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Title

Incidental Findings Associated with Magnetic Resonance Imaging of the Brachial Plexus

Short title

Incidental findings on brachial plexus MRI

Abstract

Objectives: The identification and management of incidentalomas is becoming increasingly
problematic, particularly in relation to brachial plexus imaging because the prevalence of incidental
findings is unknown. Therefore, we aimed to estimate the prevalence of incidental findings in
symptomatic patients undergoing MRI of the brachial plexus.

Methods: This retrospective cohort study included all children and adults who underwent MRI over
a 12-year period, in a tertiary care centre in the UK. An incidental finding was any abnormality
which was not a direct injury to or disease-process of the brachial plexus. An ‘incidentaloma’ was
defined by the need for further investigation or treatment. Multivariable logistic regression was
used to estimate the odds ratio (OR) of an ‘incidentaloma’. To estimate which factors were
associated with the number of incidental findings, multivariable Poisson regression was used.
Results: Overall, 502 scans (72%) reported incidental anomalies. Although the number of MRIs
performed per annum increased by 23%, the prevalence of ‘incidentalomas’ remained static
(p=0.766). Musculoskeletal incidental findings were the most prevalent (63%) and when identified,
there were a median of 3 incidental anomalies per patient. Overall, 125 (18%) anomalies were
‘incidentalomas’ which required further investigation or treatment. The odds of having further
investigation or treatment was strongly related to the frequency of incidental findings (adjusted OR
1.16 [95% CI 1.08, 1.24]) and when a tumour was identified (adjusted OR 2.86 [95% CI 1.81,
4.53]). The number of incidental findings recorded per scan increased when trainees co-reported
with consultants (adjusted IRR 0.36 [95% CI 0.05, 0.67]) and in the presence of a tumour (adjusted

IRR 0.39 (95% Cl 0.28, 0.49))



Conclusions: The prevalence of clinically important incidental findings on brachial plexus MRI is
lower than organ-specific imaging, but still 18% of scans identified an ‘incidentaloma’ which

required further investigation or treatment.

Advances in knowledge

This cohort study shows that approximately 1 in 5 symptomatic patients undergoing a brachial
plexus MRI had a clinically important incidental findings, which required further investigation or
treatment. This information can be used to inform patients consenting to clinical or research

imaging.

Abbreviations

Cl Confidence interval
IQR interquartile range
IRR incident rate ratio

OR odds ratio

SD standard deviation
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Introduction

As the utilisation and fidelity of magnetic resonance imaging (MRI) improves', the identification and
management of incidental findings is a growing problem?3. In a small number of cases, incidental
anomalies warrant additional investigations or treatment and we term these ‘incidentalomas’.
Incidentalomas may cause patient anxiety, and increase burden to the health and legal services*.
Clearly the early detection of truly sinister incidentalomas allows earlier treatment and this benefits
patients®. Consequently, there have been widespread calls for clinicians and researchers to
counsel individuals about the potential for anxiety, health and financial risk should an

incidentaloma be detected on imaging?®.

The reported prevalence of incidentalomas depends on many factors, including the imaging
modality used, age and sex of the patient and the body region®’8. From the available MRI
literature, the prevalence of incidentalomas are as follows: cardiac 24%’, brain and spine
22%*7910 preast 29%"", liver 12%'2, lungs 6%'>'™, thyroid 4%'® and when whole-body is
employed, the mean prevalence rises to 32% (95% Cl 18%, 50%)'¢. MRI is the best non-invasive
imaging modality for diagnosing various pathologies affecting the brachial plexus and its terminal
branches'-'°. Consequently, MRI is widely used in clinical practice and research related to the
brachial plexus. Clinicians obtaining consent for imaging should counsel individuals about the risk
of incidental findings® but this is currently impossible for MRI studies of the brachial plexus

because the prevalence of incidental findings and their ramifications remain unclear.

The aim of this study is to estimate the prevalence of incidental findings in symptomatic patients

undergoing MRI of the brachial plexus.



Methods

Design and setting

This retrospective cohort study captured patients undergoing brachial plexus MRI between May
2007 and February 2019 in a single tertiary care centre in the UK. This study was conducted as an
evaluation of service; the United Kingdom Health Research Authority states that Evaluations of

Service do not require patient consent or ethical approval.

Participants

We included consecutive symptomatic patients (children and adults) who underwent a brachial
plexus MRI, on any system. We excluded repeat scans in the same individual (i.e. this study
considers patients’ first brachial plexus MRl and no subsequent imaging, so as to avoid the
potential for duplication), scans of patients who failed to complete the planned protocol (i.e. those
who terminated their scan early owing to claustrophobia or pain), and scans which could not be

reported owing to artefact.

Variables

To minimise investigator bias, all findings were extracted from radiologist reports verbatim by three
independent authors (ARP, UAA and RKB). An ‘incidental finding’ was defined as any abnormality
which was not a direct injury to or disease-process of the brachial plexus®'. An ‘incidentaloma’ was
defined as an incidental anomaly which required further action of any sort, such as further imaging,
blood tests, biopsy or treatments. The decision to undertake further investigation or treatment was
made by the treating team; defining a threshold for this decision was difficult and is clearly based
upon numerous factors. Therefore, we took a pragmatic approach and classified this outcome as
binary so that any/all actions were captured. Subsequent actions were not mutually exclusive and
where multiple further actions were undertaken (e.g. a blood test, further imaging and an
operation) all these events were captured discretely. We defined an incidental tumour as any

unexpected space-occupying lesion whether it appeared to be benign or malignant and regardless



of the tissue of origin. Scans were reported by either consultant radiologists or by trainee
radiologists with addendums and/or corrections by the supervising consultant. When some scans
were transferred from a referring hospital, information contained within the DICOM header was lost

and thus the make, model and field strength of the scanner was unclear.

Data analysis

Data were analysed using Stata/MP v15. Proportions were compared using the chi-squared test.
Count data were summarised by the median and interquartile range (IQR). Age was normally
distributed so was summarised by the mean (and standard deviation, SD). To estimate which
factors were associated with the need for further investigations or treatment, multivariable logistic
regression was used. To estimate which factors were associated with the number of incidental
findings, Poisson regression was used. The covariables for both models were: age and the
frequency of incidental findings as continuous co-variables, and the indication for scanning, sex,
field strength, radiologist reporting (consultant only versus consultant and trainee co-reporting) and
whether intravenous contrast was used as categorical co-variables. Confidence intervals (Cls)

were generated to the 95% level.



Results

Overall, we retrieved 749 reports from patients who underwent MRI of their brachial plexus. We
excluded the reports from 38 patients who did not complete their scans (n=36 due to
claustrophobia and n=2 due to safety concerns), 9 research scans of asymptomatic adults, and a
further 7 records of patients whose images were degraded by motion artefact such that

interpretation was impossible. Ultimately, the reports from 695 patients were included.

A total of 502 scans (72%) reported incidental findings, of which 125 (18%) were incidentalomas
i.e. unexpected anomalies which required further investigation or treatment (Figure 1). The number
of scans increased over time by a mean of 23% per annum (Figure 2) but the proportion of scans
with incidentalomas remained static (p=0.766). Patients with incidentalomas were 5.1 years older
(95% CI 1.5, 8.8) than others (Table 1). Protocols using steady-state sequences were associated

with significantly fewer incidentalomas (OR 0.45 [95% CI 0.27, 0.77]).

Table 2 shows that incidental findings were most commonly identified within the musculoskeletal
system. When identified, the median count of musculoskeletal anomalies per patient was 3. Of
these musculoskeletal anomalies, 30 were tumours of which, one-third required medical or surgical
treatment. Table 3 shows that the odds of patients requiring further investigations or treatment for
an incidental finding increased significantly when the anomaly was a suspected tumour and also in

proportion to the frequency of incidental findings.

The cumulative number of incidental findings per scan (anomalies which both did and did not
require further investigation or treatment) was strongly associated with several independent factors
(Table 4), as follows. The identification of an incidental tumour was associated with a 39%
increased rate of other co-reported anomalies. Co-reporting of scans by both a trainee and
consultant radiologist increased the rate of reported incidental findings by 36% (Figure 3). Every

year of life increased the incident rate ratio by 2% (Figure 4). Males had a 24% higher rate of



incidental findings than females. Conversely, scanning for a clinically suspected tumour and the

use of a 3 Tesla system were associated with a lower rate of incidental findings.

Of the 125 incidentalomas (unexpected anomalies which were further investigated or treated), the
majority transpired to be benign/innocent (n=81, 65%). Importantly, MRI identified a minority of
patients with new metastatic deposits from breast cancers (n=18, 14%), lung and mesothelial
carcinomas (n=7, 6%), prostate carcinomas (n=4, 3%), thyroid cancer (n=1, 0.8%), renal cell
carcinoma (n=1, 0.8%) and cutaneous squamous cell carcinoma (n=1, 0.8%). Recurrent sarcomas
were also identified in 2 patients (1.6%) and new pathological fractures in 2 patients with known

localised breast cancer.



Discussion

We have shown that 72% of brachial plexus MRI scans were associated with an incidental finding.
Importantly, 18% of scans described an incidental anomaly which required further investigation or
treatment. These risks should be adequately conveyed to patients undergoing imaging of the
brachial plexus. Furthermore, the resultant burden on health services to further investigate and
treat these incidental anomalies must be factored into the design and funding for both clinical

services and research activities.

The prevalence of clinically important incidental findings associated with brachial plexus MRI is
lower than the comparative literature on organ-specific imaging. Overall, we show that 18% of
brachial plexus MRIs yielded at least one unexpected anomalous finding which required further
investigation or treatment. This estimate is lower than the incidentaloma rate in whole-body
(82%)'®, breast (29%)!", heart (24%)’, brain and spine 22%*7:%'® MRI, which might be related to
several factors. Patients undergoing brachial plexus MRI are typically much younger than those
undergoing organ-specific imaging and because age is strongly associated with the incidence of
cancer® and non-cancerous incidental findings on imaging®’, the prevalence is expected to be
lower. Furthermore, the patients undergoing brachial plexus MRI broadly fall into two categories —
those with acute traumatic injuries and those with chronic compressive pathologies (e.g. tumours)
— and there are important distinctions in the protocols which are typically used. The mainstay of
imaging in patients with traumatic brachial plexus injuries is a combination of MRI myelography
and fat-suppressed T2-weighted imaging. Magnetic resonance myelography is typically acquired
with heavy T2-weighting (often in the form of a steady-state sequence), in a thin coronal slab and
at very high-resolution (often less than 1mm?3). Consequently, the limited field and poor contrast
outside the thecal sac leaves little opportunity for identifying other anomalies. Equally, protocols
designed to image those with suspected tumours or uncertain pathologies often deploy large field-
of-view T1 (with or without contrast) and fat-suppressed T2-weighted protocols, which come at the
expense of resolution and various artefacts related to movement, flow and susceptibility, all of

which may contribute to lower counts of incidental findings which we observed.



We have shown that several factors were statistically associated with higher counts of incidental
findings per scan (Table 4). Of foremost effect was the identification of an unexpected tumour
which increased the rate ratio of incidental findings by 39%. We speculate that this represents
efforts to identify other anomalies (such as metastases, lymphadenopathy and paraneoplastic
changes) which may be relevant to a potential diagnosis of cancer. Scans reported by both a
trainee and consultant radiologist yielded significantly more incidental findings than scans reported
by a consultant alone, which agrees with prior work showing that co-reporting of musculoskeletal
imaging (a trainee supervised by a consultant) increased the probability that further imaging was
recommended??. Although the underlying reason(s) for this outcome remain unclear, our
experience suggests that consultants selectively omit incidental anomalies which are clinically
irrelevant or highly likely to be innocent. Age and sex are well known determinants of cancer risk,
with older males having the highest incidence of cancer®. Our findings are in keeping with the
literature and show that increasing age and male sex increase the probability of incidental findings
in brachial plexus MRI®’. Conversely, when MRI was requested for a clinically suspected tumour,
the prevalence of incidental findings approximately halved (IRR -0.57) which suggests that the
radiologist’s attention was rightly focussed on the tumour-draining nodal basins and potential sites
of metastasis. Our data shows that the use of higher field strength scanners (3T versus 1.5T) was
associated with fewer incidental anomalies. This is in contrast to the literature on brain MRI where
increasing field strength (enabling increased spatial resolution) is associated with more incidental
findings?®. This discrepancy might be explained by the fact that only 1% of scans were performed
on a 3T system (of the same brand) at a neighbouring site where the patients may have been

subtly different (i.e. able to travel to another site) and the sequences may not have been optimised.

The issue of incidental anomalies is particularly important in brachial plexus imaging because the
current clinical protocols are not fit for purpose'® and there is a rapidly growing interest in imaging
research®-28, At least 40% of imaging research is performed by non-medically trained scientists?-

31 and whilst doctors may be in a comparatively better position to identify anomalies, and have a



duty of care and candour to disclose clinically relevant findings to research subjects, the guidance
around reporting images and handling incidental findings are less clear for non-medical
professionals. Therefore, in the absence of a legal “test case” in the UK*, we echo calls for clear
standards, guidance on image-centric reporting® and the development of a national framework®'

for the management of research images and incidental findings®.

Limitations

The main weakness of this study is the inability to define what made clinicians elect to investigate
or treat some incidental findings and not others; the absence of a diagnostic threshold for this
outcome limits the translation. In the absence of any data on this topic we chose a pragmatic
approach in the form of a retrospective study; hereafter, the topic should be explored in a
prospective study. The variability of when and how radiologists report incidental findings may affect
both the prevalence and recommended actions from an imaging study3®. For example, one
radiologist may report signal anomalies which they judge to appear innocent and warrant no further
action, whilst another may choose to omit specific findings meaning that assessment bias may be
present in our study. Capturing if and how many trainees radiologists had input on a given report
was difficult in some instances; all reports automatically have a consultant name assigned although
a trainee’s name only appears on the report if he/she manually signs it; furthermore, if the report is
incorrect and warrants re-writing, it is possible that the trainees name was removed from the
report, meaning that we might have failed to capture some instances of co-reporting. This dataset
is derived from a large teaching hospital which provides tertiary cancer and major trauma care, so
the findings may not be transferrable to centres with a different caseload. The pulse sequences
used in our centre may differ to hospitals elsewhere, thus it is plausible that the prevalence of
incidental anomalies will differ too. For patients who had multiple scans, we included only their 15t
scan to a) avoid potential double-counting of incidental findings, and given that b) innocent
incidental anomalies are likely to be omitted from subsequent reports and c) sinister anomalies are

likely to have been resolved. However, this means that we were unable to quantify how many
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clinically important incidental anomalies were missed in patients 1t scans but correctly identified in

follow-up imaging.
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Conclusions

The prevalence of incidental findings on brachial plexus MRI is moderate and 18% of scans
identified an incidentaloma which required further investigations or treatment. Doctors requesting
clinical scans and researchers who obtain consent from volunteers should provide information on

the prevalence of incidental findings and their potential ramifications.

Data availability

The raw dataset and statistical syntax are available from the last author (RGW) upon request.
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Table 1. Patient characteristics

Incidental findings which required
further investigation(s) or treatment(s)

No (n=570) Yes (n=125) P-value

Males 311 (55) 56 (45)
Sex (%) 0.048
Females 259 (45) 69 (55)
Mean age in years (SD) 41 (18) 46 (21) 0.005
Neurological deficit 430 (76) 90 (72)
Suspected tumour +/- neurological
45 (8) 9 (7)
symptoms
Postoperative surveillance 40 (7) 10 (8)
Indications for Supplement other (non-MRlI) 30 (5) 9 (7) )
n/a*
MRI (%) imaging
Connective tissue disease 4 (1) 1(1)
Vascular symptoms 2(0) 1(1)
Operative planning 1 (0) 1(1)
Unclear 17 (3) 4 (3)
1.5 Tesla 546 (96) 122 (97)
Field strength
(%) 3 Tesla 9(2) 1(1) 0.633
(<]
Unclear 16 (3) 2(2)
Tiw 555 (97) 123 (99) 0.220
T1w with contrast 45 (8) 11 (9) 0.712
T2w 502 (88) 111 (90) 0.649
.g. CISS 430 (88 80 (76 0.003
Sequences (%) Steady state (e.g ) (88) (76)
Fat suppressed inversion recovery
524 (92) 117 (94) 0.357
(e.g. STIR)
Fluid suppressed inversion recovery
25 (5) 5(5) 0.883
(e.g. FLAIR)
Most senior Consultant only 558 (98) 120 (96)
reporting Co-reporting trainee and consultant 6 (1) 4 (3) 0.184
radiologist (%) Unclear 6 (1) 1(1)

CISS = constructive interference in steady state; STIR = short tau inversion recovery; T1w = T1-
weighted; T2w = T2 weighted

*Arbitrary categories
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Table 2. The distributions of incidental findings and the subsequent actions taken by clinicians

Frequency of action(s) taken to address incidentalomas* (% of all 695

Frequency of . Frequency of Newly
. a0 Median count . . e scans)
O idenial  findings (Ot incidental . SIS IR epected Tiodical
anomalies ofallees findings (IQR; (% of all 695  tumour (% of Clinical - o Blood Nerve andior
scans) maximum) scans) all 695 scans) | Observation imaging tests  conduction  Biopsy surgical
only studies treatment
Musculoskeletal
system and 444 (63.9) 3(1,4;12) 102 (14.7) 30 (4.3) 7(1.0) 39(5.6) 21(3.0) 7(1.0) 17 (2.4) 30 (4.3)
integument
Central ”Se;‘s’toe“rﬁ 227 (32.7) 1(1,2;8) 61 (8.8) 13 (1.9) 7(1.0) 29(4.2) 11(1.6) 2(0.3) 13(1.9) 19 (2.7)
Upper
aerodigestive 80 (11.5) 1(1,2;4) 23 (3.3) 7 (1.0) 2(03) 10(1.4) 8(1.2) 0(0) 6(0.9) 6 (0.9)
track
Lower respiratory
track & thoracic 63 (9.1) 1(1,1;4) 22 (3.2) 6 (0.9) 1(0.1) 10(1.4)  5(0.7) 2(0.3) 4(0.6) 10 (1.4)
cavity
Breast 25 (3.5) 1(1,1;2) 10 (1.4) 2 (0.3) 0(0) 6(0.9)  4(0.6) 1(0.1)  5(0.7) 3 (0.4)
Thyroid 5(0.7) 1(1,1;1) 4 (0.6) 6 (0.9) 0 (0) 1(0.1) 2 (0.3) 0 (0) 1(0.1) 1(0.1)
Vasculature 5(0.7) 1(1,2;3) 3 (0.4) 0 (0) 0(0) 1(0.1) 0 (0) 1(0.1)  1(0.1) 5(0.7)
Non-brachial
plexus peripheral 1(0.1) 1(1,1: 1) 1(0.1) 1(0.1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1(0.1)
nerves

*Incidentaloma = an incidental finding which required further investigation or treatment
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Table 3. Factors which influence whether further investigation or treatment is needed for an

incidental finding

Odds of an incidental finding which required further

investigation or treatment

Univariable

Adjusted odds

P-value P-value
odds (95% Cl) (95% CI)
Incidental tumour identified  3.59 (2.35, 5.12) <0.001 2.86 (1.81,4.53) <0.001
Frequency of incidental findings
1.19 (1.12, 1.26) <0.001 1.16 (1.08, 1.24) <0.001
(cumulative total, per scan)
Imaging for suspected tumour  0.85 (0.23, 3.12) 0.914 0.91 (0.41, 2.03) 0.816
Ageinyears 1.01(1.00, 1.02) 0.006 1.01 (1.00, 1.02) 0.288
Female 1.48(1.00, 2.18) 0.049 0.67 (0.44,1.02) 0.064
3 Tesla system  0.49 (0.06, 3.96) 0.509 1.12(0.14,9.15) 0.916
Co-reporting trainee and
3.10 (0.86, 11.2) 0.083 3.06 (0.76,12.2) 0.114
consultant
Contrast enhanced scan  1.13 (0.57, 2.26) 0.726 1.06 (0.50, 2.23) 0.888
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Table 4. Factors which effect the rate of incidental findings

Incident Rates Ratio (IRR) for incidental findings

Univariable IRR Adjusted IRR
P-value P-value

(95% CI) (95% ClI)
Incidental tumour identified 0.44 (0.33, 0.53) <0.001 0.39 (0.28, 0.49) <0.001
Co-reporting trainee and consultant 0.39 (0.08, 0.69) 0.036 0.36 (0.05, 0.67) 0.021
Male 0.19 (0.11, 0.28) <0.001 0.24 (0.14, 0.33) <0.001
Age in years 0.02 (0.02, 0.02) <0.001 0.02 (0.02, 0.02) <0.001
Contrast enhanced scan 0.02 (-0.14, 0.18) 0.830 0(-0.17,0.16) 0.964

Imaging for suspected tumour ~ -0.58 (-0.79, -0.37)  <0.001 -0.60 (-0.81,-0.39)  <0.001

3 Tesla system -2.66 (-4.10, -1.27) <0.001 -2.94 (-4.33, -1.55) <0.001
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Figure Legends

Figure 1. Examples of incidental anomalies detected on MRI of the brachial plexus. Top left: A
heterogenous right-sided thyroid mass. Top right: A mass arising from the chest wall, left of the
midline, in a patient decades after bilateral mastectomy for breast cancer. Lower left: A
parapharyngeal haematoma in a polytrauma patient. Lower middle: A nodule within the right

parotid gland. Lower right: An aneurysmal descending thoracic aorta.

Figure 2. A stacked bar chart showing the number of times a patient underwent their first MRI of
the brachial plexus increased annually by a mean 23%, but the prevalence of incidentalomas

remained static.

Figure 3. Scans reported by a trainee and consultant jointly had significantly more incidental

anomalies, in patients of all ages.

Figure 4. A scatter plot showing that the number of incidental findings per scan increases with age.
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