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Muckle-Wells syndrome (MWS), a subclass of cryopyrin-associated periodic syndrome (CAPS), sometimes includes complications of bilateral
progressive sensorineural hearing loss. A 48-year-old woman had been diagnosed with pediatric rheumatic arthritis at aged 6 years; however,
systematic therapy with prednisolone and methotrexate showed limited efficacy for her general fatigue and arthritic pain, and it never improved
the hearing level. She underwent a cochlear implant surgery for progressive profound bilateral hearing loss. After 7 years of cochlear implant
surgery, she was diagnosed with MWS by genetic tests. Interleukin (IL)-13 monoclonal antibody therapy (canakinumab) improved general fatigue
and arthritic pain but showed no effect on cochlear symptoms. Owing to successful cochlear implant surgery, she reacquired the hearing and
communication function while being able to understand over 90% of monosyllables and words in the sound field of her daily life at 65 dB SPL
for the next 13 years of her life. This suggests that peripheral cochlear damage induced by chronic inflammation contributes to the sensorineural
hearing loss in cases with MWS, and that cochlear implantation can provide long-term hearing efficacy for patients with MWS with irreversible
profound hearing loss.
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INTRODUCTION

Cryopyrin-associated periodic syndrome (CAPS) is very rare, with a prevalence of 1-2 in 1 million people in the US, and presents
with persistent and periodic inflammation of some organs accompanied by the abnormal production of the inflammatory cytokine
interleukin (IL)-1B ™. CAPS consists of three types as classified by seriousness: familial cold autoinflammatory syndrome (FCAS),
Muckle-Wells syndrome (MWS), and chronic infantile neurological cutaneous and articular syndrome/neonatal-onset multisys-
tem inflammatory disease (CINCA/NOMID) ™2, It is related to a heterozygous mutation in nucleotide-binding oligomerization do-
main-like receptor pyrin domain-containing-3 (NALP3) gene encoding cryopyrin.

Patients with MWS and CINCA/NOMID often complain of progressive bilateral hearing loss B\. A few studies have suggested that
IL-18 blockage therapy may improve the hearing loss in some cases with CAPS . However, patients with CAPS who fail to respond
to IL-1f blockage therapy (Canakinumab; ILARIS®,Novartis International AG, Basel, Switzerland) require a new alternative therapy.
A few case reports have described the efficacy of a cochlear implant for cases with CAPS with bilateral profound hearing loss 6.
However, the long-term efficacy of cochlear implant has not been evaluated because the pathogenesis of the hearing disturbance
in CAPS remains unclear.

Here, to the best of our knowledge, we present the first published report of the long-term efficacy of a cochlear implant for a case
with MWS with bilateral profound hearing loss in an Asian patient. The relevant literature on hearing loss due to MWS was reviewed
regarding the present case.

This study was presented at the Gifu University, Otolaaryngology, October 22, 2019, Gifu, Japan.
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CASE PRESENTATION

A 48-year-old woman consulted our department for bilateral pro-
found hearing loss. She suddenly suffered from rotational dizziness
when she was aged 33 years. Since similar vertigo attacks repeatedly
occurred with bilateral hearing loss, she had been diagnosed with
bilateral Meniere’s disease. However, her hearing level progressive-
ly worsened until eventually hearing aids were required, although
these devices completely lost their efficacy by aged 40 years.

According to her medical history, she had been diagnosed with rheu-
matic arthritis at aged 6 years. She developed right facial paralysis
and underwent surgical treatment for an ovarian cyst at aged 43
years. Systematic therapy with prednisolone and methotrexate for
rheumatic arthritis showed limited efficacy for her general fatigue
and arthritic pain.

At her first visit to our department, an audiological examination re-
vealed bilateral profound hearing loss (Figure 1). A caloric test by
irrigation with cold water showed no response in the bilateral semi-
circular canals. No cervical vestibular evoked myogenic potential
was noted on either side following stimulation with 135 dB SPL to
assess the otolith function. Equilibrium tests revealed bilateral ves-
tibular dysfunction. However, her ability to remain upright was nor-
mal according to stabilometry before the cochlear implant surgery,
with both eyes open and closed, because of central compensation.
Computed tomography imaging findings revealed no ossification
or fibrosis in the cochlea (Figure 2a), and the cochlear nerves and
perilymph in the cochlea were visible on T2-weighted magnetic res-
onance imaging (Figure 2b).

A cochlear implant (nucleus CI24RE Contour Advance; Cochlear
Corporation, Sydney, Australia) electrode was completely inserted
into the fenestration of the right cochlea under general anesthesia.
She never complained of dizziness or tinnitus postoperatively. The
behavioral threshold and comfortable levels on a 900 Hz advanced
combination encoder map were acquired within a normal dynamic
range with relatively low impedance.
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After 3 months of surgery, she was able to grasp >90% of monosyl-
lables and words from an open set in the sound field at 65 dB SPL. In
addition, she reacquired excellent hearing function in the 13 years
following the cochlear implant surgery and has been able to grasp
>95% of words from an open set in the sound field at 65 dB SPL. She
has obtained good hearing in conversations with family members
and friends on a mobile telephone.

Seven years after she underwent the cochlear implantation, her son
was diagnosed with CINCA/NOMID syndrome by compound hetero-
zygous gene variations (E688K and G809S of NALP3), and he died at
aged 19 years. In addition, the genetic tests confirmed that she had
one mutation (E688K of NALP3), resulting in that she was diagnosed
with MWS based on clinical symptoms (Table 1).
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Figure 1. Pure tone audiogram of the patient at her first visit to our depart-
ment.

Figure 2. a, b. Computed tomography imaging (A) and magnetic resonance imaging T2 image (B) of our case before the cochlear implant surgery.
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Table 1. Characteristics of our case and her son with CAPS

Onset age Diagnosis Genotyp (NLRP3) Meningitis  Urticaria like rash Arthritis hearing loss Renal amyloidosis
Son 11 months ~ CINCA/NOMID E688K, G809S + + + - -
Present case unknown MWS E688K - + + + +

CAPS: cryopyrin-associated periodic syndrome; MWS: Muckle-Wells syndrome; CINCA/NOMID: chronic infantile neurological cutaneous and articular syndrome/neonatal-onset
multisystem inflammatory disease; NALP3: nucleotide-binding oligomerization domain-like receptor pyrin domain-containing-3.

L-18IL.-1Ra TNF-e IL-6,]1L-1 8
600.00 q 14
500.00 |- 112

4 10

400.00
48

300.00 |
46

200.00 |
44
100.00 49
0.00 R S 0

X-15 X X+7
—— |L-18(pg/ml)

seemes IL-6(pg/ml)

-=-|L-1Ra(pg/ml)
—— |L-1 8 (pg/ml)

X+28 X+55 X+91

—— TNF-a (pg/ml)

Figure 3. Changes in IL-18/IL-1Ra/TNF-o/IL-6/IL-1(3 by the administration of the IL-1B monoclonal antibody (canakinumab 150 mg). X day: administration day

(arrow).

On additional examinations, the blood findings, including the he-
patic and renal functions, were normal except for a high C-reactive
protein level (5.34 mg/dL) and high leukocyte count (white blood
corpuscles, 9150/uL). She showed significantly higher values of IL-
18 (472.8 pg/mL), IL-6 (5.88 pg/mL), and IL-1 receptor antagonist (IL-
1Ra) (489.6 pg/mL) than control subjects (average levels: 170 pg/mL,
0 pg/mL, and 213 pg/mL, respectively). The subcutaneous injection
of human anti-human IL-1f monoclonal antibody (canakinumab 150
mg) significantly normalized the IL-6 and IL-1Ra values. In addition,
the tumor necrosis factor-a (TNF-a) level gradually decreased with
the administration of canakinumab. In contrast, IL-18 was decreased
temporarily by canakinumab but returned to its original value after 8
weeks (Figure 3). Canakinumab also improved her subjective symp-
toms of general fatigue and arthritic pain. However, her hearing level
did not change following the administration of canakinumab.

DISCUSSION

The protein cryopyrinin NALP3, which is strongly expressed in mono-
cytes, has several ligands, including intracellular-invaded microor-
ganism-derived antigens and harmful metabolites, consequently
forms the NALP3 inflammasome, and then activates caspase-1 with
other molecules. The mutation in the NALP3 gene in CAPS leads to
the erratic formation of the inflammasome even without any ligands
and increases the secretion of the proinflammatory cytokines IL-13
and IL-18, causing a series of inflammatory reactions >7 (Figure 4).

The subclasses of the CAPS (FCAS, MWS, and CINCA/NOMID) are
not separate independent syndromes but rather form a spectrum.

Patients with CINCA/NOMID show the most severe symptoms and
inflammatory changes in their bodies with permanent damage, and
approximately 20% of children with CINCA/NOMID die before they
reach adulthood. However, the prognosis has recently improved with
the advent of IL-1 blockade therapy, and most cases with FCAS and
MWS survive to adulthood. There are examples of two or more of
these features overlapping. However, the subclasses of CAPS are still
differentiated based on the severity of symptoms at the worst point
of the disease 2781 (Table 2).

Previous reports have shown that 89%-91% of cases with MWS have
sensorineural hearing loss, and women had the higher risk of hearing
loss 29, However, whether or not the vestibular functions of patients
with MWS are preserved is unclear. Our patient experienced some
episodic vertigo attacks, such as Meniere’s disease; however, she nev-
er complained of dizziness when she visited our hospital. It suggests
that episodic vertigo attacks disappear with deteriorating vestibular
function. In addition, signs of musculoskeletal complaints, skin rash,
and fever were found in 87.5%, 83.3%, and 54.2% of patients with
CAPS, respectively "% In cases with FCAS, these symptoms disappear
within 24 h and a few days, respectively, whereas cases with CINCA/
NOMID suffer from the symptoms persistently ['".

Although most cases with MWS and CINCA/NOMID never respond to
steroid therapy, a recent study found that anti-IL-1p antibody (canaki-
numab) had marked efficacy, helping 72%-94% of the patients acquire
complete remission "2 '3, The early treatment with an anti-IL-13 anti-
body may improve the hearing level for patients with CAPS "%, Howev-
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Figure 4. The flow of activation of NALP3 inflammasome and generation of active IL-13 and IL-18 in healthy subjects (thin arrows) and patients with CAPS (thick
arrows). In cases with CAPS, the NALP3 inflammasome can be activated, resulting in increasing the release of IL-6 and IL-18 even under no or few stimulations.
TLR, Toll-like receptor; ASC, apoptosis-associated speck-like protein containing a caspase recruitment domain; NF-kB, nuclear factor kappa B.

er, no report has so far described the effects of this therapy in cases with
profound hearing loss; therefore, a new alternative therapy is required.

The pathogenesis of progressive sensorineural hearing loss in CAPS
remains unclear. The deposition of amyloidosis, which is found in
some organs of patients with CAPS, has not been observed in the
cochlea of autopsied cases with MWS. The chronic inflammatory
changes induced by the overproduction of inflammatory cytokines
(IL-6 and IL-18) may deteriorate the cochlear function. An animal
study has shown that lipopolysaccharide intraperitoneal injections
increase the expression of proinflammatory cytokines, such as TNF-q,
IL-1B3, and IL-6, in the spiral ligaments and stria vascularis of the co-
chlea ", However, cases with CAPS often suffer from meningitis,
which may induce the retro-labyrinth hearing loss ">, Our patient
showed no ossification or fibrosis of the cochlea, which is found in
most cases with severe deafness due to meningitis.

Only two cases with CAPS with bilateral profound hearing deafness
successfully treated with a cochlear implant have been reported in the
English literature ¢, and the present patient also acquired an excellent
hearing threshold on audiometry with a cochlear implant, which has re-
markably improved her communication skill. Furthermore, our patient

Table 2. CAPS is distinguished among three subclasses by the severity of
symptoms in the worst time. The main differences are persistent rash, joint,
neurological, and others

Symptoms of CAPS
Rash
Subclass persistent Joint Neurological Others
FCAS withen
24 hours arthralgia headache fever
MWS with a arthralgia headache fever/
few days arthritis ensorineural amyloidosis
hearing loss
CINCA/  persistently  arthropathy headache fever/
NOMID sensorineural amyloidosis/
hearing loss growth disease
meningitis

CAPS: cryopyrin-associated periodic syndrome; FCAS: familial cold autoinflammatory
syndrome; MWS: Muckle-Wells syndrome; CINCA/NOMID: chronic infantile neurological
cutaneous and articular syndrome/neonatal-onset multisystem inflammatory disease.
with MWS has reacquired an excellent hearing function in the 13 years
since her cochlear implant surgery. These results suggest that the pro-
gressive sensorineural hearing loss in cases with MWS may be derived
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from peripheral cochlear damage, and a cochlear implant may be effec-
tive for such cases with bilateral profound hearing loss. Furthermore, our
patient is still being treated with canakinumab, suggesting that IL-1
blockade therapy may preserve the efficacy of the cochlear implant.

Although some studies have suggested that anti-IL-13 monoclonal
antibody might improve the prognosis of MWS symptoms, including
hearing loss, in some cases, the therapeutic effect has not been eval-
uated in cases with profound hearing loss. Our case study indicates
that the early intervention with a cochlearimplant may provide long-
term clinical efficacy in cases with MWS with IL-1B blockade thera-
py-resistant profound hearing loss.

CONCLUSION

It is necessary for otolaryngology doctors to consider this disease
when encountering cases with steroid-resistant sensory hearing loss,
although CAPS, including MWS, is a rare disease. The early treatment
with an anti-IL-1( antibody can improve the subjective symptoms and
hearing loss. However, cochlear implant surgery may be considered as
an optional therapy for cases with MWS with profound hearing loss.
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