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MINOR HEAD INJURY IN THE
PEDIATRIC PATIENT
Kimberly S. Quayle, MD

Minor head injuries among children are a common reason for physician
visits, either in emergency departments or in general practices.”37In all settings,
the physicians caring for these children must decide on the appropriate management, including decisions about the role of imaging studies and admission to
the hospital. Considerable controversy exists in the published reports about
managing children with minor head injuries. This review discusses the literature
and provides suggested recommendations for the management of head-injured
children.
EPIDEMIOLOGY OF HEAD INJURIES IN CHILDREN
Six hundred thousand children are seen in US emergency departments for
evaluation of head injuries each year, and 250,000 are admitted to hospitals for
additional treatment or 0bservation.2~Physicians in private offices or clinics see
many additional patients with head injuries.46,
6o The admission rates for children
with head injuries are 1.5-fold to twofold higher than that for the general adult
population, but the attendance rate in emergency departments is several-fold
higher among young children,31possibly indicating the heightened concern that
parents have about relatively minor injuries in young children. The incidence of
hospital admissions for head-injured children aged 0 to 14 years was 185 per
100,000 in 1981.35The incidence was highest in adolescents and young adults,
with peak incidence occurring at 15 to 19 years.35Until the age of 5 years, the
incidence of head injuries is similar among boys and girls, but after 5 years, the
incidence among boys is
The highest rates of head injuries for all ages
are reported among those in lower socioeconomic gr0ups.l
The causes of head injuries among children vary by age. The leading cause
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of severe or fatal head injuries is motor vehicle collisions for all age groups,
whereas falls are the leading cause of all injuries." 67 In very young children,
falls are the predominant cause of head injury, whereas child abuse causes a
significant number of severe injuries. Among school-aged children, pedestrianmotor vehicle collisions and bicycle-related injuries are more common causes of
severe injuries. In adolescents, motor vehicle collisions replace falls as the leading cause of all injuries, followed by assault and sports-related injuries.
DEFINITION OF MINOR HEAD INJURY

Traditionally, patients with minor head injuries have been defined as those
with a history of acute injury, a Glasgow Coma Scale (GCS; Table 1) score of 13
to 15, and no focal neurologic deficits. Several studies have reported the occurrence of intracranial injuries among patients with injuries meeting the definition
of minor head injury, especially those with GCS scores of 13 or 14.". 15, 27, *,47, 54
In addition, reports of children who "talk and die" demonstrate that severe
deterioration or even death can occur in children after a period of
59
Although most children who seek care for minor head injuries do not have
intracranial injuries, these reports have fueled the controversy about the management of children with minor head injuries. A review of the literature can address
several clinical dilemmas, such as the choice of imaging modalities for minor
head injuries, the identification of predictive clinical criteria for intracranial
injury, and the incidence of intracranial injuries among neurologically normal
children.
IMAGING MODALITIES

As early as 1971, several investigators examined the practice of obtaining
skull radiographs in all chldren with head injuries." 14, 28, 48 Harwood-Nash et
Table 1. GLASGOW COMA SCALE

Sign
Best motor response
Obeys verbal commands
Localizes pain
Flexion withdrawal to pain
Abnormal flexion to pain (decorticate posturing)
Extension to pain (decerebrate posturing)
None
Best verbal response
Oriented
Confused conversation
Inappropriate words
Incomprehensible sounds
None
Eye opening
Spontaneous
To speech
To pain
None

Score

4

3
2
1
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alZ8emphasized the occurrence of intracranial injury without the presence of
skull fracture, findings that have been substantiated numerous times since,36,38,
39,44 but the presence of a skull fracture indicates that a significant force has been
applied to the calvarium. Furthermore, studies have shown that the presence
of a skull fracture increases the likelihood of the presence of an intracranial
injury.7,10, 11. 22. 44,62
Since the late 1970s, CT has become the imaging modality of choice to
acutely identify intracranial injuries in head-injured patients.’” 65, 66 Although
magnetic resonance (MR) imaging studies have shown evidence of subtle intracranial injury in patients with minor head injuries who have normal head CT
scan^,'^^ 41 their limited availability in acute-care settings prevents their routine
use. CT may also not be readily available at all facilities, may require the sedation
of young, uncooperative patients, and always requires skilled interpretation.
Although some investigators continue to recommend skull radiographs or CT
for the routine screening of head-injured patients,’O, 27, 56, 62 most advocate the
selection of patients at higher risk for intracranial injury.12,15, 38, 40, 42, 44, 52
In 1987, the Masters et a140multidisciplinary panel proposed a set of recommendations for the use of skull radiography and CT for patients with head
injuries. The panel identified asymptomatic patients or those with headaches,
dizziness, scalp lacerations, hematomas, and abrasions as the low-risk group
and recommended no radiographic studies,for patients who met these criteria.
Moderate-risk and high-risk categories were also described, with consideration
for CT in the moderate group and with recommended CT in the high-risk group.
Skull radiographs were considered rarely helpful, only in the moderate-risk
group. In these recommendations, children and adults were grouped together in
the management strategies, except for infants and toddlers younger than 2 years
of age who were assigned to the moderate-risk group unless the injury was
trivial. The investigators did not define trivial injury. The panel then applied
their management strategy prospectively for validation. Of the 5254 patients
who met the low-risk-group criteria, 0.4% had skull fractures and none had
intracranial injuries identified, but only approximately half of the patients underwent radiography.
45s

PREDICTIVE CLINICAL CRITERIA

Additional studies have been performed to attempt identification of clinical
features, such as symptoms or signs related to the head injury, which might
predict intracranial injuries in children. Until recently, most were small, retrospective series that studied chldren who had undergone CT.7,29, 47 Hennes et alZ9
retrospectively studied 55 children and identified altered mental status, evidence
of increased intracranial pressure, seizures, and focal deficits as predictors of
intracranial injury. Rivara et a147retrospectively looked at 98 children and described an abnormal GCS score, altered consciousness, and focal neurologic
abnormality as predictive of intracranial injury.
Two more recent studies prospectively examined children who had under45 Dietrich et all5 reported loss of
gone CT for the evaluation of head inj~ries.’~,
consciousness, amnesia, GCS score of less than 15, and neurologic deficit as
significantly associated with intracranial injury. Ramundo et a145described suspicion of child abuse, focal motor deficit, and pupillary asymmetry as predictors
of intracranial injury.
Quayle et alMperformed a prospective study of 321 head-injured children
who met predetermined selection criteria and identified altered mental status,
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neurologic deficits, skull fracture, signs of a basilar skull fracture, and seizure as
independent predictors of intracranial injury. The presence of neurologic deficits
was the only predictive clinical feature common to all of these studies.
None of these prospective studies found clinical criteria predictive of all
intracranial injuries. Nineteen percent of children with intracranial injuries in
the study by Quayle et a P failed to demonstrate any of the predictive clinical
findings. Symptoms such as headache, vertigo, vomiting, and brief loss of
consciousness and findings such as scalp lacerations and hematomas are not
predictive of intracranial injury. Although these features occur commonly in
patients who have intracranial injuries, they also occur commonly in patients
who do not.
INTRACRANIAL INJURIES IN NEUROLOGICALLY NORMAL
CHILDREN
Brain injuries occur in patients without worrisome clinical findings. Several
recent studies have described the occurrence of intracranial injuries among
children who are alert and without neurologic deficits.15,27, 44, 54 Dietrich et all5
prospectively studied 322 children with head injuries and found 5% who were
neurologically intact but had intracranial injuries. Twenty-eight percent of all
subjects with intracranial injuries were neurologically intact, with GCS scores of
15. The prospective study by Quayle et a P of head-injured children showed
that 6% of children were neurologically normal but also had intracranial injuries.
Five (2%)of the neurologically normal children in this study underwent surgery,
including one child with an epidural hematoma and four children with depressed skull fractures. Fifty-nine percent of all subjects with intracranial injuries
were alert and had no focal neurologic deficits. Schunk et a154reviewed the
charts of 313 children with normal neurologic examinations who underwent CT
scans and reported that 4% of the children had intracranial injuries. Four children (1%)underwent surgery, including three children with epidural hematomas
and one with an orbital fracture. The 6-year prospective study by Hahn et alZ7
of children with head injuries admitted to hospitals found that 13.4%of children
were alert at the time of initial examination but subsequently underwent surgery.
This same study described that 7.1%of children with GCS scores of 15 also had
mass lesions. Davis et all2described that none of 49 neurologically intact children
older than 2 years with isolated head injuries had intracranial hemorrhage. The
findings from all of these studies suggest that intracranial injury may occur in
3% to 7% of symptomatic, head-injured cluldren who are neurologically normal.
SPECIAL CONSIDERATIONS
Infants and Toddlers
Although head injury is a common occurrence in infants and toddlers, they
have been excluded from many of the studies addressing head injuries among
children.l2,29,47 Because of their age and inability to communicate verbally, many
believe that infants and young children must be managed differently than older
children. Masters et a140placed infants and children younger than 2 years in the
moderate-risk category unless the injury was trivial. Pietrzak et ale and Ros and
Cetta51recommend a low threshold for radiographic imaging in these children.
Leonidas et a136suggested that all infants younger than 1 year who present after
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acute head trauma should undergo skull radiography, and Ros and Cettasl
provide similar recommendations.
More recent studies also address the issue of head injuries in infants. Softtissue swelling of the scalp occurs commonly in infants with skull fractures.
Shane and Fuchss7found that 98% of infants with skull fractures had “evidence
of scalp trauma” in association with their skull fractures. Greenes and Schutzmanz3found that 96% of infants with isolated skull fractures had local findings
of head injury, either swelling or palpable fracture. Although scalp hematomas
were not predictive of intracranial injury in the study by Quayle et a1,& they
were predictive of skull fractures in infants younger than 1 year. Kleinman and
S p e ~ a identified
k~~
soft-tissue swelling, demonstrated by CT scan, in all cases of
acute skull fracture. These studies suggest that the presence of scalp hematomas
in infants indicates the possibility of underlying skull fractures.
The presentation of intracranial injury in infants may be subtle. Greenes
and Schutzman2*describe 19 of 101 (19%) infants who had intracranial injuries
without other symptoms. Eighteen of 19 infants with occult intracranial injuries
had scalp contusions or hematomas, and 18 of 19 had skull fractures. Occult
intracranial injuries were more common in infants younger than 6 months of
age. In the 16 neurologically normal children with intracranial injury described
by Quayle et al,@five were infants who had a scalp contusion or hematoma, but
no other symptoms. All of the infants with intracranial injuries in this study
also had associated skull fractures. Data suggest that asymptomatic infants with
scalp hematomas should undergo screening with skull radiographs, and infants
with any symptoms following head injury should undergo head CT.

Child Abuse

Caffeys and Kempe et aP2provided the classic descriptions of nonaccidental
head injuries among infants and young children. Since that time, inflicted head
injury has been recognized as the most common cause of injury-related deaths
in infants.“ *O In addition, nonaccidental head trauma is common in infants
hospitalized for their injuries. In the prospective study by Duhaime et all9 of
head-injured children younger than 2 years, 24% of the injuries were presumed
inflicted. Billmire and Myers6 retrospectively studied head-injured infants
younger than 1 year of age and found that 64% of the head injuries and 95% of
severe intracranial injuries were the result of child abuse.
The classic constellation of head injuries in infants with shaken-impact
syndrome includes subdural and subarachnoid hematomas and retinal hemorrhages. Previous reports have documented a strong association between subdural hematomas and abuse.19,26, 58 Shugerman et a158reported that only 6% of
young children with epidural hematomas had been abused, compared to 47%
of those with subdural hematomas, but infants with isolated skull fractures or
other intracranial injuries may also be victims of nonaccidental trauma. All
infants with unexplained head injuries or injuries with a history insufficient to
explain the findings on physical examination should be considered possible
victims of child abuse. Additional information, including social service consultation, ophthalmologic examination, and skeletal surveys, may be useful. Retinal
hemorrhages occur in patients during severe accidental trauma, but are most
commonly encountered in patients with inflicted injuries.I9, In cases in which
child abuse is suspected, skull radiographs can provide useful information to
document the presence of fractures.
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Growing Skull Fractures

Growing skull fractures, or leptomeningeal cysts, are rare complications of
skull fractures, occurring almost exclusively in children younger than 3 years.25
A growing skull fracture occurs when a fracture is accompanied by a dural tear.
As time progresses, an enlargement of the fracture occurs, with a palpable
cranial defect. Progressive brain damage can occur if the defect is not detected
and repaired. Children younger than 3 years with skull fractures should be
examined 2 or 3 months after their injuries occur to screen for growing fractures,
but some case reports demonstrate late occurrences several years later.25The
incidence is unknown, but Shane and F ~ c h reported
s~~
that three (3%) infants
with skull fractures developed growing fractures. In two of three cases, the
fractures were diastatic at presentation.
DISPOSITION FOLLOWING HEAD INJURY

Intracranial injuries can have delayed presentation. A 1984 British study by
Sainsbury and SiberF3 described that 37% of children with intracranial injuries
presented more than 24 hours after the traumatic event. Schutzman et a15~
reported that 26% of children with epidural hematomas were diagnosed upon
follow-up visits. None of these children underwent CT scans on the initial visit.
Recent reports suggest that children with normal head CT scans can be
safely discharged from the emergency department. Davis et all3 described 400
children with GCS scores of 13 to 15 and normal head CTs. Four children (1%)
were readmitted for neurologic reasons. One child taking warfarin developed
a symptomatic subdural hematoma requiring surgical evacuation, one child
developed a parenchymal contusion requiring observation without surgery, and
two others were admitted with concussive symptoms but normal repeat head
CT scans. One of 300 children in the study by Schunk et a1% returned with a
parenchymal contusion after an initially normal head CT. None of the 227
children discharged from the emergency department in the study by Quayle et
a P returned to the hospital after initially normal head CT scans. In two additional studies, the charts of children hospitalized for minor head injuries but
with normal head CT scans were reviewed, and investigators found none who
developed complication~.4~,
50 Children with normal head CT scans and normal
neurologic examinations can be safely discharged, provided that reliable caretakers can observe these children at home and return them for persistent or progressive symptoms.
LONG-TERM OUTCOME AFTER MINOR HEAD INJURY

The long-term impact of subtle, intracranial injuries not necessitating surgery on the neuropsychologic development of cluldren is controversial. Severe
head injuries clearly cause significant disabilities in children as they do in adults,
but the impact of minor head injury is less clear. DiScala et all6 described
children with impairments of daily living functions, cognition, and behavior
after minor head injury. Casey et a19 discovered transient functional and behavioral problems in children after minor head injury. Other reports found no
significant neurobehavioral impairments in children with mild head injuries.'
Studies that screened for preexisting cognitive, behavioral, and developmental
impairments tended to find less morbidity after injury than studies without
careful preinjury assessment.'
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RECOMMENDATIONS FOR CHILDREN WITH MINOR HEAD
INJURIES
Evaluation
Children who present with minor head injuries should undergo careful
history taking and physical examinations. A patient’s age, past medical history,
medications, allergies, and immunizations should be noted. The circumstances
of the injury should be understood, providing a clear picture of how the injury
occurred. Any symptoms that develop after the injury should also be noted and
might include loss of consciousness, vomiting, amnesia, headache, seizures,
drowsiness, visual problems, irritability, or neck pain.
A thorough physical examination should follow. The general examination
should include the assessment of a patient’s cardiopulmonary status, vital signs,
and weight and careful examination of the neck, chest, abdomen, and extremities, searching for any coexisting injuries. The head should be examined for the
presence of scalp hematomas, contusions, abrasions, and lacerations. The presence of palpable skull depression and signs of a basilar skull fracture, such as
raccoon eyes, Battle sign, cerebrospinal fluid drainage from the nose or ear, or
hemotympanum, should also be noted.
Documenting a child’s level of consciousness is the most important initial
neurologic assessment.63The GCS has been almost universally used in the
assessment of adults, but it is difficult to use in younger children because of
their preverbal status. A useful description of mental status that can be applied
to all ages is the AVPU method, in which patients are described as alert,
responsive to verbal stimuli, responsive to painful stimuli, or unresponsive. The
neurologic examination should also include the assessment of cranial nerve
function, motor and sensory examination, deep tendon reflexes, and gait.
Imaging
Based on a review of the literature, recommendations for imaging studies
in head-injured children follow (Fig. 1).Physicians should obtain head CT scans
for head-injured children with altered mental status, focal neurologic deficits,

FOR CHILDREN 2 1 YEAR

A

Neurologically normal*

Asymptomatic

+I

No studies

Neurologically abnormal
and/or seizure, skull
depression, signs of
basilar skull fracture

Symptomatic?

I
+
Consider CT

+

Obtain CT

Figure 1. Imaging recommendations for children greater than or equal to 1 year of age.
*Neurologically normal includes alert mental status and no focal deficits. tSymptomatic
includes history of loss of consciousness, vomiting, headache, drowsiness, amnesia, or irritability.
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signs of a basilar skull fracture, seizure, or palpable skull depressions. A head
CT scan should be considered for neurologically normal children with a history
of loss of consciousness, vomiting, headache, drowsiness, irritability, or amnesia.
Careful observation of these children at home may be an alternative approach.
Children in whom worsening symptoms develop or who have prolonged symptoms should return to medical care for re-evaluation and head CT scans. Neurologically normal children with unremarkable head CT scans may be discharged
for observation at home. Neurologically normal children who are asymptomatic may also be discharged without undergoing imaging studies.
Skull radiographs are not recommended in most situations. If a head CT
scan is available, then skull radiographs usually do not provide useful information, except for infants with hematomas or children with suspected nonaccidental trauma. If a head CT scan is not available, then skull radiographs may be
helpful as screening tools. Children with known skull fractures should undergo
head CT. Careful hospital observation may be an alternative approach when CT
is not readily available. Skull radiographs provide important documentation for
children with suspected nonaccidental trauma.
The recommendations for infants younger than 1 year of age differ from
those for older children (Fig. 2). Any symptoms resulting from head injury in
infants younger than 1 year should prompt strong consideration for head CT
scans because infants with intracranial injuries may present with subtle signs
and symptoms. Skull radiographs are recommended in alert, asymptomatic
infants with scalp hematomas because, in infants, the presence of hematomas
indicates the possibility of underlying skull fractures. Skull fractures in infants
should warrant in-hospital observation, head CT scan, or both. Asymptomatic,
neurologically normal infants without scalp hematomas may be discharged
without undergoing imaging studies.
DISPOSITION
Criteria for hospital admission for observation and treatment of children
with head injuries include intracranial injuries identified on head CT scan and
FOR INFANTS < 1 YEAR
Asymptomatic and

A

Symptomatic? and/or
neurologically abnormal

neurologically normal*

No scalp hematoma

1

No studies

1

Scalp hematoma

1

CT

Skull radiographs

A

Normal

1
No CT

Abnormal

1
CT

Figure 2. Imaging recommendations for infants less than 1 year of age. 'Neurologically
normal includes alert mental status and no focal deficits. tSymptomatic includes history of
loss of consciousness, vomiting, drowsiness, or irritability.
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neurologic abnormality accompanied by normal head CT scans. Children with
suspected nonaccidental trauma, children without reliable caretakers or access
to an emergency medical system, and children with known skull fractures but
without head CT scans should also be admitted for observation. Caretakers of
children who are discharged should receive careful instructions about indications
for return to medical care. Worrisome findings include a persistent or progressive
headache, persistent vomiting 8 hours after injury, drowsiness, weakness or
clumsiness, blurry vision, poor balance when walking, change in the appearance
of the pupils, behavioral changes, seizures, and watery or bloody discharge from
the nose or ears. Symptomatic children and those with isolated skull fractures
who are discharged should return to their physician for follow-up within 24
hours. Children younger than 3 years of age with skull fractures should return
to their physician for additional follow-up 2 or 3 months after injury to be
examined for cranial defects indicative of growing skull fractures.
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