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Abstract

Background: Apparently, asymptomatic intracranial anomalies of potential clinical significance are becoming
problematic, especially with the increase of use of brain MRI by clinicians and researchers. Performing MRI at higher
resolution and stronger magnetic field and with more selective sequences has led to the detection of subtle brain
anomalies that were not detected previously. Incidental findings are defined as previously undetected anomalies of
potential clinical relevance that are unexpectedly detected and not related to the indication of the scan.
Knowing about their existence would help clinicians to inform their patients of the potential risks and plan for
long-term follow-up when indicated.

Results: Seven hundred fifty-three neurologically healthy subjects (389 males and 364 females) who underwent MRI
scanning of the brain were screened for the presence of incidental findings, and the prevalence of each finding
was recorded. Incidental findings were recorded in 11.7% of the subjects with meningiomas being the most
commonly encountered finding (2.5%) followed by vascular malformations (aneurysms, cavernomas) in about 2% of
the subjects. Meningiomas, cavernomas, and aneurysms had significantly higher prevalence in females than in
males. The prevalence of neoplastic incidental findings increased with age, while the detection of non-neoplastic
findings seemed to decrease with age.

Conclusion: Incidental findings were relatively common in the adult Egyptian population. The most common
findings were meningiomas, followed by vascular malformations and arachnoids cysts. Knowing about their
existence will help directing patients towards the proper specialist and plan for appropriate follow-up to avoid
potential clinical hazards. It also raises the awareness of the importance of screening the brain scans while scanning
the patient for other purposes like scanning the paranasal sinuses, orbits, and petrous temporal bones.
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Background
Over the past decades, MRI brain imaging acquired a firm
position in clinical practice and medical research as a
powerful means of detecting both anatomic and functional
information about the brain [1]. Subsequently, the detec-
tion of incidental findings (i.e., previously undetected
anomalies of potential clinical relevance that are unex-
pectedly detected and not related to the indication of the

scan) in large numbers of presumably neurologically
healthy participants became a well-recognized and more
frequent topic of concern [2, 3].
Knowing the chance of discovering incidental brain

findings would help clinicians to inform their patients of
the potential risks and plan for long-term follow-up
when indicated [4, 5].
Previous studies investigated the prevalence incidental

findings, such as brain tumors and vascular malforma-
tions, in healthy volunteers or in patients who underwent
MRI scanning for various reasons [6, 7]. To date, few
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population-based studies have reported the occurrence of
incidental brain findings [8].
Subclinical white matter ischemic changes such as white

matter hyper-intensities and asymptomatic brain infarcts
are not generally classified as incidental findings, the
prevalence of which are known to be high in elderly age
groups and increases with age [9–11]. They are usually
considered to be a part of the normal aging process of the
brain [11]; thus, they were not included in our study.
The current study reports on the prevalence of inci-

dental findings of potential clinical significance on brain
MRI in the adult Egyptian population (excluding white
matter ischemic changes) detected by high-resolution
brain MRI in 753 neurologically healthy subjects.

Methods
Study population
This retrospective observational study was conducted in
the period from January 2017 to November 2019. It in-
cluded 753 adult patients (389 {51.7%} males and 364
{48.3%} females), with a mean age of {± SD} 49.8 years
{± 18.68}, age range (18–96 years). They were referred to
radiology department for MRI scanning of the orbits,
paranasal sinuses (PNS), or petrous temporal bones. Pa-
tients were referred with a variety of symptoms includ-
ing nasal obstruction, sinus headache, proptosis, local
orbital swellings, and hearing problems. Initial scans in-
cluded axial FLAIR and axial T2WI of the whole brain.
Upon spotting an incidental brain lesion during the ini-
tial review, the scan was extended following the standard
brain MRI protocol described below. Inclusion criteria
were the following: adult patients who were neurologic-
ally healthy with no clinical evidence of neurologic def-
icit. Exclusion criteria were the following: patients with
incidental brain finding that might be related to patient’s
chief complaint and scans significantly compromised
by motion artifacts. Out of the 830 scans initially
reviewed, 753 patients were finally included in the
study. The study was approved by the local Research
Ethics Committee on 24 November 2019, reference
number of approval: 191119-RAD-12. All patients in-
cluded in this study gave written informed consent to
participate in this research.

Examination protocol
MRI scans were performed using a 1.5-Tesla unit
(TOSHIBA, Excelart Vantage). Patients were scanned in
the supine position using a 16-channel head coil. Before
MR examination, patients were asked to remove any me-
tallic objects around the head. Five hundred thirty-five
patients received intravenous contrast agents according
to the main indication of the scan.

The basic MRI scan protocol of the brain included
T1WI (TR = 464m/s, TE = 12 m/s, FOV = 24 cm, NS =
20, matrix = 192 × 352 pixels), T2WI (TR = 4300 m/s,
TE = 105m/s, matrix = 256 × 448 pixels), and FLAIR
(TR = 7200 m/s, TE = 100m/s, TI = 2000m/s, matrix =
192 × 352 pixels) were obtained in the axial plane using
5-mm contiguous scans. Sagittal T1WI (TR = 540m/s,
TE = 17 m/s, FOV = 25.6 cm, matrix = 192 × 320 pixels,
ST = 4.6 mm), coronal T2WI (TR = 4280m/s, TE = 105
m/s, FOV = 24 cm, matrix = 192 × 448 pixels, ST = 6
mm), and DWI (b = 1000, TR = 6800 m/s, TE = 120m/s,
FOV = 26 × 26 cm, matrix = 128 pixels, ST = 5.3 mm)
were also obtained.

Assessment of incidental findings
Images were transferred by computer network to work-
station (Aze Virtual Place FujinRaijin 310) on which im-
ages were carefully examined. A trained radiologist (with
more than 10 years of experience in neuroradiology) ex-
amined the scans and recorded the presence of inciden-
tal findings. Patients having multiple similar findings
were counted as one finding (e.g., multiple meningi-
omas), while patients having two different findings were
counted separately.
Seven patients required referral to specialists (neurolo-

gist, oncologist) (5 patients with subdural collections “2
of which underwent surgical evacuation,” 1 patient with
suspicious low-grade glioma (DENT), and 1 patient with
suspicious metastatic deposits). Diagnosis of neoplastic
lesions was based on the imaging findings and no histo-
pathologic confirmation was obtained.
Nineteen patients with meningiomas, 6 patients with

aneurysms, 9 patients with pituitary macroadenomas,
and 11 patients with arachnoid cysts were also referred
to specialists (neurologist, internist) for further assess-
ment and long-term follow-up.
The rest of the patients were informed about their un-

expected abnormalities and reassured.
Anatomic variants of no clinical significance like cavum

septum pellucidum and lateral ventricles asymmetry, as
well as empty sella turcica and dilated Virchow-Robin
spaces (VRS) were not included in the study. The current
study did not include white matter hyper-intensities or la-
cunar infarcts either, being prevalent in the old age group
and considered by most authors to be a part of the normal
aging process of the brain.

Statistical analysis
Results were analyzed using an IBM compatible personal
computer with SPSS statistical package version 23 (SPSS
Inc. Released 2015. IBM SPSS Statistics for Windows,
version 23.0, Armnok, NY: IBM Corp).
Data was expressed in number (No), percentage (%),

mean (x), and standard deviation (SD). Z test was used
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to compare two proportions in two groups. Two-sided P
value of < 0.05 was considered statistically significant.

Results
This study included 753 adult patients, 389 males
(51.7%) and 364 females (48.3%). Their ages ranged from
18 to 96 years (mean {± SD} = 49.8 ± 18.68 years). Inci-
dental brain findings of potential clinical relevance were
reported in 88 patients (11.7%) with 96 recorded anom-
alies. Eighty patients had a single anomaly and 8 patients
had 2 anomalies. Forty-nine anomalies (51%) were found
in women while 47 anomalies (49%) were found in men.
Table 1 showed the prevalence of each recorded inciden-
tal finding. Figures 1 and 2 showed a selection of the in-
cidental findings that were encountered in the current
study. Among the recorded findings, meningiomas were
the most common (19 meningiomas, 2.5%) with a mean
longest axis of 15 mm. All of them were supratentorial
in location (8 convexity meningiomas, 5 falcine meningi-
omas, 4 sphenoid wing meningiomas, and 2 sub-frontal
meningiomas).

Vascular malformations were relatively common in the
current study found in 21 participants (2.7%). Among
the encountered vascular malformations, cavernomas
were the most prevalent, found in 9 participants (1.2%)
(most of them were found in right parietal lobe “6 cases,
0.8%”), followed by aneurysms which were detected in 6
cases (0.8%). All aneurysms were found in the anterior
circulation (A-com) with a mean diameter of 6 mm.
None of them exceeded 10 mm in diameter.
Intracranial cysts were also relatively common in our

study, found in 22 cases (2.9%). Arachnoid cysts were the
most prevalent, detected in 11 participants (1.46%), with a
mean longest diameter of 21mm. Most of them (7 cases,
0.9%) were supratentorial. Cerebellopontine angle epi-
dermoid cysts were detected in 3 cases (0.4%).
Pituitary macroadenomas were detected in 9 cases (1.2%).

Vestibular schwannomas had a prevalence of 0.26% (2
cases).
In the current study, one possible malignant low-grade

brain tumor (DENT) was detected that was not histolog-
ically confirmed. In another patient, an enhancing het-
erogeneous mass within the 4th ventricle was detected,
and by revising patient’s history, it was found that he
had been treated for bronchogenic carcinoma (meta-
static deposit).
Congenital malformations were detected in 11 cases

(1.46%). Among the participants, Chiari I malformation
was the most prevalent congenital malformation, de-
tected in 6 participants (0.8%). Subdural collections were
detected in 5 cases (0.66%) (bilateral in 2 cases and uni-
lateral in 3 cases).
The prevalence of meningiomas was significantly higher

in females than in males (female to male ratio = 2.1:1)
(P < 0.001). Aneurysms and cavernomas were also more
prevalent in females (male to female ratio = 2:1 for both
lesions). While for pituitary macroadenomas and arach-
noid cysts, there was no significant gender predilection.
Table 2 and Fig. 3 summarized the male to female ratio of
the most commonly detected abnormalities.
Seventy eight percent (78%) of non-neoplastic lesions

were found in the age group 18–44 years. This percent-
age was significantly higher than the neoplastic lesions
recorded in the same age group (12.2%) (P ˂ 0.001). On
the other hand, 58.5% of the neoplastic lesions were
found in patients aged 45–59 years which was signifi-
cantly higher than of the non-neoplastic lesions detected
in the same age group (7.3%) (P ˂ 0.001).
Table 3 and Fig. 4 showed the prevalence of neoplastic

and non-neoplastic incidental findings in different age
groups.

Discussion
Over the past decades, brain MRI has gained more sig-
nificance in clinical practice and medical research. Its

Table 1 The prevalence of each recorded incidental finding in
753 MRI scans

Abnormality No. (%)

Vascular malformations

- Aneurysm 6 (0.8 %)

- Cavernoma 9 (1.19 %)

- Developmental venous anomaly 3 (0.4 %)

- Vertebro-basilar dolicoectasia 3 (0.4 %)

Benign tumors

- Meningioma 19 (2.5 %)

- Shwannoma 2 (0.26 %)

- Intracranial lipoma 7 (0.92 %)

- Pituitary macro-adenoma 9 (1.2 %)

Malignant tumors

- Metastasis 1 (0.13 %)

- DENT 1 (0.13 %)

Intracranial cysts

- Arachnoid cyst 11 (1.46 %)

- Epidermoid cyst 3 (0.4 %)

- Dermoid cyst 1 (0.13 %)

- Choroidal fissure cyst 2 (0.26 %)

- Choroid plexus cyst 2 (0.26 %)

Other findings

- Chiari I malformation 6 (0.8 %)

- Corpus callosum agenesis 3 (0.4 %)

- Dandy walker variant 2 (0.26 %)

- Subdural collection 5 (0.66 %)
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rapidly growing technical advances and increased availability
led to widespread use. Subsequently, reporting the presence
of incidental findings has become a well-recognized and
more frequent topic of concern [12, 13]. Many population-
based studies have been carried out to investigate the preva-
lence rate of incidental brain findings of potential clinical
relevance in general population, like the Rotterdam study
carried out in Netherlands in 2005 [3]. To our knowledge,
no previous data has been published about the prevalence
of incidental brain findings in Egyptian population.
In the current study, a retrospective analysis of MRI

scans for 753 neurologically healthy subjects (389 males
“51.7%” and 364 females “48.3%”) was performed. Their
ages ranged from 18 to 96 years. Incidental brain findings
of potential clinical relevance were reported in 88 (11.7%)
patients. These results were consistent with the results re-
corded by Bos et al. [12] in a population-based study. They
scanned 5800 participants and found that incidental find-
ings were detected in about 10% of the participants.
The results in the current study were higher than the

results obtained by Vernooij et al. [3]. They held a popu-
lation based study in Rotterdam, Netherlands, in 2005
on 2000 participants and reported a prevalence rate of
5.8% for incidental findings (excluding the vascular white
matter lesions).

Among the recorded findings, meningiomas were the
most common (2.5%) with a mean longest axis of 15
mm. These results were consistent with the results re-
corded by Bos et al. [12]. They recorded a 2.4% preva-
lence rate for meningiomas with a mean size of the
longest axis = 13mm. Vernooij et al. [3] recorded a lower
prevalence rate of for meningiomas (0.9%).
Vascular malformations were recorded in 2.7% of the

patients. Sandeman et al. [14] reported close findings,
about 2%.
Aneurysms were detected in 0.8% of the patients.

These findings were close to the results obtained by
Tsushima et al. [15]. They scanned 1113 adult partici-
pants aged 18–84 years and reported a 0.62% prevalence
rate for aneurysms. Vernooij et al. [3] reported a higher
prevalence rate for aneurysms, about 1.8%.
Arachnoids cysts were also relatively common in

the current study detected in 1.4% of the patients.
Vernooij et al. [3] reported a similar prevalence rate,
about 1.1%.
In the current study, 2 possible malignant tumors were

found (one metastatic deposit and one low-grade glioma
DENT), representing 0.26% of the patients. Onizuka
et al. [16] reported a 0.3% prevalence rate for malignant
brain tumors.

Fig.1 A selection of the incidental findings detected in our study. a Axial T2WI of the posterior fossa showing a left cerebellar hemisphere
cavernoma (arrow). b Axial FLAIR image showing bilateral choroid plexus cysts (arrows). c Axial T1WI showing small inter-hemispheric lipoma
(arrow). d Post contrast axial T1WI of the posterior fossa showing a heterogeneously enhancing mass in the 4th ventricle (metastasis) (arrow)
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Fifty one percent (51%) of the incidental findings in
the current study were detected in women, while 49%
were detected in men. Bos et al. [12] reported a slightly
higher female predilection (55.7% in women and 44.3%
in men). The prevalence of meningiomas was signifi-
cantly higher in females than in males (female to male
ratio = 2.1:1). Bos et al. [12] reported similar results for
meningiomas with a female to male ratio of 2.3:1.

Aneurysms were also more prevalent in females (female
to male ratio = 2:1). Bos et al. [12] got similar results.
Seventy-eight percent (78%) of non-neoplastic le-

sions were found in the age group 18–44 years. This
percentage was significantly higher than the neoplastic
lesions recorded in the same age group. On the other

Fig. 2 A selection of the incidental findings detected in our study. a Sagittal T1WI showing a large pituitary macroadenoma with suprasellar
extension (arrow). b Axial T1WI showing bilateral subdural hygromas (arrows). c Sagittal T1WI showing downward herniation of the cerebellar
tonsils, more than 5mm below the level of foramen magnum (Chiari I malformation) (arrow). d Post contrast coronal T1WI showing convexity
meningioma) (arrow)

Table 2 The male to female ratio of the most commonly
detected abnormalities

Abnormality Male (N = 43) Female (N = 45)

No. % of affected
males

No. % of affected
females

-Aneurysm 2 5.88 4 8.88

-Arachinoid cyst 4 11.76 7 15.55

-Meningioma 6 17.64 13 28.88

-Cavernoma 3 8.82 6 13.33

-Pituitary
macroadenoma

4 11.76 5 11.11 Fig. 3 Graph bar showing the male to female ratio of the most
commonly detected abnormalities
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hand, 58.5% of the neoplastic lesions were found in
patients aged 45–59 years which was significantly
higher than of the non-neoplastic lesions detected in
the same age group. Morris et al. [5] carried out a
systematic review and meta-analysis on 10,799 sub-
jects from 6 different studies. They found that the
prevalence of neoplastic incidental findings increased
with age while the prevalence of non-neoplastic find-
ings seemed to decrease with age.

Limitations
Some patients were excluded due to lack of detailed
clinical history. We were not able to make sure that the
patient’s complaint is not related to the detected inci-
dental finding.
In patients diagnosed with potentially malignant le-

sions (2 patients), final histopathologic diagnosis was not
available.

Conclusion
Incidental findings were relatively common in the adult
Egyptian population. The most common findings were

meningiomas, followed by vascular malformations and
arachnoids cysts. Knowing about their existence will
help directing patients towards the proper specialist and
plan for appropriate follow-up to avoid potential clinical
hazards. It also raises the awareness of the importance
of screening the brain scans while scanning the patient
for other purposes like scanning the paranasal sinuses,
orbits, and petrous temporal bones.
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