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Syncope in AQP4-1gG-positive
neuromyelitis optica spectrum
disorder: a case series and
literature review

Chenyang Jin'?, Yuyuan Yang?, Xiaoqgian Song*, Yuewen Sun?,
Yilong Peng?, Liyan Wang! and Xueping Zheng'*

Department of Geriatric Medicine, The Affiliated Hospital of Qingdao University, Qingdao, China,
2Qingdao Medical College, Qingdao University, Qingdao, China, *Third People's Hospital of Liaocheng,
Liaocheng, China

Objective: To report two cases of aquaporin-4 immunoglobulin G (AQP4-1gG)-
positive neuromyelitis optica spectrum disorder (NMOSD) with syncope and to
review previously documented cases, aiming to enhance recognition of this neu-
rological manifestation and guide timely intervention.

Methods: We reported two NMOSD cases presenting with syncope. A literature
search was conducted in PubMed using Medical Subject Headings (MeSH) and
relevant keywords related to NMOSD, area postrema syndrome, and syncope.
Results: The two patients, a 40-year-old man and a 41-year-old woman, pre-
sented with area postrema syndrome (APS) and recurrent syncope. The syn-
cope attacks were transient, characterized by sudden loss of consciousness
and spontaneous recovery. Electrocardiograms on admission were unremark-
able in both cases. MRI showed dorsal medullary oblongata lesions. Both were
treated with high-dose intravenous methylprednisolone followed by mainte-
nance inebilizumab, leading to complete clinical remission, seroconversion to
AQP4-1gG negativity, and an Expanded Disability Status Scale (EDSS) score of
0 at last follow-up. Besides, a total of 16 cases were identified and reviewed in
this study, including our cases. The cohort showed equal sex distribution (male-
to-female ratio 1:1) and a mean age of 53.94 years. All patients presented with
APS preceding syncope, and neuroimaging revealed medulla oblongata lesions.
Electrocardiographic abnormalities were documented in eight patients, all pre-
senting with sinus arrest. Considering the possible mechanisms of syncope in
these patients, eight patients had sinus arrest, two had orthostatic hypotension,
and two experienced cardiorespiratory arrest. Among the eight patients with
sinus arrest, six underwent cardiac interventions (75%): TPM implantation in four
(one also undergoing cardioneuroablation) and PPM implantation in two. Two
patients (25%) achieved remission with IVMP alone without cardiac intervention.
All 16 patients remained free of syncope during follow-up.

Conclusion: Syncope may be an underrecognized manifestation of AQP4-1gG-
positive NMOSD. Patients presenting with APS should be screened for syncope
attacks, which may require emergency pacemaker implantation.

KEYWORDS

AQP4, area postrema syndrome, autonomic dysfunction, medulla oblongata, NMOSD,
syncope
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1 Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is an
immune-mediated disease associated with anti-aquaporin-4 immu-
noglobulin G (AQP4-IgG) (Wingerchuk et al.,, 2015), with a 3 to
5-fold higher prevalence in East Asian populations compared to
Caucasians (Hor et al., 2020). NMOSD manifests with a broad spec-
trum of clinical symptoms, classically including optic neuritis, acute
myelitis, and area postrema syndrome (APS). APS is clinically defined
as unexplained episodes of hiccups, nausea, or vomiting persisting for
more than 48 h (Huda et al., 2019). Syncope is typically regarded as a
manifestation of primary cardiac disorders (Chen et al., 2025).
However, recent studies have increasingly recognized syncope as an
associated symptom in patients with NMOSD (Yin et al., 2025).

Owing to the limited number of reported cases, syncope remains
underrecognized in the clinical management of NMOSD. This over-
sight may contribute to diagnostic uncertainty and delayed treatment.
To better characterize the clinical manifestations, potential pathogenic
mechanisms, and therapeutic strategies for patients with these coexist-
ing conditions, we reported two cases of NMOSD with syncope and
reviewed a total of 16 such cases from the literature.

2 Case reports

2.1Casel

A 40-year-old man initially presented with a two-day history of
right-sided limb numbness in November 2019. The patient exhibited
no mobility limitations, and Expanded Disability Status Scale (EDSS)
score was 1. Brain and cervical MRI demonstrated abnormal hyper-
intense signal lesions in the posterior column of the spinal cord at the
C4-C5 level (Figure 1). He was diagnosed with “acute myelitis.”
Intravenous methylprednisolone (dose not described) was adminis-
tered at a local hospital, which led to complete resolution of symp-
toms. Following discharge, no maintenance medication was continued
to this patient.

In February 2020, the patient was admitted in our hospital with a
ten-day history of bilateral ocular pain and a two-day history of
blurred vision in the right eye. One day prior to admission, he devel-
oped new-onset numbness in the left lower limb and chest pain.
Neurological examination revealed a corrected visual acuity of 0.1 in
the right eye and 1.0 in the left eye, with a right-sided visual field
defect. Muscle strength and tone were normal. Sensory abnormalities
included hypoalgesia below the right knee and hyperalgesia in T1-T7.
EDSS score was 3. Orbital CT showed right optic nerve thickening.
Cervical MRI showed a chronic lesion at the C4-C5 level, whereas a
new lesion was detected at the T3-T4 thoracic level on spinal MRI
(Figure 1). Brain MRI showed no significant findings. Serum tests for
extractable nuclear antigen (ENA) antibodies, anti-neutrophil cyto-
plasmic antibodies, and anti-nuclear antibody tests were all negative.
Cerebrospinal fluid (CSF) analysis revealed mild increase of white
blood cell (48/mm?, normal range 0-6/mm?), and normal protein
concentration. Serum AQP4-IgG testing was positive with a titer of
1:1,000 (cell-based assay), confirming the diagnosis of NMOSD
according to the 2015 International Panel diagnostic criteria
(Wingerchuk et al., 2015). Then, he was administered intravenous
methylprednisolone (500 mg/day) for 5 days, with a gradual reduction
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Ist attack: 2019.11
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FIGURE 1

MRI findings of Case 1. (A) Sagittal T2-weighted cervical spinal cord
MRI at first presentation shows a short-segment hyperintense lesion
at the C4-C5 level (arrow). (B) Axial image demonstrating posterior
spinal cord involvement (arrow). During the second attack, sagittal
T2-weighted image (C) reveals C4-C5 hyperintensity (arrow), while
axial imaging (D) shows posterior cord parenchymal involvement
(arrow). Sagittal (E) and axial (F) T2-weighted images of the thoracic
spinal cord demonstrate a new lesion at T4-T6 (arrows). Sagittal
T2-weighted image (G) demonstrates a hyperintense lesion extending
from the medulla oblongata to C2 (arrow), with (H) axial view
confirming medullary involvement (arrow).

to oral dose. His symptoms improved substantially, and EDSS score
decreased to 2. After discharge, the patient was maintained on oral
prednisone therapy for approximately 6 months.

In May 2022, the patient presented with dizziness accompanied
by intractable nausea, vomiting, hiccups, and lower limb weakness. He
reported several transient episodes of loss of consciousness. On
admission, the heart rate was 76 bpm, blood pressure was
119/88 mmHg, and the electrocardiogram (ECG) was unremarkable.
His EDSS score was 3. Brain MRI was normal. However, cervical spine
MRI was not performed. No systematic assessment of autonomic
function, such as orthostatic blood pressure measurement or head-up
tilt testing, was conducted. The recurrent syncope typically occurred
after vomiting, and lasted up to three minutes, without urinary or fecal
incontinence. Although a comprehensive syncope evaluation, includ-
ing 24-h Holter monitoring, was not performed during this admis-
sion, prior Holter recordings had been unremarkable.

In September 2022, the patient experienced a recurrence of symp-
toms, including right-sided headache, nausea, and vomiting without
syncope. His EDSS score was 1.5. Cervical MRI demonstrated abnor-
mal signal intensity extending from the medulla oblongata to the C2
vertebral level (Figure 1). He received intravenous methylpredniso-
lone pulse therapy (IVMP, 1,000 mg/day for 5 days), followed by a
gradual taper, with marked clinical improvement. The patient was
maintained on oral prednisone in combination with tacrolimus, which
achieved disease stability but was complicated by treatment-related
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adverse effects, including elevated blood glucose levels. Therefore, in
May 2024, inebilizumab therapy was initiated (300 mg intravenously
on days 0 and 15, followed by maintenance dosing every 6 months).
No relapses occurred and AQP4-IgG antibody has been seronegative
to date. EDSS score was 0 (Figure 2).

2.2 Case 2

A 41-year-old woman was admitted in July 2023 with one-month
history of nausea, vomiting, persistent hiccups and dizziness. In the
eight days preceding hospital admission, she experienced two brief
episodes of loss of consciousness, each lasting a few seconds, without
urinary or fecal incontinence or limb convulsions. On admission, her
vital signs were stable with a heart rate of 80 bpm, blood pressure of
137/75 mmHg, and the ECG was normal. A detailed assessment of
autonomic function and 24-h Holter monitoring was not performed.
Physical examination revealed horizontal nystagmus, bilateral lower
limb strength grade 4 and hypoalgesia below the T12 level. Her EDSS
score was 3.5. Serum autoantibody testing revealed strong positivity
for anti-Sjogren’s syndrome-related antigen A (anti-SSA, +++), anti-
Ro-52 (+++), and positivity for anti-SSB (+) antibody. CSF

EDSS Score
35 r
3r *Syncopc attack
25T A Hospitalization
2 b
1.5
L Inebilizumab
0.5
0 ! L L L —e———e— Date
2019.11  2020.02  2022.05 2022.09 2024.05 2025.01
FIGURE 2

Expanded Disability Status Scale (EDSS) score and clinical course of
Case 1. The EDSS was 1.0 at the first episode. Three relapses occurred
between February 2020 and September 2022, with syncope
presenting during the relapse in May 2022 (red star). The patient
received inebilizumab in May 2024, and the EDSS score was 0 at last
follow-up.
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examination showed markedly elevated white blood cells (132/mm?),
mildly elevated protein (668.0 mg/L, reference 120-600 mg/L). Serum
AQP4-IgG was positive with a titer of 1:32 (cell-based assay). Cervical
MRI showed abnormal signal in the area postrema (AP) (Figure 3),
whereas thoracic spinal was unremarkable. Based on the positive
AQP4-IgG findings and characteristic clinical features, the patient was
diagnosed with NMOSD. However, the patient was not diagnosed
with Sjogren’s syndrome because she lacked sicca symptoms (xeroph-
thalmia or xerostomia).

During hospitalization, the patient received intravenous methyl-
prednisolone at a dose of 80 mg daily for 12 days and intravenous
immunoglobulin (IVIG) 22.5 g daily for 5 days, resulting in improve-
ment of dizziness and hiccups. However, she developed a lung abscess
presenting with fever, cough, and purulent sputum. The steroid regi-
men was subsequently tapered, followed by oral prednisone, alongside
with anti-infective therapy and thoracic drainage. Following treat-
ment, her symptoms improved significantly. Post-discharge mainte-
nance therapy consisted of oral prednisone, which was gradually
tapered and inebilizumab was concomitantly initiated in September
2023. No relapses occurred and AQP4-IgG antibody has been sero-
negative to date. Her EDSS score was 0 at the last follow-up (Figure 4).

3 Literature review and results

We conducted a literature search in PubMed to identify reported
cases of NMOSD presenting with syncope. The search strategy combined
Medical Subject Headings (MeSH) and free-text terms related to neuro-
myelitis optica spectrum disorder, area postrema syndrome, hiccups,
syncope, loss of consciousness, fainting, sick sinus syndrome, and ortho-
static hypotension. Reference lists of relevant articles were also screened.
The search yielded 13 studies reporting a total of 14 cases (Figure 5).

Including our two cases, a total of 16 cases were identified in the
final cohort (Table 1). The patients ranged in age from 22 to 78 years,
with a mean age of 53.94 years. The sex distribution was equal (male-
to-female ratio, 1:1). All patients presented with APS. Intractable hic-
cups (75%) and nausea/vomiting (93.75%) were nearly universal
prodromal symptoms preceding syncope attack. Concurrent or

FIGURE 3

MRI findings of Case 2. A 41-year-old woman with area postrema syndrome (initial presentation in July 2023). (A) Sagittal T2-weighted image shows a
hyperintense lesion (arrow) in the area postrema of the medulla oblongata. (B) Axial contrast-enhanced T1-weighted image demonstrates mild
enhancement of the lesion (arrow) in the medulla oblongata. (C) Follow-up sagittal T2-weighted cervical spine image (September 2024) reveals
reduction in the size of the lesion (arrow) compared with the initial presentation.
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FIGURE 4
Timeline of clinical course in Case 2. A 41-year-old woman developed area postrema syndrome with two brief syncopal episodes before admission and
had an Expanded Disability Status Scale (EDSS) score of 3.5, with an area postrema lesion on cervical MRI. She received intravenous methylprednisolone
and intravenous immunoglobulin (IVIG), complicated by a lung abscess requiring antibiotics and thoracic drainage, followed by tapering oral
prednisone and initiation of inebilizumab in September 2023. At the latest follow-up, she remained relapse-free with AQP4-1gG seronegativity and her
EDSS score of 0.

subsequent neurological manifestations included limb weakness,
brainstem signs, and sensory impairment. Regarding the possible
mechanisms of syncope, sinus arrest was documented in eight patients
(50%), while orthostatic hypotension was less frequent, occurring in
two patients (12.5%). Two patients (12.5%) experienced cardiorespira-
tory arrest requiring resuscitation. Among the remaining four
patients, 24-h Holter monitoring was not performed in three, and in
the one patient who was monitored, no arrhythmic events were cap-
tured. Although neuro-mediated hypotension could not be entirely
excluded in these cases, it was not substantiated by further evidence.
Radiologically, MRI findings consistently identified medulla oblongata
lesions in all cases. However, as reported by Yin et al. (2025), one
patient with severe APS symptoms and recurrent syncope showed no
significant lesions on the initial brain MRI upon admission. A subse-
quent high-resolution scan showed a faint dorsal medullary
hyperintensity.

Acute immunomodulatory therapies were administered to 15
patients (93.75%), including IVMP, IVIG, and plasma exchange (PE),
either alone or in combination, leading to substantial symptom
improvement in the majority of cases. Overall, the treatment outcomes
indicate a high responsiveness to immunotherapy. Cardiac interven-
tions included temporary pacemakers (TPM) in 4 of the 8 sinus arrest
cases (50%) and permanent pacemaker (PPM) implantations in 2 cases
(25%). Notably, one of the patients who received a TPM also under-
went cardioneuroablation (CNA). All TPM recipients were success-
fully removed without syncope recurrence. Interestingly, two patients
showed marked improvement with IVMP monotherapy alone without
cardiac intervention. This may indicate that syncope may be driven, at
least in part, by inflammatory demyelination in AP and medullary
autonomic nuclei and could be reversible once acute inflammation is
controlled. During follow-up, all 16 patients remained free of syncope.

4 Discussion

NMOSD typically affects the optic nerves, spinal cord, and AP
(Weinshenker and Wingerchuk, 2014; Lennon et al., 2004). Beyond
its classic core syndromes (Rosales and Kister, 2016), autonomic
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FIGURE 5
PRISMA flow diagram of the included studies in the review.

dysfunction has increasingly been recognized as an important clini-
cal feature (Andabaka et al., 2023). Reported manifestations are
diverse and extend beyond cardiovascular symptoms, including
orthostatic intolerance, pupillomotor abnormalities, gastrointestinal
dysmotility, bladder and bowel dysfunction, and sudomotor or vaso-
motor symptoms (Yang et al., 2023). Among these, cardiovascular
autonomic dysfunction (CAD) is a critical subset of autonomic dys-
function, characterized by impaired blood pressure regulation,
blunted heart rate variability, and orthostatic intolerance (Crnosija
etal., 2020). While CAD is frequently observed in multiple sclerosis
(MS), emerging evidence suggests that CAD in NMOSD warrants
comparable clinical attention. According to Crnosija et al. (2020),
compared with patients with MS, CAD in NMOSD is more severe
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TABLE 1 Patients with AQP4-1gG positive NMOSD presented with syncope.

Reference Clinical Syncope Suspected AQP4- MRI lesions Acute Maintenance Outcome
presentation characteristics syncope igg status treatment therapy
mechanism
Nausea, hiccups, Recurrent syncope, sinus Dorsal medulla No syncope
Yin et al. (2025) 70/F Yes Arrhythmic Positive IVMP, eculizumab | Oral PSL, eculizumab
vomiting arrest on ECG oblongata attacks
Dorsal medulla
Hiccups, nausea, Recurrent syncope, sinus TPM removed, no
Wang et al. (2024) 34/F Yes Arrhythmic Positive oblongata, cervical IVMP, TPM, CNA Oral PSL
vomiting arrest on ECG syncope attacks
cord
Recurrent syncope, sinus Dorsal medulla TPM removed, no
Lin et al. (2023) 45/M Hiccups, vomiting Yes Arrhythmic Positive IVIG, IVMP, TPM | Rituximab
arrest on ECG oblongata syncope attacks
Hiccups, vomiting, Dorsal medulla
Respiratory and cardiac No syncope
Lin et al. (2023) 26/M dysphagia, diplopia, Yes Arrhythmic Positive oblongata, pons, IVMP, PE, IVIG Oral PSL, azathioprine N
arrest attacks
limb weakness mesencephalon
Dorsal medulla
Hamaguchi et al. Recurrent syncope, sinus No syncope
77/F Nausea, vomiting Yes Arrhythmic Positive oblongata, cervical IVMP, PE, PPM Oral PSL
(2022) arrest on ECG attacks
cord
Recurrent syncope, sinus Caudal medulla No syncope
Tsouris et al. (2020) | 42/M Hiccups Yes Arrhythmic Positive IVMP, pacemaker Oral PSL
arrest on ECG oblongata attacks
Recurrent syncope, sinus Dorsal medulla TPM removed, no
Endo et al. (2020) 22/F Nausea Yes Arrhythmic Positive IVMP, TPM Oral PSL
arrest on ECG oblongata syncope attacks
Komaki et al. Single Syncope, sinus Dorsal medulla TPM removed, no
77IM Hiccups, vomiting Yes Arrhythmic Positive TPM Oral PSL
(2020) arrest on ECG oblongata syncope attacks
Hiccups, nausea, Recurrent syncope, sinus Dorsal medulla No syncope
Okada et al. (2019) | 61/F Yes Arrhythmic Positive IVMP Oral PSL
vomiting arrest on ECG oblongata attacks
Dorsal and lateral No syncope
Tkumi et al. (2015) 68/F Hiccups, vomiting Yes Recurrent syncope, OH Autonomic/reflex Positive IVMP Oral PSL
medulla oblongata attacks
Hiccups, nausea, Dorsal medulla No syncope
Sawai et al. (2021) 74/M Yes Recurrent syncope, OH Autonomic /reflex Positive IVMP Oral PSL
vomiting oblongata attacks
Two syncope attacks, OH,
Nausea, hiccups, Medulla oblongata, No syncope
Okada et al. (2012) 78/M Yes respiratory and cardiac Mixed Positive IVMP, IVIG N/A
muscle weakness cervical cord attacks
arrest
Sudden dizziness, Dorsal medulla No syncope
Zhao et al. (2024) 64/F Yes Recurrent syncope Undetermined Positive PE N/A
nausea, vomiting oblongata attacks
(Continued)
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TPM, temporary pacemaker implantation; CNA, cardioneuroablation; IVMP, intravenous methylprednisolone pulse; PSL, prednisone; PE, plasma exchange; PPM, permanent pacemaker implantation; IVIG, intravenous immunoglobulin; OH, orthostatic hypotension; N/A,

not available.

10.3389/fnins.2026.1722763

when present and often manifests as orthostatic hypotension (OH)
and parasympathetic dysfunction. The syncope cohort predomi-
nantly exhibited severe, parasympathetic-mediated arrhythmias.
This distinctive pattern is plausibly attributable to the predilection
of NMOSD for the thoracic spinal cord and brainstem, which are
the most critical central regions for autonomic regulation. Although
MS can involve the medulla oblongata, such involvement is typically
partial, asymmetric, and occurs with gradual progression, resulting
in a lower proportion of severe CAD (Adamec et al., 2018).

In recent years, with the increasing availability of AQP4-IgG test-
ing, syncope has been increasingly reported as a clinical manifestation
of NMOSD. Notably, Yin et al. (2025) described an AQP4-IgG-
positive patient without detectable medullary lesions on initial brain
MR, highlighting the critical role of serological testing. In NMOSD,
syncope often occurs in the context of APS and medullary involve-
ment, suggesting that APS and syncope may share a common ana-
tomical basis. Traditionally, syncope is considered as a manifestation
of primary cardiac disorders, but it can arise from multiple etiologies,
including neurogenic, and reflex-mediated mechanisms (da Silva,
2014). In our review of 16 cases, 10 exhibited arrhythmic mechanisms
(sinus arrest in eight, cardiopulmonary arrest in two), and two had
autonomic/reflex (OH). Consequently, CAD may play a central role
in the pathogenesis of syncope with NMOSD.

Prior case series indicate that syncope in NMOSD may stem
from structural disruption of medullary autonomic nuclei, specifi-
cally the nucleus tractus solitarius (NTS) and rostral ventrolateral
medulla (RVLM). The NTS, situated in the dorsal medulla, acts as
the primary relay station for baroreceptor afferents, integrating car-
diovascular signals from peripheral arterial sensors (Cutsforth-
Gregory and Benarroch, 2017). These signals are then transmitted
to the RVLM and the nucleus ambiguus (NA), which collectively
regulate heart rate and vascular tone (Palma and Benarroch, 2014).
The RVLM is a key integrative center for sympathetic outflow.
Located in the medulla oblongata, it receives input from cardiovas-
cular regulatory pathways and projects to the intermediolateral
column (IML) of the thoracic spinal cord. From there, sympathetic
preganglionic neurons relay signals through the sympathetic chain
ganglia (SCG) to peripheral effectors. The NA relays parasympa-
thetic output through vagal fibers to the sinoatrial (SA) node, while
the RVLM activates sympathetic cardiac nerves via the sympathetic
trunk to increase SA node firing rate and atrioventricular (AV)
node conduction velocity, thereby elevating heart rate and contrac-
tile force. Additionally, the caudal ventrolateral medulla (CVLM)
modulates RVLM activity, providing inhibitory control over sym-
pathetic tone (Mandel and Schreihofer, 2008) (Figure 6). In
NMOSD, lesions involving the medullary tegmentum may damage
this circuitry, leading to baroreflex failure. Accordingly, the pres-
ence of medullary lesions should prompt careful monitoring for
syncope and other manifestations of CAD.

Furthermore, AP plays a vital role in controlling the vomiting
reflex and other autonomic functions, appetite regulation, and
somatic growth (Sarnat et al., 2019). As a circumventricular organ
lacking a complete blood-brain barrier, the AP is highly vulnerable
to circulating AQP4-IgG (Raj et al., 2023). Antibody binding triggers
plasma interleukin-6 (IL-6) release and complement-mediated astro-
cyte injury, leading to inflammatory edema and subsequent dysfunc-
tion of adjacent nuclei, including the NTS (Bruscolini et al., 2018).
Given that the NTS also integrates inputs driving the vomiting reflex,
we propose that syncope in NMOSD may be viewed as an extension
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orthostatic hypotension (OH). (Created with BioRender.com).

Cardiac autonomic regulation: sympathetic and parasympathetic pathways. The nucleus tractus solitarius (NTS) serves as the primary relay for
baroreceptor afferents, integrating peripheral cardiovascular signals. These signals are transmitted to the rostral ventrolateral medulla (RVLM) and
nucleus ambiguus (NA). The RVLM activates sympathetic fibers via the intermediolateral column (IML) and sympathetic chain ganglia (SCG), increasing
SA node firing rate, AV node conduction velocity, and vascular tone. Conversely, the NA inhibits SA node activity through vagal parasympathetic fibers.
The caudal ventrolateral medulla (CVLM) modulates RVLM activity via inhibitory input. Disruption of this pathway may result in sinus arrest and

of the same pathophysiological process that underlies APS, rather
than a separate comorbidity.

Our analysis also provides several clinically relevant insights for
risk stratification and monitoring. Although the total number of
reported cases is small, most patients were middle-aged to elderly,
without clear sex predominance. Advanced age may be a non-negligi-
ble risk factor for clinically significant autonomic complications.
Continuous ECG and respiratory monitoring may be warranted for
patients with medullary lesions, particularly in those with active infec-
tion, hemodynamic instability, or during IVMP pulse therapy.

Immunosuppressive therapy is crucial for controlling NMOSD
progression, as NMOSD-related cardiac dysfunction may be reversible
once acute inflammation is controlled. Prior studies have reported that
some patients with sinus arrest were successfully managed with
immunosuppressive therapy alone, without pacemaker implantation
(Okada et al.,, 2019). In addition, for the minority of patients present-
ing with life-threatening cardiorespiratory arrest, a more aggressive
management strategy appears necessary. The reviewed cases suggest
that successful outcomes rely on the rapid initiation of high-dose
IVMP combined with IVIG or PE. In cases of severe bradycardia or
sinus arrest, temporary pacing may serve as a bridge to recovery until
immunomodulatory therapy takes effect (Podoleanu and Deharo,
2019). For long-term disease control, maintenance oral corticosteroids
remain standard in many settings, while emerging biological agents
are expanding therapeutic option. Both patients in our series received
inebilizumab, and achieved sustained clinical stability without relapse,
with seroconversion to AQP4-IgG negativity.

Frontiers in Neuroscience

This study has several limitations inherent to its design. First,
as a synthesis based primarily on published case reports and small
case series, our findings are susceptible to publication bias, which
may overestimate the prevalence of syncope in the general NMOSD
population. Second, in our two patients, a systematic assessment
of autonomic function was not performed, as both presented with
stable vital signs and had no further episodes of syncope at the
time of our evaluation. Notably, heterogeneity in the clinical evalu-
ation and reporting details across the included cases limits direct
comparisons and pooled analyses. Moreover, the observational
nature of case-based evidence prevents definitive conclusions
regarding causality. Although medullary lesions are frequently
observed in patients with autonomic symptoms, the precise patho-
physiological mechanisms remain inferential.

5 Conclusion

In summary, syncope may represent an underrecognized mani-
festation of APS in patients with AQP4-IgG-positive NMOSD, par-
ticularly when medullary lesions are present. The presence of APS
symptoms should prompt heightened clinical vigilance for syncope
and even cardiorespiratory arrest. Furthermore, in patients present-
ing with unexplained syncope accompanied by persistent nausea,
vomiting, or hiccups, NMOSD should be considered as an impor-
tant diagnosis.

frontiersin.org


https://doi.org/10.3389/fnins.2026.1722763
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
http://BioRender.com

Jinetal.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The requirement of ethical approval for the studies involving
humans was waived by Medical Ethics Committee of the Affiliated
Hospital of Qingdao University. The studies were conducted in accor-
dance with the local legislation and institutional requirements. The
participants provided their written informed consent to participate in
this study. Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable images
or data included in this article.

Author contributions

CJ: Conceptualization, Investigation, Writing — original draft,
Writing - review & editing. YY: Conceptualization, Investigation,
Writing - original draft, Writing - review & editing. XS:
Conceptualization, Investigation, Writing — review & editing. YS:
Conceptualization, Investigation, Writing — review & editing. YP:
Conceptualization, Investigation, Writing — review & editing. LW:
Conceptualization, Investigation, Writing — review & editing. XZ:
Conceptualization, Supervision, Writing — review & editing.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. This study was funded by Qingdao

References

Adamec, I, Crnosija, L., Junakovi¢, A., Krbot Skori¢, M., and Habek, M. (2018).
Progressive multiple sclerosis patients have a higher burden of autonomic dysfunction
compared to relapsing remitting phenotype. Clin. Neurophysiol. 129, 1588-1594. doi:
10.1016/j.clinph.2018.05.009

Andabaka, M., Pekmezovic, T., Crnosija, L., Veselinovic, N., Junakovic, A., Tamas, O.,
et al. (2023). Impact of the autonomic dysfunction on the quality of life in people with
NMOSD and MS: an international cross-sectional study. Mult. Scler. Relat. Disord.
79:104953. doi: 10.1016/j.msard.2023.104953

Bruscolini, A., Sacchetti, M., La Cava, M., Gharbiya, M., Ralli, M., Lambiase, A., et al.
(2018). Diagnosis and management of neuromyelitis optica spectrum disorders—an
update. Autoimmun. Rev. 17, 195-200. doi: 10.1016/j.autrev.2018.01.001

Chen, Z., Li, Y, Liu, Y,, Shen, G., Xiong, G., Wu, B,, et al. (2025). Efficacy of cardioneu-
roablation for vasodepressor vasovagal syncope. Front. Neurosci. 19:1514513. doi:
10.3389/fnins.2025.1514513

Crnosija, L., Krbot Skori¢, M., Andabaka, M., Junakovi¢, A., Martinovi¢, V., Ivanovig, J.,
et al. (2020). Autonomic dysfunction in people with neuromyelitis optica spectrum dis-
orders. Mult. Scler. 26, 688-695. doi: 10.1177/1352458519837703

Cutsforth-Gregory, J. K., and Benarroch, E. E. (2017). Nucleus of the solitary tract, medul-
lary reflexes, and clinical implications. Neurology 88, 1187-1196. doi: 10.1212/
wnl.0000000000003751

da Silva, R. M. (2014). Syncope: epidemiology, etiology, and prognosis. Front. Physiol.
5:471. doi: 10.3389/fphys.2014.00471

Frontiers in Neuroscience

10.3389/fnins.2026.1722763

Medical and Health Research Guidance Project (Grant No. 2022-
WJZD184) and Key Project of Shandong Province Medical and
Health Science (Grant No.
202403070867).

and Technology Program

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative Al was used in the creation
of this manuscript. During the preparation of this work the authors
used ChatGPT in order to polish. After using this tool, the authors
reviewed and edited the content as needed and take full responsibility
for the content of the publication.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the review-
ers. Any product that may be evaluated in this article, or claim that
may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

Endo, Y., Hayashi, K., Ikawa, M., Yamamura, O., Ookura, K., and Hamano, T. (2020). A
case of neuromyelitis optica spectrum disorder with persistent nausea and repeated syn-
cope. Rinsho Shinkeigaku 60, 142-145. doi: 10.5692/clinicalneurol.cn-001345

Hamaguchi, M., Fujita, H., Suzuki, T., and Suzuki, K. (2022). Sick sinus syndrome as the
initial manifestation of neuromyelitis optica spectrum disorder: a case report. BMC
Neurol. 22:56. doi: 10.1186/s12883-022-02580-x

Hor, J. Y., Asgari, N., Nakashima, I, Broadley, S. A., Leite, M. I, Kissani, N., et al. (2020).
Epidemiology of neuromyelitis optica spectrum disorder and its prevalence and incidence
worldwide. Front. Neurol. 11:501. doi: 10.3389/fneur.2020.00501

Huda, S., Whittam, D., Bhojak, M., Chamberlain, J., Noonan, C., and Jacob, A. (2019).
Neuromyelitis optica spectrum disorders. Clin. Med. 19, 169-176. doi: 10.7861/
clinmedicine.19-2-169

Tkumi, K., Ando, T., and Asahina, M. (2015). A case of neuromyelitis optica spectrum
disorder presenting with severe orthostatic hypotension. Rinsho Shinkeigaku 55, 759-762.
doi: 10.5692/clinicalneurol.cn-000702

Komaki, R., Chihara, N., Hara, A., Fujisawa, S., Muramae, N., Nakasone, K., et al. (2020).
A case of area postrema syndrome associated with sick sinus syndrome in an elderly
patient with neuromyelitis optica spectrum disorder: case report. Neurol. Clin. Neurosci.
8, 183-185. doi: 10.1111/ncn3.12380

Lennon, V. A.,, Wingerchuk, D. M., Kryzer, T. J., Pittock, S. J., Lucchinetti, C. E,
Fujihara, K., et al. (2004). A serum autoantibody marker of neuromyelitis optica: distinc-
tion from multiple sclerosis. Lancet 364, 2106-2112. doi: 10.1016/s0140-6736(04)17551-x

frontiersin.org


https://doi.org/10.3389/fnins.2026.1722763
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/j.clinph.2018.05.009
https://doi.org/10.1016/j.msard.2023.104953
https://doi.org/10.1016/j.autrev.2018.01.001
https://doi.org/10.3389/fnins.2025.1514513
https://doi.org/10.1177/1352458519837703
https://doi.org/10.1212/wnl.0000000000003751
https://doi.org/10.1212/wnl.0000000000003751
https://doi.org/10.3389/fphys.2014.00471
https://doi.org/10.5692/clinicalneurol.cn-001345
https://doi.org/10.1186/s12883-022-02580-x
https://doi.org/10.3389/fneur.2020.00501
https://doi.org/10.7861/clinmedicine.19-2-169
https://doi.org/10.7861/clinmedicine.19-2-169
https://doi.org/10.5692/clinicalneurol.cn-000702
https://doi.org/10.1111/ncn3.12380
https://doi.org/10.1016/s0140-6736(04)17551-x

Jinetal.

Lin, H., Duan, X,, Li, L., Ye, J., and Xiao, H. (2023). Neuromyelitis optica spectrum dis-
order with sick sinus syndrome: two cases and a literature review. Healthcare 11:2810. doi:
10.3390/healthcare11212810

Mandel, D. A., and Schreihofer, A. M. (2008). Glutamatergic inputs to the CVLM inde-
pendent of the NTS promote tonic inhibition of sympathetic vasomotor tone in rats. Am.
J. Physiol. Heart Circ. Physiol. 295, H1772-H1779. doi: 10.1152/ajpheart.216.2008

Okada, K., Kobata, M., and Naruke, S. (2019). Neuromyelitis optica spectrum disorder with
area postrema syndrome. Neurol. Clin. Pract. 9, 173-175. doi: 10.1212/cpj.0000000000000586

Okada, S., Takarabe, S., Nogawa, S., Abe, T., Morishita, T., Mori, M., et al. (2012).
Persistent hiccups followed by cardiorespiratory arrest. Lancet 380:1444. doi: 10.1016/
$0140-6736(12)60900-3

Palma, J. A., and Benarroch, E. E. (2014). Neural control of the heart: recent concepts and
clinical correlations. Neurology 83, 261-271. doi: 10.1212/wnl.0000000000000605

Podoleanu, C., and Deharo, J. C. (2019). Novel therapeutic options in the management of
reflex syncope. Am. J. Ther. 26, €268-¢275. doi: 10.1097/m;jt.0000000000000923

Raj, A, Valappil, A. V,, Alapatt, P. ]., and Kamar, J. (2023). Area postrema syndrome: an
unusual presentation of neuromyelitis optica spectrum disorder. J. Neurosci. Rural Pract.
14, 361-362. doi: 10.25259/jnrp_83_2022

Rosales, D., and Kister, I. (2016). Common and rare manifestations of neuromyelitis optica
spectrum disorder. Curr. Allergy Asthma Rep. 16:42. doi: 10.1007/5s11882-016-0619-4

Sarnat, H. B., Flores-Sarnat, L., and Boltshauser, E. (2019). Area postrema: fetal matura-
tion, tumors, vomiting center, growth, role in neuromyelitis optica. Pediatr. Neurol. 94,
21-31. doi: 10.1016/j.pediatrneurol.2018.12.006

Sawai, S., Mori, M., Makino, T, Nakano, Y., Kuwabara, S., and Kamitsukasa, L. (2021). Severe
orthostatic hypotension associated with lesions of the area postraema in neuromyelitis optica
spectrum disorder. eNeurologicalSci 23:100335. doi: 10.1016/j.ensci.2021.100335

Frontiers in Neuroscience

09

10.3389/fnins.2026.1722763

Tsouris, Z., Dastamani, M., Siokas, V., Aloizou, A. M., Zagouras, A., Provatas, A., et al.
(2020). Recurrent episodes of syncope requiring pacemaker implantation as an initial
presentation of neuromyelitis optica spectrum disorder. Mult. Scler. Relat. Disord.
45:102423. doi: 10.1016/j.msard.2020.102423

Wang, E,, Li, Y., Yu, G, Liu, G,, Deng, J., Wang, Y., et al. (2024). Cardioneuroablation
eliminating cardiac asystole associated with area postrema syndrome: a case report
and literature review. Front. Cardiovasc. Med. 11:1453166. doi: 10.3389/
fcvm.2024.1453166

Weinshenker, B. G., and Wingerchuk, D. M. (2014). The two faces of neuromyelitis optica.
Neurology 82, 466-467. doi: 10.1212/wnl.0000000000000114

Wingerchuk, D. M., Banwell, B., Bennett, J. L., Cabre, P, Carroll, W,, Chitnis, T., et al.
(2015). International consensus diagnostic criteria for neuromyelitis optica spectrum
disorders. Neurology 85, 177-189. doi: 10.1212/wnl.0000000000001729

Yang, L., Li, W, Xie, Y., Ma, S., Zhou, X., Huang, X., et al. (2023). Impact of dysautonomic
symptom burden on the quality of life in neuromyelitis optica spectrum disorder patients.
BMC Neurol. 23:112. doi: 10.1186/s12883-023-03162-1

Yin, H., Wang, Y., and Xu, Y. (2025). Neuromyelitis optica spectrum disorders with recur-
rent syncope due to area postrema syndrome: a case report and literature review. BMC
Neurol. 25:339. doi: 10.1186/s12883-025-04215-3

Zhao, Z., Pan, C., Chen, J., Wu, R., Xu, Z., and Huang, H. (2024). Symptom progression
in neuromyelitis optica spectrum disorder from ataxia through syncope to neuropathic
pain: a case report. Medicine 103:e38966. doi: 10.1097/md.0000000000038966

Zhou, J. ], and Luo, L. (2019). Hypersomnia and syncope as initial manifestations of
neuromyelitis optica spectrum disorder: a case report. Zhonghua Nei Ke Za Zhi 58,
309-311. doi: 10.3760/cma.j.issn.0578-1426.2019.04.014

frontiersin.org


https://doi.org/10.3389/fnins.2026.1722763
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.3390/healthcare11212810
https://doi.org/10.1152/ajpheart.216.2008
https://doi.org/10.1212/cpj.0000000000000586
https://doi.org/10.1016/s0140-6736(12)60900-3
https://doi.org/10.1016/s0140-6736(12)60900-3
https://doi.org/10.1212/wnl.0000000000000605
https://doi.org/10.1097/mjt.0000000000000923
https://doi.org/10.25259/jnrp_83_2022
https://doi.org/10.1007/s11882-016-0619-4
https://doi.org/10.1016/j.pediatrneurol.2018.12.006
https://doi.org/10.1016/j.ensci.2021.100335
https://doi.org/10.1016/j.msard.2020.102423
https://doi.org/10.3389/fcvm.2024.1453166
https://doi.org/10.3389/fcvm.2024.1453166
https://doi.org/10.1212/wnl.0000000000000114
https://doi.org/10.1212/wnl.0000000000001729
https://doi.org/10.1186/s12883-023-03162-1
https://doi.org/10.1186/s12883-025-04215-3
https://doi.org/10.1097/md.0000000000038966
https://doi.org/10.3760/cma.j.issn.0578-1426.2019.04.014

	Syncope in AQP4-IgG-positive neuromyelitis optica spectrum disorder: a case series and literature review
	1 Introduction
	2 Case reports
	2.1 Case 1
	2.2 Case 2

	3 Literature review and results
	4 Discussion
	5 Conclusion

	References

