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ORIGINAL RESEARCH
HEAD & NECK

Can Assessment of the Tongue on Brain MRI Aid
Differentiation of Seizure from Alternative Causes of
Transient Loss of Consciousness?

J.A. Erickson, ““’M.D. Benayoun, " C.M. Lack, “J.R. Sachs, and “*'P.M. Bunch

ABSTRACT

BACKGROUND AND PURPOSE: Transient loss of consciousness is commonly evaluated in the emergency department. Although
typically caused by epileptic seizure, syncope, or psychogenic nonepileptic seizure, the underlying etiology is frequently mis-
diagnosed. Lateral tongue bites are reportedly a specific clinical finding of seizure. We have observed tongue signal abnormal-
ity suggesting bite injury on brain MR imaging after seizures. We hypothesized an association between tongue signal
abnormality and seizure diagnosis among patients in the emergency department imaged for transient loss of consciousness.
Our purposes were to determine the prevalence of tongue signal abnormality among this population and the predictive per-
formance for seizure diagnosis.

MATERIALS AND METHODS: For this retrospective study including 82 brain MR imaging examinations, 2 readers independently assessed
tongue signal abnormality on T2-weighted and T2-weighted FLAIR images. Discrepancies were resolved by consensus, and interrater reli-
ability (Cohen k) was calculated. The final diagnosis was recorded. Proportions were compared using the Fisher exact test.

RESULTS: Tongue signal abnormality was present on 19/82 (23%) MR imaging examinations. Interrater reliability was “substantial” (k =
0.77). Seizure was diagnosed among 18/19 (95%) patients with tongue signal abnormality and 29/63 (46%) patients without it (P <<.001). In
our cohort, tongue signal abnormality conveyed 97% specificity, 95% positive predictive value, and 63% accuracy for seizure diagnosis.

CONCLUSIONS: Tongue signal abnormality was observed in 23% of the study cohort and conveyed 97% specificity and 95% posi-
tive predictive value for seizure diagnosis. By assessing and reporting tongue signal abnormality, radiologists may facilitate a timely
and accurate diagnosis of seizure among patients imaged for transient loss of consciousness.

ABBREVIATIONS: ED = emergency department; ES = epileptic seizure; PNES = psychogenic nonepileptic seizure; TLoC = transient loss of consciousness;

TSA = tongue signal abnormality

Transient loss of consciousness (TLoC) is defined as a sponta-
neous, temporary loss of consciousness with complete recov-
ery.! TLoC is estimated to affect up to 50% of individuals at some
point in their lives' and to account for up to 3% of emergency
department (ED) visits.” Although >90% of cases of TLoC are
known to be caused by epileptic seizure (ES), syncope, or psycho-
genic nonepileptic seizure (PNES),? confident determination of
the underlying etiology in any given patient remains difficult. In
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fact, it is estimated that the underlying cause of TLoC is misdiag-
nosed in 20%-30% of cases.*” A timely and accurate diagnosis of
seizure identifies patients with TLoC who may benefit from anti-
epileptic therapy, whereas an incorrect diagnosis may result in
inaccurate, inefficient, and delayed care.

The terminology associated with 2 of the most common
causes of TLoC (ES, PNES) is potentially confusing. Thus, clarifi-
cation is offered on the use of ES and PNES throughout this arti-
cle. The International League Against Epilepsy defines ES as “a
transient occurrence of signs and/or symptoms due to abnormal
excessive or synchronous neuronal activity in the brain.”® Most
important, the term ES—commonly shortened to seizure—does
not imply that the seizure is caused by or the patient has an epi-
lepsy syndrome. Rather, the intent is to differentiate ES from
other physical or psychological sudden events that may resemble
ES in some ways but which have causes other than abnormal ex-

cessive or synchronous neuronal activity in the brain,® for
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example PNES, “an event resembling ES but caused by psycho-
logical processes™ and historically also referred to as
“pseudoseizure.”

Lateral tongue bites have been described as a specific clinical
finding of ES.'*"* Some data suggest that bite injuries limited to
the tip of the tongue are specific for syncope;'®'>'® however, this
pattern of injury has also been observed in ES'' and PNES."* On
brain MR imaging, we have observed tongue signal abnormality
(TSA), which was subsequently proved to correspond to tongue
bite injury and was used to support a clinical diagnosis of unrecog-
nized seizure. Neuroimaging is commonly performed in the evalu-
ation of TLoC,"” and the presence of TSA may implicate ES as the
underlying etiology. We hypothesized a positive association
between TSA and the clinical diagnosis of ES. The purposes of this
study were the following: 1) to determine the prevalence of TSA
among patients in the ED undergoing brain MR imaging for
TLoC, and 2) to assess associations between TSA and a final clini-
cal diagnosis of seizure.

MATERIALS AND METHODS

Subjects

For this Health Insurance Portability and
Accountability Act-compliant, institutional review board-approved

retrospective,

study, a local institutional radiology database (mPower; Nuance
Healthcare) was queried for patients satisfying the following
inclusion criteria: 1) 18 years of age or older, 2) evaluated in
our institution’s ED between May 2016 and May 2020, and 3)
brain MR imaging obtained during ED evaluation including
the terms “seizure,” “syncope,” “loss of consciousness,” or
“fainting” in the study indication. Examinations were
excluded if neither the T2-weighted nor T2-weighted FLAIR
images included the tongue or the diagnostic assessment of
the tongue was precluded by severe motion, dental, or other
imaging artifacts.

Medical Record Review

Patient age and sex, stated indication for imaging, the presence or
absence of clinical documentation of tongue bite injury, and the
final clinical diagnosis (eg, seizure, syncope, other) were recorded.

Image Acquisition

Given the retrospective nature of this study, there was variability
with respect to the MR imaging scanners used to acquire images
and the specific T2-weighted and T2-weighted FLAIR sequence
acquisition parameters. Most included MR imaging examinations
were performed on 1 of three 1.5T MR imaging scanners:
Magnetom Avanto (n = 45) (Siemens), Magnetom Aera (n=17)
(Siemens), and Signa HDxt (n = 5) (GE Healthcare). The remain-
ing 15 included MR imaging examinations were performed on 1
of two 3T Magnetom Skyra (Siemens) MR imaging scanners.
Representative T2-weighted acquisition parameters for the most
commonly used 1.5T MR imaging scanner were the following: 5-
mm section thickness, 5-mm spacing, FOV = 230 x 230 mm,
matrix = 320 x 320, NEX = 1, TR = 4200ms, TE = 105 ms,
echo-train length = 35. Representative T2-weighted FLAIR ac-
quisition parameters applied to the most commonly used 1.5T
MR imaging scanners were the following: 5-mm section
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FIG 1. Axial, T2-weighted, fat-suppressed image with color overlay
demonstrates the visual standard used to classify the sites of tongue
signal abnormality as involving the tip of tongue (blue shading), lateral
tongue (yellow shading), or both.

thickness, 7-mm spacing, FOV = 230 x 230 mm, matrix =
256 x 223, NEX = 1, TR = 8000ms, TE = 120ms, TI =
2370 ms, echo-train length = 16.

Reader Assessment

One radiology resident and 1 fellowship-trained attending neuro-
radiologist (4 years’ subspecialty experience), both blinded to the
clinical information, independently reviewed the T2-weighted and
T2-weighted FLAIR images from all included brain MR imaging
examinations using our institution’s PACS. Each reviewer
recorded the presence or absence of TSA in all patients, defined as
abnormally increased fluid signal involving the tongue. For TSA
identified on non-fat-suppressed T2-weighted FLAIR images, cor-
relation with corresponding T1-weighted images of the tongue was
performed to confirm that the TSA was consistent with fluid signal
rather than fat. The recorded results were compared, and discrep-
ancies were resolved by consensus review. Consensus review was
performed unblinded to the clinical documentation of the presence
or absence of tongue bite injury on physical examination. When a
TSA was present, the radiology report was reviewed to determine
whether the finding was described. Additionally, both reviewers in

»

consensus characterized the site of TSA as “lateral tongue,” “tip of

tongue,” or “both” using a visual standard (Fig 1) modeled after

the visual depiction of the bite location by Benbadis et al.'®

Statistical Analysis

Absolute and relative frequencies are reported for categoric varia-
bles. The Fisher exact test was used to compare proportions, the
Student ¢ test was used to compare continuous variables, and the
Cohen « coefficient was calculated to assess interrater reliability.



These analyses were performed with JMP, Version 14 (SAS
Institute), and P < .05 indicated a statistically significant differ-
ence. Measures of diagnostic performance (eg, sensitivity, specific-
ity, positive predictive value) for TSA and clinically documented
tongue bite injury were also calculated.

RESULTS

Subjects

A total of 144 brain MR imaging examinations were reviewed,
with 55 examinations excluded because the tongue was not
included in the scan range of either the T2-weighted or the
T2-weighted FLAIR sequences and 7 excluded for artifacts
(eg, motion, dental) precluding assessment of the tongue.
This process yielded a total of 82 brain MR imaging examina-
tions in the cohort. Characteristics of the study group are
summarized in Table 1.

Table 1: Characteristics of the study group

Reader Assessment

Following consensus review, TSA was determined to be present
on 19 (23%) MR imaging examinations (Fig 2), more commonly
unilateral (11/19; 58%) than bilateral (8/19; 42%). The site of the
TSA was classified as the lateral tongue only in 12 (63%) patients,
tip of tongue only in none (0%), and both the lateral tongue and
tip of tongue in 7 (37%) patients. There were no significant differ-
ences between the presence of TSA and age (P = .22) or sex
(P=.80). Interrater reliability was substantial (x = 0.77). The
T2-weighted and T2-FLAIR weighted sequences on which the
tongue was evaluable are summarized in Table 2.

TSA was observed in 12/15 (80%) patients with documented
tongue bite injuries on physical examination and in 7/67 (10%)
patients with no documented tongue bite injury on physical ex-
amination (P<.001). Among the 15 patients with TSA and
documented tongue bite injuries, the sites of the TSA corre-

sponded with the sites of documented tongue
bite injuries in all (3/3) patients for whom spe-

cific site information (eg, right, left, bilateral) was

L% documented; in the other 12 patients, physical
Total Yes No PValue examination documented only “tongue bite
Sex (No) ., injury” or “tongue laceration” with no specifica-
ﬁ/e‘izle 2(2) 13 ;’3 80 tion as to sites of injury. The final clinical diagno-
Age (yr) sis was ES among 18/19 (95%) patients with TSA
Mean 533 (19.) 486 (18.5) 547 (19.2) 22° (11 classified as involving the lateral tongue only
Range 20-92 20-92 20-85 and 7 classified as involving both the lateral
Stated brain MRI indication (No.) tongue and tip of tongue) and 29/63 (46%)
Seizurg 49 16 3 0167 patients without TSA (P <.001). One patient
No seizure 33 3 30 . .
Syncope 2% 2 24 with TSA and a clinically documented tongue
Loss of consciousness 5 1 4 bite injury (classified as involving the lateral
Fainting 2 0 2 tongue only) was given a final clinical diagnosis
Clinically documented tongue bite injury of “spells of altered attention, likely cognitive
MG 15 12 3 <00 fluctuations in the setting of dementia.” The final
No 67 7 60 .. . . . .
Final clinical diagnosis clinical diagnosis was ES for all 7 patients with
Epileptic seizure 47 18 29 <.007® TSA but no documented tongue bite injury on
No epileptic seizure 35 1 34 physical examination.
Syncope o 2 0 2 In our cohort, TSA conveyed 38% sensitivity
Postyrf::’ge”'c el sel i 2 °. : (95% CI, 25%-54%), 97% specificity (95% CI,

*Fisher exact test.
b Student t test.

“Spells of altered attention, likely cognitive fluctuations in the setting of dementia.

85%-100%), 95% positive predictive value (95%
CL, 72%-99%), 54% negative predictive value
(95% CI, 48%-60%), and 63% accuracy (95% CI,

FIG 2. Representative examples of the spectrum of TSA (arrows, A-D) observed in this study from 4 different patients in the ED. All patients
were given a final clinical diagnosis of epileptic seizure. Tongue bite injuries were documented on physical examination for the patients depicted
in B and D. No tongue bite injury was documented on physical examination for the patients depicted in A and C. TSA was classified as lateral
only for A and C and as both lateral and tip of tongue for B and D.
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Table 2: Summary of T2-weighted and T2-weighted FLAIR
sequences on which the tongue was evaluable within the study
cohort and visibility of TSA by sequence

TSA TSA
Tongue Present Absent P
Evaluable (%) (%) Value®
Axial T2 FS 39 6(15%) 33 (85%) 73
Axial FLAIR 26 3(12%)  23(88%)
Fs 24 2(8%)  22(92%) 22
Not FS 2 1(50%)  1(50%)
Coronal T2 FS 8 1(13%) 7 (87%) 43
Coronal FLAIR 55 16 (29%) 39 (71%)
Fs 44 2Q7%)  32(73%) 7
Not FS l 4(36%)  7(64%)

Note:—FS indicates fat-suppressed.
®Fisher exact test.

52%-74%) for a final clinical diagnosis of ES. TSA was described
in 0/19 radiology reports.

For comparison, the final clinical diagnosis was ES among 14/
15 (93%) patients with documented tongue bite injury on physical
examination compared with 33/67 (49%) patients without docu-
mented tongue bite injury (P=.001). In our cohort, documented
tongue bite injury conveyed 30% sensitivity (95% CI, 17%-45%),
97% specificity (95% CI, 85%-100%), 93% positive predictive value
(95% CI, 66%-99%), 51% negative predictive value (95% CI, 46%-
56%), and 59% accuracy (95% CI, 47%-69%) for a final clinical di-
agnosis of ES.

DISCUSSION

Among patients in the ED undergoing brain MR imaging for
TLoC, the overall prevalence of TSA suggesting bite injury was
23%, and the underlying etiology for TLoC was determined to be
ES in 95% of patients with TSA. Notably, the final clinical diagno-
sis was seizure in 100% of patients with TSA but no documented
tongue bite injury on physical examination, suggesting that either
the physical examination in the ED overlooked a tongue bite
injury in these patients or the injury was not apparent at the time
of mucosal inspection. Moreover, no interpreting radiologist
described the presence of TSA in any of this cohort’s brain MR
imaging reports, suggesting that radiologists are not habitually
assessing the tongue for possible bite injury on brain MR imaging
performed for TLoC.

These findings support our hypothesis that TSA—presumed
to represent the MR imaging correlate to tongue bite injury—is
positively associated with the clinical diagnosis of seizure. Both
TSA and clinically documented tongue bite injuries conveyed
high specificity (97% for both) and high positive predictive values
(95% for TSA, 93% for tongue bite) for a final clinical diagnosis
of ES. Most important, the absence of TSA does not preclude sei-
zure as the underlying etiology for TLoC because the sensitivity
of TSA for clinical seizure diagnosis was only 38%. Diagnostic
performance of TSA for seizure diagnosis was comparable with
that of tongue bite injuries both in our cohort and in the pub-
lished literature, including a meta-analysis reporting a pooled
sensitivity of 33% and pooled specificity of 96% for tongue bite
injury.13
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TSA location (lateral, tip of tongue, both) was also assessed,
given a previous pooled analysis of data from Benbadis et al'’
and Akor et al"®

bite for syncope.'® There were no patients in our cohort with

reporting 99.8% specificity of a tip of the tongue

TSA limited to just the tip of tongue. However, TSA involved
both the tip of tongue and the lateral tongue in 7 patients, all of
whom were diagnosed with ES. Given reports of tip of the tongue
bites in both ES'' and PNES'* as well as the pooled analysis from
Brigo et al'® including only 2 patients with syncope with tip of
tongue bites, we advise caution in drawing conclusions about the
underlying cause of TLoC on the basis of tip of tongue bite loca-
tion alone.

TLoC accounts for up to 3% of all ED visits, and the underly-
ing cause of TLoC is misdiagnosed in 20%-30% of cases,*”
potentially resulting in inaccurate, inefficient, or delayed care.
When interpreting neuroimaging in patients with TLoC, the radi-
ologist should be primarily concerned with evaluating for mass,
hemorrhage, infarction, encephalitis, or other structural causes
for TLoC. However, radiologists’ awareness of, assessment for,
and reporting of TSA as a high-specificity finding for ES could
facilitate timely identification of patients who may benefit from
antiepileptic therapy, particularly given that some tongue bite
injuries may be unrecognized on physical examination in the ED
setting and that some patients may undergo imaging before com-
prehensive oral cavity examination. Thus, assessment of the
tongue on brain MR imaging may complement clinical history,
physical examination, witness accounts,'® electroencephalogra-
phy, electrocardiography, heart rhythm monitoring, tilt-table

testing, and laboratory evaluation'®*!

to ascertain underlying
TLoC etiology and, in some cases, potentially obviate the need
for more involved additional tests. We do not advocate obtaining
brain MR imaging in all patients with TLoC to enable TSA assess-
ment. However, in the subset of patients with TLoC whose clini-
cal circumstances warrant brain MR imaging, radiologists have
an opportunity to facilitate an accurate diagnosis of seizure by
noticing TSA, reporting its presence, and recommending correla-
tion with direct inspection to confirm that the finding indeed rep-
resents a tongue bite injury rather than mucosal neoplasm or
other potential mimics.

Some radiology practices might consider routinely including
the tongue within the scan range of brain MR imaging performed
for TLoC (if not always included already) to enable assessment
for TSA; however, such a protocol change would likely need to be
considered in the context of local practice patterns, radiologists’
and referring providers’ preferences, and other factors beyond
the scope of this study. Although there were no statistically signif-
icant differences between the frequencies with which TSA was
observed on fat-suppressed-versus-non-fat-suppressed images
(Table 2), in our subjective experience, TSA was more easily and
more confidently identifiable on the fat-suppressed images. We
found both axial and coronal fat-suppressed T2-weighted and
T2-weighted FLAIR images equally valuable for TSA identifica-
tion. Thus, if considering protocol modifications to maximize the
potential usefulness of TSA in the imaging of TLoC, we suggest
including the tongue in the scan range of at least 1 fat-suppressed
T2-weighted or T2-weighted FLAIR sequence. Alternatively, if
one is assessing non-fat-suppressed T2-weighted or T2-weighted



FLAIR images for TSA, we emphasize the importance of correlat-
ing any findings on the T2-weighted sequences with T1-weighted
images to avoid misdiagnosing focal fat (T1 and T2 hyperintense)
as TSA (T1 hypointense, T2 hyperintense).

There are limitations to this study. The retrospective design
precludes definitive confirmation that TSA represented tongue
bite injury in all patients; however, the statistically significant
association between the presence of TSA and a documented
tongue bite injury, the parallel between the site of TSA and the
site of documented bite injury in all patients for whom this level
of clinical detail was available, as well as the comparable diagnos-
tic performance of both findings for clinical seizure diagnosis
provide evidence that the TSA observed in our study is indeed
the MR imaging correlate to tongue bite injury. A substantial pro-
portion of brain MR imaging examinations in the ED performed
for TLoC did not include images of the tongue and were, there-
fore, excluded. Furthermore, the criterion standard of final clini-
cal diagnosis used in this study is known to be imperfect. The
real-world clinical impact of radiologists’ identification of TSA is
uncertain and would likely depend on a number of factors not
controlled for in this study, including the following: 1) whether
an oral cavity examination was performed before MR imaging, 2)
the training and skill level of the oral cavity examiner, 3) whether
a tongue bite injury was already identified before imaging, and 4)
clinical decision-making related to which patients with TLoC are
selected for brain MR imaging. Finally, only 2 patients in the
cohort had a final diagnosis of PNES, so any potential relation-
ship between TSA and PNES remains uncertain.

CONCLUSIONS

The prevalence of TSA among patients in the ED undergoing
brain MR imaging for TLoC was 23%, and the presence of TSA
conveyed 97% specificity and 95% positive predictive value for a
final clinical diagnosis of ES.

Radiologists have an opportunity to add value in the MR
imaging evaluation of TLoC through awareness of, assessment
for, and reporting of TSA as a high-specificity finding for ES, par-
ticularly given that some tongue bite injuries may be unrecog-
nized on physical examination in the ED setting.
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