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Abstract
Cogan’s syndrome (CS) is a rare autoimmune disorder involving 

audio-vestibular and ocular inflammation. While systemic vasculitis is a 
known complication, its association with Moyamoya-type cerebrovascular 
remodeling has not been previously documented. A 19-year-old Asian 
woman was diagnosed with atypical CS following a presentation of 
hyperpyrexia, unintentional weight loss, and severe bilateral sensorineural 
hearing loss. After five years of appropriate immunosuppressive treatment, 
she developed subacute headaches, hypertension, and left hemiparesis and 
paresthesia. Despite normal inflammatory markers, neuroimaging revealed 
right-sided internal carotid artery occlusion and extensive collateralization 
characteristic of Moyamoya syndrome. Genetic testing showed a variant 
of uncertain significance in SLC37A4. The patient underwent a right 
extracranial-intracranial (STA-MCA) bypass, resulting in complete 
resolution of neurological symptoms. The late emergence of Moyamoya 
suggests that chronic autoimmune-mediated vascular injury may 
trigger progressive steno-occlusive disease. Clinicians should consider 
Moyamoya syndrome as a differential for new neurological symptoms in 
CS patients, even when systemic inflammation appears controlled. To our 
knowledge, this is the first reported case of concurrent Cogan’s syndrome 
and Moyamoya vasculopathy at time of writing this article.
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Introduction
Cogan’s Syndrome (CS) is an extremely rare multisystem autoimmune 

disorder presenting with non-syphilitic keratitis and audio-vestibular 
symptoms. Its clinical manifestations include vertigo, tinnitus, deafness, 
and reduced vision [1]. Typical CS presents interstitial keratitis and hearing 
loss, while atypical CS is characterized by inflammatory ocular symptoms 
alongside audio-vestibular symptoms and systemic inflammation vasculitis in 
approximately 70% of patients [1-3]. Neurological manifestations associated 
in patients with CS include hemiparesis or hemiplegia due to cerebral vascular 
events, and aphasia secondary to transient ischemic events [4,5]. 

Conversely, Moyamoya disease and syndrome are rare and chronic 
cerebrovascular conditions characterized by stenoses and occlusion of the 
terminal portion of the internal carotid artery and its main branches, leading to 
formation of an abnormal collateral vascular network at the base of the brain 
[6,7]. When a patient meets the diagnostic criteria for Moyamoya disease 
but also has a preexisting condition, such as autoimmune disease and genetic 
disorders, it is classified as Moyamoya syndrome [6]. Clinical manifestations 
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warranting high acuity care, the patient was admitted to 
the medical/surgical unit for multispecialty evaluation. The 
inpatient physical exam by otology and ophthalmology was 
unremarkable. Neurological examination revealed inability to 
hear fingers rub bilaterally but was otherwise unremarkable. 
Lupus analyzer and anti-hsp70 antibody (anti-inner ear 
antigen antibodies) were negative. CBC with differentials 
showed mild anemia. The comprehensive metabolic panel 
was unremarkable. Procalcitonin was elevated (0.25 ng/
mL). The diagnosis of Cogan’s syndrome was established 
after exclusion of potential infectious, neurological, and 
malignant etiologies, as well as in consideration of the clinical 
presentation and elevated inflammatory markers. 

The patient was treated with intravenous 1 mg/kg Solu-
Medrol. Significant clinical improvement followed, with 
complete resolution of fever and dry cough within 24 hours 
of Solu-Medrol (methylprednisolone) administration. Despite 
significant improvement in hearing loss, the patient continued 
to have mild SNHL (Figure 2). Given the lack of ocular 
symptoms at onset and presence of systemic involvement, 
this case would be classified as an atypical presentation of 
Cogan’s syndrome. Serum inflammatory markers, CBC, and 
LDH eventually returned to normal ranges with outpatient 
prednisone treatment at a starting dosage of 60 mg/day. 
The patient was gradually tapered off oral prednisone over 
the course of approximately 6 months and maintained on a 
regimen of methotrexate 20mg once a week for continued 
immunosuppression. The patient’s hearing remained 
stable, and no disease flares occurred with this therapeutic 

include transient ischemic attacks, strokes, and other 
nonspecific neurological manifestations such as headache, 
neurocognitive impairment, and movement disorders [6]. At 
time of writing, no prior cases of Moyamoya vasculopathy 
in patients with Cogan’s syndrome have been reported in the 
literature. 

Methods
A retrospective review of the patient’s medical records, 

including laboratory results and imaging studies was 
conducted, encompassing data from May 2017 through 
January 2026. To provide clinical context, a literature 
search was conducted in PubMed and Google Scholar using 
keywords “Moyamoya, Cogan’s syndrome, infliximab, 
methotrexate, hearing loss, vasculitis. “Fifty articles were 
initially reviewed with 23 articles selected for inclusion with 
dates of publication ranging from years 1959 to 2025. The 
patient’s consent was received for their medical records to 
be used for publication. This case report was deemed not 
human subject research by the Institutional Review Board of 
Western University of Health Sciences, Pomona, California, 
USA.

Case Presentation 
The patient is a 19-year-old Asian woman presenting to 

the internal medicine clinic with a three-month history of daily 
intermittent fevers (102-104°F) and chills, drenching night 
sweats, loss of appetite, significant weight loss, nonproductive 
cough, and acute hearing loss. The patient also reported mild 
pain in her metacarpophalangeal joints (MCP) and ankles 
and knees bilaterally. The patient presented with a fatigued 
appearance; blood pressure readings were elevated at 143/71 
mmHg, and persistent tachycardia was noted due to resting 
heart rate of 118 beats per minute Audiometric evaluation 
revealed bilateral severe sensorineural hearing loss (SNHL) 
(Figure 1). Laboratory tests showed significantly elevated 
inflammatory markers, with an erythrocyte sedimentation rate 
(ESR) of 88 mm/h and a C-Reactive protein (CRP) of 47.3 
mg/L. Lactate dehydrogenase (LDH) was mildly elevated 
at 291 U/L. Transthoracic echocardiogram and chest X-ray 
were unremarkable. Exhaustive outpatient infectious disease 
workup including blood and urine cultures, and ANCA, 
ANA, CMV, HSV, Cocci, Brucella, and Coxiella serologies 
were all negative. Whole body 18-Fluorodeoxyglucose-
positron emission tomography (FDG-PET) was performed 
to rule out lymphoma in consideration of the elevated ESR 
and presenting constitutional symptoms of weight loss, 
nonproductive cough, and fever. Cranial Magnetic Resonance 
imaging (MRI), including the internal auditory canal, was 
unremarkable. The patient was subsequently referred to 
and evaluated in a rheumatology clinic, where a differential 
diagnosis of Cogan’s syndrome was proposed. Given 
the patient’s severe hearing loss and systemic symptoms 

Figure 1: Audiogram 4/5/17 (at initial onset). Pure tone threshold: 
Right ear: mild to moderately severe SNHL 250-6000 Hz rising 
to moderate hearing loss at 8000 Hz; Left ear: normal hearing 
sensitivity at 250 Hz with a mild to moderately severe SNHL 250-
6000 Hz rising to moderate hearing loss at 8000 Hz.  SRT (in dB): 
40 R, 45 L; WRS (in %): 88 R, 76 L; Tympanogram: Type A AU.
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regimen. Approximately five years later in 2022, the patient 
experienced a second episode of acute decline in hearing. 
Due to suspicion of hearing loss secondary to recurrence of 
Cogan’s syndrome, ESR, CRP, complete blood counts, and 
comprehensive metabolic panels were ordered. However, 
all laboratory tests were found to be within normal limits. 
SNHL was the sole presenting symptom during this episode, 
with no systemic symptoms (Figure 3). Despite unremarkable 
inflammatory markers and laboratory test results, the patient 
was begun on 40 mg/day oral prednisone and infliximab under 
the assumption the hearing loss was due to an underlying 
inflammatory process. 

The patient experienced no improvement in hearing 
despite concurrent prednisone, infliximab, and methotrexate 
therapy. Prednisone was gradually tapered and discontinued, 
while the patient continued receiving infliximab therapy 
every 8 weeks in addition to weekly 20mg methotrexate.  
After about 6 months on this immunosuppressive regimen, 
the patient presented again to rheumatology clinic for routine 
follow-up with 2 months of subacute onset of hypertension, 
nausea, vomiting, and unilateral right sided headaches, 
fatigue and neuropsychiatric disturbances with progression 
to intermittent left upper extremity paresthesia and weakness, 
and postural tremor of the fourth and fifth digits of the left 
hand. Admission to the emergency department and subsequent 
MRI and CT head imaging studies demonstrated a focal 
occlusion of the right M1 middle cerebral artery (MCA) with 
extensive Moyamoya vessels; thus, a diagnosis of Moyamoya 
disease was established. The patient was discharged home 
on daily aspirin 81 mg and 40 mg. Despite weeks of aspirin 
and statin therapy, the patient’s symptoms continued 
to progress, warranting an urgent visit to rheumatology 
clinic, where orthostatic tachycardia and hypertension (BP 
165/95 mmHg) was noted during the physical exam. The 
patient was admitted to neurology inpatient service for 
further multispecialty assessment given the progressive 
neurological symptoms and abnormal vital signs. Inpatient 
evaluation revealed ophthalmological findings of a singular 
cotton wool spot in the left eye, mild bilateral cataracts 
and keratoconjunctivitis sicca. The otolaryngological 
physical exam was unremarkable. MR chest, abdomen, 
pelvis angiography with and without IV contrast findings 
revealed no evidence of large vessel vasculitis. MRI brain 
with and without intravenous contrast and Diamox showed 
chronic right anterior superficial and deep border zone 
infarcts, right anterior circulation steno-occlusive disease of 
the right carotid terminus and MCA with collateralization 
compatible with Moyamoya vasculopathy and right MCA 
territory hypoperfusion without augmentation after Diamox 
administration. CT of the brain revealed peripheral right 
frontal wedge-shaped area of chronic appearing infarction 
and areas of border zone injury in the right hemispheric white 
matter. Intracranial CT angiogram revealed critical stenosis/
occlusion of the right supraclinoid internal carotid artery 
(ICA), segmental occlusion of the proximal right M1, with 
distal reconstitution via collateral vessels, proximal stenosis 
and diffuse small caliber A1 consistent with Moyamoya 
vasculopathy.

Diagnostic cerebral angiogram showed unilateral right 
side Moyamoya disease with severe steno-occlusive disease 
of the right ICA terminus involving the origin of the A1 
segment of the right anterior cerebral artery with concurrent 
occlusion of the right MCA at its origin and extensive 
right hemispheric cortical collateral vessels (Figure 4). The 
Invitae comprehensive neuropathies panel analyzed genes 

Figure 2: Audiogram 6/5/17 (after methylprednisolone treatment). 
Pure tone threshold: Bilateral mild to moderate SNHL above 0.5 
kHz. There has been an overall improvement of 5 to 20 dB. Speech 
threshold down to 30 dB HL. Tympanogram: Type As AU.

Figure 3: Audiogram 1/3/24 (worsening SNHL initially noted 
in 2022, unchanged after treatment with prednisone, infliximab 
therapy, and craniotomy for Moyamoya vasculopathy). Pure tone 
threshold: Normal hearing sensitivity 250-500Hz sloping mild to 
moderate sensorineural hearing loss 1000-8000Hz; SRT (in dB): 35 
AU; WRS (in %): 100 AU; Tympanogram: Type As AU.
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that are associated with hereditary neuropathies including 
aortopathy comprehensive panel, autoinflammatory and 
autoimmunity syndromes panel, and hereditary Moyamoya 
disease panel. The findings revealed a heterozygous variant 
(c.703G>T [p.Val235Leu]) of uncertain significance in 
gene SLC37A4. Serum results for ESR, C-reactive protein, 
antineutrophil cytoplasmic antibodies, rheumatoid factor, 
anti-cyclic citrullinated peptide, double-stranded DNA, 
IgG and IgM anticardiolipin antibodies, lupus inhibitor, 
dilute Russell’s viper venom time and cryoglobulins were 
all negative or normal. Lumbar puncture was performed 
to exclude primary CNS vasculitis, the results of which 
were unremarkable. Cerebrospinal fluid, blood, and urine 
cultures were unremarkable except for mild leukocytosis and 
elevated Hb of 16.4. The patient underwent unilateral right 
extracranial-intracranial bypass with the right superficial 
temporal artery (STA) to the right MCA. The STA was placed 
on the cortical surface to induce an indirect bypass, as well as 
a direct one. The surgery was without complications, and the 
patient experienced complete resolution of nausea, vomiting, 
headache, hypertension, and neuropsychiatric disturbances.  

The bilateral sensorineural hearing loss, postural tremor of 
the 4th and 5th digits of the left upper extremity, and mild left 
upper extremity weakness persisted.  This patient continues 
to be on an immunosuppressive regimen of 20mg oral 
methotrexate weekly and bimonthly infliximab infusions with 
no further fluctuations in hearing. Due to the poor prognosis 
of Cogan’s syndrome as noted in the medical literature, 
aggressive continued immunosuppressive therapy to prevent 
disease progression and recurrence of systemic vasculitis 
will be continued indefinitely. The patient continues to 
have routine follow-up with rheumatology, audiology and 
neurology. Annual MRI and MRA of the head and neck is 
performed to monitor for development of vasculopathy on the 
left hemisphere of the brain (Figure 5). Additionally, digital 
subtraction angiograms were performed one, five, then ten 
years post-surgery to ensure bypass patency (Figure 6).

Figure 4: Preoperative diagnostic cerebral angiogram (left and 
middle image: right internal carotid artery (ICA), right image: right 
external carotid artery (ECA).

Figure 5: Postoperative MRI/MRA brain with diamox, axial T2. 
Stable collateralized severe steno-occlusive disease involving the 
right carotid terminus with leptomeningeal collaterals compatible 
with moyamoya vasculopathy, augmentation in all vascular 
territories after administration of Diamox.

Figure 6: Postoperative cerebral angiogram showing patent right 
superficial temporal to middle cerebral artery bypass that supplies 
approximately 25% of the right MCA territory, with additional 
indirect supply that arises from the right middle meningeal artery.

Discussion
The year 2022 episode of acute hearing loss in this 

patient presents a diagnostic challenge since it occurred 
in the context of both established CS and subsequently 
diagnosed Moyamoya syndrome. Hearing loss associated 
with Moyamoya disease is rare but well-documented in 
the literature [8-10]. The mechanism of hearing loss in 
Moyamoya disease can occur through several pathways: 
microvascular ischemia affecting the inner ear, central 
deafness from bilateral temporal lobe infarction, or ischemia 
of the labyrinthine artery. In this case, the 2022 hearing 
deterioration occurred with normal inflammatory markers, 
distinguishing it from the initial 2017 presentation of CS. 
This raises the possibility that microvascular ischemia or 
temporal subcortical hemorrhage causing damage related 
to evolving Moyamoya vasculopathy may have contributed 
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to the progressive hearing loss [11,12]. The cochlea is 
supplied by the labyrinthine artery, an end artery without 
collateral circulation, thus making it particularly vulnerable 
to ischemic injury. Studies have demonstrated that patients 
with cardiovascular risk factors and vascular disease have 
higher rates of sudden SNHL, with the presumed mechanism 
being circulatory disturbance and cochlear infarction [10-
12]. However, considering the unilaterality of the patient’s 
moyamoya syndrome and relatively symmetric SNHL, it is 
unclear if this is likely to be a major contributing factor to the 
acute episode of SNHL in 2022. 

The atypical presentation of CS without initial ocular 
involvement highlights the diagnostic challenge and the 
need for high clinical suspicion in young patients with 
unexplained systemic inflammation and hearing loss [14,15]. 
Additionally, the development of Moyamoya syndrome five 
years after the initial CS diagnosis raises important questions 
about the relationship between autoimmune vasculitis 
and cerebrovascular disease. Recent evidence suggests 
that Moyamoya may have an immune-related component, 
with autoimmune conditions reported in association with 
Moyamoya vasculopathy. Studies have shown increased 
prevalence of autoimmune diseases, particularly thyroid 
disease and type 1 diabetes, in Moyamoya patients 
compared to the general population [6,16,17]. This case 
highlights the critical importance of early and aggressive 
immunosuppressive therapy in CS. While this patient 
achieved initial disease control with corticosteroids and 
methotrexate, the addition of infliximab has been shown 
in multiple studies to be particularly effective for audio-
vestibular symptoms in steroid-refractory cases [18,19]. 
The literature suggests that infliximab is the only significant 
predictor of audio-vestibular improvement in CS, with 
response rates of 80% compared to 35-39% with steroids or 
conventional DMARDs alone [19]. Early initiation of biologic 
therapy may prevent irreversible hearing loss and should 
be considered in patients with progressive audio-vestibular 
symptoms despite conventional immunosuppression. The 
heterozygous SLC37A4 variant (c.703G>T [p.Val235Leu]) 
identified in this patient is classified as a variant of uncertain 
significance. SLC37A4 encodes glucose-6-phosphate 
translocase (G6PT), and biallelic pathogenic variants in this 
gene cause glycogen storage disease type Ib (GSD1b), an 
autosomal recessive disorder characterized by hepatomegaly, 
hypoglycemia, neutropenia, and inflammatory bowel disease 
[20-22]. A specific heterozygous variant in SLC37A4 
(c.1267C>T, p.Arg423Trp) has recently been identified 
as causing a dominantly inherited congenital disorder of 
glycosylation (CDG) characterized by liver dysfunction 
and coagulopathy [20,23]. This dominant-negative variant 
causes mislocalization of the mutant protein, altered Golgi 
morphology, and abnormal N-glycosylation patterns [20]. 
However, the p.Val235Leu variant identified in this patient 

has not been previously reported in association with either 
GSD1b or CDG, and its clinical significance remains 
uncertain. 

Since this patient is heterozygous for the SLC37A4 
variant and does not exhibit the classic features of GSD1b 
(hepatomegaly, hypoglycemia, or neutropenia) in addition 
to the absence of coagulopathy characteristic of SLC37A4-
CDG, this variant is likely a benign polymorphism or a 
variant of uncertain significance without direct pathogenic 
relevance to either CS or Moyamoya disease. Further studies 
are necessary to determine if this specific variant has any 
biological effect on G6PT function.

Conclusion
This case represents a unique presentation of atypical 

CS complicated by the subsequent development of 
unilateral Moyamoya syndrome. In the year 2022 hearing 
deterioration likely represents a multifactorial process with 
potential involvement of both ongoing autoimmune inner 
ear disease and emerging cerebrovascular insufficiency 
from Moyamoya vasculopathy. The association between 
these two rare conditions in a single patient supports the 
growing recognition of immune-mediated mechanisms 
in Moyamoya disease pathogenesis and highlights the 
need for comprehensive long-term monitoring of patients 
with systemic vasculitis. The SLC37A4 variant identified 
appears to be incidental and unrelated to the patient's clinical 
phenotype. This case emphasizes the importance of early 
aggressive immunosuppression in CS, the potential benefit 
of biologic agents such as infliximab for audio-vestibular 
symptoms, and the need for vigilant neurological surveillance 
in patients with autoimmune vasculitis to detect evolving 
cerebrovascular complications.
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