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ABSTRACT

BACKGROUND: Head trauma is a leading cause of death and disability. While standard treatment protocols exist for severe head
trauma, no clear follow-up standards are available for mild head trauma with positive imaging findings in infants and newborns. Although
routine follow-up brain computed tomography (CT) imaging is not recommended for children with moderate and mild head trauma,
the necessity for follow-up imaging in infants and newborns remains uncertain.

METHODS: Our study is a retrospective, observational, and descriptive study. Infants under | year old presenting to the emergency
department with isolated head trauma were reviewed with the approval of the Ethics Committee of Ankara Etlik City Hospital. Inclu-
sion criteria included presentation to the emergency department, undergoing more than one brain CT scan, and sustaining mild head
trauma (Glasgow Coma Scale [GCS] >13). Patients with incomplete follow-up data or multiple traumas were excluded. Age, gender,
mechanism of trauma, initial and follow-up brain CT findings, hospital admission, and surgical procedures were recorded and analyzed
using the SPSS statistical package.

RESULTS: Out of 238 screened patients, 154 were included in the study. Of these, 66.9% were male and the average age was 5.99
months. The most common presenting symptom was swelling at the trauma site, observed in 79.2% of cases. The most common
mechanism of injury was falling from a height of less than 90 cm, accounting for 85.1% of cases. Pathological progression on follow-
up CT was observed in 5.2% of the patients, and only 1.9% required surgical treatment. A total of 34.4% of the patients required
hospitalization. Patients with parenchymal brain pathology had a higher rate of pathological progression on follow-up CT and a longer
hospital stay.

CONCLUSION: Follow-up CT scans in infants with mild head trauma do not alter patient outcomes except in cases with brain
parenchymal pathology. Study data indicated that repeat imaging is not beneficial for isolated skull fractures. Imaging artifacts often
necessitated repeated scans, contributing to increased radiation exposure. Unnecessary repeat imaging escalates radiation exposure
and healthcare costs. Only a small percentage of patients exhibited progression of intracranial pathology, justifying follow-up imaging
solely in the presence of brain parenchymal injury. Larger prospective studies are necessary to confirm these findings.
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INTRODUCTION

Head trauma is recognized as one of the leading causes of
death and disability.l"! Standard treatment protocols are avail-
able for patients with severe head trauma. However, clear
follow-up and treatment standards have not been established
for patients with clinically stable mild head trauma who ex-
hibit positive imaging findings.24 Studies generally do not rec-
ommend routine repeat head computed tomography (CT) in
children with moderate and mild head trauma as they do in
adults. It is recommended that patient follow-up should be
correlated with the clinical assessments and physical examina-
tions instead of routine repeat head CT scans.’! However, the
utility of routine repeat head CT in infants and newborns is
still uncertain due to challenges such as difficulties in conduct-
ing physical examinations and clinical correlations.

Although there are alternative methods for imaging head
trauma in infants and neonates, CT is accepted as the gold
standard despite its associated radiation risk. In cases of seri-
ous injury, generally accepted approaches are employed in in-
fants and neonates, as in adults and older children.[! However,
there are some obstacles in clinical follow-up for infants and
neonates with moderate and mild head trauma because they
have limited self-expression and communication skills. There-
fore, the Glasgow Coma Scale (GCS) is calculated as pediatric
GCS, based on different parameters for children under 2 years
of age.[*”] Additionally, some studies have shown progression
of intracranial pathology detected on brain CT in 18% of pa-
tients without any clinical signs and symptoms.?! This situation
prompts clinicians to request more frequent routine repeat
head CTs to stay within the safe range. Moreover, unnecessary
CT scans are associated with an increased risk of malignancy
due to the higher radiation load for patients, especially infants
and neonates, in subsequent years.[®! The additional costs of
unnecessary scans should also be considered.”

When the literature is reviewed, there are very few studies
questioning the necessity of brain CT in the follow-up of head
trauma in infants and neonates.!'*''! The level of evidence for
the recommendations from these studies is not clear. These
uncertainties complicate the clinical decision-making process,
especially in infants with limited ability to express themselves.
Therefore, it is not possible to generalize the recommenda-
tions for adults and older children to infants and newborns. In
our study, we aimed to contribute to the literature in this field
by questioning the necessity of routine repeat head CT scans
in the follow-up of infants with head trauma.

MATERIALS AND METHODS

Our study is a retrospective, observational, and descrip-
tive study. Our research was approved by the Clinical Re-
search Ethics Committee of Ankara Etlik City Hospital with
the decision dated January 31, 2024, and numbered AESH-
EK1-2023-755, and was initiated following this approval. In
our study, patients admitted to the emergency department
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with isolated head trauma were analyzed. The examination
was performed through the Hospital Information Manage-
ment System (HIS), and patients who were brought to the
emergency department trauma area under the age of | year
and whom the physicians deemed appropriate for routine re-
peat head CT were included. In this system review, applica-
tions between November |, 2022 and November |, 2023
were analyzed.

Inclusion Criteria:

- Being admitted to the emergency department by relatives

- CT scan of the brain performed on patients under | year
of age

- Isolated head trauma as the reason for admission

- Patients with mild head trauma (GCS >13)&!2

Exclusion Criteria:

- Missing follow-up data

- Patients with multiple traumas.

A fall of 90 cm or more was accepted as high-energy trauma.
[31 |n the study, age (in months), gender, trauma mechanisms,
Glasgow Coma Scores (age-matched pediatric GCS), findings
on brain tomography, admission symptoms, additional symp-
toms that developed during follow-up, whether there was
progression in pathological findings on routine repeat head
CT, hospitalization status, number of days hospitalized, and
surgical procedures performed were recorded using the data
collection form. Hospitalization and surgical procedures as
a result of routine repeat head CT were considered study
outcomes.

Statistical Analysis

The SPSS statistical software package was used for the statis-
tical analysis of the data. In the descriptive findings section of
the statistical analysis, categorical variables were presented as
number and percentage, and continuous variables were pre-
sented as mean * standard deviation (SD) for normally distrib-
uted data and median (minimum, maximum) for non-normally
distributed data. The conformity of continuous variables to
normal distribution was evaluated using visual (histogram
and probability graphs) and analytical methods (Kolmogorov-
Smirnov and Shapiro-Wilk tests). Mann-Whitney U and Chi-
square tests were used for pairwise comparisons. The cut-off
value for lactate level was determined by Receiver Operating
Characteristic (ROC) analysis. The statistical significance level
was accepted as p<0.05.

RESULTS

In our study, 238 patients were identified as a result of system
screening. After applying the exclusion criteria, the study was
completed with |54 patients. The patient enrollment schema
and excluded patients are presented in Figure |.

Among the patients included in the study, 103 (66.9%) were
males and 5| (33.1%) were females. The mean age was 5.99
months and the median GCS value was 15. The most common
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Number of Patients Found
As a Result of Screening
n=238

Research Population

n=154

Excluded Patients (n=84 )

- Patients with multitrauma (n=56)

- Patients with missing data (n=24)

- Non-traumatic admissions ( n=4)

Figure 1. Patient admission flowchart.

presenting symptom was swelling at the site of trauma in 122
(79.2%) cases, followed by vomiting in 12 (7.8%) cases. The
most common mechanism of trauma was a fall from a height
of less than 90 cm in 131 (85.1%) cases, followed by falls from
a height of more than 90 cm in Il (7.1%) cases, impact in 9
(5.8%) cases, and in-vehicle traffic accidents (IVTA) in 3 (1.9%)
cases. The first tomography was normal in 56 (36.4%) cases,
a parietal bone fracture was found in 43 (27.9%) cases, and a
frontal bone fracture was found in 16 (10.4%) cases. While
the listed fractures were reported as single bone fractures, 4
(2.6%) patients had fractures in more than one bone. In paren-
chymal evaluations, brain CT was normal in 90 (58.4%) cases,
contusion was found in 12 (7.8%) cases, and subarachnoid
haemorrhage (SAH) was found in 9 (5.8%) cases. In 6 (3.9%)
cases, extra-axial pathology was found, while 2 (1.3%) cases
had findings compatible with congenital disease. Progression
in pathologies was observed in 8 (5.2%) patients with routine
repeat head CT, and surgical treatment was needed in only 2
(1.3%) of these patients. In total, only 3 (1.9%) cases required
surgical treatment. During the follow-up period, only | patient
with a subdural hematoma experienced a change in conscious-
ness and required surgical treatment. Fifty-three (34.4%) pa-
tients were hospitalized, and 101 (65.6%) were discharged
with recommendations. The mean hospitalization duration
was |.08 days (standard deviation [SD] 2.94 days) (Table I).

In 8 patients, pathological progression was found on routine
repeat head CT, and all of these patients were hospitalized.
When comparing patients with and without pathology in
bone structure evaluation in terms of pathological progres-
sion after routine repeat head CT, no statistically significant
difference was found (p=0.59). Patients with brain parenchy-
mal pathology had a higher rate of pathological progression
in routine repeat head CT, and the difference between the
groups was statistically significant (p<0.001). When compar-
ing the hospitalization durations of patients with and without
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changes in routine repeat head CT, the result was statistically
significant (p<0.001) (Table 2).

Comparison of the conditions that may affect the need for
hospitalization and surgical procedures is given in Table 3. P
values could not be given when some values in the table were
lower than expected and more than 25%. P values could not
be provided for the relationship between admission findings
and trauma mechanism in terms of hospitalization and surgi-
cal procedures. There was no statistically significant differ-
ence between patient gender and the need for hospitalization
and surgical procedures. There was also no statistically sig-
nificant difference in hospitalization and surgical procedures
according to the presence or absence of bone injury on CT
(p=0.6, p=0.61). Hospitalization and surgical procedures
were more common in patients with brain parenchymal inju-
ries, and this was statistically significant (p<0.001, p=0.014).
Similarly, the rate of hospitalization and surgical procedures
was higher in patients with routine repeat head CT according
to the increase in detected pathology, and this was statisti-
cally significant (p<0.001, p=0.007). (Table 3)

DISCUSSION

Our study is one of the largest population-based studies in-
vestigating the efficacy of routine repeat head CT in patients
under | year of age with mild to moderate head trauma. Our
results showed that routine repeat head CT did not change
patient outcomes except for brain parenchymal pathology
identified in the first CT scan. Additionally, we found that
artifacts may be the cause of increased radiation, and routine
repeat head CT did not change patient outcomes.

In our study population, males were almost twice as preva-
lent as females. Similar rates are found in other studies in the
literature examining infants and newborns.l'%'' In the review
by Dewan et al. on the epidemiology of pediatric traumas, it
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Table I. Demographic characteristics of the patients and brain computed tomography (CT) and clinical follow-up information

n (%)
Sex
Females 51 (33.1)
Males 103 (66.9)
Age Mean (SD), Median (25-75%) (Months) 5.99 (3.42) 6 (3-9)
GCS Median (25-75%) I5 (15-15)
Trauma Mechanism
Fall <90 cm 131 (85.1)
Fall >90 cm I (7.1)
Collision 9 (5.8)
IVTA 3 (1.9)
CT Bone Assessments
Normal 56 (36.4)
Parietal fracture 43 (27.9)
Frontal fracture 16 (10.4)
Occipital fracture 15 (9.7)
Temporal fracture 2 (1.3)
More than one fracture 4 (2.6)
Artifact 18 (11.7)
Parenchymal Assessment
Normal 90 (58.4)
Contusion 12 (7.8)
Subarachnoid hemorrhage 9 (5.8)
Subdural hemorrhage 7 (4.5)
Epidural hemorrhage 6 (3.9)
Intraparenchymal hemorrhage 4 (2.6)
Artifact 18 (11.7)
Findings of Submission
Swelling 122 (79.2)
Vomiting 12 (7.8)
Seizure 5.2
Altered state of consciousness 6 (3.9)
Fall 7 (4.5)
Cuts 2 (1.3)
Additional Symptom Development at Follow-up
Yes 1 (0.6)
No 153 (99.4)
Progression on Control Brain CT
Yes 8(5.2)
No 146 (94.8)
Hospital Admission
Yes 53 (34.4)
No 101 (65.6)
Surgical Procedure
Yes 3(1.9)
No I51 (98.1)
Number of Hospitalization Days 1.08 (2.94) | (0-3.5)

Mean (SD), Median (25-75%)

IVTA: In-Vehicle Traffic Accident; CT: Computed Tomography; SD: Standard Deviation; GCS: Glascow Coma Scale.
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Table 2. The relationship between bone and parenchymal injury and length of hospitalization according to pathological progression
status on control brain CT

Progression on Control Brain CT

Yes No Total
n (%) n (%) n (%) P
CT Bone Pathology
No 4 (50) 70 (47.9) 74 (48.1) 0.59"
Yes 4 (50) 76 (52.1) 80 (51.9)
Brain CT Parenchymal Pathology
No I (12.5) 115 (78.8) 108 (75.3) <0.001"
Yes 7 (87.5) 37 (21.2) 46 (24.7)
Length of Hospitalization Yes median (25-75%) No median (25-75%) <0.001"
3.5 (2.25-8.75) 0 (0-1)

*Fisher’s exact test. **Mann-Whitney U test. CT: Computed Tomography.

Table 3. The relationship between demographic information, brain CT results, and hospitalization and surgical procedures

Hospital Admission Surgical Procedure
No Yes P No Yes P
Admission Finding
Subcutaneous edema/hematoma 8l 41 120
Vomiting 9 3 12 0
Seizure 0 5 4 |
Altered state of consciousness 3 3 6 0
Fall 6 | 7 0
Cuts 2 0 2 0
Gender
Male 66 37 0.57 101 2 -
Female 35 16 50 |
Trauma Mechanism
Fall <90 cm 87 44 128 3
Fall > 90 cm 7 4 I 0
Impact 7 2 9 0
IVTA 0 3 3 0
Bone Pathology
No 47 27 0.6 72 2 0.61™
Yes 54 26 79 |
Brain Parenchymal Pathology
No 94 22 <0.001" 116 0 0.014~
Yes 7 31 35 3
Progression on Control Brain CT
No 101 45 <0.001™ 145 | 0.007™
Yes 0 8 6 2

*Pearson Chi-Square test. **Fisher’s exact test. IVTA: In-Vehicle Traffic Accident; CT: Computed Tomography.
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is noted that males generally experience trauma more fre-
quently, yet the gender distribution is equal under the age
of 3 years.'l The reason is attributed to males being more
physically active. However, as observed in our study and simi-
lar studies, the male gender consistently experiences a higher
rate of trauma from birth.

Imaging was repeated in approximately 12% of the patients
due to acquisition artifacts. Clinicians favor tomography be-
cause it is a rapid imaging technique that does not require
sedation compared to magnetic resonance imaging.!'"! How-
ever, compliance is almost impossible in infants. We found
that imaging, which has no diagnostic value due to motion
artifacts in children for whom imaging is planned, leads to
repeated imaging and increased radiation load. This is an im-
portant consideration for repeat imaging.

When pathology is detected in brain CT scans performed due
to trauma, progression may be observed in approximately 25%
of patients in follow-up CT scans.’! The rate in our study is
one of the lowest in the literature. It has been shown that pro-
gression is associated with neurological deterioration in adults
and those aged 2 to 18 years.'*!”l In the literature, patients
under 2 years of age have been excluded from studies due to
limitations in neurological examination.”'®! Therefore, there
are few studies that specifically examine this population.l'*'"l In
their study, Utsumi et al. did not recommend routine repeat
head CT without neurological deterioration for children under
2 years of agel''l Engel et al. recommended routine repeat
head CT in cases of positive imaging in patients under | year
of age.l' It has been shown that there are center-based dif-
ferences in routine repeat head CT in cases of bleeding in the
pediatric population.l'® In our study, clinical deterioration was
reported in only | patient, while progression was observed in
the routine repeat head CT of 8 patients. Although there was
no significant progression on routine repeat head CT in skull
fractures, a statistically significant change was observed on
routine repeat head CT in cases of intracranial pathology. This
justifies routine repeat head CT only in the presence of intra-
cranial pathology. No differences were observed in the imaging
of skull fractures only or when the initial imaging was normal.

When routine repeat head CT was analyzed, progression was
observed at a higher rate in patients with parenchymal pa-
thology. It was observed that these patients had a longer hos-
pitalization period. Some studies justify routine repeat head
CT in moderate and severe traumas.!'”

There are also studies that associate routine repeat head CT
only with clinical deterioration.”! In these studies, the severi-
ty of head trauma was measured by the Glasgow Coma Scale.
Although these clinically based classifications have some ad-
vantages, some injuries that may progress with developing
imaging systems may be missed. Our study consisted of mild
head traumas, even if the patients had positive imaging find-
ings. Our results show that routine repeat head CT is justified
in cases of brain parenchymal injury, but in other cases, rou-
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tine repeat head CT is unnecessary for mild injuries.

Our study has some limitations. The retrospective design of
our study is an important limitation. Due to the retrospective
design, we could not standardize the protocol by which re-
peat extractions were performed. Additionally, our study was
performed at a single center. More significant results could
be obtained with an increased number of cases in multiple
centers. We also consider the inclusion of long-term results
of discharged patients as a limitation. Although it may seem
like a limitation that our study included only mild head trau-
mas, we view this as a strength of the study and believe that
we have contributed to filling an important gap in the litera-
ture. Although the clinical consensus for mild head trauma is
a GCS score of 14 and above, some clinicians accept it as 13
points and above.[*'? In our study, we accepted the definition
of mild head trauma as a GCS score of 14 and above.

CONCLUSION

In light of our findings, we conclude that repeat imaging in in-
fants and neonates with mild head trauma is necessary in the
presence of intracranial pathology. In cases such as isolated
skull fractures, we found that routine repeat head CT did not
change patient outcomes. We found that artifacts and clini-
cians' concerns were the reasons for increased repeat imaging
in infants and newborns with limited follow-up and treatment
compliance. Validation studies with a prospective design and
higher numbers of patients are needed to confirm our data.
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ORIJINAL CALISMA - 0Z

Acil up hekimleri igin zor bir karar: Bebekler ve yenidoganlarda kafa travmasinda rutin
tekrarlayan bilgisayarli beyin tomografisi

Burak Katipoglu,' Nurullah ishak Isik,' Omer Faruk Turan,' Safa Donmez,? Yusuf Yavuz,® Ensar Durmus,* Attila Bestemir,'
Dariusz Timler®

'Ankara Etlik Sehir Hastanesi, Acil Tip Klinigi, Ankara- Ttirkiye

2Ankara Bilkent Sehir Hastanesi, Acil Tip Klinigi, Ankara- Ttirkiye

3Konya Sehir Hastanesi, Genel Cerrahi Klinigi, Konya-Ttirkiye

“Sakarya Egitim Ve Arastirma Hastanesi, Acil Tip Klinigi, Sakarya- Ttirkiye

5Lodz Tip Universitesi, Acil Tip Ve Afet Tibbi Anabilim Dali, Polonya

AMAC: Kafa travmasi, lim ve sakathgin 6nde gelen nedenleir. Agir kafa travmasi igin standart tedavi protokolleri mevcutken, bebeklerde ve

yenidoganlarda pozitif goriintiileme bulgulari olan hafif kafa travmalari igin net takip standartlari bulunmamaktadir. Orta ve hafif kafa travmasi olan
gocuklarda kontrol beyin BT goriintlilemesi rutin olarak onerilmezken, bebekler ve yenidoganlarda kontrol gériintiileme ihtiyaci belirsizligini
korumaktadir.

GEREC VE YONTEM: Calismamiz retrospektif, gézlemsel ve tanimlayici bir caligmadir. Ankara Etlik Sehir Hastanesi Etik Kurulu onayr ile acil servise
izole kafa travmasi ile bagvuran | yas alti hastalar incelendi. Dahil edilme kriterleri arasinda acil servise bagvuru, birden fazla beyin BT ¢ekilmesi ve
hafif kafa travmasi (GKS >13) yer aldi. Eksik takip verileri veya goklu travmasi olan hastalar harig tutuldu. Yas, cinsiyet, travma mekanizmasi, ilk ve
kontrol beyin BT bulgulari, hastaneye yatis ve cerrahi islemler kaydedildi ve SPSS istatistik paketi kullanilarak analiz edildi.

BULGULAR: Tarama sonucu bulunan 238 hastadan 154'U calismaya dahil edildi. Bu |54 hastanin %66.9'u erkekti ve yas ortalamasi 5.99 aydi. En sik
basvuru semptomu 9%79.2 ile travma bélgesinde sislikti. En sik goriilen travma mekanizmasi %85. | ile diisme (<90 cm) idi. Kontrol BT'de patolojik
ilerleme hastalarin %5.2'sinde gézlendi ve yalnizca %1.9'unda cerrahi tedavi gerekti. Hastalarin %34.4'U hastaneye yatirildi. Beyin parankimal patolo-
jisi olan hastalar, kontrol BT'de daha yiiksek oranda patolojik ilerleme ve daha uzun hastanede kalis gosterdi.

SONUC: Hafif kafa travmali bebeklerde kontrol beyin BT taramalari, beyin parankimal patolojisi olan vakalar disinda hasta sonuglarini degistir-
memektedir. Calisma verileri izole kafatasi kiriklarinda tekrar gorintilemenin faydasi olmadigini gosterdi. Gortintiileme artefaktlari, taramalarin
tekrarlanmasini gerektirmis ve bu da radyasyona maruz kalmanin artmasina katkida bulunmustur. Gereksiz tekrarlanan gorintiileme, radyasyona
maruz kalmayi ve maliyetleri artirmaktadir. Hastalarin kiilik bir yiizdesinde intrakraniyal patolojinin ilerlemesi gézlendi, bu da kontrol gériintiile-
menin yalnizca beyin parankimal hasari varliginda yapiimasini hakli gostermektedir. Bu bulgulari dogrulamak igin daha biiyiik 6rneklem blyiikligiine
sahip prospektif calismalara ihtiyag vardir.

Anahtar sozclikler: Bebekler; beyin BT goriintiilemesi; hafif kafa travmasi; kafa travmasi; kontrol BT; radyasyon maruziyeti; yenidoganlar.
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