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Objective: Area postrema syndrome (APS) is a relatively rare symptom of autoimmune glial fibrillary acidic protein astrocytopathy (A-GFAP-A). This study aimed to report the APS in GFAP-immunoglobulin G (GFAP-IgG) positive patients.

Methods: We retrospectively analyzed the clinical data of APS in GFAP-IgG positive patients and reviewed relevant literature. Moreover, we compared these data with APS patients in aquaporin-4-IgG-positive neuromyelitis optica spectrum disorders (AQP4-IgG+ NMOSD).

Results: 7 of 75 (9.3%) GFAP-IgG positive patients experienced APS, including 4 females and 3 males. The median age of onset was 42 years (range, 12–71 years). All patients presented with APS as their initial manifestation. Nausea and vomiting were observed in all 7 patients, while hiccups occurred in 5 patients. The median duration of APS episodes was 12 days (range, 6–40 days). None of the patients experienced isolated APS episodes during their illness. AQP4-IgG was positive in 2 patients. 5 patients had dorsal medulla oblongata lesions, while 3 patients showed an “inverted V” sign on axial images. In addition, 5 patients presented with longitudinally extensive linear or patchy lesions in cervical spinal cord extending to area postrema on sagittal images. All APS attacks completely disappeared after immunotherapy. Compared with the APS in AQP4 + NMOSD, APS in A-GFAP-A had a lower proportion of females (33.3% vs. 80%, p = 0.003), more hiccups (81% vs. 50%, p = 0.037), more leptomeningeal enhancement (61.9% vs. 5%, p = 0.000), higher CSF white blood cell count (median 120 vs. 10 cells/mm3, p = 0.000) and protein (median 0.949 vs. 0.407 g/L, p = 0.000). Furthermore, fewer patients with A-GFAP-A received long-term immunotherapy (19% vs. 65%, p = 0.003).

Conclusion: APS often occurs as an initial manifestation of A-GFAP-A. MRI examination and antibody testing should be performed in suspected patients to avoid misdiagnosis.
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1 Introduction

Autoimmune glial fibrillary acidic protein astrocytopathy (A-GFAP-A) is a severe autoimmune inflammatory disorder of the central nervous system (CNS) first described by Lennon et al. (1, 2). This disorder primarily affects the brain, meninges, spinal cord, and optic nerve, leading to various clinical syndromes such as encephalitis, meningitis, myelitis, and visual impairment. GFAP immunoglobulin G (IgG) has been considered a highly specific biomarker in the diagnosis of the disease (1–4).

The area postrema syndrome (APS), which refers to otherwise unexplained intractable nausea, vomiting, and hiccups (INVH) lasting longer than 48 h, is a characteristic presentation of neuromyelitis optica spectrum disorders (NMOSD) and was included in the international consensus diagnostic criteria for NMOSD in 2015 (5, 6). In recent years, some literature reports have found that APS appears not only in demyelinating diseases but also in infections, tumors, poisonings, and metabolic diseases (7–9). In 2018, Ciron et al. first reported a case of a female patient who developed APS associated with anti-GFAP encephalomyelitis, expanding the clinical manifestations of this disorder (10). However, in contrast to NMOSD, APS is not frequently observed as a symptom of A-GFAP-A. Most of the previous studies were case reports and no studies focused on comparing the differences between APS in A-GFAP-A and in NMOSD (11–19). Herein, we reported a case series of GFAP-IgG positive patients who developed APS and reviewed relevant literature. Furthermore, we compared the clinical data of APS in A-GFAP-A and NMOSD to enhance our understanding of this phenomenon.



2 Patients and methods


2.1 Patients

The study followed the ethical guidelines and was approved by the Ethics Committee of The First Affiliated Hospital of Zhengzhou University (2024-KY-2298).

In this retrospective observational study, we identified 75 patients who tested positive for GFAP-IgG and were admitted to The First Affiliated Hospital of Zhengzhou University from February 2020 to May 2024. They all met the inclusion criteria: (1) CSF or/and serum positivity for GFAP-IgG by tissue-based assays and cell-based assays, (2) one or more episodes of encephalitis, meningitis, myelitis, and optic neuritis, (3) clinical data available. Exclusion criteria: other disease, such as brain tumors, brain traumatic, Alzheimer’s disease, toxic and metabolic diseases of the CNS. In addition, aquaporin-4 (AQP4)-IgG and myelin oligodendrocyte glycoprotein (MOG)-IgG were detected by cell-based assays in all patients. APS was defined as the following criteria: (1) acute or subacute, single or combined, intractable nausea, vomiting, or hiccups, (2) lasting more than 48 h, (3) etiology was unknown (5, 6). Of the 75 GFAP-IgG positive patients, 7 developed APS throughout the course of the disease. In contrast, we selected NMOSD patients with APS as the control group. The inclusion criteria were as follows: (1) one or more episodes of APS during the course of the disease, (2) CSF or/and serum positivity for AQP4-IgG, (3) CSF or/and serum negativity for GFAP-IgG and MOG-IgG, (4) Clinical data available. Two experienced neurologists arrived at the diagnosis independently.



2.2 Data collection

We reviewed patients’ medical records, including demographics, acute clinical manifestations, magnetic resonance imaging (MRI) features, CSF analysis, treatment, and outcomes. Information on the duration of INVH, first visit department, accompanying other neurological symptoms, and interval from INVH to the appearance of other neurological symptoms were collected. The modified Rankin Scale (mRS) (20) was used to assess the disease severity and clinical outcomes at the last follow-up, and mRS<3 was considered a good outcome.



2.3 Neuroimaging

The patients underwent examinations using a 3.0 T MRI machine for head and spinal cord scans. MRI scans were evaluated for brain and spinal cord lesions using T1-weighted imaging (T1WI), T2-weighted imaging (T2WI), and fluid-attenuated inversion recovery (FLAIR) sequences in axial, coronal, and sagittal views. The imaging was assessed by two independent radiologists who reached a consistent conclusion.



2.4 Literature review

We searched PubMed through December 2024 for articles published in any language with the search string (“glial fibrillary acid protein” [MeSH Terms] OR “GFAP”) AND (“area postrema” [MeSH Terms] OR “AP” OR “APS” OR “nausea” OR “vomiting” OR “hiccups”). We also searched the references for related published articles. All obtained articles were reviewed to identify the cases of APS in A-GFAP-A.



2.5 Statistical analysis

Statistical analyses were conducted using SPSS version 26.0. Continuous variables were described by mean ± standard deviation (X ± s) or median (range). Categorical variables were described by counts and proportions. A Mann–Whitney U test or a t-test was used for continuous variables, and a chi-square test or Fisher’s exact test was used for categorical variables. p < 0.05 was considered statistically significant.




3 Results


3.1 Clinical characteristics of GFAP-IgG positive patients with APS


3.1.1 Demographics and manifestations

7 of 75 (9.3%) GFAP-IgG positive patients experienced APS, including 4 females and 3 males. The median age at onset was 42 years (range, 12–71 years), with 1 patient being under the age of 18.1 patient (Patient 1) had esophageal cancer prior to the onset of neurological symptoms, whereas the other patients did not have any tumors. 2 patients were positive for AQP4-IgG, while none of patients were positive for MOG-IgG. 4 patients were tested for N-methyl-D-aspartate receptor (NMDAR)-IgG, and all were negative.

All patients presented with APS as their initial manifestation. Nausea and vomiting were observed in all 7 patients, while hiccups occurred in 5 patients. The median duration of APS episodes was 12 days (range, 6–40 days). 3 patients initially experienced delayed diagnosis or were misdiagnosed. They first visited the gastroenterology department and underwent extensive examinations such as gastroscopy, gastrointestinal contrast, and abdominal CT. However, the underlying etiology was not determined at that time. They received the correctly diagnosed after developing other neurological symptoms.

None of the patients experienced isolated APS episodes. The median interval from INVH occurrence to other neurological symptoms was 4 days (range, 0–120 days). The predominant clinical phenotypes included encephalomyelitis (3), meningoencephalomyelitis (2), meningoencephalitis (2), and optic neuritis (2). 2 patients who were AQP4-IgG positive also met the criterion of NMOSD. In addition to APS, Patient 5 had acute myelitis, acute brainstem syndrome and optic neuritis and Patient 6 had acute myelitis and acute brainstem syndrome. 6 patients experienced a single APS attack during the clinical course, whereas 1 patient encountered two APS attacks with an interval of 4 months. The clinical characteristics of these 7 patients are shown in Table 1.



TABLE 1 Clinical date of GFAP-IgG positive patients with APS.
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3.1.2 MRI imaging and CSF findings

Brain and spinal cord MRI scans were performed in all 7 patients. The median interval from INVH occurrence to MRI examination was 3 days (range, 1–120 days). 5 patients had T2WI/FLAIR hyperintense lesions in the dorsal medulla oblongata adjacent to the fourth ventricle, while 3 patients showed an “inverted V” sign on axial images. 5 patients presented with longitudinally extensive linear or patchy lesions in cervical spinal cord extending to area postrema on sagittal images. 4 patients had a linear medullary lesion or a linear medulla-spinal lesion. Gadolinium enhanced MRI was performed in all patents, and 6 patients had enhanced lesions. Of them, 2 patients had leptomeningeal enhancement and 1 patient (Patient 7) had periventricular linear enhancement. Aside from the medulla oblongata, there were abnormalities in the frontotemporal, basal ganglia, lateral ventricle, corpus callosum, pons, optic nerve, and thoracic spinal cord. The MRI characteristics of the 7 patients are shown in Table 1 and Figure 1.

[image: Figure 1]

FIGURE 1
 Brain and spinal cord MRI of GFAP-IgG positive patients with APS. Patient 1, (A) Sagittal T1-weighted MRI with gadolinium shows linear enhancement along the surface of the brainstem and in cervical spinal cord. Patient 3, (B) Axial T2-FLAIR imaging shows the lesion around the fourth ventricle. Patient 4, (C) Sagittal T2-weighted imaging shows a linear lesion in the medulla oblongata and upper cervical cord. Patient 5, (D,E) Axial T2-FLAIR imaging shows the “inverted V” lesion in the dorsal medulla oblongata involving the area postrema. Sagittal T2-weighted imaging shows a longitudinally extensive patchy lesion in the upper spinal cord extending to medulla oblongata. Patient 6, (F,G,H) Axial T2-FLAIR imaging shows the “inverted V” lesion in the dorsal medulla oblongata. Sagittal T2-weighted imaging shows the linear medullary lesion and the area postrema lesion.


CSF analysis revealed inflammation in all patients: Pleocytosis (>5 cells/mm3) was found in 7 patients, increased protein (>0.45 g/L) in 4 patients and oligoclonal bands were positive in 4 patients. Additionally, Epstein–Barr virus nucleic acid was detected in the CSF of 2 patients.



3.1.3 Treatment and outcomes

In the acute stage, all patients received intravenous methylprednisolone (IVMP, 0.5–1 g/day for 5 days in 6 patients; 40 mg/day for 2 weeks in Patient 1) and subsequent oral methylprednisolone (48 mg/day), which was then tapered (decreased 4 mg/day every 1–2 weeks). 3 patients simultaneously received intravenous immunoglobulin (IVIG, 0.4 g/kg/d for 5 days). Additionally, 2 patients received long-term immunotherapy: one with mycophenolate mofetil, and the other with mycophenolate mofetil and rituximab. After treatments, all APS attacks completely disappeared. 4 patients experienced a relapse, with 1 patient having an APS episode (Patient 1, 4 months later).




3.2 Literature review

We identified 20 reported cases with APS in GFAP-IgG–positive patients by literature review, while 18 of them had available clinical data. All 18 patients were tested for AQP4-IgG, with 2 patients excluded who tested positive for AQP4-IgG. The APS in A-GFAP-A (21 cases including 5 cases in our cohort and 16 cases in literature review) compares to APS in AQP4 + NMOSD are shown in Table 2.



TABLE 2 Comparison of ASP in A-GFAP-A and AQP4 + NMOSD.
[image: Table2]

Compared with the patients with APS in AQP4 + NMOSD, patients with the APS in A-GFAP-A had a lower proportion of females (33.3% vs. 80%, p = 0.003), more hiccups (81% vs. 50%, p = 0.037), more leptomeningeal enhancement (69.1% vs. 5%, p = 0.000), higher CSF white blood cell count (median 120 vs. 10 cells/mm3, p = 0.000) and protein (median 0.949 vs. 0.407 g/L, p = 0.000), Furthermore, fewer patients with A-GFAP-A received long-term immunotherapy (19% vs. 65%, p = 0.003).




4 Discussion

GFAP is an intermediate filament protein primarily found in astrocytes within the CNS and is actively involved in various aspects of CNS physiology and pathology (21, 22). Autoantibodies that selectively target GFAP in astrocytes may trigger a persistent autoimmune attack, leading to a CNS autoimmune disease defined as A-GFAP-A (1, 2). The clinical manifestations of A-GFAP-A are diverse and non-specific, with symptoms that correlate with the location and size of the lesions. This disorder often presents with symptoms such as fever, headache, psychiatric symptoms, seizures, ataxia, meningeal symptoms, and myelopathic symptoms. In recent years, several studies have reported APS in A-GFAP-A, suggesting that APS is not rare in this disease (10–19). Deng et al. found that APS was present in 11% of A-GFAP-A patients, with 4% experiening APS as the initial symptom (11). Long et al. analyzed the data of 19 GFAP-IgG positive patients and found that 1 patient (5.3%) experienced intractable hiccups and nausea (3). A French study of 46 GFAP-IgG positive patients reported that 2 patients (4%) had intractable hiccups without apparent AP lesions on MRI (4). In our study, the incidence of APS was 9.3%, with all cases occurring in the early disease stage, consistent with the study by Deng et al. (11).

APS is an important phenomenon in neuroimmunology and demyelinating diseases (6). It is usually reported in NMOSD, especially in AQP4-IgG positive patients (23). Studies have shown a high prevalence of APS attacks in AQP4-IgG positive patients (onset: 7.1–14.9%; total: 17–43%) (23–28). APS was previously thought to be a way to distinguish NMOSD from A-GFAP-A. A study comparing GFAP-IgG and AQP4-IgG related myelitis found that 20% of AQP4-IgG related myelitis patients experienced INVH as prodromal symptoms, while GFAP-IgG related myelitis patients did not. This suggested that APS can help to differentiate these two disorders (29).

Isolated APS attacks are common in NMOSD but rare reported in A-GFAP-A (11, 23). None of our patients had isolated APS, as all experienced additional neurological events throughout their clinical course. Two patients developed other neurological symptoms more than 1 month after APS occurrence. However, isolated APS can occasionally be the only initial presentation of A-GFAP-A (11), making it challenging to differentiate from digestive disorders. Some patients were initially admitted to the gastroenterology department due to isolated INVH, resulting in misdiagnosis and delayed diagnosis.

Our study found that APS in A-GFAP-A differed from APS in NMOSD. The proportion of female patients in AQP4 + NMOSD was higher, consistent with the known female dominance in NMOSD. Additionally, hiccups were more common in A-GFAP-A than in AQP4 + NMOSD. We speculated that hiccups may draw clinicians’ attention to consider APS as a potential diagnosis. Nausea and vomiting can be a premonitory symptoms of A-GFAP-A, thus leading to the overlooking of APS. Notably, CSF inflammation in patients with A-GFAP-A was more severe than that in AQP4 + NMOSD, consistent with previous studies (29, 30).

MRI imaging of APS shows the lesion is located in the dorsal medulla oblongata including AP. This lesion can be isolated or contiguous with an upper cervical cord lesion. Similar to NMOSD, sagittal MRI images show longitudinally extensive linear or patchy cervical lesions to AP, known as linear medullary lesions or linear medullospinal lesions. Axial view reveals that medullary oblongata lesions involve the central canal or pericanal regions, extending into the fourth ventricle (11, 31). Previously, scholars believed that longitudinally extensive spinal cord lesions with a “linear sign” or an “inverted V” sign in medulla oblongata of patients with INVH were highly specific to NMOSD (24, 31). However, our study found that these signs were also observed in GFAP-IgG positive patients. Moreover, APS in A-GFAP-A also exhibited specific imaging findings, such as leptomeningeal enhancement and periventricular radial linear enhancement, which could provide valuable information for discrimination.

The diagnosis of APS emphasizes the importance of clinical manifestations rather than MRI features, as clinical symptoms do not always match imaging findings (5, 23, 31). When unexplained INVH persists for more than 48 h, the diagnosis of APS can be made even in the absence of MRI lesions in AP (31). In our study, 2 patients showed no obvious abnormalities in AP, which may be due to the timing of MRI examination. The lesion could have resolved by the time of imaging or may not yet be visible due to the early stage of the disease. Therefore, follow-up MRI should be considered if necessary. Additionally, a patient’s mild condition may result in a negative MRI (14, 15).

The AP, located on the floor of the fourth ventricle and in the dorsal portions of the medulla oblongata and nucleus tractus solitarius (23, 31), is considered the chemosensitive center for nausea and vomiting center. This region is highly vascularized and lacks the normal blood–brain barrier, facilitating the exchange of proteins and peptides between blood circulation and CSF (6). The pathogenesis of APS is irritant lesions involving the AP and adjacent structures such as nucleus tractus solitarius and nucleus ambiguous, leading to clinical symptoms like nausea and vomiting. AP highly expresses AQP4, making it susceptible to attack by AQP4-IgG. Similarly, GFAP-positive astrocytes are present within the AP which is surrounded by a dense zone of highly GFAP-reactive astrocytes. GFAP autoimmunity may target this region, contributing to APS (32).

GFAP-IgG can coexist with other neuronal antibodies, and AQP4-IgG is a common coexisting antibody (1, 2). In our study, 2 patients were positive for AQP4-IgG and exhibited typical MRI features of APS in NMOSD, such as the “linear sign” and “inverted V sign.” These patients met both the characteristics of A-GFAP-A and the diagnostic criteria for NMOSD. Therefore, it is a clinical challenge to make a suitable diagnosis and classification when overlapping antibodies occur simultaneously. A previous study found there was no critical difference between A-GFAP-A with and without overlapping syndrome. The author believed that mixed phenotypes indicated the coexistence of two simultaneously active immune mechanisms (33). However, unlike AQP4, GFAP is an intracellular antigen that is probably not directly pathogenic but a biomarker of cytotoxic T-cell-mediated autoimmune response (1–3). Especially in patients with overlapping syndrome, pathogenic antibodies such as AQP4-IgG further reinforce the bystander role of GFAP-IgG. AQP4-IgG may initiate a primary inflammatory event and disrupt astrocytic function, while GFAP autoimmunity occurs as a secondary phenomenon. The pathology of A-GFAP-A is heterogeneous (34). Autopsy findings of a patient with autoimmune meningoencephalomyelitis associated with GFAP antibody were nonspecific and did not demonstrate astrocyte involvement (35). These pathology, as well as coexisting antibodies and non-pathogenic GFAP-IgG, contribute to the heterogeneity of symptoms. Therefore, the clinical spectrum of A-GFAP-A might be broader.

APS in A-GFAP-A should be distinguished from the following situations: (1) A-GFAP-A may initially present with nonspecific flu-like prodromal symptoms, such as nausea and vomiting, that can mimic the APS (3, 29). (2) This disease can lead to hyponatremia, causing gastrointestinal dysfunction. (3) A-GFAP-A patients may exhibit autonomic dysfunction. GFAP autoimmunity directly targets enteric glial cells, which are similar to astrocytes and express GFAP, leading to gastroparesis and hiccups (1, 14, 36). APS is reversible. INVH can improve spontaneously without immunotherapy, with lesions disappearing on MRI (11). However, disabling encephalomyelitis occurring simultaneously with or following an APS attack may lead to a poor prognosis.

Our study has several limitations. First, it is a retrospective study with a limited number of patients, which restricted the collection of detail clinical characteristics, such as the severity and frequency of symptom, and titers of GFAP-IgG. Second, we did not conduct a comprehensive gastroenterological evaluation of all patients. Third, some patients did not receive radiographic follow-up due to the rapid improvement of symptoms. Additionally, comprehensive antibody testing was not conducted throughout the disease course. Thus, it is unknown other pathogenic neuronal antibodies were present. Moreover, for the comparison of APS in A-GFAP-A and AQP4 + NMOSD, due to the retrospective and exploratory nature of the study, the p values should not be viewed as confirmatory.

In conclusion, APS is a relatively rare manifestation of A-GFAP-A and often presents as an initial symptom, potentially leading to misdiagnosis. Therefore, recognizing accompanying symptoms and conducting GFAP-IgG detection are valuable for accurate diagnosis. Early diagnosis and prompt immunotherapy are essential to prevent severe neurologic deficits. We suggest that A-GFAP-A may be an etiology of APS, and patients presenting with APS-like symptoms should undergo comprehensive antibody testing. Further research is necessary to enrich the spectrum of A-GFAP-A.
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