
Vol.:(0123456789)1 3

https://doi.org/10.1007/s00234-021-02852-2

DIAGNOSTIC NEURORADIOLOGY

Incidental findings on 3 T neuroimaging: cross‑sectional observations 
from the population‑based Rhineland Study

Valerie Lohner1  · Ran Lu1  · Simon J. Enkirch2  · Tony Stöcker3,4  · Elke Hattingen2,5  · 
Monique M. B. Breteler1,6 

Received: 15 September 2021 / Accepted: 29 October 2021 
© The Author(s) 2021, corrected publication 2021

Abstract
Purpose Development of best practices for dealing with incidental findings on neuroimaging requires insight in their fre-
quency and clinical relevance.
Methods Here, we delineate prevalence estimates with 95% confidence intervals and clinical management of incidental find-
ings, based on the first 3589 participants of the population-based Rhineland Study (age range 30–95 years) who underwent 
3 Tesla structural neuroimaging (3D, 0.8  mm3 isotropic resolution). Two trained raters independently assessed all scans for 
abnormalities, with confirmation and adjudication where needed by neuroradiologists. Participants were referred for diag-
nostic work-up depending on the potential benefit.
Results Of 3589 participants (mean age 55 ± 14 years, 2072 women), 867 had at least one possible incidental finding (24.2%). 
Most common were pituitary abnormalities (12.3%), arachnoid cysts (4.1%), developmental venous anomalies (2.5%), non-
acute infarcts (1.8%), cavernomas (1.0%), and meningiomas (0.7%). Forty-six participants were informed about their findings, 
which was hitherto unknown in 40 of them (1.1%). Of these, in 19 participants (48%), a wait-and-see policy was applied 
and nine (23%) received treatment, while lesions in the remainder were benign, could not be confirmed, or the participant 
refused to inform us about their clinical diagnosis.
Conclusion Nearly one-quarter of participants had an incidental finding, but only 5% of those required referral, that mostly 
remained without direct clinical consequences.
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Introduction

Magnetic resonance imaging (MRI) has been widely used 
in both research and clinical practice over the past decades. 
As a consequence, people had to develop best practices for 
dealing with incidental findings. An incidental finding is a 
previously unknown abnormality of potential clinical rel-
evance that is unexpectedly discovered and unrelated to the 
specific research purposes of a study itself [1].

The prevalence of incidental findings on neuroimaging 
varies across studies depending on the age distribution of 
participants and the imaging modalities used [2]. So far, 
population-based studies have reported incidental findings 
mostly in older people and using 1.5 Tesla neuroimag-
ing [3–7] with only a few studies using at least one 3D 
imaging sequence [5–7]. To the best of our knowledge, the 
Study of Health in Pomerania study is the only population-
based study that reported on incidental findings on MRI 
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covering a broad age range by including participants aged 
between 21 and 88 years; however, their imaging protocol 
was limited to 2D MR images [8].

Based on the large, single-center population-based 
Rhineland Study, we here report on the prevalence of 
incidental findings detected on brain neuroimaging using 
0.8  mm3 isotropic 3D imaging sequences across the adult 
life span, and provide information about clinical manage-
ment of incidental findings that were reported back to the 
participant.

Methods

Study population

This study is based on all participants who underwent 
structural brain MRI out of the first 5000 consecutive 
participants of the Rhineland Study (n = 3589, shown in 
Fig. 1). The Rhineland Study is an ongoing, prospective, 
single-center, community-based cohort study. All inhab-
itants aged 30–100 years of two geographically defined 
areas in Bonn, Germany, are invited to participate in the 
study. The sole exclusion criterion is insufficient command 
of the German language to provide informed consent.

Magnetic resonance imaging data acquisition

MRI data was acquired on 3 Tesla MRI scanners (Siemens 
Prisma Magnetom, Erlangen, Germany) equipped with 
an 80 mT/m gradient system and a 64-channel phased-
array head-neck coil, including the following in-house 
developed sequences: a 3D T1-weighted multi-echo mag-
netization prepared rapid gradient-echo (ME-MPRAGE) 
sequence (time of acquisition (TA) = 6.5 min, repetition 
time (TR) = 2560 ms, inversion time (TI) = 1100 ms, flip 
angle 7°, field of view (FOV) = 256 × 256 mm, 0.8 mm iso-
tropic) [9, 10]; a 3D T2-weighted Turbo-Spin-Echo (TSE) 
(TA = 4.6 min, TR = 2800 ms, echo time (TE) = 405 ms, 
FOV = 256 × 256 mm, 0.8 mm isotropic) [11, 12]; and a 
3D T2 fluid-attenuated inversion recovery (FLAIR) pulse 
sequence (TA = 4.5 min, TR = 5000 ms, TE = 393 ms, 
TI = 1800 ms, FOV = 256 × 256 mm, 1.0 mm isotropic). 
All sequences employ parallel imaging acceleration with 
CAIPIRINHA sampling [13] and elliptical sampling [14].

For the initial screening of incidental findings, all 
images were reconstructed to a resolution of 2.5  mm 
isotropic to reduce the workload of the reader. When an 
abnormality was seen, the reader had direct access to the 
original images for detailed assessment.

Assessment and clinical management of incidental 
findings

The workflow of the assessment of incidental findings in 
the Rhineland Study is depicted in Fig. 2. Criteria for what 
constitutes an incidental finding and which findings should 
be reported back to the participant were developed by an 
expert committee based on clinical guidelines, state-of-
the-art scientific evidence, and ethical considerations (see 
Table 1). Possible incidental findings that were explicitly, 
but not exclusively, checked for included infarcts, hemor-
rhage, malignant tumors, parenchymal brain lesions, intra-
ventricular lesions, pituitary lesions, brainstem lesions, 
lesions involving a cranial nerve, meningiomas, arachnoid 
cysts, aneurysms, arteriovenous malformations, cavern-
ous malformations, developmental venous malformations, 
developmental abnormalities, and white matter hyperin-
tensities that were presumably not due to cerebral small 
vessel disease (including multiple sclerosis). The latter 
was based on the dark appearance of white matter hyper-
intensities on T1-weighted images as well as the clinical 
experience of the neuroradiologists. Initial readings with 
this prespecified protocol were performed with OsiriX 
MD, an image processing application for DICOM images, 
by two of three independent raters (VL, cognitive neuro-
scientist with 6 years of experience (until end of study); 

Fig. 1  Flowchart showing inclusion and exclusion criteria of the 
study. Body shape indicates participants who did not fit into the MRI 
scanner
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Fig. 2  Workflow assessment of incidental findings in the Rhineland Study
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RL, radiologist with 7 years of experience (until August 
2019); specifically trained medical student with 1 year of 
experience (from August 2019 onwards)). The initial raters 
had previous experience in MR image reading in clinical 
routine or for research purposes. Additionally, before the 
start of the study, they joined the Clinic for Neuroradiol-
ogy in Bonn for 2 weeks to get more specific training in 
the detection of brain abnormalities, and had specific train-
ing sessions with neuroradiologists (e.g., to distinguish 
between normal variations and cystic lesions of the pitui-
tary gland). To train new raters, they developed an initial 
training set including 110 MRI scans from the Rhineland 
Study, which included both scans with and without abnor-
malities. The third rater got trained using this initial train-
ing set as well as 150 additional random MRI scans from 
the Rhineland Study. The training set is still increasing in 
size as raters continue to include interesting cases.

The initial ratings were done blinded to the medical 
history of participants, usually within 1 working day by at 
least one of the raters. Next, both ratings were compared. 

In case of persistent disagreement, an incidental finding 
that possibly would require referral, or whenever further 
clarification was needed, an experienced (neuro-)radiolo-
gist also read the images and made a final decision on the 
classification of the finding (SJE, radiologist with 7 years 
of experience; EH, neuroradiologist with 23 years of expe-
rience). All judgements were solely made on the basis of 
the MRI scans.

The decision whether or not to refer a participant with 
an incidental finding to a medical specialist for clinical 
work-up depended on the potential benefit for the par-
ticipant, which was defined a priori by the expert com-
mittee mentioned above (Table 1). In case of ethically 
challenging findings, further experts could be consulted. 
When referral was needed, a study physician informed the 
participant and, with the consent of the participant, their 
general practitioner. Note that we only received feedback 
on the detected brain abnormality from the persons who 
we approached for referral. Therefore, we cannot exclude 
that some of the non-referred lesions were already known 

Table 1  Protocol for the referral of incidental findings for further diagnostic work-up in the Rhineland Study

Incidental findings that need to be referred for diagnostic work-up

Acute findings
  Acute infarct
  Intracranial hemorrhage
Mass
  Malignant tumors, including glioma
  Any brain parenchymal lesion (including cystic) with oedema/hydrocephalus/midline shift/nerve or vessel impairment
  Any intraventricular lesion that might cause a hydrocephalus
  Solid/semi-solid pituitary lesion > 1 cm or any cystic lesion with mass effect > 1 cm
  Solid/semi-solid lesion or any cystic lesion with mass effect in brainstem
  Lesions with involvement of a cranial nerve
  Meningiomas
    Convexity meningiomas > 2 cm
    All non-convexity meningiomas regardless of size
Vascular disease
  Aneurysm with PHASES score ≥ 5
  Aneurysm in posterior circulation including posterior communicating artery with PHASES score < 5 should be discussed in the Panel to make 

the final decision
  Sub-acute intracranial hemorrhage bleeding (including subdural hematoma, epidural hematoma, intracerebral hemorrhage, subarachnoid hem-

orrhage, intraventricular hemorrhage)

Incidental findings that do not need diagnostic work-up and are not communicated to the participant
  Mass and vascular diseases not mentioned in the list above
  Arachnoid cysts
  Non-acute cerebral infarcts
  Arteriovenous malformations
  Cavernous malformations
  White matter hyperintensities, including multiple sclerosis
  Developmental abnormalities
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to the participant, and therefore in sensu stricto not an 
incidental finding, even though they had not been reported 
during the interview.

To obtain information on clinical management of referred 
abnormalities, we asked the participants to send relevant 
medical letters or to give consent for us to contact their prac-
titioner to review medical records directly. We only consid-
ered clinical diagnoses made by medical specialists after 
clinical neuroimaging.

Assessment of demographic variables

Hypertension was defined as systolic blood pres-
sure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, or 
antihypertensive medication use; diabetes as fasting plasma 
glucose level ≥ 7 mmol/l,  HbA1c ≥ 6.5%, or use of antidia-
betic medication. History of multiple sclerosis and stroke, 
smoking status (current/non-smoker), and education (low, 
ISCED 0–3; middle, ISCED 4–6; high, ISCED 7–8)[15] was 
self-reported.

Data availability

The data for this manuscript are not publicly available due to 
data protection regulations. Access to data can be provided 
to scientists in accordance with the Rhineland Study’s Data 
Use and Access Policy. Requests for additional information 
and/or access to the datasets can be send to RS-DUAC@
dnze.de.

Statistical analysis

We calculated the prevalence with 95% confidence intervals 
(CI) for each incidental finding in our study population. For 
the most frequent incidental findings, we further evaluated 
whether prevalence differed between sexes and across age 
using logistic regression. Multiple similar incidental findings 
within one participant were counted as a single finding (e.g., 
multiple arachnoid cysts). P-values < 0.05 were considered 
as statistically significant. All statistical analyses were per-
formed using R version 4.0.2 [16].

Table 2  Characteristics of the study population

SD, standard deviation; BMI, body mass index; MS, multiple sclerosis
† P-values are adjusted for age where applicable and show differences between women and men
‡ P-values are adjusted for age and sex where applicable and show differences between participants with and without MRI

Characteristics Whole cohort Sample with MRI Sample without MRI

Overall Women Men p-value† p-value‡

n = 5000 n = 3589 n = 2072 n = 1517 n = 1517

Age in years, mean ± SD 55 ± 14 54 ± 14 55 ± 14 54 ± 14 0.23 56 ± 15  < 0.001
Women, n (%) 2824 (56) 2072 (58) 752 (53)  < 0.01
Age group, n (%) 0.11  < 0.001

30–39 years 833 (17) 627 (17) 335 (16) 292 (19) 206 (15)
40–49 years 926 (19) 676 (19) 390 (19) 286 (19) 250 (18)
50–59 years 1358 (27) 988 (28) 593 (29) 395 (26) 370 (26)
60–69 years 1009 (20) 736 (21) 440 (21) 296 (20) 273 (19)
70–79 years 666 (13) 450 (13) 252 (12) 198 (13) 216 (15)
80 + years 208 (4) 112 (3) 62 (3) 50 (3) 96 (7)

Education, n (%)  < 0.01  < 0.001
Low 101 (2) 61 (2) 48 (2) 13 (1) 40 (3)
Middle 2232 (45) 1532 (43) 1015 (49) 517 (34) 700 (50)
High 2621 (53) 1969 (55) 988 (48) 981 (65) 652 (47)

Diabetes, n (%) 261 (5) 161 (5) 67 (3) 94 (6)  < 0.001 100 (7)  < 0.001
Hypertension, n (%) 1867 (38) 1283 (37) 684 (34) 599 (40)  < 0.001 584 (42)  < 0.001
Smoking, n (%) 621 (12) 459 (13) 252 (12) 207 (14) 0.22 162 (12) 0.09
BMI (kg/m2), mean ± SD 25.9 ± 4.5 25.6 ± 4.2 25.3 ± 4.7 26.1 ± 3.5  < 0.001 26.7 ± 5.2  < 0.001
Self-reported MS, n (%) 25 (1) 21 (1) 15 (1) 6 (0) 0.19 4 (0) 0.13
Self-reported stroke, n (%) 78 (2) 47 (1) 24 (1) 23 (2) 0.33 31 (2) 0.10
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Results

Mean age of the study population was 55 ± 14 years, 58% 
were women (Table 2). Men compared to women were 
on average more often higher educated (65 vs. 48%, 
p = 0.001), were more likely to have diabetes (6 vs. 3%, 
p < 0.001) and hypertension (40 vs. 34%, p < 0.001), and 
a higher body mass index (26.1 vs. 25.3, p < 0.001). Par-
ticipants who underwent MRI were on average younger 
(55 vs. 56 years, p < 0.001), more often higher educated 
(55 vs. 47%, p < 0.001), were less likely to have diabe-
tes (5 vs. 7%, p < 0.001), or hypertension (37 vs. 42%, 
p < 0.001), and had a lower body mass index (25.6 vs. 

26.7, p < 0.001), compared to those who did not. Also, 
more men than women (47 vs. 42%, p = 0.005) were 
excluded from or refused MRI.

In total, 867 of 3589 participants had at least one pos-
sible incidental finding (24.2% [95% CI 22.8–25.6%]) 
(Table 3). This did not differ between women (505 of 2072 
with an incidental finding (24.4% [95% CI 22.5–26.3%])) 
and men (362 of 1517 (23.9% [95% CI 21.7–26.1%])) 
(p = 0.764). The maximum number of incidental findings for 
a single person was four; one participant had an arachnoid 
cyst, a developmental venous anomaly, a cavernoma, and a 
possibly malignant lesion; another participant had an arach-
noid cyst, cystic lesion of the pituitary gland, inflammatory 
WM lesions, and cystic lesions around the brainstem. Most 

Table 3  Overview of incidental 
findings in the Rhineland Study

Other also includes post-operative changes (n = 19) and post-traumatic defects (n = 6)
¥ There were 161 arachnoid cysts in 148 participants, 137 participants had one arachnoid cyst, 9 had two, 
and one had three
¶ There were 92 developmental venous abnormalities (DVA) in 89 participants, 86 had one DVA, three 
had two DVAs
# There were 84 non-acute infarcts in 64 participants, 49 participants had one post-ischemic lesion, twelve 
had two, two had three, and one had five non-acute infarcts
þ There were 44 other abnormalities in 43 participants, 40 had one abnormality, one had two
‡ There were 40 cavernomas in 35 participants, 33 had one cavernoma, one had two cavernomas, and one 
had five
§ There were 27 meningioma in 26 participants, 25 had one meningioma, one had two
* There were 28 hemorrhages in 14 participants, eight had one hemorrhage, one had two, two had three, 
and three had four hemorrhages
¬ There were nine aneurysms in eight participants. Seven had one aneurysm, one had two aneurysms
† P-values are adjusted for age and show differences between women and men

Incidental finding Overall
(n=3589)

Women
(n=2072)

Men
(n=1517)

p-value†

Any, n (%) 867 (24.2) 505 (24.2) 362 (23.9) 0.08
Pituitary abnormality, n (%) 443 (12.3) 267 (12.9) 176 (11.6) 0.25
Arachnoid cyst ¥, n (%) 148 (4.1) 69 (3.3) 79 (5.2) 0.01
Developmental venous abnormality ¶, n (%) 89 (2.5) 50 (2.4) 39 (2.6) 0.77
Non-acute infarcts #, n (%) 64 (1.8) 29 (1.4) 35 (2.3) 0.04
Other þ, n (%) 43 (1.2) 23 (1.1) 20 (1.3) 0.55
Cavernoma ‡, n (%) 35 (1.0) 22 (1.1) 13 (0.9) 0.56
Other mass, n (%) 30 (0.8) 20 (1.0) 10 (0.7) 0.32
Meningioma §, n (%) 26 (0.7) 20 (1.0) 6 (0.4) 0.06
Hemorrhage *, n (%) 14 (0.4) 7 (0.3) 7 (0.5) 0.55
Developmental abnormality, n (%) 14 (0.4) 3 (0.1) 11 (0.7) 0.02
MS-like lesions, n (%) 16 (0.4) 9 (0.4) 7 (0.5) 0.97
Unknown white matter disease, n (%) 11 (0.3) 8 (0.4) 3 (0.2) 0.33
Aneurysm ¬, n (%) 8 (0.2) 4 (0.2) 4 (0.3) 0.66
Other vascular disease, n (%) 7 (0.2) 4 (0.2) 3 (0.2) 0.97
Inflammatory white matter disease, n (%) 6 (0.2) 4 (0.2) 2 (0.1) 0.67
Malignant lesion, n (%) 3 (0.1) 1 (0.0) 2 (0.1) 0.41
Arteriovenous malformation, n (%) 2 (0.1) 2 (0.1) 0 (0.0) 0.99
Intraventricular lesion, n (%) 2 (0.1) 1 (0.0) 1 (0.1) 0.82
Brainstem lesion, n (%) 4 (0.1) 2 (0.1) 2 (0.1) 0.77
Cranial nerve lesion, n (%) 3 (0.1) 1 (0.0) 2 (0.1) 0.44
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frequent incidental findings were pituitary abnormalities 
(12.3% [95% CI 11.3–13.5%]), arachnoid cysts (4.1% [95% 
CI 3.5–4.8%]), developmental venous anomalies (2.5% [95% 
CI 2.0–3.0%]), non-acute infarcts (1.8% [95% CI 1.4–2.3%]), 
cavernomas (1.0% [95% CI 0.7–1.4%]), and meningiomas 
(0.7% [95% CI 0.5–1.1%], mean size of the largest dimen-
sion, 14.9 ± 6.8 mm). Men had more non-acute infarcts, 
more arachnoid cysts, and more developmental abnor-
malities than women (2.3 vs. 1.4%, p = 0.040; 5.2 vs. 3.3%, 
p = 0.006; 0.7 vs. 0.1%, p = 0.015, respectively). Women had 
slightly more meningiomas, but because of small numbers, 
the difference was only borderline significant (1.0 vs. 0.4%, 
p = 0.056). The presence of non-acute infarcts increased with 
age (prevalence odds ratio (OR) 1.06 [95% CI 1.04–1.08] per 
year, p < 0.001), as did the frequency of cavernomas (OR 
1.03 [95% CI 1.00–1.05] per year, p = 0.044), and of men-
ingiomas (OR 1.05 [95% CI 1.02–1.08] per year, p = 0.002). 
For other incidental findings, we saw no effect of age on 
prevalence.

Most of the 433 pituitary anomalies that we found were 
pituitary cysts (mostly pars intermedia cysts; 95.9% [95% CI 
93.7–97.6%]); the remainder were (semi-)solid lesion with 
or without a mass effect, most likely to be microadenomas. 
The prevalence of pituitary cysts did not significantly dif-
fer between men (10.9% [95% CI 9.4–12.6%]) and women 
(12.5% [95% CI 11.1–14.0%]) (p = 0.174) and was stable 
across the adult life span (OR 1.00 [95% CI 0.99–1.01] per 
year, p = 0.805). The prevalence of other pituitary anom-
alies did not differ between sexes (women 0.4% [95% CI 
0.2–0.8%]; men 0.7% [95% CI 0.3–1.2%]; p = 0.187) but 
increased with age (OR 1.04 [95% CI 1.01–1.08] per year, 
p = 0.024).

The raters had initial disagreement in the reading of the 
MR images in approximately 12% of the cases, where one 
of the raters had missed an abnormality. Persistent disagree-
ment occurred in less than 1%, where clarification by the 
neuroradiologist was needed.

Referrals and clinical management

Table 4 shows the subsequent clinical management of the 40 
participants who we referred for further diagnostic work-up. 
They underwent clinical MRI which led to a wait-and-see 
policy for 19, and treatment for nine participants. In four 
participants, the findings were confirmed but classified as 
benign lesions that did not require further therapy or follow-
up. Three participants refused to give information on their 
clinical diagnosis.

The initial finding on basis of the research examination 
was not confirmed in five of the 40 participants (13% [95% 
CI 4–27%]). In these five participants, we found signal 
changes of unclear pathogenesis. In two participants, we 
found cystic lesions of which one could possibly affect the 

brainstem and the other might possibly cause a hydrocepha-
lus. In two participants, we observed signal changes around 
the amygdala and in another one changes in the anterior 
communicating artery which were surrounded by an artefact. 
In all those cases, we could not rule out malignant pathology 
and therefore referred these participants for clinical work-up.

Additionally, we found abnormalities that would have 
required referral according to our protocol in six partici-
pants, but were already known and under treatment, and 
hence by definition no incidental finding.

We did not find any acute lesions that required immedi-
ate medical attention, nor any ethically challenging findings 
for which we would have needed to consult further experts.

Discussion

In this population-based neuroimaging study among 3589 
participants of the Rhineland Study, we found incidental 
brain abnormalities on MRI in approximately one-quarter 
of all participants, with pituitary cysts being most common. 
Based on a prespecified protocol, we had to refer 1.1% of all 
participants for further diagnostic work-up, mostly because 
of meningiomas, lesions affecting the brainstem, aneurysms, 
and mass. Subsequent clinical management in the majority 
of these participants was confined to a wait-and-see policy. 
One-fifth of those who were referred, or 0.3% of the total 
sample that had brain imaging, underwent treatment which 
was successful and without complications.

Consistent with previous reports [5, 17–19], we found 
that men had more arachnoid cysts and non-acute infarcts 
than women, whereas women had slightly more menin-
giomas, and that the prevalence of non-acute infarcts and 
meningiomas increased with age. Contrary to a previous 
population-based study in older adults, we observed an effect 
of age on the prevalence of cavernomas [20]. However, the 
other study only assessed axial T2*-weighted (slice thick-
ness 3.3 mm) or standard T2-weighted images, and their 
reported prevalence of 0.4% may have been too low to detect 
age-dependencies.

The prevalence of incidental findings is highly depend-
ent on imaging modalities, with more abnormalities being 
detected when using at least one high spatial resolution 3D 
sequence [2, 21]. We found pituitary cysts in 11.8% and 
arachnoid cysts in 4.1% of our population, which is indeed 
much higher compared to previous studies reporting fre-
quencies in the range of 0.8–1.8% and 1.4–3.6%, respec-
tively [4–8]. This is likely due to the high spatial resolution 
of our 3D T2-weighted sequence. The prevalence of aneu-
rysms (0.2%) in our cohort is low compared to previous 
large cohort studies [4–6], which, however, used different 
imaging modalities, including 2D T2-weighted images 
or time-of-flight angiography. Our imaging protocol was 
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indeed not optimized to detect aneurysms. Particularly, 
our highly accelerated 3D T2-weighted sequence is prone 
to pulsation artefacts interfering with regular intraluminal 
flow void, making it less suitable for detecting aneurysms.

Discrepancies in prevalence estimates of incidental 
findings might also be due to classification of what con-
stitutes an incidental finding. For example, we did not 

include lacunar stroke in non-acute infarcts nor did we 
track any normal variants (e.g., megacisterna magna).

While the raters initially disagreed in approximately 12% 
of the cases, this persisted in only less than 1% after an ini-
tial consensus meeting. This highlights that it is common for 
non-radiologist raters to miss small abnormalities on brain 
MRI scans, and the importance of the four-eye-principle in 

Table 4  Clinical management 
of 42 different incidental 
findings that were reported back 
to 40 participants

 Multiple similar incidental findings within one participant were counted as single finding (e.g., aneurysms)
† Eight participants had non-convexity meningiomas, one had a convexity meningioma bigger than 2 cm in 
the longest dimension
‡ Based on the PHASES score (mean PHASES score 6.6, SD = 1.4). In one of these participants, image 
quality was insufficient and there was an artefact around the suspicious aneurysm

Incidental findings and type 
of management

Clinical diagnosis Number 
of find-
ings

Meningioma † 9
Wait and see Meningioma 7
Surgery Meningioma 2
Brainstem lesion 6
Wait and see Atypical cystic lesion (n = 1), unclear lesion (n = 1), calcified 

cavernous malformation or microbleeding (n = 1)
3

No therapy needed Vascular encephalopathy (n = 1), cavernous malformation (n = 1) 2
Not confirmed / 1
Aneurysm ‡ 7
Operative clipping Aneurysm 4
Endovascular coiling Aneurysm 1
Not confirmed / 1
Refused to give information Unknown 1
Other mass 5
Wait and see Cystic porencephalic lesion (n = 1), unclear lesion (n = 1) 2
Surgery Pilocytic astrocytoma 1
No therapy needed Benign cyst aqueduct 1
Refused clinical follow-up Unknown 1
Pituitary abnormalities 3
Wait and see Macroadenoma 3
Cranial nerve lesion 2
Wait and see Vestibular schwannoma (n = 1), cystic lesion (n = 1) 2
Intraventricular mass 2
Not confirmed / 1
Refused to give information Unknown 1
Possible malignant lesion 3
Wait and see Unclear lesion 2
No therapy needed Gliosis 1
Unclear lesions 3
Not confirmed / 2
Wait and see Unclear lesion 1
Venous malformation 1
Wait and see Hemangioma 1
Dural fistula 1
Surgery Dural fistula 1
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the reading of MR images in large cohort studies. As the 
clinical neuroradiologists were not involved in the initial 
ratings, we could not compare their performance with that 
of the study raters.

Following our protocol to only refer participants for clini-
cal work-up if this would be of clear potential benefit for the 
person involved, we only referred 1.1% of the participants 
suggesting that most abnormalities have no direct clinical 
consequence. This is in line with reports on potentially clin-
ically relevant incidental findings in adults from a recent 
meta-analysis and another German cohort [8, 21]. Five of 
the findings we referred were not confirmed on clinical MRI. 
Here, we could not rule out possible malignant pathogenesis 
based on our MRI sequences which were developed for the 
specific research purposes of the Rhineland Study and not 
used in clinical settings before. Our prospective follow-up 
may show whether the lesions we found were indeed false-
positive ratings, or that our sequences are more sensitive to 
subtle changes that are not detectable yet on clinical MRI 
scans.

Participants included in this study were relatively healthy, 
as we had to exclude older and sicker people due to MRI 
contraindications. Additionally, roughly 14% of eligible 
participants refused MRI. This may have resulted in a fur-
ther selection bias and the prevalence estimates should be 
considered a conservative estimate of the true population 
prevalence of incidental abnormalities.

Major strengths of this study were that it involves a large 
number of participants drawn from a population-based 
cohort with a wide age range. We performed state-of-the-art 
brain MRI including 3D T2-weighted, 3D T1-weighted, and 
3D FLAIR sequences, contacted those affected with abnor-
malities, and followed up concerning their clinical course. 
All images were reviewed within one working day by at least 
one experienced reader.

When interpreting the results of this study, some issues 
should be considered. Our rating of incidental findings was 
limited to T1-weighted, T2-weighted, and FLAIR images 
and we did not apply any contrast agents. This may have 
restricted the number of incidental findings detected and 
may explain some differences in our prevalence estimates 
compared to previous studies. Furthermore, we do not have 
longitudinal data on the natural course of incidental findings 
yet. The prospective nature of the Rhineland Study, however, 
will allow us to obtain these in the future.

Conclusions

In conclusion, incidental findings on neuroimaging across 
the adult life span are common, yet direct clinical conse-
quences are rare. With the number of research studies using 
high spatial resolution 3D MR neuroimaging sequences 

rapidly increasing, it is important to have prespecified 
guidelines on assessing and managing incidental findings. 
Our procedure and findings can help guiding in the further 
development of protocols for new research studies.
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