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Availability of the Pediatric Emergency Care Applied
Research Network (PECARN) rulefor computed
tomography scanning decision in children younger
than 2 yearswith minor head injury

Kwang Yul Jung, M.D., Seung Baik Han, M.D., Jae Sung Lee, M.D.,
Jae Jin Kim, M.D., Young Ju Suh, M.D.", Ji Hye Kim, M.D.

Departments of Emergency Medicine and ‘Biomedical Science, College of Medicine, Inha University, Incheon, Korea

Purpose: Traumatic brain injury is the most common cause of pediatric injury. Although computed tomography (CT) scan is
an effective modality for screening fatal craniocerebral trauma, there is growing concern about radiation exposure associated
with the consequent cancer particularly in children. We assessed validity of previous large prospective study named Pediatric
Emergency Care Applied Research Network (PECARN) retrospectively to determine the necessity of CT scans for children
younger than 2 years with minor head injury.

Methods: We reviewed medical records of children younger than 2 years discharged from our emergency department with
S00-09 diagnosis code of ICD-10 from August 2008 to December 2014. Patients who had only soft tissue injury without blunt
trauma, did not CT scan take brain CT, whose head trauma was not mild, and who was uncertain to meet the rule were
excluded. All included patients were divided into the PECARN rule positive group and negative group. Each group was
compared by sensitivity, specificity, positive predictive value and negative predictive value to predict four outcomes of clinically
important traumatic brain injury (ciTBI), abnormal CT findings, intracranial hemorrhage, and isolated simple skull fracture.
Results: A total of 1,491 patients were included, 656 PECARN rule positive and 835 negative patients. There is statistical
difference between PECARN rule positive and negative the 2 group for ciTBI (P < 0.001), abnormal CT findings (P < 0.001),
intracranial hemorrhage (P < 0.001), and isolated simple skull fracture (P < 0.001) with high sensitivity (100.0%, 89.5%, 91.7%,
85.7%) and negative predictive value (100.0%, 99.3%, 99.6%, 99.6%).

Conclusion: We confirmed that PECARN rule is a useful tool to determine the necessity of CT scan and reduce unnecessary
CT scan for children younger than 2 years with minor head injury.
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Table 1. Predictor variables of pediatric emergency care applied research network rule (age < 2 years)

Severe mechanism of injury

Motor vehicle crash with patient ejection, death of another passenger, or rollover

Pedestrian/bicyclist without helmet struck by motorized vehicle

Fals>0.9m
Head struck by high impact object
Loss of consciousness > 5 sec
Not acting normally per parent
Glasgow Coma Scale < 15
Other signs of altered mental status
Agitation
Somnolence
Repetitive questioning
Slow response to verbal communication
Palpable or unclear skull fracture
Occipital, parietal or temporal scalp hematoma
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2,962 Patients with blunt gead injury

1,506 Patients enrolled 1,456 Patients excluded
1.1,402 without CT exam
2. 54 with severe head injury

15 Patients with unknown injury mechanism
& no other positive result in PECARN rule excluded

1,491 Patients included

656 Patients with PECARN (+)

835 Patients with PECARN (—)

Fig. 1. Patient flow diagram. CT: computed tomography, PECARN: Pediatric Emergency Care Applied Research Network.
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Table 2. Demographic and clinical characteristics of patients

Variable No. (%)
Age (mo), mean+ SD 13.14+6.22
<3 67 (4.5)
>3 1,424 (95.5)
Sex (malefemale) 863:628 (57.9:42.1)
Mechanism of injury
Severe 382 (25.6)
Non-severe 1,101 (73.8)
Unknown 8(0.5)
Symptom
Glasgow Coma Scale 14 3(0.2
Vomit
1 103 (6.9)
> 2 100 (6.7)
> 10 5(0.3)
Seizure 14 (0.9)
Location of scalp hematoma
Frontal 61 (4.1)
Non-frontal 269 (18.0)
Abnormal activity
Irritability 69 (4.6)
Decreased activity 79 (5.3)
Computed tomography findings
Normal 1,434 (96.2)
Intracranial hemorrhage 36 (2.4)
Isolated simple skull fracture 21 (1.4)
Outcome
Discharge 1,450
Clinically important traumatic
braininjury 12(0.8)
Death 0
Neurosurgery 1(0.0)
Intubation for 2 or more days 0
Admission of 2 nights or more for
11(0.7)

persistent neurologic symptoms
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Table 3. Comparison of patients with PECARN rule positive and negative group for various outcomes

Outcome PECARN (+) PECARN (- P value*
Computed tomography finding <0.001
Normal 605 829
Abnormal 51 6
Intracranial hemorrhage <0.001
Positive 33 3
Negative 623 832
Isolated skull fracture <0.001
Positive 18 3
Negative' 605 829
Clinically important traumatic brain injury <0.001
Positive 12 0
Negative 644 835
*P value of lessthan 0.05 is significant.
"This group dose not including intracranial hemorrhage.
PECARN: Pediatric Emergency Care Applied Research Network.
Table 4. Relation with the satisfied number of PECARN rule and various outcomes
Positive no. of PECARN rule Positive Negative Total P value*
Abnormal CT finding <0.001
1 25 479 504
2 19 113 132
3 4 5 9
4 2 1 3
Total 50 598 648
Intracranial hemorrhage <0.001
1 16 488 504
2 11 121 132
3 3 6 9
4 2 1 3
Total 32 616 648
Isolated simple skull fracture <0.001
1 9 479 488
2 8 113 121
3 1 5 6
4 0 1 1
Total 18 598 616"
CiTBI <0.001
1 2 502 504
2 5 127 132
3 3 6 9
4 2 1 3
Total 12 636 648

*P value of lessthan 0.05 is significant.
"This number is not including intracranial hemorrhage.

PECARN: Pediatric Emergency Care Applied Research Network, CT: computed tomography, ciTBI: clinically important traumatic

braininjury.
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Table5. Statistical analysis for PECARN rule positive and negative group with various outcomes

) Abnormal CT Intracranial Isolated simple Clinically important
WETERE finding hemorrhage skull fracture traumatic brain injury
Sensitivity 89.5 (77.8-95.6) 91.7 (76.4-97.8) 85.7 (62.6-96.2) 100.0 (69.9-100.0)
Specificity 57.8 (55.2-60.4) 57.2 (54.6-59.7) 57.8 (55.2-60.4) 56.5 (53.9-59.0)
PPV 7.8(5.9-10.2) 5.0 (3.5-7.1) 2.9 (1.8-4.6) 1.8 (1.0-3.3)
NPV 99.3 (98.4-99.7) 99.6 (98.9-99.9) 99.6 (98.9-99.9) 100.0 (99.4-100.0)

Values are presented as percentage (95% confidence interval).

PECARN: Pediatric Emergency Care Applied Research Network, CT: computed tomography, PPV: positive predictive value, NPV:

negative predictive value.
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