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Chronic Cognitive Impairment in AQP4+ NMOSD With Improvement in Cognition on Eculizumab: A Report of Two Cases
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Cognitive impairment may be associated with aquaporin-4 antibody positive (AQP4+) NMOSD, particularly where there is prominent cerebral, corpus callosum, or thalamic involvement. It is unclear to what extent this phenomenon may be treatable after months to years. We describe two cases of AQP4+ NMOSD with cognitive impairment persisting over more than 6 months, where cognition improved after eculizumab was initiated. In the first case, a 51-year-old woman presented with a 2-month history of cognitive decline and ataxia, and diffuse involvement of the corpus callosum on MRI. AQP4 antibody testing returned positive. Cognitive impairment persisted on therapy with mycophenolate, then rituximab. She was switched to eculizumab from rituximab 18 months after disease onset because of breakthrough optic neuritis; memory and cognitive function improved on eculizumab. In the second case, a 26-year-old woman initially presented with visual, auditory and tactile hallucinations, and impairment in activities of daily living, and was given a diagnosis of schizophrenia. Nine months later she was hospitalized for increasing confusion. MRI showed leukoencephalopathy and diffuse involvement of the corpus callosum with multiple enhancing callosal lesions. AQP4 antibody testing was positive and CSF testing for other antibodies of autoimmune encephalitis was negative. She had some improvement in cognition with high dose corticosteroids but remained significantly impaired. On follow-up, her repeat MRI showed a small new right inferomedial frontal enhancing lesion although she did not complain of any new cognitive issues, her MOCA score was 21/30, and she was started on eculizumab. Two months after eculizumab initiation she and her family reported cognitive improvement and MOCA score was 25/30. Common features of these two cases included extensive callosal involvement and an element of ongoing gadolinium enhancement on MRI. Our experience suggests the possibility that cognitive impairment may be amenable to immunotherapy in certain cases of NMOSD.
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INTRODUCTION

Neuromyelitis Optica Spectrum Disorder (NMOSD) is an inflammatory disorder of the central nervous system (CNS) that is characterized most commonly by optic neuritis and myelitis. Detection of serum antibodies to aquaporin-4 (AQP4), a water channel on the foot processes of astrocytes, distinguishes NMOSD from other CNS inflammatory diseases. Cognitive Impairment (CI) has been well established in multiple sclerosis, the most common demyelinating disease of the CNS, but it remains controversial to what extent CI is associated with NMOSD (1, 2). CI in NMOSD may be pronounced in the presence of specific brain lesions including cerebral, corpus callosum, or thalamic involvement, but also has been reported even in absence of such lesions (3). It is unclear whether CI in AQP4+ NMOSD may be treatable, particularly after months to years. Here we present two cases of patients with AQP4+ NMOSD presenting with chronic CI along with diffuse corpus callosum lesions who experienced significant improvement in cognition after starting eculizumab therapy.



CASE 1

A 51-year-old woman presented with a 2-month history of cognitive decline and ataxia. She complained of progressively worsening short term memory and impairment in her activities of daily living, including ability to bathe and dress herself. On neurologic exam, she was oriented to person and place, but not to time. There was evidence of truncal ataxia, bilateral intention hand tremors, and left sided dysmetria. She had an MRI of the brain that showed diffuse involvement of the corpus callosum, particularly the splenium, with diffusion restriction and patchy enhancement (Figures 1A–C), and a lesion in the right superior cerebellar peduncle. CTA of the head did not reveal any vascular abnormalities. She also had an MRI of the spinal cord, which showed a lesion in the high thoracic cord centered on the left side from T1 through T3 (Figure 1D). Cerebrospinal fluid (CSF) demonstrated 10 white blood cells/mm3 and protein was mildly elevated. Oligoclonal bands and culture were negative. Serum serologies for various autoimmune conditions including ANA, anti-DNA, RF, and ANCA were all negative as well. CT of the chest did not show any abnormality including hilar lymphadenopathy.
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FIGURE 1. MRI at time of first relapse: (A) Axial T2 FLAIR sequence of the brain showing diffuse corpus callosum involvement. (B) Axial T1 with gadolinum showing patchy enhancement of the lesion in the right splenium of the corpus callosum. (C) Axial DWI sequence of the brain showing diffusion restriction. (D) T2 STIR sequence of the lower cervical spine and thoracic spine showing a central hyperintensity extending from the level of T1-T3. MRI after treatment of first relapse with corticosteroids: (E) Axial T2 FLAIR sequence of the brain showing an improvement of the corpus callosum lesions after the steroid course. (F) Axial T1 with gadolinium showing a resolution of the patchy enhancement after the steroid course. MRI immediately prior to eculizumab: (G) Axial T2 FLAIR sequence of the brain showing an increased T2 signal in the right optic nerve in the mid intraorbital course with focal atrophy of the left optic nerve. (H) Axial T1 with Gadolinium sequence of the orbits before starting eculizumab showing mild enhancement of both optic nerves. MRI after eculizumab: (I) Axial T2 FLAIR sequence of the brain showing stable deep periventricular lesions without any new lesions identified. (J) Axial T1 with gadolinium showing no enhancing lesions. (K) Axial T2 FLAIR sequence of the brain showing a decrease in the intensity of the T2 signal in the right optic nerve. (L) Axial T1 with gadolinium shows resolution of the previously enhancing optic nerve lesions.


She was treated with a course of high dose IV corticosteroids followed by IVIG with mild improvement in cognition and ataxia but worsened again when steroids were tapered. Subsequently she underwent a biopsy of her brain lesions which at the time was reported to show non-specific findings of inflammation, with infiltration of macrophages and destruction of myelin and axons. She was then empirically started on mycophenolate mofetil for an inflammatory process of unknown etiology. She had gradual improvement in her ADLs and was able to resume functions including dressing and bathing herself. MRI of the brain showed an improvement in the lesions with a resolution of the enhancement (Figures 1E,F).

One year after her initial presentation she developed blurry vision in her right eye, followed by complete vision loss in her left eye several days later. Exam showed no light perception in the left eye and she was only able to count fingers in her right eye. MRI of the brain and orbits revealed enhancement of both optic nerves in their orbital portions. She was treated with a course of high dose IV steroids followed by IVIG with an improvement in her right eye vision. A serum cell-based AQP4 antibody test was sent and returned positive, confirming a diagnosis of AQP4+ NMOSD. Her former biopsy slides were obtained and reviewed again; there was extensive loss of AQP4+ and GFAP+ astrocytes supporting the diagnosis of NMOSD (Figures 2A–D). In addition, sparse AQP4+ and GFAP+ astrocytes were observed in clusters around blood vessels, perhaps suggesting an early repair phenomenon (Figures 2E–H).
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FIGURE 2. Brain biopsy with (A) Luxol Fast Blue staining of myelin shows a sharply demarcated area of myelin loss. (B) This area is infiltrated by lipid-laden macrophages, labeled by CD163. (C) The area with the green star demonstrates partial loss of aquaporin-4 astrocytes. (D) There is also depletion of GFAP positive astrocytes in this area. (E) Under high power (yellow star area on first slide), we observed the edge of the demyelinated lesion. (F) There are sparse GFAP positive astrocytes and (G) aquaporin-4 positive astrocytes present around blood vessels. (H) Olig-2 stain shows loss of oligodendrocytes.


The patient's maintenance immunotherapy was switched to rituximab because of the breakthrough relapse. After 2 cycles of rituximab she was found to have worsening vision in her right eye from 20/80 to 20/160 along with new enhancement along the intraorbital portions of the optic nerves consistent with a bilateral optic neuritis (Figures 1G,H). She had remained cognitively impaired on rituximab with short-term memory issues and inability to take care of independent activities of daily living such as meal preparation and banking. She was switched to eculizumab. Repeat MRI brain showed no new lesion and resolution of the enhancement in the optic nerves (Figures 1I–L). The patient reported a progressive improvement in her memory and cognition, and ability to newly take on household organization, journal writing, and some banking. On follow-up 1 year after starting eculizumab, her MOCA score was 26/30.



CASE 2

A 26-year-old woman was initially seen by psychiatry 1 year prior to neurologic consultation because of paranoid visual, auditory, and tactile hallucinations. She was diagnosed with schizophrenia and started on multiple antipsychotics including aripriprazole, ziprasidone, and risperidone, but found to have an increase in her compulsions and severe nausea and vomiting. She was switched to risperidone with resolution of the nausea and vomiting. Six months later she became more acutely confused and complained of severe headaches. She was admitted to hospital and neurology was consulted. On exam she was drowsy, had stuttering and hesitant speech and evidence of psychomotor retardation. However, she was alert to person, place and time. Fundoscopy was unremarkable. She had some mild give-way weakness in all limbs without a clear pyramidal distribution.

MRI of the brain revealed T2 hyperintensities in the left frontal lobe, left insula, bilateral basal ganglia, corpus callosum, bilateral mesial temporal lobes, bilateral inferior frontal lobes, and bilateral pons and midbrain (Figures 3A–C). Lesions were fairly symmetric although there was more extensive involvement of the left frontal lobe. There were discrete enhancing lesions visualized in several places in the corpus callosum (Figure 3D). Her CSF revealed 34 white blood cells/mm3, 50% neutrophils, protein 1.16 g/L, and glucose 2.4 mmol/L. ANA was positive at 1:80 and SSA was positive as well. A CSF autoimmune encephalitis panel including NMDA receptor antibody testing and CSF cytology were negative. Serum syphilis, HIV, Lyme disease, West Nile virus, Influenza, and COVID-19 serologies, and MOG antibody were all negative. Her serum AQP4 cell-based antibody test returned strongly positive. She was initially treated with antivirals and antibiotics for a presumed encephalitis, then later with a course of high dose steroids with improvement in alertness and concentration, although she remained significantly cognitively impaired and unable to perform independent activities of daily living. She was not treated with an oral prednisone taper because of her psychiatric history.
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FIGURE 3. MRI at time of first relapse: (A–C) Axial T2 FLAIR sequence of the brain showing involvement of the corpus callosum, bilateral mesial temporal lobes, bilateral inferior frontal lobes, and bilateral pons and midbrain. (D) Axial sequence of the brain with gadolinium showing discrete enhancing lesions in the corpus callosum. MRI after treatment of first relapse with corticosteroids and prior to eculizumab: (E–G) Axial T2 FLAIR sequences of the brain showing an improvement in the mesial temporal lobe and corpus callosum lesions after a course of steroids. (H) Coronal T1 sequences with gadolinium showing a new small right inferomedial frontal lesion with patchy enhancement. MRI after eculizumab: (I–K) Axial T2 FLAIR sequences of the brain showing stable inferior frontal and temporal lobe and corpus callosum lesions after starting eculizumab. (L) Axial T1 sequences with gadolinium showing no enhancement.


On follow-up, repeat MRI showed a small, 7 mm, new right inferomedial frontal lesion with patchy enhancement, although she did not complain of any new cognitive issues (Figures 3E–H). Her MOCA score was 21/30. Eculizumab therapy was initiated. Two months after eculizumab initiation she and her family reported cognitive improvement and her MOCA score was 25/30. However, due to persistent hallucinations, she remained unable to work. MRI of the brain showed stable lesions with a resolution of the enhancement (Figures 3I–L).



DISCUSSION

Cognitive and psychiatric presentations of NMOSD are relatively rare but may be underrecognized. In one Korean series, 10% of patients with NMOSD presented with an encephalopathic syndrome and diagnosis was often delayed until subsequent presentation with optic neuritis (4). Psychiatric symptoms reported in association with NMOSD have included hallucinations and confusion as were observed in our second patient (5). Catatonia has also been reported (6). Cognitive and psychiatric presentations of NMOSD may lead to permanent disability due to delayed recognition and misdiagnosis. Common localization for cognitive and psychiatric relapses in AQP4+ NMOSD have included lesions in the cerebral hemispheres (4), diencephalon (5), and corpus callosum (7), and both of our cases demonstrated prominent involvement of the latter. There have been reported cases of autoimmune encephalitis, in particular NMDA receptor antibody positive encephalitis, co-existing with AQP4+ NMOSD (8, 9). This was considered in our second case because of the patient's psychiatric symptoms and confusion, but autoimmune encephalitis panel was negative. To summarize, NMOSD should be considered in the differential diagnosis of subacute onset of cognitive and psychiatric symptoms where imaging is suggestive of an inflammatory cause, and serologic testing for the AQP4 antibody testing should be performed so as not to delay diagnosis.

Corpus callosal lesions are relatively common in NMOSD; recent cohorts suggest a prevalence of up to 20% (10, 11). Such lesions have a distinct appearance from corpus callosal lesions in multiple sclerosis (MS), as they are often diffuse, cystic, oriented along the axis of the corpus callosum, and may demonstrate heterogenous signal intensity and blurred margins (12, 13). Enhancement patterns are frequently heterogenous as well. “Bridge arch” lesions of the corpus callosum have been reported, particularly in the splenium, and this appearance can sometimes be confused for a neoplastic process such as lymphoma or “butterfly” glioma (12, 13). Differential diagnosis of corpus callosum syndromes includes inflammatory causes such as MOGAD, Susac syndrome, and neurosarcoidosis in addition to NMOSD; ischemia; hereditary leukoencephalopathy; Marchiafava-Bignami disease; as well as neoplastic causes. The corpus callosum lesions seen in both our patients were more suggestive of NMOSD than MS given diffuse involvement of the corpus callosum and heterogeneous blurred margins.

Corpus callosal damage has been associated with cognitive impairment in multiple diseases including MS and Alzheimer's disease (14, 15), and was likely a major contributor to cognitive impairment in our two patients. However, cognitive deficits may occur in AQP4+ NMOSD even in the absence of a history of cognitive relapse and/or brain lesions. Recent observational studies suggest a wide range of 30–70% of NMOSD participants with CI (2, 3, 16, 17). In a cross-sectional study, no association was observed between frequency of brain lesions or overall brain T2 lesion load between cognitively preserved and cognitively impaired patients with NMOSD (18). A pathological study of NMOSD brains found evidence of diffuse cortical neuronal loss despite absence of cortical demyelinating lesions (1). The authors suggested that loss of astrocytes may be implicated in release of excitotoxic and neurotoxic factors affecting cortical neurons (1). CI in NMOSD may involve multiple cognitive domains including memory, attention, and speed of information processing (3). Neural correlates of the cognitive impairment in NMOSD have been attributed to focal reductions in white matter volume and integrity in some studies (19, 20). Other studies have suggested that focal hippocampal or thalamic volume loss may be critical to CI in NMOSD (18, 21). Further study of CI in AQP4+ NMOSD is necessary to clarify prevalence, localization, evolution, and pathologic basis of this process.

Moreover, it is unclear whether chronic CI in AQP4+ NMOSD may be amenable to immunotherapy, and to what extent such a response may depend on the duration of CI and associated MRI features including localization of lesions and the presence of gadolinium enhancing lesions. Acute cognitive and psychiatric relapses of NMOSD have been reported to improve with immunotherapy including high dose corticosteroids and IVIG (5). To our knowledge, these are the first reported cases of chronic CI in AQP4+ NMOSD with improvement on escalation of immunotherapy. The response to eculizumab in our cases supports the importance of the complement pathway in the underlying pathophysiology of AQP4+ NMOSD (22). Common features to our two cases include diffuse involvement of the corpus callosum and on-going gadolinium enhancement on MRI. Both patients demonstrated significant improvement in cognitive function after starting eculizumab, and our first patient reported an improvement in her quality of life with ability to participate in activities like meal preparation, journal writing, and banking which she had not performed for the preceding 2 years since onset of her NMOSD. Neither patient returned to her cognitive baseline however, and neither was able to return to work.

It is possible that the cognitive improvement observed in our two cases was due to suboptimal treatment of active inflammation given ongoing gadolinium enhancement on MRI. On the other hand, there was only minor change on MRIs compared before and after institution of eculizumab, and, for Case 1, the enhancement was in the optic nerves, not in a region associated with cognition. A recent histopathologic study of autopsied AQP4+ NMOSD brain specimens showed that while complement deposition is most marked at the time of relapse, there was deposition of a complement degradation product, C3d, in fibrous gliosis, a chronic stage of NMOSD lesions (23). This finding may support the possibility of chronic pathology as a therapeutic target in AQP4+ NMOSD, although this needs to be further explored. The presence of subclinical disease activity in AQP4+ NMOSD—and its potential contribution to chronic NMOSD symptoms like fatigue and CI—remains controversial. Biomarkers like serum glial fibrillary acid protein (sGFAP) levels are under investigation, as elevated levels may predict the risk of future attacks as was observed in participants in the N-MOmentum trial (24). Symptom burden was increased in N-MOmentum participants with higher sGFAP levels as well even in the absence of an adjudicated attack.

Our two cases suggest that eculizumab should be considered as a therapy in AQP4+ NMOSD patients with CI, even when CI has been present for up to 1–2 years, and particularly if there is on-going gadolinium enhancement on MRI. Taking a broader perspective, and given the prevalence of cognitive deficits in NMOSD, we wonder if regular cognitive assessments may allow for better evaluation of disease severity, functional impact, response to therapy, and more timely escalation in therapy, where chronic impairment or decline is observed. The possibility of cognitive improvement in response to certain therapies such as eculizumab in AQP4+ NMOSD warrants further consideration. This question could potentially be answered by a multi-center, observational study with formal cognitive assessments and imaging before and after initiating specific long-term therapies.
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