⬍.001
⬍.001
⬍.001

.003

.168

.047

.001

.010

.833

Variable

OR (95% CI)

P

Base deﬁcit
ISS ⱖ 15
GCS ⱕ 8
Age ⱕ 8 y

1.13 (1.06–1.20)
3.22 (1.29–8.06)
3.33 (1.45–7.65)
3.61 (1.09–11.96)

⬍.001
.012
.005
.036

Additional variables that were included in the multivariate logistic regression analysis and were
not signiﬁcant were hypotension; tachycardia; hypothermia; hematocrit; red blood cell units
transfused; and head, thorax, abdomen, and pelvis/extremity AIS. OR indicates odds ratio; CI,
conﬁdence interval.

verely injured children.36 It is not possible for us to
determine whether the independent increased risk for
in-hospital mortality for young children at our CSH was
affected by the level of pediatric experience of the providers who cared for these Iraqi children; however, considering these recent studies that support a benefit to
providing trauma care to children at pediatric trauma
centers that are staffed with providers who are trained in
the care of critically ill children, this is a possible explanation of our findings. In addition, differences in our
results compared with previous results may be related to
our definition of a child. Rather than using the more
common definition of a child (⬍18 years), we chose 8
years of age on the basis of the greater disparity in
physiologic and anatomic differences with patients who
are older than 8 years in general. Additional study is
needed to determine whether defining children as
younger than 8 years is more predictive of outcome and
would more accurately represent an age category that is
physiologically and anatomically more precise than the
standard definition.
To improve the care that is provided to children of all
ages at US Army CSHs, many adjustments have been
made since the initiation of the war in Iraq. Previously,
pediatricians were deployed exclusively as general medical officers or in medical leadership administrative positions; however, as a result of the increased number of
pediatric patients, pediatricians have recently been
added to the staff of certain CSHs with a high load of
pediatric admissions. In addition, there is now a telemedicine system that provides level II and III facilities
with immediate access to a pediatric intensivist by telephone or e-mail, and a complete supply set of pediatricspecific equipment and medications that can be easily
ordered by CSH logisticians have been established.8,9 In
addition, since September 2005, the staff of many CSHs
have received pediatric-specific predeployment trauma
training at military medical centers.9 Another method
that may also improve the care of pediatric patients is to
take advantage of the technology of “robotic telepresence” to assist military providers in providing care to
pediatric patients in deployed military hospitals.37
Limitations of our study primarily include those that
are inherent to retrospective studies. The lack of randomization and blinding of study groups is an issue with
all retrospective studies. The possibility that we were not
able to adjust for all potential confounding variables that
may have affected in-hospital mortality is also a primary
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limitation of this study. Despite this limitation, that 14
potential variables were included in the analysis and
results of an area under the curve for our logistic regression model of 0.86 indicates that we were able to produce robust results. Another limitation is that we were
unable to calculate 30-day mortality because some patients were transferred to Iraqi facilities once stable and
no longer requiring vasoactive agents, mechanical ventilation, or significant additional operative interventions.
In addition, our study was limited by the small patient
population in the group of children who were ⱕ8 years
of age, which may have introduced sampling bias into
our results. Finally, we chose to categorize patients according to age, because this information was available,
but perhaps it would have been more appropriate to use
normalized weight for height instead. As a result of a
wide variation of patient weight according to age, patient-normalized weight may be a more accurate indicator of physiologic maturity. In general, PALS curriculum
supports a weight-based approach to guide treatment of
children.15 Unfortunately, we were not able to record
accurate weights for all patients in our study.
Despite these limitations, this study is still the first to
evaluate the affect of young age on mortality in patients
with traumatic injury during wartime. It is also the first
study to show an independent increased risk for mortality among young children when compared with older
children and adult trauma victims. Although the number of children in this study was low, the number of
young children who were ⱕ8 years of age and treated at
all deployed US CSHs between November 2001 and
January 2007 is ⬎500 patients.7,9 In Baghdad, a city of
⬃5 million people, during 2004 there were only enough
resources to support a 4-bed PICU during a year in
which 1500 pediatric deaths were estimated in the city
(P.C.S., verbal communication, 2005). With the inherent risks of the “full-spectrum operations,” including
peace operations, that we can anticipate as a nation over
the coming decades, the need to care for pediatric
trauma victims in military hospitals is very likely.38 Our
analysis provides compelling evidence that US Army
CSHs and their equivalents in other services will best
serve the children of the nations where they operate by
providing proper personnel, pediatric-specific training,
and pediatric-specific equipment.
CONCLUSIONS
In combat, young children have increased severity of
injury compared with older children and adults. In a
population with primarily penetrating injuries, after adjustment for severity of injury, young children may also
have an independent increased risk for death compared
with older children and adults. Many changes have been
made to improve the care that is provided to young
children at Army CSHs since the initiation of the war in
Iraq. The use of medical staff who are specifically trained
in the acute care of young children with severe traumatic injuries may improve outcomes in this population.
Additional study is needed to determine whether young
children with penetrating injury are at increased risk for
mortality at facilities (military and civilian) that are not

staffed by providers who are trained in pediatric critical
care.
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