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ABSTRACT 

Objective: In this study we aimed to investigate the applicability of Pediatric Emergency Care Applied Research Network (PE-
CARN) rules for decision to perform computed cranial tomography (CCT) in pediatric patients with minor head trauma (MHT). 
Methods: 317 pediatric patients who underwent CCT for mild head trauma were evaluated retrospectively. The patients were 
classified in two groups according to PECARN rules: below 2 years old, above 2 years old and then, these patient groups were 
classified into two subgroups according to the compatibility with PECARN rules. The patients requiring CCT according to 
PECARN rules were classified as PECARN compatible (PECARN +), the patients who underwent CCT without the need of CCT 
according to PECARN were classified as PECARN incompatible (PECARN -).
Results: Approximately 20% patients in PECARN (+) group had abnormalities leading to prolonged hospitalization and only 
3.8% patients of PECARN (-) group had abnormalities. However, none of PECARN (-) group patients required follow-up longer 
than 48 hours in the hospital. The most common symptoms necessitate CCT in PECARN (+) group were scalp swelling, scalp 
hematoma and vomiting. In PECARN (-) group the most common signs were cuts in the scalp and dermal abrasions. The inci-
dence of fracture in CCT was significantly higher in PECARN (+) group.
Conclusion: Because CCT poses serious radiation exposure, neurological examination and clinical follow-up should be pre-
ferred in the evaluation of children with MHT. In conclusion, PECARN rules were sufficient for CCT decision in pediatric patients 
with MHT. J Clin Exp Invest 2016; 7 (1): 35-40
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Hafif Kafa Travmalı Pediyatrik Hastalarda Bilgisayarlı Beyin Tomografisi Kararı İçin PECARN 
Kuralları Yeterli midir?

ÖZET

Amaç: Bu çalışmadaki amacımız hafif kafa travmaları (HKT) olan pediyatrik hastalarda Pediatric Emergency Care Applied Rese-
arch Network (PECARN) kurallarının bilgisayarlı beyin tomografisi (BBT) gereksinimi konusunda uygulanabilirliğini araştırmaktır.
Yöntemler: Bu çalışmada hafif kafa travması ile acile başvuran ve BBT çekilen 317 pediyatrik hasta retrospektif olarak incelen-
miştir. Hastalar önce PECARN kuralları gereği iki yaş altı ve iki2 yaş üstü olarak iki gruba ayrıldı; daha sonra bu hasta grupları 
PECARN kurallarına uyuma göre iki gruba ayrıldı. PECARN kurallarına göre BBT çekilmesi gerekenler PECARN uyumlu (PECARN 
+) ve gerekmeyip BBT çekilmiş olanlar PECARN uyumsuz (PECARN -) olarak gruplandırıldı. 
Bulgular: BBT sonuçlarına göre incelendiğinde PECARN (+) grubun yaklaşık %20’sinde hastanede yatış süresini arttıran çeşitli 
patolojiler görülürken PECARN (-) grubun sadece %3,8’inde patoloji görülmüş olup hiçbirinde hastanede 48 saatten fazla takip 
ihtiyacı olmadı. PECARN (+) grupta BBT çekimini gerektiren en sık görülen bulgular, skalp şişliği veya hematomu ve kusma idi. 
PECARN (-) grupta en sık görülen bulgular çeşitli büyüklükte skalp kesileri ve dermal abrazyonlar idi. BBT’de fraktür görülmesi 
PECARN (+) grupta anlamlı derecede yüksek bulundu.
Sonuç: BBT ile ciddi radyasyon maruziyeti söz konusu olduğu için minör kafa travmalı çocukların değerlendirilme ve takiple-
rinde öncelikle nörolojik muayene ve klinik izleme önem verilmesi gerekir. Sonuç olarak, HKT’lı pediyatrik hastalarda BBT kararı 
için PECARN kuralları yeterlidir.
Anahtar kelimeler: Hafif kafa travması, pediyatrik travma, bilgisayarlı beyin tomografisi
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INTRODUCTION
Head trauma is one of the most common reasons for 
pediatric emergency. Minor head trauma accounts 
for the majority of these cases. There are many dif-
ferences between childhood and adulthood head trau-
mas. Children are more susceptible because they have 
a larger head to body size ratio, thinner cranial bones 
providing less protection to the intracranial contents, 
different injury mechanism and long-term prognosis 
compared to adults [1,2]. Therefore, head traumas in 
this age group should be differentiated from adults, 
and evaluated separately. Head traumas are classified 
according to Glasgow Coma Scale (GCS) as mild, 
moderate and severe head traumas. The patients with 
GCS 14-15 are classified as mild head trauma (MHT), 
GCS 9-13 as moderate head trauma and GCS 3-8 as 
severe head trauma. In moderate and severe head trau-
ma, general approach is computed cranial tomography 
(CCT). However, it is controversial to determine the 
MHT patients that should undergo CCT. Mild head 
trauma should never be considered as simple head 
trauma. It is important to determine the CCT time in 
this group [3]. On one hand, there is a risk of serious 
brain event, even the patient has the signs of MHT, 
and on the other hand, CCT is potentially hazardous 
especially in the pediatric age group. 

The diagnosis and exclusion of possible brain in-
juries in MHT patients does not have any clear criteria 
yet. Given the frequency of minor head traumas in the 
children and the risk of radiation exposure due to CCT; 
clinical follow-up and neurological examination are 
the preferred first-line approaches instead of the ad-
vanced imaging methods. Following the neurological 
examination and clinical follow-up, the doctors deter-
mine whether CCT is required. Although noncontrast 
CCT is the ideal imaging method for head traumas, the 
long-term hazardous complications should be consid-
ered. Besides, there is a cancer risk due to radiation in 
1 of 2000 children who underwent CCT [4,5]. Brenner 
et al declared that the life-threatening cancer risk in-
cluding brain tumor and leukemia may increase even 
with single BT in the children. In addition, exposure of 
low-dose ionized radiation in the brain during infancy 
may affect cognitive abilities in the adulthood. This 
risk is low individually, however, may be an important 
public health issue as compared to the general popula-
tion [6].

In 2009, PECARN (Pediatric Emergency Care 
Applied Research Network) [7] performed a multi-
center, large study and the investigators attempted to 

identify and evaluate a prediction rule for the pediatric 
MHT patients who were at low risk for clinically sig-
nificant intracranial hemorrhage, and did not require 
CCT. Two prediction rules were determined to evalu-
ate the validity in all pediatric age groups: before two 
years old, after two years old. 

In our clinic, CCT is decided according to neu-
rological examination and clinical follow-up indepen-
dent of PECARN rules. In this study, we searched an-
swers for 2 questions. Firstly, would the number of the 
patients underwent CCT be lower if we had followed 
the PECARN rules in the patients underwent CCT in-
dependent of PECARN rules? Secondly, would there 
be any unidentified severe cranial event if we had ap-
plied PECARN rules? 

METHODS
In this study, the emergency registries and files of 0-15 
year-old pediatric patients admitted to Dicle Univer-
sity Medical Faculty Hospital Emergency Department 
with a head trauma between 1 January 2012  and 31 
December 2013 were retrospectively screened. The 
clinical and demographical features, radiographical 
assays (CCT images) and the findings of the cases 
were also evaluated. 

Six-hundred patients were included in the study in 
the 2 years period. The exclusion criteria: the patients 
with additional organ injuries, major trauma, GCS < 
14, severe mechanism causing injury (car crash lead-
ing to jumping out, rollover or death of the passenger, 
car hitting to a pedestrian or a bicycler without a head 
guard etc..), abnormal mental health, comorbid disease 
in the history, and the patients without CCT. The 317 
cases who had undergone CCT for mild head trauma 
were evaluated. The patients were classified in 2 groups 
according to PECARN rules: below 2 years old, above 
2 years old. Then, these patient groups were classified 
into 2 groups according to the compatibility with PE-
CARN rules. The patients requiring CCT according to 
PECARN rules were classified as PECARN compat-
ible (PECARN +), the patients who underwent CCT 
without the need of CCT according to PECARN were 
classified as PECARN incompatible (PECARN-).

Statistical analysis
The results were presented as mean plus minus Stan-
dard deviation in the statistical analyses. Univarite sta-
tistical analyses were performed by using chi-square 
test for categorical variables and Student’s t test for 
continuous variables. p<0.05 value was considered as 
statistically significant.
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RESULTS

Clinical and demographical features
Total of 317 patients were included in the study: 201 
males, 116 females. The mean age of the patients was: 
in PECARN (+) group 49.6±41.7 (month; mean ± SD), 
in PECARN (-) group 61.4±40.9 (month; mean ±SD). 
PECARN (+) group consisted 150 males (63.3%), 87 
females 87 (36.7%), PECARN (-) group consisted 51 
males (63.7%), 29 females 29 (36.2%). No differences 
in ratios of the males and females were found between 
groups. The comparisons by trauma types, clinical 
symptoms and CCT results between PECARN (+) and 
PECARN (-) groups were summarized in table I. In 
these groups, the most common etiology for traumas 
was simple falls. The most common symptoms in PE-
CARN (+) group were head swelling and vomiting; 
in PECARN (-) group head cut and dermal abrasions. 
When evaluated according to CCT results, 20% pa-
tients in PECARN (+) group had pathologies leading 
to prolonged hospitalization and only 3.8% patients 
of PECARN (-) group had some pathologies. None of 
PECARN (-) group patients required follow-up longer 
than 48 hours in the hospital (Table 1).

Clinical and demographical features of the patients 
below two years old
The comparisons by demographical features, trauma 
types, clinical symptoms during admission and CCT 
results in the <2 years old patients between PECARN 
(+) and PECARN (-) groups were summarized in table 
II. The most common etiologies for traumas were sim-
ple falls in and falls from high places in the PECARN 
(+) patients below two years old, and simple falls in 
all PECARN (-)group. The most common symptoms 
in PECARN (+) group were head swelling and vomit-
ing; in PECARN (-) group head cut and dermal abra-
sion. When evaluated according to CCT results, 16% 
patients in PECARN (+) group had pathological CCT 
findings, and 10% patients’ hospitalization period was 
longer than 48 hours, However in PECARN (-) group, 
none of the patients had CCT pathology, and required 
follow-up longer than 48 hours in the hospital (Table 
2).

Clinical and demographical features of the 
patients over two years old
The comparisons by demographical features, trauma 
types, symptoms during admission and CCT results in 
the >2 years old patients between PECARN (+) and 
PECARN (-) groups were summarized in table III. 

The most common etiologies for traumas were simple 
falls in and falls from high places in the PECARN (+) 
patients below two years old, and simple falls in all 
PECARN (-) group. The most common symptoms in 
PECARN (+) group were head swelling, cut and vom-
iting; in PECARN (-) group head cut and dermal abra-
sion. When evaluated according to CCT results, 23% 
patients in PECARN (+) group had pathological CCT 
findings, and 13% patients’ hospitalization period was 
longer than 48 hours. However in PECARN (-) group, 
4.30% of the patients had fractures in CCT, but none 
of them required follow-up longer than 48 hours in the 
hospital (Table 3).

Table 1. Clinical and demographical features of the pa-
tients

PECARN (+)
(n=237)

n (%)

PECARN (-)
(n=80)
n (%)

p

Age (month, mean ± SD) 49.6 ± 41.7 61.4 ± 40.9 0.028

Gender 

Male 150 (63.3) 51 (63.7) 1.000

Female 87 (36.7) 29 (36.2) 1.000

Trauma type

Simple fall 157 (66.2) 80 (100) <0.001

Car accident 1 (0.4) 0 1.000

Fall from high 48 (20.3) 0 <0.001

Fall from stairs 15 (6.3) 0 0.015

Sport injury 1 (0.4) 0 1.000

Severe trauma 8 (3.4) 0 0.209

Symptoms

Headache 20 (8.4) 0 0.003

Swelling 118 (49.8) 0 0.001

Cut 38 (16) 54 (67.5) 0.001

Vomiting 90 (37.9) 0 0.001

Amnesia 9 (3.8) 0 0.118

Abrasion 28 (11.8) 16 (20) 0.091

CT result

Normal 191 (80.6) 77 (96.2) 0.001

Subarachnoid H. 3 (1.3) 0 0.975

Edema 5 (2.1) 0 0.335

Fracture 40 (16.9) 3 (3.8) 0.002

Hospitalization period

≤48 hours 208 (87.8) 80 (100) <0.001

> 48 hours 29 (12.2) 0 <0.001

PECARN: Pediatric emergency care applied research network, 
H: Hemorrhage, CT: Computerized tomography
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Table 2. Clinical and demographical features of the pa-
tients below two years old

PECARN (+)
(n=84)
n (%)

PECARN (-)
(n=10)
n (%)

p

Age 10.39 ± 3.06 12.00 ± 0.01 <0.001

Gender 

Male 56 (66.7) 4 (40)
0.161

Female 28 (33.3) 6 (60)

Trauma type

Simple fall 64 (76.2) 10 (100) 0.113

Fall from high 17 (20.2) 0 (0.00) 0.199

Fall from stairs 2 (2.4) 0 (0.00) 1.000

Severe trauma 1 (1.2) 0 (0.00) 1.000

Symptoms

Swelling 41 (48.8) 0 (0.00) 0.004

Cut 5 (6.0) 3 (30.0) 0.037

Vomiting 39 (46.4) 0 (0.00) 0.005

Amnesia 4 (4.8) 0. (0.00) 1.000

Abrasion 9 (10.7) 4 (40.0) 0.030

CT result

Normal 3 (3.6) 0. (0.00) 1.000

S. hemorrhage 1 (1.2) 0 (0.00) 1.000

Edema 10 (11.9) 0 (0.00) 0.593

Fracture 72 (85.7) 10 (100.0) 0.351

Hospitalization period

≤48 hours 74 (88.1) 10 (100.0)
0.593

>48 hours 10 (11.9) 0 (0.00)

PECARN: Pediatric emergency care applied research network, 
S: Subarachnoid, CT: Computerized tomography

CCT results by symptoms and trauma type in the 
patients over two years old
In the patients over 2 years old, 186 patients had 
(83.4%) normal CCT and 37 had (16.6%) several 
pathological signs in CCT. When the effect of the 
symptoms on CCT results was investigated, the most 
common symptoms in CCT positive patients were the 
direct symptoms of the trauma including head swell-
ing, cut and abrasion. The trauma types including 
heavy object trauma, fall from stairs, fall from a high 
place and bicycle accident were associated with patho-
logical CCT results (Table 4).

CCT results by symptoms and trauma type in the 
patients below 2 years old
In the patients below 2 years old, 82 patients had 
(87.2%) normal CCT and 12 had (12.8%) several 
pathological signs in CCT. When the effect of the 
symptoms on CCT results was investigated, the most 
common symptoms in CCT positive patients were the 
direct symptoms of the trauma including head swell-
ing, and abrasion. The trauma types including fall 
from a high place and simple falls were associated 
with pathological CCT results (Table 5).

Table 3. Clinical and demographical features of the pa-
tients over two years old 

PECARN (+)
(n=153)

n (%)

PECARN (-)
(n=70)
n (%)

p

Age 71.1 ± 37.2 68.4 ± 38.9 0.632
Gender 

Male 94 (61.4) 47 (67.1)
0.456

Female 59 (38.6) 23 (32.9)
Trauma type

Simple fall 93 (60.8) 70 (100) <0.001
Car accident 1 (0.7) 0 (0.00) 1.000
Fall from high 31 (20.3) 0 (0.00) <0.001
Fall from stairs 13 (8.50) 0 (0.00) 0.011
Sport injury 8 (5.20) 0 (0.00) 0.094
Severe trauma 7 (4.60) 0 (0.00) 0.101

Symptoms
Headache 20 (13.1) 0 (0.00) 0.001
Swelling 77 (50.3) 0 (0.00) < 0.001
Cut 33 (21.6) 51 (72.9) < 0.001
Vomiting 49 (32.0) 2 (2.90) < 0.001
Amnesia 5 (3.30) 0 (0.00) 0.328
Abrasion 19 (12.4) 12 (17.1) 0.405

CT result
Normal 4 (2.60) 0 (0.00) 0.311
Edema 30 (19.6) 3 (4.30) 0.002
Fracture 119 (77.8) 67 (95.7) <0.001

Hospitalization
period

≤48 hours 134 (87.6) 70 (100.0)
0.001

>48 hours 19 (12.4) 0 (0.00)
PECARN: Pediatric emergency care applied research network, 
CT: Computerized tomography
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Table 4. Cranial computerized tomography results by 
symptoms and trauma type in the patients over two years 
old

CT normal
(n=186)

n (%)

CT abnormal
(n=37)
n (%)

p

Symptoms 

Swelling 55 (71.42) 22 (28.58) 0.001

Vomiting 49 (96.07) 2 (3.93) 0.005

Cut 68 (80.95) 16 (19.05) 0.462

Amnesia 5 (100) 0 (0.00) 0.593

Abrasion 25 (80.64) 6 (19.36) 0.610

Headache 19 (95) 1 (5) 0.210

Trauma type

Simple fall 150 (91.46) 14 (8.54) < 0.001

Fall from high place 23 (71.87) 9 (28.13) 0.065

Bicycle accident 5 (71.42) 2 (28.58) 0.328

Fall from stairs 6 (46.15) 7 (53.85) 0.002

Heavy object trauma 2 (28.57) 5 (71.43) 0.002

CT: Computerized tomography

Table 5. Computerized tomography results by symptoms 
and trauma type in the patients below two years old

CT normal
(n=82)
n (%)

CT abnormal
(n=12)
n (%)

p

Symptoms 

Swelling 30 (68.18) 11 (31.82) < 0.001

Vomiting 39 (100) 0 (0.00) 0.001

Cut 8 (100) 0 (0.00) 0.590

Abrasion 13 (76.47) 4 (23.52) 0.363

Trauma type

Simple fall 67 (90.54) 7 (9.46) 0.122

Fall from high place 14 (73.68) 5 (26.31) 0.220

Heavy object trauma 1 (100) 0 (0.00) 1.000

CT: Computerized tomography

DISCUSSION

Computed cranial tomography is the commonly pre-
ferred method for the patients with minor head trauma 
since it is superior in terms of accurate and rapid di-
agnosis as compared to the other methods. However, 
CCT is not optimal for all patients because there are 
lots of patients, but a few of them has intracranial pa-
thology; besides CCT is an economical burden for the 
country and there is a risk of radiation exposure. Nev-
ertheless, since the mild head trauma is not always as-

sociated with a good prognosis, several studies were 
published and several protocols were recommended in 
many countries to decide whether the patient should 
undergo CCT or not [1,4,8]. 

When the etiological causes of childhood head 
trauma were evaluated in all age groups, the falls take 
places on the top. Under the title of falls, there are in-
house simple falls (slipping, fall from a cradle, chair, 
armchair during a play), out-home simple falls (falling 
from stairs in school, park, gardens) and falling from 
bicycle. When evaluated by age groups and fall types 
the highest prevalence are as follows:: in babyhood in-
house simple falls place on the top (83%), in school 
age out-home simple falls (47%) [9,10]. Wong et al 
[11] showed that the physicians with higher fear of 
malpractice will be more likely to order head BT scans 
for the minor head trauma. When the patients in our 
study were evaluated by trauma type, the admission 
rates associated with simple fall, falling from higher 
places and falling from stairs were higher in PECARN 
(+) group, but all of the patients in PECARN (-) group 
were admitted due to simple falls. The difference be-
tween these 2 groups was that the highly energetic 
trauma histories including falling from high places 
and stairs are CCT indications according to the PE-
CARN rules. The issue to be discussed is that the rea-
sons of CCT in the patients admitted for simple falls in 
the PECARN (-) group. We think the most important 
reason is the insistence of the family. Besides, the phy-
sicians with higher fear of malpractice, the crowded 
patient population of the emergency rooms, the in-
creased numbers and the availability of the tomogra-
phy devices in the recent years will lead to order more 
CCT scans. 

American Pediatric Academy (APA) defined the 
“minor head trauma” as the head traumas without the 
signs of skull fracture including ‘Battle sign’, hemo-
tympanum in physical examination, without the ab-
normalities in the neurological and fundus examina-
tion in the 2-20 years old cases with normal mental 
level in the first examination. The other parameters in 
these groups include transient loss of consciousness 
less than 1 minute, vomiting immediately after the 
trauma, head ache, lethargy and seizures [1]. Turedi 
et al [12] similarly declared that the cases with minor 
head trauma could be discharged safely without CCT 
in the low-risk GCS 15 group. In our study, the most 
common symptoms requiring CCT in the children be-
low and above 2 years old in PECARN (+) group were 
scalp swelling, scalp hematoma and vomiting. In PE-
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CARN (-) group without the signs of PECARN rules 
(scalp swelling, scalp hematoma, vomiting, headache 
and amnesia), the most common signs were varisized 
cuts in the scalp and dermal abrasions. Approximately 
25% of the patients did not have any of the mentioned 
signs, but they had undergone CCT. We think that the 
reasons of the CCT in these patients were the insis-
tence of the families, the physicians with higher fear 
of malpractice, the difficulty of diagnosis associated 
with the crowded patient population in the emergency 
rooms, the need of rapid and accurate diagnosis with-
out the risk of misdiagnosis.

Mannix et al [13] showed in their studies that 6% 
of the patients with minor head trauma had pathologi-
cal CCT results. Since these patients did not require any 
surgical procedures, they had been discharged without 
any treatments. Therefore, it is suggested that the low-
risk patients might be discharged safely without the 
requirement of CCT. Servadei et al [14] classified the 
minor head trauma as low-, moderate- and high-risk 
groups. According to this classification, if GCS is 15, 
and there is no transient loss of consciousness, vomit-
ing, amnesia, common head ache, these patients are 
in low-risk group and their intracranial bleeding risk 
requiring surgery is 0.2%. They suggested that these 
patients should be discharged without the require-
ment of CCT. In our study, the incidence of fracture in 
CCT was significantly higher in PECARN (+) group 
as compared to PECARN (-) group. Although there 
were 3 patients with fractures in PECARN (-) group, 
since these patients did not require intensive care and 
their hospitalization period was shorter than 48 hours, 
we appreciate the importance and value of PECARN 
rules. This study showed that CCT according to PE-
CARN rules prevents unnecessary CCT in most of the 
cases. These results are in line with the literature. 

The larger part, approximately 75%, of the pa-
tients in our study was the patients requiring CCT 
according to PECARN rules. The remaining 25% 
patients did not require CCT according to PECARN 
rules. Although there were 3 patients with fractures in 
these groups, these fractures were not clinically im-
portant and did not prolong the hospitalization period, 
therefore may provide important evidence for the fea-
sibility of PECARN rules. PECARN negativity is a 
valuable criteria preventing unnecessary CCT. If there 
is scalp swelling and scalp hematoma in the children 
above and below 2 years old, the possibility of various 
pathological findings in CCT is increased. 

In conclusion, because CCT poses serious radia-
tion exposure, neurological examination and clinical 
follow-up should be preferred in the evaluation and 
observation of the children with minor head trauma. 
However, selected cases with severe head trauma 
should be evaluated with CCT.
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