
Washington University School of Medicine Washington University School of Medicine 

Digital Commons@Becker Digital Commons@Becker 

Open Access Publications 

2014 

Epidemiology of blunt head trauma in children in U.S. Emergency Epidemiology of blunt head trauma in children in U.S. Emergency 

Departments Departments 

Kimberly S. Quayle 
Washington University School of Medicine in St. Louis 

Elizabeth C. Powell 
Northwestern University Feinberg School of Medicine 

Prashant Mahajan 
Wayne State University School of Medicine 

John D. Hoyle 
Michigan State University School of Medicine 

Frances M. Nadel 
University of Pennsylvania School of Medicine 

See next page for additional authors 

Follow this and additional works at: https://digitalcommons.wustl.edu/open_access_pubs 

Please let us know how this document benefits you. 

Recommended Citation Recommended Citation 
Quayle, Kimberly S.; Powell, Elizabeth C.; Mahajan, Prashant; Hoyle, John D.; Nadel, Frances M.; Badawy, 
Mohammed K.; Schunk, Jeff E.; Stanley, Rachel M.; Miskin, Michelle; Atabaki, Shireen M.; Dayan, Peter S.; 
Holmes, James F.; and Kuppermann, Nathan, "Epidemiology of blunt head trauma in children in U.S. 
Emergency Departments." The New England Journal of Medicine. 371, 20. 1945-7. (2014). 
https://digitalcommons.wustl.edu/open_access_pubs/3507 

This Open Access Publication is brought to you for free and open access by Digital Commons@Becker. It has been 
accepted for inclusion in Open Access Publications by an authorized administrator of Digital Commons@Becker. 
For more information, please contact vanam@wustl.edu. 

https://digitalcommons.wustl.edu/
https://digitalcommons.wustl.edu/open_access_pubs
https://digitalcommons.wustl.edu/open_access_pubs?utm_source=digitalcommons.wustl.edu%2Fopen_access_pubs%2F3507&utm_medium=PDF&utm_campaign=PDFCoverPages
https://becker.wustl.edu/digital-commons-becker-survey/?dclink=https://digitalcommons.wustl.edu/open_access_pubs/3507
mailto:vanam@wustl.edu


Authors Authors 
Kimberly S. Quayle, Elizabeth C. Powell, Prashant Mahajan, John D. Hoyle, Frances M. Nadel, Mohammed 
K. Badawy, Jeff E. Schunk, Rachel M. Stanley, Michelle Miskin, Shireen M. Atabaki, Peter S. Dayan, James 
F. Holmes, and Nathan Kuppermann 

This open access publication is available at Digital Commons@Becker: https://digitalcommons.wustl.edu/
open_access_pubs/3507 

https://digitalcommons.wustl.edu/open_access_pubs/3507
https://digitalcommons.wustl.edu/open_access_pubs/3507


correspondence

n engl j med 371;20  nejm.org  november 13, 2014 1945

sunate efficacy for severe pediatric malaria in 
sub-Saharan Africa.

Michael Hawkes, M.D., Ph.D.
University of Alberta 
Edmonton, AB, Canada 
mthawkes@ualberta.ca

Andrea L. Conroy, Ph.D. 
Kevin C. Kain, M.D.
University of Toronto 
Toronto, ON, Canada

No potential conflict of interest relevant to this letter was 
reported.

1.	 Ashley EA, Dhorda M, Fairhurst RM, et al. Spread of arte-
misinin resistance in Plasmodium falciparum malaria. N Engl J 
Med 2014;371:411-23.
2.	 Amaratunga C, Sreng S, Suon S, et al. Artemisinin-resistant 
Plasmodium falciparum in Pursat province, western Cambodia: 
a parasite clearance rate study. Lancet Infect Dis 2012;12:851-8.
3.	 Lopera-Mesa TM, Doumbia S, Chiang S, et al. Plasmodium 
falciparum clearance rates in response to artesunate in Malian 
children with malaria: effect of acquired immunity. J Infect Dis 
2013;207:1655-63.
4.	 Hawkes M, Opoka RO, Namasopo S, et al. Inhaled nitric 
oxide for the adjunctive therapy of severe malaria: protocol for a 
randomized controlled trial. Trials 2011;12:176.
5.	 Flegg JA, Guerin PJ, White NJ, Stepniewska K. Standardizing 
the measurement of parasite clearance in falciparum malaria: 
the parasite clearance estimator. Malar J 2011;10:339.

DOI: 10.1056/NEJMc1410735

Pa
tie

nt
s 

(%
)

Clearance Half-Life (hr)

30

10

20

0
0 1 2 7 8 9 10 116543 12 13 14 1615

Figure 1. Distribution of Parasite Clearance Half-Lives 
for 91 Ugandan Children with Severe Malaria Treated 
with Intravenous Artesunate, 2011–2013.

Nearly half the patients had a clearance half-life longer 
than 5 hours, a threshold for delayed clearance used  
in previous research.1

Epidemiology of Blunt Head Trauma in Children in U.S. 	
Emergency Departments

To the Editor: Traumatic brain injury is the 
leading cause of death and disabilities in children 
older than 1 year of age.1 Detailed data about 
head trauma in children are needed to better un-
derstand the rates and unique age-related risks of 
injury. We examined the characteristics of chil-
dren with blunt head trauma from a large, pro-
spective, observational study conducted in the 
United States through the Pediatric Emergency 
Care Applied Research Network (PECARN).

We previously derived and validated prediction 
rules for clinically important traumatic brain in-
juries in children with minor blunt head trauma 
in 25 PECARN emergency departments from 
2004 through 2006.2 In this planned secondary 
analysis, we provide clinical details for the entire 
cohort of children with head injuries of all severi-
ties, ranging from 3 (deep coma) to 15 (normal 
neurologic status) on the Glasgow Coma Scale 
(GCS). We categorized children into three age 

groups (<2 years, 2 to 12 years, and 13 to 17 years) 
and three categories of head-injury severity on 
the basis of the initial GCS score (mild [GCS 
score, 14 or 15], moderate [GCS score, 9 to 13], 
and severe [GCS score, ≤8]).

Of the 57,030 eligible patients, 43,904 (77%) 
were enrolled. After exclusions, the final study 
population was 43,399, and of these patients 
98% had mild head trauma. (The patients’ demo-
graphic characteristics and mechanisms of in-
jury are described in Table 1, and in Table S1 
and Fig. S1 in the Supplementary Appendix, 
available with the full text of this letter at NEJM 
.org.) Falls were the most frequent mechanism 
of injury for children under the age of 12 years. 
Injuries among adolescents were more frequently 
caused by assaults, sports activities, and motor 
vehicle crashes. The top three mechanisms of 
injury according to age group are provided in 
Table S2 in the Supplementary Appendix.
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Table 1. Demographic Characteristics and Mechanisms of Injury in Children with Head Trauma. 

Variable

Traumatic Brain 	
Injury on CT 	
(N = 1157)*

No Traumatic Brain 
Injury on CT 	
(N = 14,751)

No CT 	
(N = 27,491)

All Patients 	
(N = 43,399)

Age — no. (%)

<2 yr 335 (29) 3,161 (21) 7,416 (27) 10,912 (25)

2–12 yr 536 (46) 7,006 (47) 15,715 (57) 23,257 (54)

13–17 yr 286 (25) 4,584 (31) 4,360 (16) 9,230 (21)

Score on Glasgow Coma Scale — no. (%)

3–8 214 (18) 113 (1) 27 (<1) 354 (<1)

9–13 160 (14) 430 (3) 25 (<1) 615 (1)

14–15 783 (68) 14,208 (96) 27,439 (99) 42,430 (98)

Admitted to hospital — no. (%) 1057 (92) 3,140 (21) 349 (1) 4,546 (10)

Isolated head injury — no. (%) 857 (74) 12,210 (83) 25,570 (93) 38,637 (89)

Head injury plus other substantial injury — no. (%) 291 (25) 2,476 (17) 1,800 (7) 4,567 (11)

Death — no. (%) 51 (4) 3 (<1) 24 (<1) 78 (<1)

Mechanism of injury

Occupant in motor vehicle crash

All patients — no. (%) 183 (16) 1,628 (11) 2,099 (8) 3,910 (9)

Restraint used — no./total no. (%) 88/183 (48) 994/1628 (61) 1413/2099 (67) 2495/3910 (64)

Pedestrian struck by moving vehicle — no. (%) 124 (11)  813 (6)  496 (2) 1,433 (3)

Bicycle rider struck by automobile

All patients — no. (%) 45 (4)  270 (2)  241 (1)  556 (1)

Helmet worn — no./total no. (%) 3/45 (7) 36/270 (13) 26/241 (11) 65/556 (12)

Bicycle crash or fall from bike while riding

All patients — no. (%) 50 (4)  701 (5)  950 (3) 1,701 (4)

Helmet worn — no./total no. (%) 3/50 (6) 137/701 (20) 174/950 (18) 314/1701 (18)

Other motorized-transport crash — no. (%) 39 (3)  339 (2)  173 (1)  551 (1)

Fall from standing position or while walking  
or running — no. (%)

44 (4) 1,506 (10) 3,183 (12) 4,733 (11)

Collision with stationary object while walking  
or running — no. (%)

9 (1)  431 (3) 2,015 (7) 2,455 (6)

Fall from elevation

Any distance — no. (%) 366 (32) 3,688 (25) 7,829 (28) 11,883 (27)

<3 ft (<1 m) — no./total no. (%)   76/366 (21) 1345/3688 (36) 4673/7829 (60) 6094/11,883 (51)

3–10 ft (1–3 m) — no./total no. (%) 208/366 (57) 1959/3688 (53) 2941/7829 (38) 5108/11,883 (43)

>10 ft (>3 m) — no./total no. (%)   68/366 (19) 268/3688 (7)   82/7829 (1) 418/11,883 (4)

Unknown — no./total no. (%) 14/366 (4) 116/3688 (3) 133/7829 (2) 263/11,883 (2)

Fall down stairs — no. (%) 46 (4) 734 (5) 2,128 (8) 2,908 (7)

Sports activity — no. (%) 46 (4) 1,573 (11) 1,360 (5) 2,979 (7)

Assault — no. (%) 37 (3) 1,095 (7) 1,884 (7) 3,016 (7)

Accidental blow to head — no. (%) 55 (5) 623 (4) 2,480 (9) 3,158 (7)

Other or unknown mechanism — no. (%) 113 (10) 1,350 (9)   2,653 (10) 4,116 (9)

*	Traumatic brain injury as seen on computed tomography (CT) was defined as intracranial hemorrhage or contusion, cerebral edema, traumatic 
infarction, diffuse axonal injury, shearing injury, sigmoid sinus thrombosis, midline shift or sign of brain herniation, diastasis of the skull, pneumo
cephalus, and skull fracture with depression by at least the width of the skull. Percentages may not total 100 because of rounding and missing data.
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Cranial computed tomography (CT) was per-
formed in 15,908 of the 43,399 children (37%), 
including 32% of those under the age of 2 years, 
32% of those between the ages of 2 and 12 years, 
and 53% of those between the ages of 13 and 
17 years. Traumatic brain injuries were identi-
fied in 1157 (7%) children who underwent CT, 
and an additional 500 (3%) had skull fractures 
without intracranial findings. Of all the children 
who were evaluated, 78 (0.2%) died.

The rate of traumatic brain injury as seen on 
CT was 5% for children with mild injuries, 27% 
for those with moderate injuries, and 65% for 
those with severe injuries. Overall, subdural hema-
toma was the most common injury, followed by 
subarachnoid hemorrhage and cerebral contu-
sion, with great variability according to age and 
GCS score (Tables S3 and S4 and Fig. S2, S3, and 
S4 in the Supplementary Appendix). Nearly half 
of children with traumatic brain injuries on CT 
had more than one type of brain injury.

Neurosurgical procedures were performed in 
200 children (0.5%), representing 17% of those 
with traumatic brain injuries identified on CT; 
43% of these children underwent more than one 
procedure. Types of neurosurgical procedures, 
stratified according to age and GCS score, varied 
greatly (Tables S5 and S6 in the Supplementary 
Appendix).

This prospective, multicenter study provides 
more detailed and representative clinical and 
radiographic information about the spectrum of 
traumatic brain injuries in children than is avail-
able in previous studies of administrative data-
bases or from single institutions.3-5 Our find-
ings may be useful in the development of future 
injury-prevention measures and age-stratified 
targeted interventions, such as campaigns to pro-
mote the use of bicycle helmets and automobile 
restraints.
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