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Mastoid effusion on temporal bone
MRI in patients with Bell’s palsy
and Ramsay Hunt syndrome
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This study aimed to investigate the incidence of mastoid effusion on temporal bone magnetic
resonance imaging (MRI) in patients with Bell’s palsy (BP) and Ramsay Hunt syndrome (RHS), and
evaluate the usefulness of mastoid effusion in early differential diagnosis between BP and RHS. The
incidence of mastoid effusion on 3.0 T—temporal bone MRI, which was conducted within 10 days after
the onset of acute facial nerve palsy, was compared between 131 patients with BP and 33 patients
with RHS. Findings of mastoid cavity on temporal bone MRI were classified into three groups as
normal mastoid, mastoid effusion, and sclerotic change, and the incidence of ipsilesional mastoid
effusion was significantly higher in RHS than BP (P <0.001). Tympanic membrane was normal in 7 of 14
RHS patients with mastoid effusion, and injected without middle ear effusion in 7 patients. This study
highlights significantly higher incidence of ipsilesional mastoid effusion in RHS than BP, and suggests
that the presence of mastoid effusion may provide additional information for differential diagnosis
between RHS and BP.

Bell’s palsy (BP) is the most common type of acute peripheral facial nerve palsy (FNP) with an annual incidence
of 20-30 per 100,000 persons', and Ramsay Hunt syndrome (RHS) accounts for approximately 10% of acute
FNP with an annual incidence of 5 per 100,000 population® RHS is characterized by otalgia and erythematous
vesicular rash in the external auditory meatus or auricle in addition to acute FNP. While vertigo or hearing loss is
commonly accompanied with FNP in RHS, symptoms of vestibulocochlear deficit is rare in BP*. In comparison to
BP, the severity of FNP is greater and recovery rate is worse in RHS**. On the other hand, the gustatory percep-
tion and morphology may be bilaterally affected in both BP and RHS at the acute phase®. It has been established
that combination therapy with systemic steroids and antiviral agents shows benefit over systemic steroids alone
in RHS’, whereas the additional benefit from combination therapy over steroids alone has not been confirmed
in BP®. Several prognostic factors for the recovery of FNP have been reported, and early treatment was suggested
as one of the most important prognostic factors in RHS>!°. Thus, initiating early treatment after proper diag-
nosis is crucial to improve the recovery rate in RHL. However, differential diagnosis between RHS and BP at an
early stage is sometimes difficult because the sequence, in which symptoms appear, may vary among individual
patients with RHS. For example, acute FNP may precede erythematous skin rash in some patients with RHS'"12,
Moreover, in cases such as zoster sine herpete, in which acute FNP develops without erythematous skin rash,
differentiation of RHS from BP based on clinical presentation is difficult.

Temporal bone magnetic resonance imaging (MRI) has been utilized to evaluate disease extent of RHS'**!7
and compare imaging characteristics between RHS and BP'®-2°. Most of all, temporal bone MRI is helpful for
the differential diagnosis between BP and RHS, facilitating early diagnosis of RHS and supporting rapid initia-
tion of combination therapy with systemic steroids and antiviral agents®®. We accidentally discovered mastoid
effusion on the ipsilesional side of FNP in one patient with RHS, and attempted to retrospectively investigate if
presence of mastoid effusion in temporal bone MRI may provide additional information for differential diagnosis
between RHS and BP. The purpose of the present study was to investigate the incidence of mastoid effusion on
temporal bone MRI in patients with BP and RHS, and evaluate the usefulness of mastoid effusion in differential
diagnosis between BP and RHS.
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Characteristics BP (n=131) RHS (n=33)

Male: female 65: 66 14:19 P=0.460
Mean age (range) 45 years (10 -84 years) | 53 years (22-88 years) | P=0.369
Affected side (Right : Left) 63:68 15:18 P=0.786
From onset of FNP to MRI 2.9+2.7 days 2.7+2.6 days P=0.821
House-Brackmann grade 32+0.8 3.6+£0.9 P=0.005
No. of patients with hearing loss 0 (0%) 29 (88%) P<0.001
No. of patients with vertigo 0 (0%) 24 (73%) P<0.001

Table 1. Summary of clinical characteristics. BP, Bell's palsy; RHS, Ramsay Hunt syndrome; FNP, facial nerve
palsy; MRI, magnetic resonance imaging.

Subjects and methods
Between February 2013 and June 2018, patients diagnosed with BP or RHS were enrolled in this study. A
retrospective analysis of the charts and MRI findings of 131 patients with BP (65 men and 66 women; mean
age =45 years; age range = 10-84 years) and 33 patients with RHS (14 men and 19 women; mean age =53 years;
age range = 22-88 years) was performed (Table 1). Patients with acute unilateral FNP, who underwent temporal
bone MRI within 10 days after the symptom onset, were included in the present study. Patients with acute FNP
with otalgia and vesicular skin eruption were diagnosed with RHS, and those with no other known cause of
FNP were diagnosed with BP. Neurological and otolaryngological examinations were performed, and patients
with chronic otitis media, otitis media with effusion, recent head or ear trauma, or a prior history of otologic
surgery in either ear were excluded from the study. The study was approved by the Institutional Review Board of
Konkuk University Medical Center (approval number: 1110083). Informed consent was waived by the same IRB
that approved the study. All procedures performed in studies involving human participants were in accordance
with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Temporal bone MRI was conducted using a 3.0 T MRI (Signa HDx: GE healthcare, Milwaukee, WI) with
a phased-array head coil. We used the same temporal bone MRI protocol as our previous studies'**, which
included 2-mm thick T1 (TR/TE on 3.0 T MRI; 600/14 ms and 800/2 ms) and T2 (TR/TE; 4000/92 ms and
4000/107 ms) weighted axial images, 3D balanced steady-state gradient echo sequence (FIESTA) for cranial
nerves, and post-contrast 3D volumetric T1-weighted images (SPGR). The parameters for acquiring FIESTA
data for cranial nerves on 3.0 T MRI were the following: TR, 6.1/7.28 ms; TE, 1.7/2.30 ms; FOV, 180 mm; flip
angle, 658/608; matrix, 512 256; acquiring slice thickness, 1 mm; reconstructed slice thickness, 0.5 mm. Post-
contrast 3D volumetric T1-weighted images (TR/TE, 8.85/3.95 ms; FOV, 180 mm; flip angle, 128; matrix, 256
256; acquiring slice thickness, 1.2 mm; reconstructed slice thickness, 0.6 mm) were obtained at 1 min after an
intravenous bolus injection of a standard dose of gadobutrol (Gadovist; Schering, Berlin, Germany; 0.1 mmol/
kg of body weight) through the antecubital vein using a power injector with a rate of 1 mL per second. All injec-
tions were followed by a saline flush of up to 20 mL. The scanning encompassed the region from the mastoid to
the upper edge of the petrous bone.

Statistical comparison was performed using Pearson’s chi-squared test for categorical variables and Student’s
t-test or Mann — Whitney U test for ordinal or interval variables (IBM SPSS version 23.0, IBM Corp., Armonk,
NY), and P<0.05 was considered significant.

Ethics declaration. The study was approved by the Institutional Review Board (Approval Number:
1110083). All procedures performed in studies involving human participants were in accordance with the ethi-
cal standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards.

Results
The clinical characteristics in patients with BP and RHS are summarized in Table 1. Male to Female ratio was 65 :
66 in BP and 14 : 19 in RHS, which was not significantly different (P=0.460, Pearson’s chi-squared test). Mean age
was 45 years in BP and 53 years in RHS, which was not significantly different (P=0.369, Students -test). Affected
side was right in 63 patients with BP (left side in 68 patients) and 15 patients with RHS (left side in 18 patients),
which was not significantly different (P=0.786, Pearson’s chi-squared test). The time period from symptom onset
to temporal bone MRI was 2.9 £2.7 days in BP and 2.7 + 2.6 days in RHS, which was not significantly different
(P=0.821, Student’s t-test). The worst House-Brackmann (HB) grade during an acute stage was significantly
higher in RHS (3.6+0.9) than BP (3.2+0.8) (P=0.005, Student’s ¢-test). Proportion of patients with hearing
loss was significantly higher in RHS (88%) than BP (0%) (P <0.001, Pearson’s chi-squared test). Proportion of
patients with vertigo was significantly higher in RHS (73%) than BP (0%) (P <0.001, Pearson’s chi-squared test).
While previous studies investigated the imaging findings of facial nerve, inner ear end organs, dura, and ves-
tibulocochlear nerve in patients with acute peripheral FNP!*-%, the present study focused on the mastoid cavity
in the affected side on temporal bone MRI. Findings of mastoid cavity were classified into three groups as normal
mastoid (Fig. 1), mastoid effusion (Fig. 2), and sclerotic change (Fig. 3). Figure 1 demonstrates a representative
case with normal mastoid in BP patient on the right side. T2-weighted axial image shows normal appearance
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Figure 1. A representative case of the right Bell's palsy with normal mastoid cavity in temporal bone MRI. (A)
Non-contrast axial T2-weighted image shows normal mastoid cavity on the right side (dotted circle). (B) Post-
contrast axial T1-weighted image at the Bill’'s bar shows enhancement of the distal canalicular, labyrinthine, genu
and proximal tympanic segment of the right facial nerve (arrows). (C) Post-contrast coronal T1-weighted image
at the level of IAC demonstrates enhancement of the right facial nerve.

with no high signal intensity (Fig. 1A). Post-contrast axial and coronal T1-weighted images show enhancement
of the right facial nerve at the distal canalicular, labyrinthine, geniculate ganglion, and proximal tympanic seg-
ments (Fig. 1B, C). Figure 2 demonstrates a representative case with mastoid effusion in RHS patient on the left
side. Non-contrast axial T2-weighted image at the level of internal auditory canal (IAC) and mastoid air cells
shows high signal intensity from the fluid in the left mastoid suggesting mastoid effusion (Fig. 2A). Post-contrast
axial T1-weighted image at the Bill's bar shows enhancement of the distal canalicular and labyrinthine segment
of the left facial nerve, and superior vestibular nerve. The adjacent dura in fundic area of the left IAC and left
posterior petrous ridge are also enhanced (Fig. 2B). Post-contrast axial T1-weighted image at the level of IAC
demonstrates mild enhancement of basal turn of the left cochlea and diffuse dural enhancement along the whole
length of the left IAC and left posterior petrous ridge. The left pinna is thickened and enhanced as compared with
the right side (Fig. 2C). Figure 3 demonstrates a representative case with sclerotic mastoid in a patient with BP on
the right side. Axial T2-weighted image depicts heterogeneous high signal intensity in the mastoids which have
similar signal intensity from the adjacent clivus and petrous apex, suggesting bony sclerotic change (Fig. 3A).
Temporal bone computed tomography (TBCT) confirms the bony sclerotic change with decreased number of
mastoid air cells (Fig. 3B). Post-contrast axial T1-weighted image at the Bill’s bar shows enhancement of the distal
canalicular, labyrinthine, geniculate ganglion and proximal tympanic segment of the right facial nerve (Fig. 3C).

Normal mastoid cavity in temporal bone MRI was observed in 98% (128 of 131) of BP and 48% (16 of 33)
of RHS, and ipsilesional mastoid effusion was observed in 0% of BP and 42% (14 of 33) of RHS (Table 2). Bony
sclerotic change was observed in 2% (3 of 131) of BP and 9% (3 of 33) of RHS, and the sclerotic change was
observed in both mastoid cavities in all patients. It has been suggested that the extent of mastoid pneumatization
is determined genetically, rendering its variation an anatomical and etiological factor for chronic otitis media?,
or determined by environmental factors such as pathologic influences on the middle ear and mastoid air cell
system during childhood?. Because no evidence for chronic otitis media was suspected in any of six patients
with the sclerotic mastoid cavity in temporal bone MRI and the sclerotic change was observed not only on the
same side with FNP but also on the contralateral side (Fig. 3A, B) in all six patients, those patients were excluded
from the statistical analysis, given that sclerotic bony change in the mastoid is not associated with the acute onset
of FNP. Proportion of mastoid effusion was significantly higher in RHS (47%, 14 of 30) than BP (0%, 0 of 128)
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Figure 2. A representative case of Ramsay Hunt syndrome with mastoid effusion on the left side. (A) Non-
contrast axial T2-weighted image at the level of IAC and mastoid air cells shows high signal intensity from the
fluid in the left mastoid suggesting mastoid effusion (dotted circle). (B) Post-contrast axial T1-weighted image at
the Bill’s bar shows enhancement of the distal canalicular and labyrinthine segment of the left facial nerve (long
arrow), and superior vestibular nerve (short arrow). The adjacent dura in fundic area of the left IAC and left
posterior petrous ridge are also enhanced (arrowheads). (C) Post-contrast axial T1-weighted image at the level
of IAC demonstrates mild enhancement of basal turn of the left cochlea and diffuse dural enhancement along
the whole length of the left IAC and left posterior petrous ridge (arrow heads). Left auricle is thickened and
enhanced (dotted circle) as compared with right side.

(P<0.001, Pearson’s chi-squared test). We compared the proportion of mastoid effusion according to the time
between symptom onset of FNP and temporal bone MRI in patients with RHS. Among 14 RHS patients with
mastoid effusion, temporal bone MRI was performed within 3 days after onset of acute FNP in 11 patients and
after 3 days of onset of acute FNP in 3 patients. Among 16 RHS patients without mastoid effusion, temporal bone
MRI was performed within 3 days after onset of acute FNP in 12 patients and after 3 days of onset of acute FNP in
4 patients. The proportion of the patients, in whom temporal bone MRI was conducted within 3 days after onset
of acute FNP, was 78.6% (11 of 14) in RHS patients with mastoid effusion and 75% (12 of 16) in those without
mastoid effusion, which was not significantly different (P=0.817, Pearson’s chi-squared test). Then, we compared
the severity of FNP between RHS patients with normal mastoid and those with mastoid effusion. The worst HB
grade during an acute stage was 3.4 £ 0.8 in RHS with normal mastoid (n=16) and 3.8+ 1.2 (n=14) in those with
mastoid effusion, which was not significantly different (P=0.201, Mann - Whitney U test; Table 3). Air-bone
gap was not revealed on a pure tone audiometry in any of 14 RHS patients with mastoid effusion. Otoendoscopic
examination revealed normal tympanic membrane in 7 patients (of 14 RHS patients with mastoid effusion on
temporal bone MRI), and injected tympanic membrane without recognizable middle ear effusion in 7 patients
(of 14 RHS patients with mastoid effusion on temporal bone MRI). TBCT or brain CT, which was conducted in
6 patients of 14 RHS patients with mastoid effusion on temporal bone MRI, demonstrated too small amount of
mastoid effusion to be easily detected (Fig. 4).

In the present study, only RHS patients with typical symptoms of acute FNP with vesicular skin eruption were
included (see Subjects and Methods). We then evaluated temporal bone MRI findings of another three atypical
RHS patients who did not show vesicular eruption or acute FNP (Fig. 5). Temporal bone MRI of a 64-year old
female patient, who was diagnosed as zoster sine herpete in the right side, is shown in Fig. 5A, B. Postcontrast
3D T1-weighted MRI at the level of the IAC demonstrated the enhancement of the labyrinthine segment of the
right facial nerve, right vestibular nerve and IAC dura (Fig. 5A). Non-contrast axial T2-weighted image at the
level of mastoid air cells showed high signal intensity suggesting mastoid effusion on the affected side (Fig. 5B).
Temporal bone MRI of a 40-year-old male patient, who developed vesicular skin eruption in the left ear and acute
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Figure 3. A representative case of Bell’s palsy with sclerotic mastoid. (A) Non-contrast axial T2-weighted
image at the level of IAC shows heterogeneous high signal intensity in the mastoids (dotted circle) which have
similar signal intensity from the adjacent clivus and petrous apex (arrows), suggesting bony sclerotic change. (B)
Temporal bone CT confirms bony sclerotic change and decreased number of mastoid air cells. (C) Post-contrast
axial T1-weighted image at the Bill’s bar shows enhancement of the distal canalicular, labyrinthine, genu and
proximal tympanic segment of the right facial nerve (arrows).

Normal 128 (98%) 16 (48%)
Effusion 0 (0%) 14 (42%)
Sclerotic change 3 (2%) 3 (9%)

Table 2. Temporal bone MRI findings in the mastoid area. MRI, magnetic resonance imaging; BP, Bell’s palsy;
RHS, Ramsay Hunt syndrome.

House-Brackmann grade
BP (n=128) 32+0.8 (n=128) NA (n=0)
RHS (n=30) 34+0.8 (n=16) 38+1.2 (n=14) P=0.201

Table 3. Initial House-Brackmann grade according to magnetic resonance imaging (MRI) findings of the
mastoid area in Bell’s palsy (BP) and Ramsay Hunt syndrome (RHS). NA, not applicable.
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Figure 4. Comparison between temporal bone MRI and TBCT in a representative case of Ramsay Hunt
syndrome with mastoid effusion on the right side. Non-contrast axial T2-weighted image at the level of IAC
and mastoid air cells shows high signal intensity from the fluid in the right mastoid suggesting mastoid effusion
(dotted circle, A), which was not easily identifiable in TBCT (dotted circle, B).

vertigo without acute FNP, is shown in Fig. 5C, D. Postcontrast 3D T1-weighted MRI showed the enhancement
of the labyrinthine segment of the left facial nerve, left vestibular nerve and IAC dura (Fig. 5C). Non-contrast
axial T2-weighted image showed normal mastoid cavity in the affected side (Fig. 5D). Temporal bone MRI of
a 28-year-old male patient, who developed vesicular skin eruption in the left ear and acute vertigo and hearing
loss without acute FNP, is shown in Fig. 5E, F. Postcontrast 3D T1-weighted MRI showed the enhancement of
the labyrinthine segment of the left facial nerve, left vestibular nerve, and IAC dura (Fig. 5E). Non-contrast axial
T2-weighted image at the level of mastoid air cells showed normal mastoid cavity in the affected side (Fig. 5F).

Discussion

The present study demonstrates that the significantly higher incidence of mastoid effusion was observed in RHS
than BP on temporal bone MRI. Previous studies have emphasized that early differential diagnosis between RHS
and BP is important due to their different prognoses and treatment modalities®’~1%242>. However, differentiating
RHS from BP based on clinical presentation at an early stage is sometimes difficult in RHS cases with atypical
clinical manifestations or zoster sine herpete 121526,

Temporal bone MRI has been utilized for the early differential diagnosis between BP and RHS *-2°, While
the enhancement is generally localized within the facial nerve in BP, the enhancement, as shown in the pre-
sent study (Fig. 2), has been observed in not only the facial nerve but also the vestibulocochlear nerve on
temporal bone MRI in RHS'?71*2027-32 Enhancement of the inner ear organs has been frequently observed in
RHS!21315:19.2027.29.30.33 'and dural enhancement along the IAC, as shown in the present study (Fig. 2), has also
been reported!>2927:2%3033 Tn RHS with multiple cranial neuropathy, enhancement of involved cranial nerves in
the brainstem has been observed in temporal bone MRI'**. Soft tissue swelling and enhancement of the involved
auricle has been reported in temporal bone MRI of RHS patients'>*. Kuya et al. reported that 3D MRI sequences
are useful for the differential diagnosis between RHS and BP, and RHS, compared to BP, shows more thicken-
ing of the facial nerve in the fundus of IAC on 3D-contructive interference on steady state sequence (3D-CISS)
image?. Sugiura et al. reported that high signal intensity of the inner ear organs is observed on non-contrast
3D-fluid-attenuated inversion recovery (3D-FLAIR) images in RHS'S.

In addition to the above-mentioned characteristic findings of temporal bone MRI in RHS, the presence of
mastoid effusion in temporal bone MRI may provide an additional information in differentiating RHS from
BP, because, though not all of RHS patients showed mastoid effusion (14 of 33 RHS patients), mastoid effusion
was not observed in any of the patients with BP. In addition, among three RHS patients with atypical clinical
manifestations, one patient with zoster sine herpete showed mastoid effusion on the affected side. It has been
reported that incidental mastoid effusion on MRI, in which isolated fluid in the mastoid bone appears with absent
corroborating clinical features, may have little clinical significance**~*. However, mastoid effusion, which was
observed in 14 patients with RHS in the present study, may be associated with RHS, because the mastoid effusion
was observed on the same side with RHS in all of 14 patients. The mechanism underlying mastoid effusion in
RHS is not clear. We speculate that impairment of autonomic nervous function, which is thought to play a role
in the regulation of local blood flow and glandular secretion in middle ear and mastoid mucosa, is responsible
for the production of mastoid effusion in patients with RHS*.
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Figure 5. Temporal bone MRI of the patient with zoster sine herpete in the right side (A, B). (A) Post-contrast
3D T1 weighted image at the level of the internal auditory canal demonstrates enhancement of the labyrinthine
segment of the right facial nerve (long arrow), right vestibular nerve (short arrow), and dura (arrowhead). (B)
Non-contrast axial T2-weighted image shows high signal intensity from the fluid in the right mastoid suggesting
mastoid effusion (dotted circle). Temporal bone MRI of the patient, who developed vesicular skin eruption in
the left ear without acute facial nerve palsy (C, D). (C) Post-contrast 3D T1 weighted image at the level of the
internal auditory canal demonstrates enhancement of the labyrinthine segment of the left facial nerve (long
arrow), left vestibular nerve (short arrow), and dura (arrowhead). (D) Non-contrast axial T2-weighted image
shows normal mastoid cavity on the left side (dotted circle). Temporal bone MRI of another patient, who
developed vesicular skin eruption in the left ear without acute facial nerve palsy (E, F). (E) Post-contrast 3D

T1 weighted image at the level of the internal auditory canal demonstrates enhancement of the labyrinthine
segment of the left facial nerve (long arrow), left vestibular nerve (short arrow), and dura (arrowhead). (D) Non-
contrast axial T2-weighted image shows normal mastoid cavity on the left side (dotted circle).

While we performed this study with 3.0 T MRI only, it has been reported that facial nerve enhancement can
also be detected on 1.5 T MRI with high spatial resolution in pathologic conditions such as BP, RHS and tumor-
ous lesions including lymphoma and leukemia*’. However, because higher spatial resolution and more sensitivity
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to the contrast materials can be achieved by using the 3.0 T MRI, we can detect facial nerve enhancement in
pathologic conditions more rapidly and sensitively. Moreover, it is more convenient to differentiate enhance-
ment between facial, vestibulocochlear nerve and dura by using the 3.0 T MRI. However, considering that mild
to moderate enhancement of the intrameatal (15%) and labyrinthine (5%) segments of the normal facial nerve
may be observed on 3.0 T MRI*, attention should be paid in the interpretation of the presence of facial nerve
enhancement by comparing the pattern and degree of the bilateral facial nerve enhancement on MRI.

Conclusions

In conclusion, this study highlighted significantly higher incidence of ipsilesional mastoid effusion in RHS than
BP, and suggested that the presence of mastoid effusion may provide additional information for differential
diagnosis between RHS and BP. In addition to enhancement of vestibulocochlear nerve and/or dura along the
IAC and/or inner ear organs in temporal bone MRI, identification of mastoid effusion may be a valuable MRI
finding for early differential diagnosis.

Data availability
The raw/processed data required to reproduce these findings cannot be shared at this time as the data also forms
part of an ongoing study.

Received: 8 May 2020; Accepted: 27 January 2021
Published online: 04 February 2021

References

1. Holland, N. J. & Weiner, G. M. Recent developments in Bell’s palsy. BM] (Clin. Res. ed.) 329, 553-557. https://doi.org/10.1136/
bmj.329.7465.553 (2004).

2. Uscategui, T., Doree, C., Chamberlain, I. J. & Burton, M. J. Antiviral therapy for ramsay hunt syndrome (herpes zoster oticus with
facial palsy) in adults. Cochrane Database Syst. Rev. (Online) https://doi.org/10.1002/14651858.CD006851.pub2 (2008).

3. Shin, D. H,, Kim, B. R,, Shin, J. E. & Kim, C. H. Clinical manifestations in patients with herpes zoster oticus. Eur. Arch. Otorhi-
nolaryngol. 273, 1739-1743. https://doi.org/10.1007/s00405-015-3756-9 (2016).

4. Ryu, E. W, Lee, H. Y., Lee, S. Y., Park, M. S. & Yeo, S. G. Clinical manifestations and prognosis of patients with Ramsay Hunt
syndrome. Am. J. Otolaryngol. 33, 313-318. https://doi.org/10.1016/j.amjoto.2011.10.001 (2012).

5. Eviston, T. ], Croxson, G. R., Kennedy, P. G., Hadlock, T. & Krishnan, A. V. Bell’s palsy: aetiology, clinical features and multidis-
ciplinary care. J. Neurol. Neurosurg. Psychiat. 86, 1356-1361. https://doi.org/10.1136/jnnp-2014-309563 (2015).

6. Pavlidis, P,, Camara, R. J. A, Kekes, G. & Gouveris, H. Bilateral taste disorders in patients with Ramsay Hunt syndrome and Bell
palsy. Ann. Neurol. 83, 807-815. https://doi.org/10.1002/ana.25210 (2018).

7. deRu, J. A. & van Benthem, P. P. Combination therapy is preferable for patients with Ramsay Hunt syndrome. Otol. Neurotol. 32,
852-855. https://doi.org/10.1097/MAO.0b013e31821a00e5 (2011).

8. Gagyor, L., Madhok, V. B., Daly, E. & Sullivan, E. Antiviral treatment for Bell’s palsy (idiopathic facial paralysis). Cochrane Database
Syst. Rev. (Online) https://doi.org/10.1002/14651858.CD001869.pub9 (2019).

9. Monsanto, R. D. et al. Treatment and prognosis of facial palsy on ramsay hunt syndrome: results based on a review of the literature.
Int. Arch. Otorhinolaryngol. 20, 394-400. https://doi.org/10.1055/s-0036-1584267 (2016).

10. Mueller, N. H., Gilden, D. H., Cohrs, R. J., Mahalingam, R. & Nagel, M. A. Varicella zoster virus infection: clinical features,
molecular pathogenesis of disease, and latency. Neurol. Clin. 26, 675-697. https://doi.org/10.1016/j.ncl.2008.03.011 (2008).

11. Alyono, J. C., Corrales, C. E. & Oghalai, J. S. Facial nerve paralysis, and hearing loss. JAMA Otolaryngol. Head Neck Surg. 140,
575-576. https://doi.org/10.1001/jamaoto.2014.621 (2014).

12. Kuo, M. J., Drago, P. C., Proops, D. W. & Chavda, S. V. Early diagnosis and treatment of Ramsay Hunt syndrome: the role of mag-
netic resonance imaging. J. Laryngol. Otol. 109, 777-780. https://doi.org/10.1017/s0022215100131305 (1995).

13. Chung, M. S. et al. The clinical significance of findings obtained on 3D-FLAIR MR imaging in patients with Ramsay-Hunt syn-
drome. Laryngoscope 125, 950-955. https://doi.org/10.1002/lary.24973 (2015).

14. Iwasaki, H. et al. Vestibular and cochlear neuritis in patients with Ramsay Hunt syndrome: a Gd-enhanced MRI study. Acta
Otolaryngol. 133, 373-377. https://doi.org/10.3109/00016489.2012.750735 (2013).

15. Choi, J. W,, Nahm, H., Shin, J. E. & Kim, C. H. Atypical clinical manifestations of herpes zoster oticus: diagnostic usefulness of
magnetic resonance imaging. J. Neurovirol. 25, 874-882. https://doi.org/10.1007/5s13365-019-00781-8 (2019).

16. Sugiura, M., Naganawa, S., Nakata, S., Kojima, S. & Nakashima, T. 3D-FLAIR MRI findings in a patient with Ramsay Hunt syn-
drome. Acta Otolaryngol. 127, 547-549. https://doi.org/10.1080/00016480600801399 (2007).

17. Minakata, T., Inagaki, A., Sekiya, S. & Murakami, S. Contrast-enhanced magnetic resonance imaging of facial nerve swelling in
patients with severe Ramsay Hunt syndrome. Auris Nasus Larynx 46, 687-695. https://doi.org/10.1016/j.anl.2018.12.015 (2019).

18. Zimmermann, J., Jesse, S., Kassubek, J., Pinkhardt, E. & Ludolph, A. C. Differential diagnosis of peripheral facial nerve palsy: a
retrospective clinical, MRI and CSF-based study. J. Neurol. 266, 2488-2494. https://doi.org/10.1007/s00415-019-09387-w (2019).

19. Nakata, S. et al. 3D-FLAIR MRI in facial nerve paralysis with and without audio-vestibular disorder. Acta Otolaryngol. 130,
632-636. https://doi.org/10.3109/00016480903338123 (2010).

20. Kuya, J. et al. Usefulness of high-resolution 3D multi-sequences for peripheral facial palsy: differentiation between bell’s palsy and
ramsay hunt syndrome. Otol. Neurotol. 38, 1523-1527. https://doi.org/10.1097/ma0.0000000000001605 (2017).

21. Jeong, K. H., Choi, J. W, Shin, J. E. & Kim, C. H. Abnormal magnetic resonance imaging findings in patients with sudden sen-
sorineural hearing loss: vestibular schwannoma as the most common cause of MRI abnormality. Medicine 95, €3557. https://doi.
0rg/10.1097/md.0000000000003557 (2016).

22. Lee, D. H,, Jun, B. C., Kim, D. G., Jung, M. K. & Yeo, S. W. Volume variation of mastoid pneumatization in different age groups: a
study by three-dimensional reconstruction based on computed tomography images. Surg. Radiol. Anatomy SRA 27, 37-42. https
://doi.org/10.1007/s00276-004-0274-7 (2005).

23. Tos, M. & Stangerup, S. E. The causes of asymmetry of the mastoid air cell system. Acta Otolaryngol. 99, 564-570. https://doi.
0rg/10.3109/00016488509182262 (1985).

24. Hur, D. M. et al. Comparison of transcranial magnetic stimulation and electroneuronography between bell’s palsy and ramsay
hunt syndrome in their acute stages. Ann. Rehabil. Med. 37, 103-109. https://doi.org/10.5535/arm.2013.37.1.103 (2013).

25. Kim, H. J. et al. Comparison of acyclovir and famciclovir for ramsay hunt syndrome. Otol. Neurotol. 38, 754-758. https://doi.
0rg/10.1097/mao.0000000000001367 (2017).

26. Gilden, D., Cohrs, R. J., Mahalingam, R. & Nagel, M. A. Neurological disease produced by varicella zoster virus reactivation without
rash. Curr. Top. Microbiol. Immunol. 342, 243-253. https://doi.org/10.1007/82_2009_3 (2010).

Scientific Reports |

(2021) 11:3127 | https://doi.org/10.1038/s41598-021-82984-w nature portfolio


https://doi.org/10.1136/bmj.329.7465.553
https://doi.org/10.1136/bmj.329.7465.553
https://doi.org/10.1002/14651858.CD006851.pub2
https://doi.org/10.1007/s00405-015-3756-9
https://doi.org/10.1016/j.amjoto.2011.10.001
https://doi.org/10.1136/jnnp-2014-309563
https://doi.org/10.1002/ana.25210
https://doi.org/10.1097/MAO.0b013e31821a00e5
https://doi.org/10.1002/14651858.CD001869.pub9
https://doi.org/10.1055/s-0036-1584267
https://doi.org/10.1016/j.ncl.2008.03.011
https://doi.org/10.1001/jamaoto.2014.621
https://doi.org/10.1017/s0022215100131305
https://doi.org/10.1002/lary.24973
https://doi.org/10.3109/00016489.2012.750735
https://doi.org/10.1007/s13365-019-00781-8
https://doi.org/10.1080/00016480600801399
https://doi.org/10.1016/j.anl.2018.12.015
https://doi.org/10.1007/s00415-019-09387-w
https://doi.org/10.3109/00016480903338123
https://doi.org/10.1097/mao.0000000000001605
https://doi.org/10.1097/md.0000000000003557
https://doi.org/10.1097/md.0000000000003557
https://doi.org/10.1007/s00276-004-0274-7
https://doi.org/10.1007/s00276-004-0274-7
https://doi.org/10.3109/00016488509182262
https://doi.org/10.3109/00016488509182262
https://doi.org/10.5535/arm.2013.37.1.103
https://doi.org/10.1097/mao.0000000000001367
https://doi.org/10.1097/mao.0000000000001367
https://doi.org/10.1007/82_2009_3

www.nature.com/scientificreports/

27. Kim, C. H,, Choi, J. W,, Han, K. J., Lee, Y. S. & Shin, J. E. Direction-fixed and direction-changing positional nystagmus in ramsay
hunt syndrome. Otol. Neurotol. 39, €209-e213. https://doi.org/10.1097/mao0.0000000000001711 (2018).

28. Sartoretti-Schefer, S., Kollias, S. & Valavanis, A. Ramsay Hunt syndrome associated with brain stem enhancement. AJNR Am. J.
Neuroradiol. 20, 278-280 (1999).

29. Berrettini, S. et al. Herpes zoster oticus: correlations between clinical and MRI findings. Eur. Neurol. 39, 26-31. https://doi.
0rg/10.1159/000007900 (1998).

30. Brandle, P, Satoretti-Schefer, S., Bohmer, A., Wichmann, W. & Fisch, U. Correlation of MRI, clinical, and electroneuronographic
findings in acute facial nerve palsy. Am. J. Otol. 17, 154-161 (1996).

31. Yanagida, M., Ushiro, K., Yamashita, T., Kumazawa, T. & Katoh, T. Enhanced MRI in patients with Ramsay-Hunts syndrome. Acta
Otolaryngol. Suppl. 500, 58-61. https://doi.org/10.3109/00016489309126181 (1993).

32. Lee,J. et al. Nystagmus in Ramsay Hunt syndrome with or without dizziness. Neurol. Sci. https://doi.org/10.1007/s10072-020-04536
W (2020).

33. Downie, A. C., Howlett, D. C.,, Koefman, R. J., Banerjee, A. K. & Tonge, K. A. Case report: prolonged contrast enhancement of the
inner ear on magnetic resonance imaging in Ramsay Hunt syndrome. Br. J. Radiol. 67, 819-821. https://doi.org/10.1259/0007-
1285-67-800-819 (1994).

34. Kim, J. H. et al. Ramsay Hunt syndrome complicated by a brainstem lesion. J. Clin. Virol. 39, 322-325. https://doi.org/10.1016/j.
jcv.2007.05.002 (2007).

35. Sayal, N.R., Boyd, S., Zach White, G. & Farrugia, M. Incidental mastoid effusion diagnosed on imaging: are we doing right by our
patients?. Laryngoscope 129, 852-857. https://doi.org/10.1002/lary.27452 (2019).

36. Gossner, J. Fluid signal in the mastoid is a common incidental finding on MRI of the brain. Eur. Arch. Otorhinolaryngol. 276,
611-612. https://doi.org/10.1007/s00405-018-5197-8 (2019).

37. Polat, S., Aksoy, E., Serin, G. M, Yildiz, E. & Tanyeri, H. Incidental diagnosis of mastoiditis on MRI. Eur. Arch. Otorhinolaryngol.
268, 1135-1138. https://doi.org/10.1007/s00405-011-1506-1 (2011).

38. Singh, S., Rettiganti, M. R., Qin, C., Kuruva, M. & Hegde, S. V. Incidental mastoid opacification in children on MRI. Pediatr. Radiol.
46, 704-708. https://doi.org/10.1007/500247-016-3545-7 (2016).

39. Ito, J., Oyagi, S. & Honjo, I. Autonomic innervations in the middle ear and pharynx. Acta Otolaryngol. Suppl. 506, 90-93. https://
doi.org/10.3109/00016489309130249 (1993).

40. Al-Noury, K. & Lotfy, A. Normal and pathological findings for the facial nerve on magnetic resonance imaging. Clin. Radiol. 66,
701-707. https://doi.org/10.1016/j.crad.2011.02.012 (2011).

41. Hong, H. S. et al. Enhancement pattern of the normal facial nerve at 30 T temporal MRI. Br. J. Radiol. 83, 118-121. https://doi.
org/10.1259/bjr/70067143 (2010).

Acknowledgements
This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea gov-
ernment (MSIP) (2019R1H1A1080123).

Author contributions

JW.C., J.E.S., and C.-H.K. planned experiments. JW.C,, J.L., D.H.L., J.E.S., and C.-H.K. performed acquisition
and analysis of data. ].W.C., and C.-H.K. made the original draft preparation. C.-H.K. made a critical review and
editing of the manuscript. All authors approved the final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to C.-H.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:3127 | https://doi.org/10.1038/s41598-021-82984-w nature portfolio


https://doi.org/10.1097/mao.0000000000001711
https://doi.org/10.1159/000007900
https://doi.org/10.1159/000007900
https://doi.org/10.3109/00016489309126181
https://doi.org/10.1007/s10072-020-04536-w
https://doi.org/10.1007/s10072-020-04536-w
https://doi.org/10.1259/0007-1285-67-800-819
https://doi.org/10.1259/0007-1285-67-800-819
https://doi.org/10.1016/j.jcv.2007.05.002
https://doi.org/10.1016/j.jcv.2007.05.002
https://doi.org/10.1002/lary.27452
https://doi.org/10.1007/s00405-018-5197-8
https://doi.org/10.1007/s00405-011-1506-1
https://doi.org/10.1007/s00247-016-3545-7
https://doi.org/10.3109/00016489309130249
https://doi.org/10.3109/00016489309130249
https://doi.org/10.1016/j.crad.2011.02.012
https://doi.org/10.1259/bjr/70067143
https://doi.org/10.1259/bjr/70067143
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Mastoid effusion on temporal bone MRI in patients with Bell’s palsy and Ramsay Hunt syndrome
	Subjects and methods
	Ethics declaration. 

	Results
	Discussion
	Conclusions
	References
	Acknowledgements


