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Abstract
Background and Objectives
To report the frequency of area postrema syndrome (APS) in glial fibrillary acidic protein-
immunoglobulin G (GFAP-IgG)–positive patients and emphasize the importance of APS
among the phenotypes in autoimmune GFAP astrocytopathy.

Methods
Eight GFAP-IgG–positive cases with APS were retrospectively identified during 2015–2021.
The APS phenotypes were described. A literature review of 8 previously reported cases was also
included in analysis.

Results
A total of 8 patients (11%) (1 woman, 7 men; mean age: 52.4 ± 18.4 years) presented with APS
in a cohort of 74 GFAP-IgG–positive patients, 3 of whom (4%) had disease onset with APS. All
patients had hiccups, and hiccups was the unique symptom of APS in 5 patients. The median
time from disease onset to APS occurrence was 2 days (range 0–20), and the mean duration of
APS episodes was 23.6 ± 11.4 days. No patient had isolated APS attack. All episodes were
completely resolved with a mean duration of 9.3 ± 5.4 days after immunotherapy. APS man-
ifestations of 8 cases in previous studies showed similar features with our cases. In total,
coexisting aquaporin-4-IgG was only detected in one of the 16 cases.

Discussion
APS could be an early, but not isolated clinical manifestation of autoimmune GFAP astro-
cytopathy. Hiccups was the predominant symptom of APS in this disorder. APS attacks of
autoimmune GFAP astrocytopathy have good response to immunotherapy.
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Autoimmune glial fibrillary acidic protein (GFAP) astrocyt-
opathy, first reported in 2016, is a steroid-responsive auto-
immune disease.1 Immunoglobulin G (IgG) specific for
GFAP in CSF is the hallmark of this disorder.2,3 The main
clinical phenotype includes meningoencephalomyelitis.3

However, since autoimmune GFAP astrocytopathy is recently
identified, the spectrum of its clinical and imaging phenotypes
is still expanding.2,4-7

Area postrema syndrome (APS) is defined as episode of oth-
erwise unexplained nausea, vomiting, and hiccups.8,9 It has been
regarded as a core clinical manifestation of aquaporin-4 (AQP4)-
IgG–seropositive neuromyelitis optica spectrum disorder
(NMOSD), another classic autoimmune astrocytopathy.8 In
2020, a patient who had encephalitis onset with APS, however,
with a final diagnosis as autoimmune GFAP astrocytopathy was
reported.10 Thereafter, APS was increasingly reported as a no-
ticeable manifestation of this disorder.11-17 However, the in-
cidence and phenotypes of APS in autoimmune GFAP
astrocytopathy have not been described comprehensively.

In this study, we reported a case series of GFAP-IgG–positive
patients who presented with APS. The characteristics of APS,
i.e., onset, duration, and immunotherapy response, were de-
scribed. Furthermore, we identified 8 previously reported cases
and summarized APS phenotypes, aiming to raise the aware-
ness of these features in autoimmune GFAP astrocytopathy.

Methods
Participants
We identified a total of 74 GFAP-IgG–positive patients from
Huashan Hospital Autoimmune Encephalitis Cohort during
2015–2021. Patients’ clinical information was obtained from
medical records and telephone interviews. APS was defined as
an unexplained attack of nausea, vomiting, and hiccups (single
or combined symptoms) persisting for at least 48 hours.9

Finally, 8 patients with symptoms of APS were included in this
study. APS phenotypic data (symptomatic type of APS, onset
and duration, and response to immunotherapy); demographics;
clinical, immunologic, CSF, and MRI characteristics; and treat-
ment and outcome of these patients were reviewed.We used the
modified Rankin scale (mRS) to assess patient’s disease severity
and outcomes at the follow-up.

Detection of Autoantibodies
GFAPα-IgG in CSF is highly specific for autoimmune GFAP
astrocytopathy.3 In addition, a combination of cell-based

assays (CBA) and tissue-based assays (TBA) to detect auto-
antibodies is recommended.2,3 Therefore, GFAPα-IgG in pa-
tients’CSF and serumwere detected using bothCBA andTBA.
For CBA, HEK293T cells were transfected with plasmids
encoding human GFAPα (NM_002055.5) (Miao Ling Plas-
mid Sharing Platform, Wuhan, China). Twenty-four hours
later, cells were fixed with 4% PFA for 5 minutes, permeabilized
with 0.2% Triton X-100 for 10 minutes, and blocked with 10%
normal goat serum for 30 minutes. Patient’s samples (serum 1:
100, CSF 1:2) were then applied and incubated overnight at
4°C. For TBA, CSF was incubated with a commercially avail-
able monkey cerebellum or hippocampus slide (Biosystems
S.A., Barcelona, Spain) overnight at 4°C. Alexa Fluor 488 goat
anti-human IgG (Invitrogen, Eugene, OR) was used as the
secondary antibody to label autoantibodies. An astrocytic pat-
tern of immunostaining compatible with previous studies was
interpreted as positive.1,3,18 In addition, autoantibodies to
AQP4, oligodendrocyte glycoprotein (MOG), and N-methyl-
D-aspartate receptor (NMDAR) were detected with live CBA
to examine possible coexisting autoimmunity.

Systematic Review of GFAP-IgG–Positive Cases
With APS
PubMed and Embase (search terms: [GFAP] and [“area post-
rema” or APS or hiccups or nausea or vomiting]; time frame:
January, 2016, and March, 2022) were screened to identify
published GFAP-IgG–positive cases with APS. We reviewed all
previously reported cases with sufficient clinical data. Finally, we
performed a pooled analysis on 16 (including 8 fromour institute
and 8 from the literature) patients’ APS phenotypes (Figure 1).

Statistical Analysis
Statistical analysis was performed with SPSS, version 20.0
(SPSS, Chicago, IL). The characteristics were reported as
mean ± SD or median (range) for continuous variables and as
frequencies and percentages for categorical variables. The
Student t test, Mann-Whitney U test, and Fisher exact test
were used, as appropriate. Statistical significance is considered
if the 2-tailed p values were less than 0.05.

Standard Protocol Approvals, Registrations,
and Patient Consents
This study was approved by the institutional review board of
Huashan Hospital, Fudan University. Written informed
consent was obtained from each participant.

Data Availability
Anonymized data of this study are available on reasonable
request.

Glossary
AP = area postrema; APS = area postrema syndrome; AQP4 = aquaporin-4; CBA = cell-based assays; TBA = tissue-based
assays; FLAIR = fluid-attenuated inversion recovery; GFAP = glial fibrillary acidic protein; IgG = immunoglobulin G;MOG =
oligodendrocyte glycoprotein; mRS = modified Rankin scale; NMDAR = N-methyl-D-aspartate receptor; NMOSD =
neuromyelitis optica spectrum disorder.
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Results
Incidence and Phenotypes of APS in
GFAP-IgG–Positive Patients
We identified 8 patients (1 woman, 7 men; mean age: 52.4 ±
18.4 years) with APS attacks from 74 GFAP-IgG–positive
patients (Figure 1). AQP4-IgG was negative in sera from all
patients. One patient had coexisting autoantibodies to
NMDAR and MOG. No underlying malignancy was found in
these patients. No significant difference in the median mRS at
disease nadir (disease severity) and at the last follow-up
(outcome) was found between these patients and the other 66
patients without APS (both p > 0.05).

APS occurred as an inaugural symptom in 3 patients. All patients
suffered fromAPS attacks within 1month after the disease onset,
7 of whom had APS within 1 week after the disease onset. The
median time from disease onset to APS occurrence was 2 days
(range 0–20). The mean duration of APS episodes was 23.6 ±
11.4 days in our patients. All patients had hiccups, 5 of whom
only presented with hiccups. Hiccups was also the last that could
be resolved by immunotherapy among 3 symptoms of APS. No
patient had isolatedAPS attack because all patients also presented
with symptoms of meningoencephalomyelitis or encephalomy-
elitis during the whole clinical course. APS phenotypes and
clinical features are presented in Table 1 and Figure 2.

Brain and Spinal Cord MRI
All patients’ brain and spinal cord MRI scans were performed
within 6 weeks of APS onset. The mean time interval from
APS onset to MRI scan was 23.1 ± 6.9 days. Table 1

summarizes neuroimaging characteristics of patients. These
images revealed that all patients had brain and/or spinal cord
hyperintense lesions on T2-weighted fluid-attenuated in-
version recovery (T2-FLAIR) sequences and enhancement of
leptomeninges on T1-weighted postgadolinium sequences.
Four patients had T2-FLAIR hyperintense lesions in the
dorsal medulla, including the AP. Representative MRI is
shown in Figure 3.

Treatment and Outcomes
In this study, 1 patient was initially misdiagnosed as gastroen-
teritis. The other 7 patients’ initial clinical diagnosis was infectious
encephalitis or meningitis. The median interval from onset to
diagnosis of autoimmune disease or initiation of immunotherapy
was 17 days (range 5–32). All patients were treated with first-line
immunotherapy (IV corticosteroids, 8; IV immunoglobulin, 2); 4
were treated with second-line immunotherapy (all mycopheno-
late mofetil). All APS attacks were completely resolved after
immunotherapy. Themean duration from treatment to complete
remission of episodes was 9.3 ± 5.4 days. The median follow-up
duration for our patients was 24 months (range 4–52). One
patient (patient 5) experienced relapse 10 days after cessation of
steroid. No episode of APS occurred during the relapse. Treat-
ment and outcomes data are presented in Figure 2 and Table 1.

Systematic Literature Review
We identified 10 reported GFAP-IgG–positive cases with APS
by an extensive literature review, while 8 of them had suffi-
cient clinical data. Coexisting AQP4-IgG was reported in 1
patient. These 8 cases presented with similar APS phenotypes
to our cases (Table 2). APS attacks were the inaugural

Figure 1 Flowchart of All Included GFAP-IgG–Positive Cases

APS = area postrema syndrome; GFAP = glial
fibrillary acidic protein.
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symptoms in 9 of the pooled 16 cases. Hiccups was present in
14 of the 16 patients (88%). APS attacks in all cases showed a
good response to immunotherapies, except that 1 published
APS case spontaneously resolved before treatment. Isolated
APS during the whole clinical course was not seen. Two pa-
tients in the literature had a relapsing course. APS was de-
veloped during the relapse of one patient. The other patient
had APS during the first attack and relapse. Detailed

demographics, APS phenotypes, and clinical characteristics of
pooled cases are presented in Table 2.

Discussion
This study demonstrated that APS was present in 11% of a
case series of autoimmune GFAP astrocytopathy. We also
described the phenotypes of APS, thus expanding the clinical

Table 1 Demographics, APS Phenotype, and Clinical Characteristics of 8 Glial Fibrillary Acidic Protein-IgG–Positive
Patients

Pt.
no.

Age/
sex

Onset
with
APS

Symptoms
of APS Other main symptoms

Max.
mRS

MRI (T2-FLAIR
hyperintense lesions
and T1 contrast
enhancement)

CSF OP,
mmH2O;
WBC/μL(lym%);
protein, mg/L Treatment

Last
follow-up,
mo;mRS

1 48/M Yes Hiccups Fever, headache, rigidity,
paraparesis, bladder
dysfunction, excessive
sweating

4 Brain: no lesion
Spinal cord: faint cervical
and thoracic multifocal
lesions extended to AP
Enhancement: LMCCE

OP: 140
WBC: 147
(99%)
Protein: 1,619

Steroids 19; 1

2 68/M Yes Hiccups Fever, headache, cognitive
deficits, behavioral change,
confusion, lethargy,
tachycardia, paraparesis,
bladder dysfunction

5 Brain: bilateral PWM, BG,
dorsal medulla lesions
Spinal cord: no lesion
Enhancement: LMCCE

OP: 40
WBC: 20 (90%)
Protein: 1,060

Steroids,
MMF

4; 2

3 68/M No Hiccups Fever, cognitive deficits,
irritability, behavioral change,
insomnia, confusion, tremor,
ataxia, paraparesis, sensory
deficits, bladder dysfunction

4 Brain: bilateral PWM, BG;
left brachium ponti lesions
Spinal cord: no lesion
Enhancement: serpentine,
LMCCE

OP: 70
WBC: 156
(100%)
Protein: 4,063

Steroids 4; 2

4a 30/M No Hiccups Fever, headache, cognitive
deficits, speech dysfunction,
behavioral change, seizures,
rigidity, confusion, ataxia,
quadriparesis, paresthesia,
bladder dysfunction

5 Brain: left cortical edema,
callosum, right BG, bilateral
insular lobes, pons, and
medulla oblongata lesions
Spinal cord: cervical
longitudinally extensive
lesion with edema
Enhancement: LME

OP: 200
WBC: 500
(73%)
Protein: 450

Steroids,
IVIG, MMF

29; 2

5 60/F Yes Nausea,
vomiting,
hiccups

Irritability, psychosis,
hyperesthesia, paraparesis

3 Brain: right PWM, splenium
lesions
Spinal cord: cervical and
thoracic multifocal lesions
extended to AP
Enhancement: LME

OP: 95
WBC: 170
(75%)
Protein: 218

Steroids,
MMF

52; 1

6 29/M No Nausea,
vomiting,
hiccups

Fever, headache, confusion,
cognitive deficits, insomnia,
psychosis, seizures, tremor,
paraparesis, bladder
dysfunction

4 Brain: bilateral PWM, BG
lesions
Spinal cord: no lesion
Enhancement: perivascular
radial and LME

OP: 250
WBC: 382
(95%)
Protein: 1,280

Steroids 28; 3

7 36/M No Nausea,
vomiting,
hiccups

Fever, headache, bladder
dysfunction, tremor, ataxia,
optic disk edema

3 Brain: bilateral PWM, BG,
diencephalic lesions
Spinal cord: no lesion
Enhancement:
periependymal and LME

OP: 215
WBC: 130
(95%)
Protein: 1,190

Steroids 48; 1

8 76/M No Hiccups Fever, tremor, ataxia,
insomnia, behavioral change,
drowsiness, paraparesis,
bladder dysfunction

4 Brain: bilateral PWM, BG
lesions
Spinal cord: faint cervical
and thoracic multifocal
punctate lesions
Enhancement:
periependymal, LMCCE

OP: 180
WBC: 16 (94%)
Protein: 759

Steroids,
IVIG, MMF

5; 2

Abbreviations: AP = area postrema; APS = area postrema syndrome; BG = basal ganglia; IVIG = IV immunoglobulin; LME = leptomeningeal enhancement;
LMCCE = leptomeningeal and central canal enhancement; lym = lymphocyte; Max. =maximum;MMF =mycophenolatemofetil; mRS =modified Rankin scale;
OP = opening pressure; Pt. = patient; PWM=periventricular whitematter; T2-FLAIR = T2-weighted fluid-attenuated inversion recovery;WBC =white blood cell.
a This patient had coexisting autoantibodies to N-methyl-D-aspartate receptor and oligodendrocyte glycoprotein.
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manifestations of this disorder. These findings supported that
APSmight not be a unique symptomof AQP4-IgG–seropositive
NMOSD but could also be presented in autoimmune GFAP
astrocytopathy.

Since 2018, several studies have noticed that APS could be a
symptom of autoimmune GFAP astrocytopathy.10-18 However,
the incidence of APS in this disorder is unknown. We found that
8 of the 74 patients (11%) with autoimmune GFAP astrocyt-
opathy presented with APS and the frequency of APS as the

onset symptom is 4%. They were slightly lower compared with
patients with NMOSD (total incidence: 9%–44%; incidence as
onset symptom: 7%–13%).9,19-24 Nevertheless, our study in-
dicated that APS is not uncommon in autoimmune GFAP
astrocytopathy and may fail to discriminate this disorder from
AQP4-IgG–seropositive NMOSD.

Three features of APS in autoimmune GFAP astrocytopathy
could be summarized as follows according to this study: (1)
APS commonly appeared in the early phase of disease course,

Figure 3 Area Postrema and Dorsal Medulla Lesions in Representative Glial Fibrillary Acidic Protein-IgG–Positive Patients

Sagittal T2-weighted fluid-attenuated
inversion recovery scan shows lesions
in the area postrema and multifocal
punctate lesions in medulla and cervi-
cal spinal cord (A.a [patient 5] and B.a
[patient 1]; black arrows). Inset in (A.a)
is the axial image (area postrema level),
which shows bilateral lesions involving
the dorsal medulla (white arrows).
Sagittal T1-weighted MRI with gadoli-
nium shows irregular patchy or linear
enhancement in the medulla and cer-
vical spinal cord (A.b and B.b; black ar-
rowheads). Inset in (A.b) is the axial
image (area postrema level), which
shows hazy gadolinium enhancement
of bilateral dorsal medulla (white ar-
rowheads). T2-hyperintensity lesions in
pons, medulla oblongata, and cervical
longitudinally extensive lesions were
noted at the initial presentation of pa-
tient 4 (C.a). Follow-upMRI at 6months
after immunotherapy reveals re-
mission of most lesions (C.b). Axial im-
ages of patient 2 show scattered faint
T2-hyperintensity lesions in dorsal
medulla oblongata (D.a; black arrows)
accompanied by patchy gadolinium
enhancement (D.b; black arrowheads).

Figure 2 Time Points of APS Onset, Immunotherapy Initiation, and Cessation of APS in Each Glial Fibrillary Acidic
Protein-IgG–Positive Case

The x-axis indicates days from the onset of disease. Each row of the line on the y-axis represents a patient. Symbols of red lightning, green arrows, and dots
represent APS onset, immunotherapy initiation, and cessation of APS, respectively. Note that APS occurred at the early stage of disease andwas responsive to
immunotherapy. APS = area postrema syndrome; Pt = patient.
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Table 2 Summary of 16 Glial Fibrillary Acidic Protein-IgG–Positive Patients With APS

Cases in this study
(n = 8)

Cases in previous studies
(n = 8)

Total case
(n = 16) p Value

Female, n 1/8 3/8 4/16 0.569

Age (mean ± SD), y 52.4 ± 18.5 43.3 ± 16.0 47.9 ± 17.3 0.317

APS phenotypes

Onset with APS, n 3/8 6/8 9/16 0.315

Hiccups, n 8/8 6/8 14/16 0.467

Nausea, n 3/8 6/8 9/16 0.315

Vomiting, n 3/8 5/8 8/16 0.619

All 3 symptoms, n 3/8 2/8 5/8 1.000

Isolated APS, n 0/8 0/8 0/16 —

Response to immunotherapy, n 8/8 7/7 15/15 —

Clinical syndrome

Meningoencephalomyelitis, n 5/8 3/8 8/16 0.619

Encephalomyelitis, n 3/8 1/8 4/16 0.569

Encephalitis, n 0/8 2/8 2/16 0.467

Meningoencephalitis, n 0/8 1/8 1/16 1.000

Myelitis, n 0/8 1/8 1/16 1.000

Clinical association

Tumor, n 0/8 0/8 0/16 —

Additional anti-neuronal or anti-glial antibodies, n 1/8 1/8a 2/16 1.000

MRI

Brain lesions, n 7/8 6/8 13/16 1.000

Dorsal medulla or AP lesions, n 4/8 5/8 9/16 1.000

Spinal lesions, n 4/8 3/7 7/15 1.000

Leptomeningeal enhancement, n 8/8 7/7 15/15 —

CSF

Elevated opening pressure, n 4/8 1/4 5/12 0.576

Lymphocytic pleocytosis, n 8/8 7/8 15/16 1.000

Elevated protein, n 6/8 6/8 12/16 1.000

Treatment

Steroids, n 8/8 8/8 16/16 —

IVIG, n 2/8 2/8 4/16 1.000

Second-line immunotherapies, n 4/8 3/8 7/16 1.000

Clinical severity and outcomeb

Maximum mRS median (range) 4 (3–5) 3 (3–4) 4 (3–5) 0.130

Follow-up mRS median (range) 2 (1–3) 1 (0–3) 1 (0–3) 0.161

Abbreviations: AP = area postrema; APS = area postrema syndrome; IVIG = IV immunoglobulin; mRS = modified Rankin scale.
a One patient had coexisting autoantibodies to aquaporin-4.
b The clinical description was used to estimate patient’s mRS if not provided in the literature.
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while a similar feature was found in AQP4-IgG–seropositive
NMOSD.9,22,23 (2) Hiccups was the most common symptom
of APS and the last symptom of APS relieved by immuno-
therapy in our patients. Therefore, hiccups, but not nausea or
vomiting, could be the core component of APS in autoim-
mune GFAP astrocytopathy. By contrast, nausea and vomit-
ing were more common in AQP4-IgG–seropositive
NMOSD.4,20-23 (3) No patient in our case series only pre-
sented with isolated APS during the whole clinical course.
However, APS could be the isolated symptom in AQP4-
IgG–seropositive NMOSD, representing about 33% of the
episodes of NMOSD.9,20 It is important that the phenotypes
of APS demonstrated in previously reported cases were in line
with our findings. In summary, these results suggested the
combination of early APS and symptoms of meningoence-
phalomyelitis could be an important diagnostic clue of auto-
immune GFAP astrocytopathy.

In this study, GFAP-IgG was positive in all patients’ CSF by
CBA and TBA. All patients also presented with typical clinical,
CSF, and MRI characteristics, indicative of autoimmune
GFAP astrocytopathy. Since AQP4-IgG could coexist with
GFAP-IgG,3,4 we confirmed that all patients were AQP4-IgG
seronegative to exclude APS attributable to AQP4-
IgG–related autoimmunity. In addition, APS in autoim-
mune GFAP astrocytopathy should be differentiated from
several mimics. Nonspecific viral-like prodromal symptoms
(i.e., headache, dizziness, nausea, and vomiting) are com-
monly presented in patients with autoimmune GFAP astro-
cytopathy. Hyponatremia is also frequently appeared in this
disorder, leading to gastrointestinal symptoms. However, as
mentioned above, hiccups, but not nausea or vomiting, was
the prominent symptom of APS in patients with autoimmune
GFAP astrocytopathy. It is more important that persistent
APS could be rapidly resolved by immunotherapy in all pa-
tients, which strongly supported that APS in our cases was a
specific symptom of GFAP-IgG–related autoimmunity.

The AP is located at the floor of the fourth ventricle.25 AP and
its adjacent structures (e.g., nucleus tractus solitarius) are
believed to constitute the emetic reflex center.25-27 AQP4 and
GFAP are 2 important biomarkers of astrocytes. AQP4 is
located at the cell surface, while GFAP is a cytoskeletal protein
of astrocytes. Both proteins are enriched in the AP and re-
sponsible for supporting the interaction of astrocytes with
neighboring neurons and maintenance of the blood-brain
barrier.2,28 Histopathologic studies have shown that selective
AQP4 reduction/loss and nonlytic astrocyte injury in the AP
of AQP4-IgG–seropositive patients.22,28 These studies in-
dicated that autoimmune reaction in the AP could be asso-
ciated with APS. Since GFAP is an intracellular protein,
GFAP-IgG seems unlikely to have a direct pathologic effect on
astrocyte.3 Impairment of astrocytes might be mediated by
T cells and other inflammatory components of the immune
system.3,4,29 Given that both AQP4 and GFAP are pivotal in
astrocytes, we might hypothesize that impairment of astro-
cytes in the AP or related neural network could cause clinical

symptoms of APS in autoimmune GFAP astrocytopathy.
Further pathologic studies of the AP and development of
animal models are needed to elucidate the pathogenesis of
astrocyte dysfunction and its association with APS in GFAP-
IgG–related autoimmune astrocytopathy.

This study has several limitations. First, this was a single-
center, retrospective study. We could not exclude the fact that
APS attacks in a small proportion of patients might have been
missed. In addition, we could not obtain some accurate fea-
tures of APS (e.g., frequency and duration of the episode),
which are important parameters to evaluate the burden of APS in
patients.9 The incidence and phenotypes of APS, as well as the
clinical relevance of APS reported in this study, still need to be
validated in other independent studies. Second, not all patients
had concurrent MRI during APS attacks, and some patients had
received immunotherapies before MRI scans, which might exert
an influence on radiologic confirmation of lesions in the AP.
Finally, we observed some features of APS in autoimmune
GFAP astrocytopathy, which might be different compared with
that of AQP4-IgG–seropositive NMOSD. However, a direct
comparison of the APS phenotype between these 2 autoimmune
astrocytopathy was lacking in this study. In addition, whether
APS could be considered a distinctive phenotype of GFAP-
IgG–associated astrocytopathy needs further investigation.
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