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Abstract
Purpose. Speci�c knowledge of the features of minor head trauma in infants is necessary to develop
appropriate preventive strategies and adjust clinical management in pediatric emergency departments
(PEDs). The aim of this study is to describe the epidemiology of minor blunt head trauma in infants <3
months who present to PEDs.

Methods. We performed a prospective study of infants evaluated in any of 13 Spanish PEDs within 24
hours of a minor head trauma (Glasgow Coma Scale scores of 14-15) between May 2017 and November
2020. Telephone follow-up was conducted for all patients over the 4 weeks after the initial PED visit.

Results. Of 1,150,255 visits recorded, 21,981 children (1.9%) sustained a head injury, 386 of whom
(0.03%) were under 3 months old. Among the 369 patients who met the inclusion criteria (0.03%), 206
(56.3%) were male. The main causes of trauma were fall-related (298; 80.8%), either from furniture
(138/298; 46.3%), strollers (92/298; 30.9%), or a caregiver’s arms (61/298; 20.5%). Most infants were
asymptomatic (317; 85.9%) and showed no signs of injury on physical exam (210; 56.9%). Imaging
studies were performed in 195 patients (52.8%): 37 (10.0%) underwent computed tomography (CT) scan,
162 (43.9%) X-ray, and 22 (6.0%) ultrasound. A clinically important traumatic brain injury (ciTBI) occurred
in 1 infant (0.3% overall; 95% CI, 0-1.5), TBI was evidenced on CT scan in 12 (3.3% overall; 95% CI, 1.7-
5.7), and 20 infants had an isolated skull fracture (5.5% overall; 95% CI, 3.4-8.3). All outcomes were
caused by falls onto hard surfaces.

Conclusions. Most head injuries in infants younger than 3 months are benign, and the rate of ciTBI is low.
Prevention strategies should focus on falls onto hard surfaces from furniture, strollers, and caregivers’
arms. Optimizing imaging studies should be a priority in this population.

What Is Known
Infants younger than 3 months are vulnerable to minor blunt head trauma due to their age and to
di�culties in assessing the subtle symptoms and minimal physical �ndings detected on
examination.

A low threshold for CT scan is recommended in this population.

What is new

Most cases of blunt head trauma in infants younger than 3 months have good outcomes, and the
rate of clinically important traumatic brain injury is low.

Most injuries to the head are fall-related (i.e., furniture, strollers, caregivers’ arms).

Optimizing imaging studies should be a priority in this population, avoiding X-ray examinations and
reducing unnecessary CT scans.
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Introduction
Blunt head trauma is a common injury among children and a major cause of pediatric emergency
department (PED) visits [1]. Most of these injuries are minor [Glasgow Coma Scale (GCS) score 14–15]
and few develop complications or require neurosurgical intervention [2, 3]. Pediatric studies of minor
blunt head trauma usually distinguish between children older and younger than 2 years [4]. Among the
latter, the signs and symptoms evidenced on physical examination tend to be subtle [4–7], though these
patients may have a traumatic brain injury (TBI) or skull fracture without symptoms [8, 9]. Generally,
knowledge of TBI in infants younger than 3 months draws from larger studies on children of all ages, and
age-speci�c information is limited [4, 10, 11]. The predominant mechanism of injury changes with age [1],
and as infants within this age range are not independently mobile, their activities are determined by their
caregivers. Mechanisms of injury are therefore likely to be distinct from those observed in older children
[1]. To prevent severe injuries in infants under 3 months of age, we must identify how injuries occur in this
age group and which factors predict injury outcomes.

In addition to the possible absence of signs and symptoms, management of these infants is conditioned
by the risk posed by ionizing radiation for the developing brain. The lifetime risk of cancer mortality
attributable to radiation exposure associated with a head computed tomography (CT) in a 1-year-old
infant is estimated at one in 1,500 [12]. The brain is a radiosensitive organ even at low doses, and
vulnerability to exposure-related damage increases with younger ages [13]. In recent years, however, the
CT radiation dose has been reduced by 50–90% without compromising image quality [14].

The aim of this study is to describe the epidemiology of minor blunt head trauma in infants younger than
3 months who present to the PED.

Methods

Study Design, Setting, And Population
We conducted a prospective observational study of infants younger than 3 months old who presented to
any of 13 Spanish PEDs within 24 hours of a minor head trauma between May 2017 and November
2020. For this analysis, exclusion criteria were multiple injuries, family refusal to participate, and
incomplete data. All infants were followed-up by telephone for 4 weeks after the initial PED visit.

Data Collection
Data were collected using a standardized online form that included age, sex, gestational age, type of
delivery, shift of PED presentation (i.e., morning, afternoon, night), time from injury until evaluation in the
PED, injury mechanism, signs and symptoms on physical examination, imaging study performed,
radiologic �ndings, and outcomes.
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De�nition And Outcome Measures
Minor blunt head trauma was de�ned as a GCS score of 14–15. A severe mechanism of injury, according
to the PECARN criteria [4], was de�ned as a motor vehicle crash with patient ejection, death of another
passenger, or rollover; pedestrian struck by a motor vehicle; falls of more than 0.9 meters; or head struck
by a high-impact object.

Extra-axial haemorrhage was considered for cases in which a lamellar hematoma could not be classi�ed
as a subdural, epidural, or subarachnoid hemorrhage.

The main outcomes were as follows: (i) ciTBI [4], de�ned as death from the traumatic brain injury or
hospitalization for 2 or more nights because of head trauma and ongoing signs/symptoms in
association with TBI on CT; (ii) TBI on CT, de�ned as any acute traumatic intracranial �ndings or skull
fractures depressed by at least the width of the table of the skull; and (iii) isolated skull fracture, de�ned
as a fracture evidenced on any imaging test (CT, skull radiograph, or ultrasound) without signi�cant
depression.

Clinicians did not order imaging tests for all patients. These decisions may have varied based on their
perceptions of the severity of the infants’ signs and symptoms.

We reviewed senior pediatric radiologist reports to determine the results of CT, skull radiograph, and
ultrasound.

Ethics
This study has been approved by the ethics committee of the coordinating hospital (Hospital Infantil
Universitario Niño Jesús, Madrid, number: R-0064/16) and by the local ethics committees in each
participating center. Informed consent was obtained from the parents or guardians of all patients.

Statistical Methods
Study data were standardized and prospectively collected by researchers from each center and entered
into an encoded, con�dential, unique online database. Data included clinical and sociodemographic
variables. Continuous variables, interquartile ranges (IQR), and medians were presented for those
variables with non-normal distribution, and means and standard deviations were used when variables
were normally distributed. A p-value < 0.05 was considered to indicate signi�cance. Data were analyzed
using Stata version 15.0 (StataCorp).

Results
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During the study period, 1,150,225 patients were evaluated in the PED, of whom 21,981 (1.9%) had minor
blunt head trauma; 386 (0.03%) were younger than 3 months old. Seventeen were excluded (11 missing
data and 6 lack of informed consent). Finally, 369 patients were included in the analysis (Figure 1).

Median age was 49.3 days (IQR, 29.4-69.3 days), and 209 (56.5%) were males. By age group, 92 (24.9%)
were under 1 month old, 135 (36.6%) between 1 and 2 months old, and 142 (38.5%) were between 2 and 3
months of age.

Nearly all the patients (348/369; 94.3%), were term infants, and 101 (27.4%) were born by assisted
delivery, though none had a history of scalp hematoma or known fracture prior to the head injury.

Time of presentation was evenly distributed across hospital shifts [8 am to 3 pm (134; 36.3%), 3 pm to 10
pm (129; 35.0%), and 10 pm to 8 am (106; 28.7%)].

The median time from injury until evaluation in the PED was 1 hour (IQR, 0.5-2 hours): 75% (277/369)
within 2 hours and 90% (332/369) in the �rst 4 hours. There were no differences in the time to
consultation according to injury mechanism severity (p>0.05).

Most injuries (298/369; 80.8%) were fall-related (Table 1), mostly from furniture (e.g., bed, changing table,
sofa, baby hammock) (138/298; 46.3%) or a stroller (92/298; 30.9%). The second most common cause
of injury was direct impact with an object (71/369; 17.2%). There were no signi�cant differences between
patient age and the cause of the injury, although falls from a stroller were more prevalent among infants
over 1 month old. Most children (255/298; 86.4%) fell onto a hard surface (e.g., tile, parquet, asphalt,
bathtub).

Three cases (0.8%) were referred to social services due to suspected physical abuse.

Frontal/facial was the most common skull impact site (113; 30.6%) followed by parietal/temporal (101;
27.4%), occipital (46; 12.5%), and multiple sites (20; 5.4%). The site of impact was unknown in 86 (23.3%)
infants.

A severe injury mechanism was reported in 83 (22.5%) infants. The median height from which the
patients fell was 0.7 meters (IQR, 0.7-1), and 80 falls (21.7%) were from a height greater than 0.9 meters
(limit between a severe and non-severe mechanism).

Most infants were asymptomatic (317; 85.9%). Irritability (23; 6.2%), vomiting (20; 5.4%), sleepiness (13;
3.5%), and parent-reported changes in behavior (12; 3.3%) were the most frequent symptoms. None had
loss of consciousness. The majority presented no signs on physical examination (210; 56.9%), 107
(29.0%) had erythema or laceration on the head or face, 74 (20.1%) scalp hematoma (50 non-frontal and
24 frontal), 33 (8.9%) a GCS of 14, and 6 (1.6%) had a palpable skull fracture. None presented a bulging
fontanel on examination.



Page 7/16

Imaging tests were performed in 52.8% of the patients (n=195): 37 (10.0%) underwent CT scan, 162
(43.9%) a skull radiograph, and 22 (6.0%) an ultrasound scan. Twenty-three infants (6.2%) underwent
more than one imaging test. Among the asymptomatic infants with no �ndings on examination and a
mild mechanism of injury, 61 (16.5%) had an imaging test of the head, including 2 CT scans, 58 X-rays,
and 4 ultrasound scans.

There were no signi�cant age-based differences in the frequency of imaging tests performed (Table 2a).
CT scan was more common in infants with a severe injury mechanism (Table 2b) or signs/symptoms at
presentation (Table 2c). More X-ray examinations were conducted in asymptomatic patients with no
signs on examination.

Only 1 patient presented a ciTBI (0.3% overall; 95% CI, 0-1.5) and 12 TBI were evidenced on CT (3.3%
overall; 95% CI, 1.7-5.7); all of these cases (n=13) had an associated skull fracture. We recorded 20 cases
of isolated skull fracture (5.5% overall; 95% CI, 3.4-8.3). The case with a ciTBI developed an epidural
haemorrhage for which the patient underwent neurosurgery. TBIs revealed on CT included 5 cases of
extra-axial haemorrhage (1 associated with a subarachnoid hemorrhage and 1 with a subgaleal
haemorrhage), 4 with epidural haemorrhage, 1 subdural haemorrhage, 1 subarachnoid haemorrhage, and
1 intraparenchymal haemorrhage. All TBIs evidenced on CT were millimetric in size (range, 3-8 mm)
without no midline shift. Twenty-seven of the 33 skull fractures were isolated linear fractures (25
parietal/temporal, 1 frontal, and 1 orbital) and 6 were complex [2 depressed (1 parietal/temporal and 1
frontal), 2 diastatic (parietal/temporal), and 2 multiple (parietal/temporal and frontal; parietal/temporal)].
Most skull fractures (30/33; 90.9%) involved the parietal or temporal bones. The mechanism of injury
among infants with abnormal radiologic �ndings are shown in Table 3. The 3 mechanisms with the
highest rate of abnormal imaging tests were falls to the ground from a caregiver’s arms, from a stroller,
and from furniture. Falls from a baby carrier were not amenable to analysis due to the low level of data
registered. All outcomes were caused by falls onto a hard surface.

Most infants (331; 89.7%) were discharged home after a median observation period of 4 hours (IQR, 2-5).
Thirty-eight (10.3%) were admitted to the hospital. The median number of nights admitted was 2 (IQR, 1-
2); 20 infants (52.6%) were admitted for 1 night, 10 (26.3%) for 2 nights, and 8 (21.1%) for more than 2
nights. None of the infants hospitalized for 2 or more nights had ongoing signs/symptoms associated
with the head trauma. One patient, a 16-day-old infant who fell 1.5 meters onto a hard �oor from a
caregiver’s arms, underwent a craniotomy for evacuation of an epidural hematoma. He was visibly sleepy,
had a GCS score of 14 and a large (5×7 cm in diameter) parietal scalp hematoma. He sustained a parietal
fracture with an epidural hemorrhage and recovered fully from the injury.

Of the 3 cases with suspected non-accidental head injuries, none presented a TBI or an isolated skull
fracture.

All infants were followed-up over the telephone for 4 weeks after the injury; none presented symptoms,
acute complications, or sequalae.
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Discussion
To our knowledge, this is the �rst prospectively designed study aiming to understand the epidemiology of
minor head trauma in infants under 3 months of age. Although less than 2% of minor head trauma cases
evaluated in the PED involve children under 3 months of age, these are the most di�cult to evaluate
clinically, are at higher risk for TBI, and are the most sensitive to radiation, thus prompting physicians to
make the di�cult decision of whether to expose the child to diagnostic imaging tests that involve
radiation. Although CT is the more widely used test for this age group, knowledge of the speci�c
characteristics of these injuries would assist in decision-making.

In our study, minor head trauma had good outcomes in infants younger than 3 months, as evidenced by
the low rate of ciTBI. Most patients were asymptomatic on PED presentation and were discharged home,
although half had a radiologic test, some of which were unnecessary.

Head injuries are a major concern for parents, as re�ected by the fact that most of the families of the
patients studied sought care very early, frequently within an hour of the injury, even when the trauma was
to the face or in the absence of symptoms. Nearly 9 out of 10 were asymptomatic and were discharged
home from the PED. In a wide majority (almost 80%) the injury mechanism was mild.

Fall-related injuries are the most frequent cause of minor blunt head trauma in infants younger than 3
months old, as reported Abid et al. (PECARN cohort) [15]. In our series, the most important mechanism of
such falls was from furniture, followed by falls from a stroller. In the study of neonates by Eapen et al.
(Australian and New Zealand cohort), [16] however, falls from a caregiver’s arms were the most prevalent.
In view of these results, targeted age-speci�c initiatives to prevent head injury in infants under 3 months
of age with minor blunt head trauma should focus on falls from furniture, strollers, and caregiver’s arms,
as these mechanisms account for 80% of head injuries and 90% of TBIs. This is important to emphasize
when educating parents or caregivers, as these individuals may have a false sense of security due to the
lack of spontaneous mobility of the baby, possibly leading them to leave infants unattended or without
the protection of a stroller safety belt. Parents and caregivers should be advised not to leave the child
alone on the changing table, bed, sofa or baby hammock at any time and to ensure that the belt is
adequately attached.

As reported previously [15, 16], most head injuries are benign, as between 2.3% and 4.3% and between
1.1% and 9.6% of infants with blunt head trauma present with ciTBI and TBI on CT, respectively. In our
series, only 1 patient (0.3%) underwent neurosurgery (ciTBI), 12 (3.3%) were found to have a TBI on CT,
and 20 (5.4%) sustained an isolated skull fracture. Except for the TBI that required neurosurgery, the rest
were millimetric and showed no midline shift or clinical repercussions, and all infants were asymptomatic
at 24 hours.

The data from the 3 studies differ in certain ways. Firstly, ciTBI was more frequent in the Australian and
New Zealand cohort [16], primarily due to the outcome criteria of hospitalization for 2 or more days,
without being very clear if the admission time was related to the persistence of symptoms. In the PECARN
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cohort [15], the authors could not ensure that some infants were hospitalized based on age alone. If we
include patients admitted for more than 48 hours in our registry, the percentage of ciTBI rises to 2.2%;
according to our data, however, prolonged admission in these patients was not related to ongoing signs
or symptoms associated with head injury. Therefore, this criterion may not accurately de�ne clinically
signi�cant injury in this age group, since physicians may be more cautious with these young patients and
opt to prolong hospitalization merely because they are more di�cult to assess clinically. On the other
hand, the PECARN study [15] reports more TBI on CT due to the greater number of CT scans performed
(58.6%), thus contrasting with the cohort of neonates [16] where only a few had CT scan (5.4%) and with
data from our registry (10.0%). Clearly, a higher percentage of TBI can be identi�ed if more CT scans are
performed, although the key is whether it is necessary to expose more infants to radiation, as these
lesions may have no clinical relevance. In our study, although the rate of CT was lower, clinical follow-up
of the patients in the following 2 weeks did not show relevant symptoms or complications. Optimizing CT
scans should be a priority in this population.

The number of skull X-rays performed in our population (almost half of the infants) is striking, as X-ray is
no longer indicated as a screening method in head injuries due to its low predictive value [17] and poor
performance in identifying TBIs [6, 9]. As this is a vulnerable age group, clinicians are more likely to
perform radiologic tests even if infants are asymptomatic. Furthermore, X-ray is the only radiologic test
performed on some symptomatic infants, making it impossible to rule out whether they had an
intracranial injury. This handling is not appropriate and should be avoided.

New diagnostic approaches have emerged in recent years, such as fast magnetic resonance imaging [18],
which avoids the use of ionizing radiation but is less sensitive in detecting hemorrhagic lesions [18].
Another alternative is ultrasound, which could be used more easily in these infants, as it does not require
sedation, though at the moment the role of ultrasound is not clear in TBIs [19] and skull fractures [20].

This study has several limitations. First of all, not all infants had a head CT scan, and as a result our data
may underestimate the prevalence of TBI or isolated skull fracture that would have been evidenced on CT,
although all were followed-up, allowing accurate assessment of ciTBI. Secondly, as this is a multicenter
study, the criteria for assessing these infants were not uniform, and not all patients underwent the same
radiologic tests or were managed according to the same indications for observation or admission.

In conclusion, most head injuries in infants under 3 months of age are benign and there is a low rate of
ciTBI. Targeted, age-speci�c, head-injury prevention for patients with minor blunt head trauma should
focus on falls from furniture, strollers, and caregivers’ arms onto a hard surface. Optimizing imaging tests
should be a priority in this population, avoiding the performance of X-ray and reducing unnecessary CT
scans.

Abbreviations
ciTBI, Clinically important traumatic brain injury; CT, Computed tomography; GCS, Glasgow coma scale;
IQR, Interquartile range; PED, Pediatric emergency department; TBI, Traumatic brain injury.
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Causes of minor blunt head trauma Total

n/N (%)

<1

months old

n/N (%)

1-2

months old

n/N (%)

2-3

months old

n/N (%)

Fall-related injuries 298/369

(80.8)

73/92

(79.3)

113/135

(83.7)

112/142

(78.9)

Fall from furniture1 138/298 (46.3) 37/73

(50.7)

53/113 

(46.9)

48/112 (42.9)

Fall from a stroller 92/298 (30.9) 15/73

(20.5)

36/113 

(31.9)

41/112 (36.6)

Fall from caregiver’s arms  61/298 (20.5) 20/73

(27.4)

23/113 

(20.4)

18/112 (16.1)

Fall from a baby carrier 7/298

(2.3)

1/73

(1.4)

1/113

(0.8)

5/112

(4.4)

Direct impact with an object 71/369 (19.2) 19/92

(20.7)

22/135

(16.3)

30/142

(21.1)

Head struck by an object 63/71

(88.7)

18/19

(94.7)

17/22

(77.3)

28/30

(93.3)

Collision with a stationary object 8/71

(11.3)

1/19

(5.3)

5/22

(22.7)

2/30

(6.7)

1Bed, changing table, sofa, baby hammock. Abbreviations: n, all infants <3 months of age with the same
cause of minor blunt head trauma; N, all recruited infants <3 months of age, except in sub-analyses by
different types of fall or direct impact, which only include infants with those particular falls or direct
impacts; %, percentage.

Table 2a&b&c. Imaging test according to age, injury mechanism, and symptoms.
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  Total

n/N (%)

<1

months old

n/N (%)

1-2

months old

n/N (%)

2-3

months old

n/N (%)

p-value

Head CT 37/369

(10.0)

9/92

(9.8)

15/135

(11.1)

13/142

(9.2)

n.s.

Skull radiograph 162/369

 (43.9)

42/92

(45.7)

55/135

(40.7)

66/142

(46.5)

n.s.

Cranial ultrasound 22/369

(6.0)

6/92

(6.5)

13/135

 (9.6)

3/142

(2.1)

n.s.

 

  Severe injury mechanism

(N=83)

n (%)

Mild injury mechanism

(N=286)

n (%)

p-value

Head CT 21

 (25.3)

16

(5.6)

<0.01

Skull radiograph 40

(48.2)

123

(43.0)

n.s.

Cranial ultrasound 13

 (15.7)

9

(3.1)

<0.01

 

  Symptomatic

(N=113)

Asymptomatic

(N=85)

p-value

Head CT 32

(28.3)

5

(5.9)

<0.01

Skull radiograph 86

(76.1)

 79

(92.9)

0.017

Cranial ultrasound 14

(12.4)

8

(9.4)

n.s.
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Abbreviations: n.s., not signi�cant; n, all recruited infants in these row; N, all recruited infants in these
column.

 Table 3. Mechanism of injury among infants with abnormal radiologic �ndings (clinically important
traumatic brain injury or traumatic brain injury on CT or isolated skull fracture).

  n/N (%)

Fall from furniture1 11/74 (14.9)

Fall from a stroller 9/54 (16.7)

Fall from a caregiver’s arms 11/42 (26.2)

Fall from a baby carrier 2/2 (100)

Struck in the head by an object 0/20

Collision with a stationary object 0/3

1Bed, changing table, sofa, baby hammock. Abbreviations: n=number of abnormal imaging tests (CT
scan, X-ray, or ultrasound); N=infants who underwent neuroimaging.

Figures
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Figure 1

Study population


