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ABSTRACT

BACKGROUND AND PURPOSE: In 2001, pediatric radiologists participating in a panel discussion on CT dose reduction suggested that
approximately 30% of head CT examinations were performed unnecessarily. With increasing concern regarding radiation exposure to
children and imaging costs, this claim warrants objective study. The purpose of this study was to test the null hypothesis that 30% of head
CT studies for clinical evaluation of children with acute, minor head trauma do not follow established clinical guidelines.

MATERIALS AND METHODS: Retrospective review of 182 consecutive patients with acute, minor head trauma from February 2009 to
January 2010 at a tertiary care children’s hospital emergency department was performed, and clinician adherence to published clinical
guidelines for children younger than 2 years and children 2–20 years of age was determined. The binomial test was used for a null
hypothesis of 30% unnecessary examinations against the actual percentage of head CTs deemed unnecessary on the basis of established
guidelines. Statistical testing was performed for children younger than 2 years and 2–20 years of age.

RESULTS: For children younger than 2 years of age, 2 of 78 (2.6%; 95% CI, 0.5%–8.3%) and, for children 2–20 years of age, 12 of 104 (11.5%; CI,
6.4%–18.7%) did not conform to established guidelines. These percentages were significantly less than the hypothesized value of 30%
(P� .001).

CONCLUSIONS: Clinician conformity to published guidelines for use of head CT in acute, minor head trauma is better than suggested by
a 2001 informal poll of pediatric radiologists.

ABBREVIATIONS: ALARA� As Low As Reasonably Achievable; CI� confidence interval

Traumatic brain injury is an important clinical problem for

children in the United States. Between 2002 and 2006 for chil-

dren 0 –14 years of age, traumatic brain injuries resulted in

473,947 emergency department visits, 35,136 hospitalizations,

and 2174 deaths. Of these, approximately 50% were related to

falls, and 90% were discharged to home.1 CT of the head plays an

increasingly important role in the triage of these patients, as evi-

denced by the steady nationwide increase in CT use for head

trauma during the past decade. The percentage of emergency de-

partment visits for head trauma resulting in CT examinations rose

steadily from 12% in 1997 to 34% in 2008.2 Increased awareness

of the potential long-term hazards of radiation, particularly in

children,3-5 has engaged physicians and regulators in attempts to

decrease CT use without compromising patient care.6,7

In August 2001, a multidisciplinary group, including 40 pedi-

atric radiologists, gathered for the ALARA conference. While dis-

cussing means of lowering the overall CT dose to the pediatric

population, the pediatric radiologists were informally asked what

percentage of head and body CT examinations were performed

unnecessarily. The group suggested that approximately 30% of

head CT examinations were performed unnecessarily.8 With in-

creasing concern regarding radiation exposures to children and

imaging costs, it is important to determine the extent to which

unnecessary CT examinations are being performed. In this study,

we retrospectively reviewed CT cases to determine clinician con-

formity to guidelines for CT examinations for the clinical evalu-

ation of infants and children with acute, minor, closed-head

trauma.9,10 The null hypothesis was that 30% of head CT studies
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for clinical evaluations of infants and children with acute, minor,

closed-head trauma do not follow established guidelines.8

MATERIALS AND METHODS
From 2001 through 2010 for a large tertiary-care children’s hos-

pital, data were collected and plots were made for the number of

emergency department patients and the number of head CT ex-

aminations. For February 2009 to January 2010, retrospective re-

views of 1000 consecutive head CT examinations from the emer-

gency department were performed. Our institutional review

board reviewed and approved the study.

The clinical presentation of each patient was reviewed to de-

termine the indication for the examination. Of the 1000 head CTs

reviewed, 523 were performed for trauma. The emergency de-

partment and inpatient records of these 523 patients (n � 127 for

0 –24 months of age; n � 396 for 2–20 years of age) with head

trauma were reviewed in detail to determine whether the cases

met published inclusion criteria (guidelines) for acute, minor,

closed-head trauma.9,10 Of these, 78/127 (61%) patients younger

than 2 years and 104/396 (26%) patients 2–20 years met the cri-

teria for acute minor head trauma.

We used 2 age-specific clinical guidelines: 0- to 24-month

guidelines published in Pediatrics in 2001,9 and 2- to 20-year

guidelines published in Pediatrics in 1999.10 Inclusion criteria for

the study were the following: 1) head CT scan performed, and

2) patient presenting with acute minor head trauma. “Acute

minor head trauma” was defined as an isolated minor closed-head

injury occurring in an otherwise neurologically healthy child.

Exclusion criteria varied significantly between the 2 published

guidelines. The specific exclusion criteria and the number of

patients in each category are found below.

Exclusion criteria for the 0- to 24-month algorithm included

the following: concern for abuse or neglect during initial evalua-

tion (n � 31), multiple trauma (n � 7), prior outside hospital

head CT–prompted evaluation (n � 6), pre-existing neurologic

disorder (n � 2), penetrating injury (n � 2), birth trauma (n � 1),

bleeding diathesis (n � 0), and previous intracranial surgery (n �

0).9 Exclusion criteria for the 2- to 20-year algorithm included the

following: known or suspected cervical spine injury (n � 93),

multiple trauma (n � 92), initial evaluation �24 hours after in-

jury (n � 38), suspected intentional head trauma (eg, assault)

(n � 34), abnormal mental status at the initial examination or

abnormal or focal findings on neurologic examination (n � 32),

pre-existing neurologic disorders potentially aggravated by

trauma (such as arteriovenous malformations or shunts) (n �

27), loss of consciousness of �1 minute or unobserved loss of

consciousness (n � 22), physical evidence of skull fracture (n �

18), prior outside hospital head CT–prompted evaluation (n �

11), presence of drugs or alcohol (n � 4), history of bleeding

diatheses (n � 2), or a language barrier (n � 1).10 Of the 292

patients 2–20 years of age who were excluded, 82 had �1 clinical

parameter that excluded them from guideline application. If a

specific clinical parameter for exclusion from clinical guideline

application was not mentioned in the medical record, it was as-

sumed that this parameter was not present. For instance, if con-

cern for abuse or neglect was not explicitly stated in the medical

record, it was assumed that no concern existed. No patient was

excluded due to deficiencies in the medical record.

The emergency department and inpatient records were evalu-

ated in detail by 2 diagnostic radiology residents in their fourth

year of postgraduate training. There was no overlap in record

evaluation. The results of CT examinations came exclusively from

written reports. Simple skull fracture was defined as a non-

depressed fracture with no associated intracranial injury. Intra-

cranial injury was defined as intracranial hemorrhage, contusion,

or cerebral edema.

After identifying those patients whose presentation qualified

as acute, minor head trauma (n � 127 for 0 –24 months of age;

n � 396 for 2–20 years of age), these patient records were reviewed

to assess whether the emergency department physicians con-

formed to the published guidelines for appropriate use of CT to

evaluate possible intracranial injury. Instances of clinician non-

conformity to guidelines were identified, and specific points of

departure were recorded. An unnecessary CT was defined as a

CT examination performed when imaging was not recommended

according to the clinical guideline.

The null hypothesis was that 30% of head CT studies for clin-

ical evaluation of infants and children with acute, minor, closed-

head trauma do not follow established guidelines.8 Exact P values

for the binomial test were calculated to test this null hypothesis

(ie, to determine whether the observed proportion in the popula-

tion was different from the theoretic value [constant] of 30%).

Tests were performed for children younger than 2 years of age

and for children 2–20 years of age. The statistical power of the

tests was calculated. Blyth-Still-Casella 95% confidence intervals

were determined for proportions. Statistical analyses were per-

formed with StatXact-9 Statistical Software for Exact Nonpara-

metric Inference (Cytel, Cambridge, Massachusetts).

RESULTS
In 2001, nine hundred sixty-one head CT examinations were per-

formed in our emergency department. The number of annual

examinations increased each year until 2007, with 1453 examina-

tions performed that year. After 2007, the annual number of ex-

aminations steadily dropped, with only 956 examinations per-

formed in 2010 (Fig 1). The number of emergency department

visits remained steady during this period. No specific emergency

or radiology department initiatives to reduce CT use were in place

during the time of this study.

Of the 1000 head CT examinations reviewed in our study,

we found that most examinations, 523 (52%; Blyth-Still-Casella

95% confidence intervals, 49%–55%), were performed for

trauma. In the 0- to 24-month age group, 127/218 (58%; 95% CI,

52%– 65%) examinations were performed for trauma, and in the

2- to 20-year age group, 396/770 (51%; 95% CI, 48%–55%) were

performed for trauma (Fig 2).

When patient records from all trauma-related CT examina-

tions were reviewed to determine whether the patient qualified for

application of the clinical guidelines, we obtained the following

results: 78/127(61%; 95% CI, 52%–70%) patients 0 –24 months

of age qualified for use of the guideline, and 104/396 (26%; 95%

CI, 22%–31%) patients 2–20 years of age qualified for use of the

guideline.
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For ages 0 –24 months, nonconformity to clinical guidelines

occurred in 2 of 78 (2.6%; 95% CI, 0.5%– 8.3%) patients. For

patients 2–20 years of age, nonconformity to clinical guidelines

occurred in 12 of 104 patients (11.5%; 95% CI, 6.4%–18.7%)

(Fig 3). These percentages were significantly less than the hypoth-

esized value of 30% (P � .001). The statistical power of these tests

was �99%.

For ages 0 –24 months, results of head CT examinations re-

ported in the medical record are listed in Table 1, with 11 patients

presenting with acute minor head trauma having isolated simple

skull fractures and 11 patients having intracranial injuries. For

ages 2–20 years, CT results are listed in Table 2, with 1 patient

presenting with acute minor head trauma having an isolated sim-

ple skull fracture and 2 patients having intracranial injuries. An

example of a skull fracture with intracranial hemorrhage in a

5-month-old girl is presented in Fig 4.

DISCUSSION
Many physicians, regulators, and patients are concerned that CT

is being overused, particularly for pediatric patients for whom

risks from ionizing radiation are greater than those in adults.11

Concerns are supported by studies dem-

onstrating increased CT use with time12-14

and/or studies that indicate that the

overall diagnostic yield from CT exami-

nations (for specific indications) is de-

creasing with time.15 Overuse is one of

the concerns that have spurred the cre-

ation of social media campaigns (such as

the Image Gently campaign of the Alli-

ance for Radiation Safety in Pediatric

Imaging) to reduce unnecessary imaging

procedures that use ionizing radiation.

The head CT rate performed by our

emergency department does not support

a trend for increasing CT use. The rate

has decreased from 1453 in 2007 to 956

in 2010 —a 34% reduction even though

the emergency department visit rate re-

mained stable during this period. No spe-

cific emergency or radiology department

initiatives to reduce CT use were in place

during the time of this study. While we

did not evaluate the percentage of confor-

mity to guidelines for head CT in 2007, we

speculate that increased awareness of the

risk of CT from campaigns such as Image

Gently has reduced the number of unnec-

essary CT examinations ordered.

In the August 2001 ALARA confer-

ence, during a panel discussion session

entitled “Helical CT and Cancer Risk,” an

informal poll of approximately 40 pediat-

ric radiologists suggested that as many as

30% of body and head CT examinations

were performed unnecessarily.8 There

are, however, few studies that document

clinician conformity to established CT

standards of care (such as published guidelines and/or diagnostic

algorithms). We, therefore, retrospectively determined the extent

to which established guidelines were followed by clinicians who

used CT for pediatric acute, minor head trauma and found that

�88% of CT examinations conform to CT standards of care. Our

findings do not support government agencies, health insurance

companies, and radiologists who suggest that head CT is overused

for the evaluation of acute, minor head trauma in children. At our

institution in the age of Image Gently, conformity to guidelines is

high.

On the basis of our study, we think that current guidelines/

algorithms for use with CT imaging have limitations. In our study,

75% of 2- to 20-year-old patients with head trauma had condi-

tions (such as unwitnessed injuries or pre-existing neurologic

conditions), that excluded them from clinical guideline applica-

tion. This was not the case for 0- to 24-month-old patients with

head trauma, in whom only 39% had presenting symptoms or

conditions that excluded them from guideline application. We

believe that the disparity between these 2 groups is in the strictness

of the exclusion criteria for each guideline; the 2- to 20-year

FIG 1. Head CT use (examinations/year) and annual total emergency department visits (�100)
at our institution from 2001 to 2010.

FIG 2. Breakdown of 1000 head CT examinations performed because of trauma or other causes.
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guideline was much stricter in its exclusion criteria. Recently, a

prospective cohort study of children with head injury was per-

formed to identify patients at “very low risk of clinically impor-

tant brain injury,” and guidelines for imaging were brought up-

to-date.16 We consider these guidelines less restrictive in the use

of CT for the evaluation of acute, minor head trauma than the

guidelines used in our study. Many published guidelines do not

account for unique patient/environmental factors that must be

dealt with by the medical team on a case-by-case basis. Effort

should be made to create clinical guidelines that apply to most

patients.

There were no poor outcomes in our study. We found that a

substantially higher proportion of examinations in the 0- to 24-

month age group yielded findings of intracranial injury: 11/78

(14%) versus 2/104 (2%) in the 2- to 20-year age group. This may

be due to the insensitivity of clinical factors in identifying intra-

cranial injury in the 0- to 24-month age group and/or an increased

predisposition of this age group to intracranial injury in the set-

ting of minor head trauma.17,18 This finding underscores the im-

portance of CT in triaging this young group of patients.

Our study has several weaknesses. Our data were collected

from a tertiary care children’s hospital and may not be generaliz-

able to emergency departments in other countries, community

hospitals, or areas with less access to CT. For instance, in Scandi-

navia, it was found that that 27% of head CT examinations were

unnecessary on the basis of Scandinavian guidelines.19 Another

weakness of our study is that it is focused on a single emergency

department condition—acute, minor head trauma in infants and

children. There may be various degrees of conformity to imaging

guidelines for various conditions. For instance, it was recently

found that for cervical spine trauma, �20% of CT examinations

could be avoided if clinical guidelines were followed.20

CONCLUSIONS
On the basis of this retrospective study, clinician conformity to

published guidelines for use of head CT in acute, minor head

trauma is better than suggested by a 2001 informal poll of pediat-

ric radiologists for a tertiary care pediatric children’s hospital.

While clinical guidelines may be an important tool in ensuring

appropriate use of medical imaging, unique patient characteris-

tics often exclude a large proportion of patients from enrollment

in diagnostic algorithms. Making guidelines more inclusive

should be encouraged.
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FIG 3. Percentage of cases in which emergency department clinicians
conformed to the diagnostic guidelines.

Table 1: Zero- to 24-month-old patients with minor head trauma
who qualified for use of the clinical guidelines: CT imaging
findings for acute, minor head trauma

CT Imaging Findings No. of Patients
Conformed to the algorithm with
normal head CT findings

54

Conformed to the algorithm with
simple skull fractures

11

Conformed to the algorithm with
intracranial injury

11

Did not conform to the algorithm
with normal head CT findings
(ie, “unnecessary CT”)

2

Did not conform to the algorithm
with abnormal head CT findings

0

Table 2: Two- to 20-year-old patients with minor head trauma
who qualified for use of the clinical guidelines: CT imaging
findings for acute, minor head trauma

CT Imaging Findings No. of Patients
Followed the algorithm with normal
head CT findings

89

Followed the algorithm with
simple skull fractures

1

Followed the algorithm with
intracranial injury

2

Did not follow the algorithm with
normal head CT findings
(ie, “unnecessary CT”)

12

Did not follow the algorithm with
abnormal head CT findings

0

FIG 4. CTof the head in a 5-month-old girl who fell 3–4 feet off a bed
onto a wooden floor. Parents reported no loss of consciousness or
change in behavior. Physical examination revealed a left parietal scalp
hematoma. Head CT showed a nondisplaced left parietal bone frac-
ture (black arrow) with small underlying extra-axial fluid collection,
likely an epidural hematoma (white arrow).
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