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Retrospective Examination of the PECARN Algorithm in

Pediatric Patients with Minor Head Trauma

ABSTRACT

Objective: We aimed to retrospectively evaluate and examine pediatric head
trauma cases according to PECARN in the light of their neurological and clinical
conditions. We wanted to contribute to the detection of TBI with minimum CT
imaging rates in order to avoid radiation-related carcinogenesis.

Method: 108 pediatric patients who were admitted to the emergency department
due to minor head trauma and were admitted to the neurosurgery clinic were
evaluated retrospectively.

Results: During follow-up, 9 patients required intensive care and 5 patients
underwent neurosurgical surgery. The most common trauma etiology was falling
from one's own level with 53.7%. The most common tomography pathology was
non-displaced fracture. According to the evaluations made in accordance with the
PECARN algorithm, CT was recommended in 18 cases (16.7%); CT was not
recommended for 32 cases.

Conclusions: The clinician's goal is to quickly and accurately diagnose clinically
significant TBI while avoiding unnecessary CT imaging to protect against the
adverse effects of radiation. We recommend using the PECARN algorithm for
this purpose.

Keywords: Head Trauma, Carcinogenesis, Tomography.

Minor Kafa Travmah Pediatrik Hastalarda PECARN

Algoritmasimin Retrospektif Olarak Incelenmesi

OZET

Amag: Pediatrik kafa travmasi olgularini nérolojik ve klinik durumlari 1s18inda
PECARN'a gore retrospektif olarak degerlendirmeyi ve incelemeyi amacladik.
Radyasyona bagli karsinogenezi Onlemek icin minimum BT goriintileme
oranlariyla TBI tespitine katkida bulunmak istedik.

Yontem: Mindr kafa travmasi nedeniyle acil servise bagvuran ve beyin cerrahi
klinigine bagvuran 108 ¢ocuk hasta retrospektif olarak degerlendirildi.

Bulgular: Takip sirasinda 9 hastanin yogun bakima ihtiyaci oldu ve 5 hastaya
beyin cerrahisi ameliyati uygulandi. En sik goriilen travma etiyolojisi %53,7 ile
kendi seviyesinden diismeydi. En sik goriilen tomografi patolojisi deplase
olmayan kirikti. PECARN algoritmasina gére yapilan degerlendirmelere gore 18
olguya (%16,7) BT o6nerildi; 32 olguya BT 6nerilmedi.

Sonug¢: Klinisyenin amaci, radyasyonun olumsuz etkilerinden korunmak igin
gereksiz BT goriintiilemeden kagmarak, klinik agidan anlamlit TBI'y1 hizli ve
dogru bir sekilde teshis etmektir. Bu amagla PECARN algoritmasini kullanmanizi
Oneririz.

Anahtar Kelimeler: Kafa Travmasi, Karsinogenez, Tomografi
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INTRODUCTION

Traumatic brain injury (TBI) is the leading
cause of trauma-related morbidity and mortality in
the paediatric age group (1). Falls are the most
common cause of head trauma in all age groups.
Birth trauma is the main etiology of almost all
neonatal head traumas. The mechanism of trauma
in the first 2 years is non-accidental injuries. In
young children and adolescents, the most common
mechanisms of TBI are falls and motor vehicle
crashes (2).

Mild TBI accounts for 70-90% of head
traumas in children. Patients with a Glasgow Coma
Scale (GCS) score of 13-15 after blunt head trauma
are defined as mild TBI (3,4). Mild TBI may also
be used interchangeably with the terms minor head
injury or concussion (4,5).

Although the prevalence of minor head
trauma is very high, it has been documented that 3-
5% have TBI and less than 1% require emergency
neurosurgical procedures (6,7).

In paediatric patients presenting with head
trauma, radiological assessment is performed
according to the severity of the trauma as well as
clinical evaluation. Since the 1970s, computed
tomography (CT) has been a tool that enables rapid
and accurate decision making in the evaluation of
closed head traumas, detection of intracranial
pathologies and determination of treatment options
(8,9). There is consensus on the indication for brain
CT in moderate and severe head trauma in many
paediatric trauma guidelines. However, brain CT
indications in mild head traumas are not clearly
demarcated (10,11). Many studies have
emphasised the need to establish algorithms to
reduce unnecessary CT imaging in paediatric minor
head injury patients (11). By performing CT
imaging in the presence of certain symptoms such
as vomiting, headache, unconsciousness, and
otherwise observing without CT imaging, it is
suggested that unnecessary CT imaging and
potential harm of radiation in paediatric patients
with minor head trauma can be prevented (9,12).
The life expectancy after radiation exposure is
longer in the paediatric age group and they are more
sensitive to radiation than adults. For these reasons,
the primary goal in paediatric minor head trauma is
to predict TBI with minimum CT scan rates to
avoid radiation-related carcinogenesis (13,14).

Algorithms for minor head injuries in
children have been designed after three major
clinical trials. These are CHALICE (Children's
Head Injury Algorithm for the Prediction of
Important Clinical Events), CATCH (Canadian
Assessment of Tomography for Childhood Head
Injury) and PECARN (Paediatric Emergency Care
Applied Research Network) (10,15,16). PECARN
is a prospective cohort study of blunt head trauma
patients under 18 years of age who presented within
the first 24 hours of trauma, and unlike others,
patients under two years of age were analysed

separately (13,15,17). Although sensitivity and
negative predictive values were high in all three
studies, PECARN missed fewer patients (7,18). In
this study, we aimed to retrospectively evaluate
pediatric head trauma cases hospitalised and treated
in our centre according to the PECARN algorithm
in the light of their neurological and clinical status
at the time of admission.

MATERIAL AND METHODS

Study Design: In this study, 108 paediatric
patients admitted to the emergency department of
Afyonkarahisar State Hospital between January
2019 and June 2021 for minor head trauma and
treated in the neurosurgery clinic  were
retrospectively assessed. Ethics committee approval
was obtained from Afyonkarahisar Health Sciences
University Clinical Research Ethics Committee
(date: 15.12.2023 number: 2023/12).

Patient Selection: Patients under the age of
18 who presented to the emergency department of
Afyonkarahisar State Hospital in the first 24 hours
of trauma due to minor head trauma and were
hospitalised and treated by the neurosurgery clinic
were included in the study.

Patients over 18 years of age, with a history
of previous cranial surgery, known haematological
disease, chronic disease/malignancy involving the
central nervous system and patients with gunshot
wounds/penetrating head trauma were not included
in the study.

Data Collection: Patient data were obtained
retrospectively from electronic health records and
patient charts. Demographic (age, gender), trauma
etiology, clinical (neurological status, need for
operation and intensive care, etc.) and radiological
data (pathology type and location) were collected.

Clinical and Radiological Evaluation:
Neurological status, GCS, open wound and scalp
swelling and symptoms were investigated.
Symptoms included severe headache,
unconsciousness and vomiting. All patients
underwent detailed neurological examination and
evaluation by a neurosurgeon. In addition,
neurosurgical operation and intensive care needs of
the patients were also mentioned.

Brain CT scans of all patients were
performed using Siemens Healthineers SOMATOM
Emotion CT 78560 device. The pathologies of the
patients were classified as epidural haematoma,
subdural  haematoma, non-deplaced fracture,
deplaced  fracture, traumatic  subarachnoid
haemorrhage, contusio cerebri and
pneumocephalus. Pathological locations were also
specified. Cases requiring hospitalisation even
though no traumatic pathology was detected on CT
images were also included. The PECARN
algorithm was applied retrospectively for each
patient by two neurosurgeons in a consensus
manner, taking into account the clinical status of
the patients at the time of presentation.
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Statistical Analysis: Statistical analyses
were performed using IBM Statistical Package for
the Social Sciences (SPSS) version 25.0 (IBM
Corpotation, Armonk, NY). Normality of
distrubitions was assessed by Kolmogorov-Smirnov
test. Frequency (%) analysis was used for
demographic analyses. Continuous variables were
expressed as mean + standard deviation and/or
median (Inter Quartile Range) and categorical data
were expressed as number and percentage. Chi-
square tests were used to analyse the

Table 1. Baseline demographic and clinical characteristics

crosstabulations created for categorical data. p<0.05
was considered statistically significant.

RESULTS

Baseline Demographic and Clinical
Characteristics:  Demographic and clinical
characteristics of the patients are summarised in
Table 1. The mean age in months was 47.8 + 4.6
(mean + SEM). The median was 24 and the range
was 1-204 months. There was a male gender
predominance in this cohort (71 males, 37 females).

Variable n (%)
Demographic
Sex, female 40 (37)
Age (month)
mean + SEM 47.8+4.6
median (IQR) 24 (1-204)
Trauma etiology
Fall 100 (92.6)
from standing 58 (53.7)
from height 34 (31.5)
bicycle (unhelmeted) 3(2.8)
swing 5(4.6)
MVC 5(4.6)
passenger 1(0.9)
pedestrian 4(3.7)
Impact with a hard object 3(2.8)
GCS
15 96 (88.9)
<15 12 (11.1)
Symptoms
Headache 10 (9.3)
Vomiting 11 (10.2)
Unconsciousness 12 (11.1)
Scalp swelling 68 (63)
‘Wound 23 (21.3)
Additional traumatic pathology 4 (3.7)
Need for ICU 9 (8.3)
Need for surgery 5(4.6)
Length of stay hospital (day)
mean + SD 3+1.8
median (IQR) 2(1-9)

SEM: Standard Error of Mean SD: Standard Deviation GCS: Glasgow Coma Scale MVC: Motor Vehicle Crash ICU: Intensive Care Unit

IQR: Inter Quartile Range
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GCS was <15 in 11.1% of the patients and
30.6% had symptoms. In addition, 63% had scalp

Table 2. Radiological characteristics

. : Variables n (%)
swelling and 21.3% had open wounds. While 9
patients required intensive care, 5 patients Presence of pathology 98 (90.7)
underwent.neurosurgical surgery (Table 1). The Type of pathology
mean hospital stay was 3 + 1.8 days (mean + SD). :

Trauma Etiology: Trauma etiologies of the Epidural haemorrhage 10 (9.3)
patients are gumm_arised in Table 1. Th_e etiologies Subdural haemorrhage 5 (4.6)
were subdivided into falls, motor vehicle crashes
and hard object impacts. The most common Traumatic subarachnoid 4(3.7)
pathology was fall from standing level with 53.7%. haemorrhage
The_ least common  trauma _etlolog_y was motor Cercbral contusion 12 (11.1)
vehicle crash which was seen in 1 patient.

Radiological Characteristics: The Non-deplaced fracture 87 (80.6)
radiological characteristics of the patients are
summarised in Table 2. The most common Deplaced fracture 467D
pathology was non-deplaced fracture (80.6%). The Pneumocephalus 7 (6.5)
most common pathological location was parietal Location of pathol
region (31.5%). In 10 patients, no trauma-related ocation of pathology
intracranial radiological pathology was observed on Frontal 30 (27.8)

CT imaging at the time of presentation.

PECARN Evaluation: The PECARN Temporal 7(6:5)
algorithm was utilised for each case considering the Parietal 34 (31.5)
clinical and neurological status at the time of Occinital 16 (14.8
admission. In accordance with the algorithm, it was ceipita (14.8)
taken into consideration that the patients were under Frontoparietal 4(3.7)
and over 2 years of age. According to the
judgements made in accordance with the PECARN Frontotemporal 467
algorithm, CT was indicated in 18 cases (167%), Frontotemporoparieta] 1 (09)
while 32 cases (29.6%) were not indicated. Chi- -
square analysis of all relevant variables according Temporoparietal 2(1.9)
to the PECARN algorithm is shown in Table 3.

Table 3. PECARN evaluation chi-square analysis
PECARN
CT Observation vs. CT CT not
required  using shared decision- indicated p
n (%) making n (%)
n (%)
Presence of + 13 (13.3) 53 (54.1) 32 (32.7) 0.005
radiological
pathology - 5(50) 5(50) 0(0)
Non-deplaced + 8(9.2) 50 (57.5) 29 (33.3) <0.001
fracture
- 10 (47.6) 8(38.1) 3(14.3)
Deplaced fracture + 4(100) 0 (0) 0 (0) 0.001
- 14 (13.5) 58 (55.8) 32 (30.8)
EDH + 2 (20) 4 (40) 4 (40) 0.658
- 16 (16.3) 54 (55.1) 28 (28.6)
SDH + 2 (40) 1(20) 2 (40) 0.187
- 16 (15.5) 57 (55.3) 30 (29.1)
Traumatic SAH + 0 (0) 4 (100) 0 (0) 0,236
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- 18 (17.3) 54 (51.9) 32(30.8)
Cerebral contusion + 4 (33.3) 4(33.3) 4(33.3) 0.163
- 14 (14.6) 54 (56.3) 28 (29.2)
Pneumocephalus + 1(14.3) 3(42.9) 3 (42.9) 0.864
. 17 (16.8) 55 (54.5) 29 (28.7)
Presence of symptom + 12 (50) 12 (50) 0 (0) <0.001
. 6 (7.1) 46 (54.8) 32 (38.1)
Headache + 3(30) 7 (70) 0 (0) 0.085
- 15 (15.3) 51 (52) 32(32.7)
Vomiting + 5 (45.5) 6 (55.5) 0 (0) 0.009
. 13 (13.4) 52 (53.6) 32 (33)
Unconsciousness + 12 (100) 0 (0) 0 (0) <0.001
. 6 (6.3) 58 (60.4) 32 (33.3)
Wound + 6 (26.1) 6 (26.1) 11 (47.8) 0.011
- 12 (14.1) 52 (61.2) 21 (24.7)
Scalp swelling + 7 (10.3) 49 (72.1) 12 (17.6) <0.001
. 11 (27.5) 9 (22.5) 20 (50)
Additional traumatic + 3 (75) 1(25) 0 (0) 0.016
pathology . 15 (14.4) 57 (54.8) 32 (30.8)
Need for ICU + 6 (66.7) 3(33.3) 0 (0) <0.001
- 12 (12.1) 55 (55.6) 32(32.3)
Need for surgery + 4 (80) 1 (20) 0 (0) 0.003
. 14 (13.6) 57 (55.3) 32 (31.1)
Trauma etiology Fall from 4 (6.9) 29 (50) 25 (43.1) 0.013
standing
Fall from height 10 (29.4) 17 (50) 7 (20.6)
Fall (bicycle- 1(33.3) 2 (66.7) 0 (0)
unhelmeted)
Fall (swing) 1 (20) 4 (80) 0 (0)
MVC 0(0) 1 (100) 0(0)
(passenger)
MVC 0 (0) 4 (100) 0 (0)
(pedestrian)
Impact with a 2 (66.7) 1(33.3) 0 (0)

hard object

PECARN: Pediatric Emergency Care Applied Research Network CT: Computed Tomography MVC: Motor Vehicle Crash ICU: Intensive

Care Unit SAH: Subarachnoid Haemorrhage EDH: Epidural Haemorrhage SDH: Subdural Haemorrhage
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DISCUSSION

The most common factor causing mortality
in children is trauma, and among traumas, head
traumas are both the most frequently seen and the
most important cause of mortality(8,19). Falls,
traffic accidents and sports injuries are the most
prominent causes of head trauma and are more
common in boys (8,12). In our study, it was
observed that the majority of the cases were due to
falls (92.6%). In addition, the majority of cases
were boys (63%) in parallel with the literature.
There is not yet a consensus on the indications for
imaging especially in paediatric patients with minor
head trauma. In the study by Easter et al. it was
emphasised that clinician assessment and the
PECARN algorithm define all clinically significant
traumatic brain injury and PECARN is slightly
more specific (20). In our trial, CT was not
considered unnecessary in any patient requiring
neurosurgical procedure and/or intensive care unit.
In this respect, we think that the PECARN
algorithm is a useful guideline for predicting
traumatic brain injury and making the necessary
imaging decision, regardless of the clinician's
experience. Furtado et al. retrospectively examined
paediatric minor head trauma patients for cost-
effectiveness. For this evaluation, the PECARN
algorithm was applied retrospectively and it was
ascertained that CT was not required in 77.6% of
the cases in which CT imaging was performed.
According to this result, PECARN reduces the cost
and this reduction is statistically significant (21). In
our study, CT was not necessary in 32 cases
(29.6%). However, some points should be remarked
in this regard. Firstly, according to the PECARN
algorithm, CT is not unnecessary in any patient
undergoing  neurosurgical  procedures and/or
requiring intensive care unit. Another point is that
unlike other studies, our study was conducted on
hospitalised  patients  requiring  neurosurgical
follow-up and treatment. These results emphasise
that the PECARN algorithm is important in terms
of cost reduction as well as predicting traumatic
brain injury. Apart from the algorithms in the
literature, there are recommendations for CT
imaging indication and prediction of traumatic
brain injury. Michiwaki et al. found that traumatic
imaging findings were significantly more frequent
in cases <1 year of age, GCS 14 and falls from
height (22). Similarly, Andrade et al. showed that
traumatic abnormal CT findings were statistically
significantly higher in patients who fell from a
distance of more than 1 meter (23). Fundaro et al.
retrospectively investigated paediatric patients with
mild head trauma and reported that scalp swelling
and impaired consciousness were important
findings in predicting traumatic brain injury
requiring CT imaging (24). According to the
PECARN algorithm, CT was not unnecessary in
any patient with consciousness retardation in our
study. In addition, CT was not necessary in 12

(17.6%) patients with scalp swelling in our study.
In summary, CT indications in paediatric patients
with minor head trauma should be carefully
determined according to age, clinical status and
mechanism of trauma, as well as the experience of
the clinician. Algorithms in the literature have been
tried to be established within this framework. When
the sensitivity of the paediatric age group to
radiation exposure with CT is considered, the aim
of all these predictors is to maximally predict
traumatic brain injury while minimising radiation
exposure. In some studies in the literature, non-
ionised imaging methods have also been researched
in order to mitigate the adverse effects of radiation.
Cicogan et al. evaluated point of care ultrasound
(POCUS), near-infrared spectroscopy (NIRS) and
rapid magnetic resonance imaging (MRI) methods.
According to the PECARN algorithm, POCUS and
NIRS can improve the decision-making process of
the clinician in addition to PECARN in cases with
moderate and severe risk for traumatic brain injury.
Rapid MRI was seen as a suitable alternative to CT
(25). In addition, the sensitivity of CT should be
taken into consideration in the detailed diagnosis of
bone pathologies.

CONCLUSION

Minor head traumas are frequently
encountered especially in the paediatric age group.
They are mostly not associated with traumatic brain
injury and long-term sequelae. Children exposed to
minor head trauma should be carefully evaluated by
the clinician considering the history and findings
suggestive of clinically significant TBI. The
purpose of the clinician is to rapidly and accurately
diagnose clinically significant TBI while avoiding
unnecessary CT imaging to protect against the
adverse effects of radiation. For this reason, various
clinical decision-making algorithms have been
proposed in the literature to assist the clinician.
These algorithms are expected to have high
sensitivity especially for the identification of cases
requiring neurosurgical intervention and follow-up.
We recommend the adoption of the PECARN
algorithm for this purpose. On the other hand,
similar studies should be performed in larger
groups of patients requiring hospitalisation and
neurosurgical follow-up and treatment as in our
study.
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