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Abstract: Objective: Incidental findings (IFs) are newly discovered abnormal findings unrelated to the primary purpose of
imaging. Brain computed tomography (CT) scan is one of the most essential and initial imaging evaluations for
head trauma patients, which may also have nontraumatic IFs. We aim to investigate the prevalence and nature
of IFs in brain CT scans of head trauma patients.

Methods: We conducted a cross-sectional study to evaluate brain CT scans of 1006 head trauma patients over
one year (April 2021 to March 2022), to identify incidental findings by consensus agreement of two radiologists.
We categorized the incidental findings into four categories based on appropriate follow-up recommendations.
Results: We included 1006 head trauma patients who underwent brain CT scan, of which 126 incidental findings
were discovered in brain CT scan of 107 patients. The prevalence of incidental findings was 10.6% (107/1006).
The most common incidental finding was brain atrophy (n=15, 11.9%). The mean age of patients with IFs was
significantly higher than those without IFs, but there was no difference between the two groups regarding gen-
der.

Conclusion: The discovery rate of incidental findings of brain CT scans in head trauma patients was consider-
able. Serious medical findings that need immediate evaluation were found in 5.6% of patients, mostly over the
age of 40. Therefore, patients who have clinically significant incidental findings need improved documentation
and follow-up to evaluate the long-term outcomes and reliability of imaging results.
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1. Introduction important, IFs can increase patient stress, further diagnos-
tic testing, and increase costs (7). The clinician must there-
Incidental findings (IFs) are unexpected abnormalities dis- & @ .
. i L. . . fore be able to handle unexpected findings to prevent unfa-
covered during diagnostic imaging studies that are not re- . . L. .
. . vorable outcomes. Despite their potential impact on patient

lated to the primary purpose of the examination (1). The

prevalence of IFs is increasing due to the growing number of
imaging techniques performed per patient (2). IFs can occur
in various imaging techniques of different body regions, and

outcomes, there is a knowledge gap about the frequency and
management of these IFs in ED that should be addressed. In
the present study, we aimed to assess the prevalence of IFs

brain CT i d during the evaluati f head
their management depends on the type and severity of the on brafn .+ scans perlormed curing the evatiation ot hiea

finding (1,3,4).

In emergency departments (ED), head trauma is a frequent
reason for computed tomography (CT) scans, and non-
traumatic IFs can also be detected. Head trauma leads to ap-

trauma in the ED.

2. Methods

This cross-sectional study was performed in Amin Hospital,

proximately 69 million ED visits annually around the world
(5), affecting a broad age spectrum from infants to the el-
derly. Brain CT scan is the most commonly used imaging
technique for evaluating head trauma patients in ED (6). As
well as revealing intracranial bleeding or skull fractures, brain
CT scans are also sensitive to a wide range of non-traumatic
IFs. These IFs ranged from insignificant normal variations to
clinically significant findings which may need urgent medi-
cal action. Even if some of these findings are not clinically

an Isfahan University of Medical Sciences affiliated, level 1
trauma center with an annual volume of approximately1500-
2000 trauma patients in Isfahan, Iran. From April 2021 un-
til March 2022, among 1525 head trauma patients admit-
ted to the ED who underwent an emergency brain CT scan,
1006 patients were included in this study through conve-
nience nonprobability sampling method. Patients with pre-
vious surgery or trauma, and patients with poor image qual-
ity or non-standard CT scans were excluded from the study.
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Frequency, gender distribution, age, and follow-up categories for each incidental finding

Incidental finding Number Age (mean+SD) Male Follow up category
Number
(Percent)
Meningioma 11 71.36+13.79 2 (18%) Routine follow-up
Tumor Lipoma 3 44.67+13.31 3 (100%) No further evaluation
Choroid plexus xanthogranuloma 2 50+28.28 2 (100%) No further evaluation
Other tumors 4 47.25+20 3 (75%) Immediate evaluation
Arachnoid cyst 5 29.41+ 31.55 4 (80%) No further evaluation
Cyst Colloid cyst 1 46 1 (100%) Routine follow-up
Other cysts 2 37.5+7.77 1 (50%) No further evaluation
Calcified vascular malformation 3 40+8.54 2 (66%) Routine follow-up
Vascular-related Small vessel disease 11 74.64+11.64 7 (63%) Routine follow-up
abnormality Single Virchow-Robin 1 3 1 (100%) No further evaluation
Hyperostosis frontalis 12 66.25+13.28 0 (0%) Routine follow-up
Skull abnormality Metopic suture 1 25 1 (100%) No further evaluation
Scaphocephaly 1 4 1 (100%) Routine follow-up
Encephalocele 1 36 1 (100%) Routine follow-up
Asymmetric ventricle 6 13.5+8.31 4 (66%) Routine follow-up
Ventricularabnormality Hydrocephaly 1 5 1 (100%) Immediate evaluation
Cavum septi pellucidi 13 20.33+17.75 10 (77%) No further evaluation
Cavum vergea 6 15.50+10.38 5 (83%) No further evaluation
Subarachnoid space Benign enlargement of the
abnormality subarachnoid space in infancy (BESSI) 2 0.54+0.29 2 (100%) Routine follow-up
Giant cisterna magna 9 24.44+18.88 8 (89%) No further evaluation
Parenchyma 1 19 1 (100%) Routine follow-up
Calcification Basal ganglia 7 51.14+23 4 (57%) Routine follow-up
Infarct Temporal lube 1 70 1 (100%) No further evaluation
Brain atrophy Generalized atrophy 15 65.93+21.04 9 (60%) Non-emergency follow-up
Cerebellar atrophy 1 57 0 (0%) Routine follow-up
Orbital abnormality Vitreous hemorrhage 1 42 1 (100%) Immediate evaluation
Adenoid hypertrophy 1 5) 1 (100%) Non-emergency follow-up
Ears, nose, throat Dermoid cyst 1 42 1 (100%) Non-emergency follow-up
Ethmoid osteoma 1 87 0 (0%) Routine follow-up
Sinusitis 1 40 1 (100%) Non-emergency follow-up

UE1D PR Age and gender distribution for follow-up categories

Category I Immediate Category II ¢ Routine Category III b Non- Category IV No further P-value*

evaluation (n=6) follow-up (n=46) emergency follow-up evaluation (n=38)
(n=17)
Age, mean+SD  39.3+22.9 50.7+27.3 57.8+24.2 26.6+21.5 <0.001
Gender, male (%) 5 (83.3%) 17 (36.9%) 12 (70.5%) 32 (84.2%) <0.001

*: Results from one-way ANOVA and chi-squared test, as appropriate; a: P values <0.001 resulted from a comparison of category
IV vs. category II; b: P values <0.001 resulted from a comparison of category IV vs. category III; SD: Standard deviation

The sample size estimation was performed using the formula
n=(Z1- a/2)2 x {P (1-P)}/d?, with an estimated prevalence of
incidental findings in brain CT scans of approximately 10.9%
based on the previous study (8). Taking into account a 95%
confidence interval and an absolute precision error of 2%,
and using the value of Z corresponding to a confidence level
of 1.96, the minimum sample size was estimated to be 932.
However, in this study, the sample size reached 1006. Isfahan
University of Medical Sciences Ethics Committee approved
the study protocol.

The researchers obtained patient demographic data from
electronic medical records and utilized the picture archiv-
ing and communication (PACS) system to access CT scans.
Two board-certified faculty radiologists at the IUMS inde-

pendently reviewed all brain CT scans (MAN and FA). In case
of disagreement between two radiologists regarding the acci-
dental finding or its details, it was resolved through discus-
sion and consensus. In patients with more than one brain CT
was performed, we only analyzed the first CT scan. All pa-
tients underwent a 64-slice CT scan (Hitachi, Japan) includ-
ing 15-25 sections (each section being 5mm thick at the skull
base to the vertex) at approximately 20 degrees’ tilt from the
orbitomeatal line.

In this study, all non-trauma-related abnormalities that had
not been previously reported in the patient’s imaging stud-
ies and were not documented in their medical records were
reported as incidental findings, which included age-related
changes. IFs discovered in brain CT scans of head trauma
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patients were classified based on their nature and anatom-
ical location. Also, after abstracting the IFs and reviewing
the literature (3,9-15), a categorization scheme of incidental
findings was developed by consensus between MAN and FA
as follows: 1. An immediate evaluation is required for these
findings. 2. Routine follow-up is recommended for these
findings, as they do not require immediate or urgent medi-
cal evaluation. However, it is important to report them to the
referring physician. 3. Non-emergent evaluation is required
within weeks of the study for any abnormality that will need
further, yet non-emergent evaluation. 4. No further evalu-
ation is necessary for these findings, as they are considered
normal or commonly found in asymptomatic subjects. For
cases with more than one incidental finding, the worst cat-
egory was considered as the evaluation category. Currently
available guidelines and articles were reviewed to determine
appropriate treatment recommendations and evaluate the
clinical significance of every incidental finding.

Categorical data is represented using frequencies and per-
centages, and continuous data are expressed as the mean
(xstandard deviation (SD)) or median (interquartile range
(IQR)). The Kolmogorov-Smirnov test was employed to assess
the normality of all continuous variables. We used the chi-
squared test for categorical variables and the Mann-Whitney
U test for continuous variables. Between-group differences
in IF categories regarding the mean age and gender distribu-
tion were assessed by ANOVA and chi-squared tests, respec-
tively. The statistical analysis was performed using SPSS (ver.
26.0 IBM Corp., Armonk, NY, USA). A significance level of 0.05
was used in the analysis.

3. Results

Among 1006 head trauma patients who underwent brain CT
scan (age (mean+SD): 42.6+ 27.3, male: 630 (62.6%)), a total
of 126 incidental findings were discovered in brain CT scan of
107 patients (age (mean+SD): 43.8+26.8, male: 66 (61.6%)).
Of these, 18 patients (16.8%) had more than one incidental
finding. These patients with multiple incidental findings had
amean (+SD) age of 55.6+28.7 years, and 18 (66.6%) of them
were male.

The overall prevalence of IFs in brain CT scans was 10.6%
(107/1006), and this prevalence was equal to 8.6%, 9.3%,
and 15.2% in terms of three age categories, younger than 18
years, 18-60 years, and older than 60 years, respectively. Pa-
tients who had IFs in their brain CT scans were significantly
older than patients without IFs (age (mean+SD): 43.8+ 26.8
vs. 36.5+ 24.2; P=0.004). There was no statistically significant
difference between head trauma patients with or without IF
regarding gender (61.6% (male) vs. 62.7% (female); P= 0.91).
The most common incidental finding in our head trauma pa-
tients was brain atrophy (n=15, age (mean+SD): 65.93+21.04),
followed by cavum septi pellucidi (CSP) (n=13, 10.3%) and
hyperostosis frontalis (n=12, 9.5%). Evidence of tumor was
seen in the brain CT scan of 21 patients, among which in the
brain CT scan of 16 patients, the evidence was in favor of a

radiological diagnosis of benign tumors, and in 5 patients,
the radiological diagnosis was not considered. The rate of
neoplastic IFs was 2.08% in our patients. Significant age dif-
ferences were observed between patients who have neoplas-
tic IFs and non-neoplastic IFs (age (mean+SD): 63+19.4 vs.
38+26.8, P=0.00). A total of 8 intracranial cysts were identi-
fied (0.79%), including 5 arachnoid cysts (0.49 %), one col-
loid cyst 0.09 %), and two other cysts (0. 19%). Extracranial
findings related to otolaryngology were identified in 0.39% (4
patients) of the subjects and one patient had vitreous hem-
orrhage. Table 1 shows a list of incidental findings as well as
frequency, mean age, and gender distribution in each of the
findings.

Regarding the clinical significance and timing of follow-up
and assessment of findings, an immediate evaluation was re-
quired for 6 (5.6%) patients, routine follow-up was recom-
mended for 46 (42.9%) patients, non-emergent evaluation
was recommended for 17 (15.8%) patients, and no further
evaluation was necessary for 38 (35.5%) patients. Table 2
demonstrated the mean age and gender distribution for each
IF category. Notably, the mean age in category IV is consider-
ably lower compared to categories II and III (age (mean+SD)
:26.6+21.5 vs. 50.7+27.3 and 26.6+21.5 vs.57.8+ 24.2 respec-
tively, P<0.001).

4, Discussion

In our study, we reviewed brain CT scans obtained from 1006
head trauma patients. Within this group, a total of 126 in-
cidental findings were identified in brain CT scans of 107
patients. The prevalence of incidental findings in brain CT
scans of head trauma patients referred to our ED was found
to be 10.6%, which is consistent with the findings reported
in previous studies (9-11). Regarding the prevalence of inci-
dental findings in CT scans of various body regions, the rates
of incidental findings in abdominal/pelvic and then thoracic
CT scans are higher than in brain CT scans (9,12,13). Never-
theless, the frequency of incidental findings in brain CT scans
conducted in ED is considerably high as a consequence of the
more extensive use of brain CT scans compared to CT scans
that evaluate additional anatomical regions for trauma pa-
tients.

The frequency of incidental findings in brain CT imaging ex-
hibits considerable variation across studies (3), with some
studies reporting a prevalence of incidental findings in brain
CT scans of trauma patients that is half to two times higher
than our reported findings (12-15). Evans et al. in a recent
meta-analysis reported the overall prevalence of IFs in CT
scans of trauma patients to be 35% (95% CI: 24%,47%) and
the rate of IFs in brain CT scans to be 5% (95% CI: 3%,9%) (1).
The observed variations can be attributed to differences in
age cohorts, patient study demographics, and the reported
classifications of findings. In this regard, our analysis in-
cludes extracranial findings as well as intracranial findings,
which may contribute to the difference from a previous study
that exclusively considered intracranial findings on brain CT
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scans and showed a 1% incidental finding rate (16).

The highest prevalence of IFs in the current study was found
in the age group over 60 years, accounting for 15.2%. In an-
other study conducted on brain MRI of 503 volunteers over
65 years of age with a mean age of 73 years, the prevalence
of incidental findings was reported as 77.9% (17). Further-
more, in another study aimed at determining predictive fac-
tors for the presence of incidental findings in emergency CT
scans, age was reported as one of the predictive factors for
the presence of incidental findings, as well as the presence of
incidental findings of high clinical significance (10). Also in
our study, the rate of neoplastic IFs in brain CT exhibited a
greater prevalence in older patients. These findings highlight
the importance of considering age as a factor in interpreting
imaging studies and emphasize the need for further research
in this area.

The prevalence of IF in brain CT of patients younger than
18 years in the present study was 8.6%. However, in a com-
prehensive investigation performed by Rogers et.al., they re-
ported a 4% prevalence of IFs in the study population by ex-
amining brain CT scans of 15831 children with head trauma
(18).

the most prevalent incidental finding in our study was gener-
alized brain atrophy followed by CSP, hyperostosis frontalis,
small vessel disease (SVD), and meningioma. Some of them,
such as meningioma, are so prevalent that the term "inciden-
tal meningioma" is used for it. In fact, it is essential to note
that approximately 38.9% of newly diagnosed meningiomas
are discovered during the evaluation of asymptomatic pa-
tients using brain MRI and CT imaging modalities (19). Al-
though these tumors are benign and do not require emer-
gency action, other brain tumors that are more invasive may
also be incidentally detected in brain CT scan of trauma pa-
tients. In a study conducted by Russeler et al. 0.4% of IFs
in brain CT scan of trauma patients were brain masses sus-
pected to be astrocytoma (20). A recent systematic review
of IFs detected on CTs performed in the ED revealed that up
to 2% of these findings were indicative of early-stage malig-
nancies in studies reporting follow-up data after incidental
findings (1). The identification of incidental findings in these
cases presents a notable obstacle for trauma centers, requir-
ing a systematic approach to ensure effective management
and subsequent monitoring. However, the majority of IFs do
not possess significant clinical relevance. On the other hand,
the declaration of these insignificant findings can lead to in-
creased clinical responsibilities and costs, as well as poten-
tially presenting patients with psychological or financial dis-
tress, while also subjecting them to interventions that may
carry potential harm (21,22). The complex series of medi-
cal interventions carry a significant probability of adverse ef-
fects. In this context, Ganguli et al. demonstrated that a ma-
jority of physicians, specifically 62.8%, expressed the belief
that the provision of accessible guidelines about the man-
agement of incidental findings would serve to mitigate the
adverse consequences associated with cascade effects (23).

The incidental findings committee of the American College
of Radiology has released white papers that provide offi-
cial recommendations for reporting incidental findings (24).
These recommendations cover a wide range of findings and
often include specific methodologies for determining the
timing and modalities of additional testing based on the ra-
diographic features of a particular finding. Unfortunately,
there are no established protocols for diagnosing and ap-
proaching IFs in brain CTs at this time. Although there are
guidelines for how to deal with incidental findings in brain
MRI (25,26), these incidental findings in brain MRI are usu-
ally seen in people who voluntarily participate in research,
and their follow-up will be different from what happens in
the emergency department (27,28).

Our investigation revealed that 5.6% of IFs required emer-
gent attention in the follow-up categories. These included
brain masses, hydrocephalus, and vitreous hemorrhage. and
the vast majority of our IFs were classified as mild, requiring
non-emergent investigation or no further evaluation.

5. Limitations

The main limitation of our study is that we did not investi-
gate follow-up patients to identify whether the documented
IFs in this study corresponded to eventual neurologic diag-
nosis. Generally, despite certain histopathological findings
being similar to those found on typical tomography, in some
cases, the histopathological diagnosis may be different. As
a result, certain findings may be over-reported, e.g. malig-
nancy or cyst.

6. Conclusion

In conclusion, the prevalence of incidental findings on brain
CT scans performed during the evaluation of head trauma
in the ED is considerable. Brain atrophy was the most com-
mon finding. Immediate evaluation or routine follow-up was
recommended for more than half of IFs. Further studies
are recommended to determine the level of agreement with
more precise modalities based on IFs and the agreement with
pathological and histological results.
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