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Abstract

:

Autoimmune brainstem encephalitis (BSE) is a rare neurological condition with a wide range of underlying etiologies. It can be subdivided into two broad groups: a primary inflammatory disease of the central nervous system (CNS) or a brainstem disorder secondary to systemic diseases where the CNS is only one of many affected organs. Symptoms range from mild to life-threatening manifestations. Most cases respond well to immunotherapy. Therefore, broad and in-depth knowledge of the various inflammatory disorders that target the brainstem is essential for guiding the diagnostic approach and assisting in early initiation of appropriate therapy. We herein report on a case of BSE and provide an overview of the various causes of autoimmune BSE with an emphasis on the clinical manifestations and diagnostic approach.
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1. Introduction


Brainstem (BS) lesions have been linked to an extensive variety of pathologies such as infections, tumors, and autoimmune disorders [1]. Challenges in the management of patients with BS lesions include identifying the underlying etiology, timely initiation of therapy, and defining prognosis. Inflammatory BS lesions can be classified into two main categories, either primary inflammatory diseases of the central nervous system (CNS)—in the setting of what is known as autoimmune brainstem encephalitis (BSE)—or CNS affection secondary to systemic diseases, where neurological symptoms are usually associated with other manifestations of the disease. In the latter case, CNS involvement usually occurs in the setting of an established systemic disease, and the diagnosis is usually clear-cut. By contrast, in some cases, these manifestations may precede other known symptoms of the disease rendering the diagnosis more challenging.



Autoimmune BSE is one of the most common causes of BS dysfunction [1]. It often responds well to immunotherapy; this emphasizes the importance of an early diagnosis and treatment. With the discovery of new antibodies, novel entities causing BS lesions have been recently added to the already broad differential diagnoses. We herein report a case of BSE and provide an overview of the various causes of autoimmune BSE with an emphasis on the clinical manifestations and diagnostic approach.




2. Illustrative Case


A previously healthy right-handed 41-year-old lady came to our institution with complaints of gait instability and dysarthria. Symptoms started abruptly and worsened progressively over the week before presentation. This was associated with transient horizontal diplopia that had resolved by presentation. She denied any fall, bowel or urinary disturbances, recent infection, or fever. No significant family history was reported.



On bedside examination, the patient was lethargic and had severe dysarthria; however, speech production and comprehension were intact. Cranial nerve (CN) examination was unrevealing. Motor power was preserved in all tested muscle groups. Sensory exam in all modalities (vibration, pinprick, light touch, and temperature) was normal. On cerebellar exam, significant bilateral dysmetria was noted on finger-to-nose testing. Gait was severely ataxic, and the patient was unable to ambulate without assistance.



Brain magnetic resonance imaging (MRI) with gadolinium showed an enhancing midbrain lesion and multiple high T2/FLAIR punctate nonenhancing subcortical white matter (WM) lesions (Figure 1). Magnetic resonance angiography of the head and neck was unrevealing. Basic metabolic panel and cerebrospinal fluid (CSF) studies (including testing for IgG index and oligoclonal bands) were unremarkable. Whole-body CT-scan was unremarkable. Visual evoked potential showed no evidence of optic neuritis. Serum anti-aquaporin-4 antibodies were negative; however, antimyelin oligodendrocyte glycoprotein (anti-MOG) antibodies returned positive (1:40).



The diagnosis of MOG-antibodies-associated disease was set, and the patient received 1 g of intravenous (IV) Methylprednisolone daily over 5 days. At day 3 of treatment, she showed remarkable improvement in symptoms. She was discharged on 1 mg/kg of oral prednisone for 2 weeks followed by a slow taper. At follow-up 1 month later, her symptoms had entirely resolved. She was started on oral azathioprine. One year after the initial symptoms, she remains free of symptoms.



During the last follow-up, the patient gave her written consent for the publication of this case illustration.




3. Etiology of Autoimmune Brainstem Encephalitis


3.1. Multiple Sclerosis


Multiple sclerosis (MS) is a chronic demyelinating disease of the CNS characterized by focal inflammatory invasion causing myelin damage and secondary axonal loss [2]. BS involvement is frequent in MS and can be the inaugural symptom in 20% of cases [3]. It often presents nonspecific symptoms such as diplopia, gait disturbance, and facial sensory involvement [4]. Bilateral internuclear ophthalmoplegia (INO), facial myokymias, Uhthoff’s phenomenon, and bilateral trigeminal neuralgia with sensory deficit occurring in a young patient are also highly suggestive of MS [5]. Another rare but particular MS symptom is paroxysmal dysarthria which points toward a lower medullary pathology [3,5].



When a BS syndrome occurs in a patient with established MS, the diagnosis is usually that of disease relapse. Although this is the case in the majority of patients, it is crucial to keep in mind that patients on disease-modifying treatments are at higher risk of infectious complications, including infectious BSE. Progressive multifocal leukoencephalopathy (PML), a disease caused by the John Cunningham virus (JCV), should be suspected in patients with subacute and progressively worsening symptoms in the setting of immunosuppressive medications known to increase the risk of PML, such as natalizumab. BS involvement in this scenario poses a diagnostic challenge in MS patients as it may initially masquerade as an MS relapse. Early T1 hypointensity and diffusion restriction on diffusion-weighted images are highly suggestive of the diagnosis of PML; however, close MRI follow-up is highly recommended to distinguish it from new MS lesions [6]. Furthermore, an early punctate pattern of involvement in the subcortical white matter can sometimes be seen in patients with PML and may act as a useful aid for differentiating early PML from MS [7]. Listeria monocytogenes (LM) has a particular tropism for the BS and should be suspected in patients with associated headaches and fever. LM infections have been described in MS patients on dimethyl fumarate and fingolimod [8]. Early empiric treatment with ampicillin is recommended is suspected cases.



When BSE is the first manifestation of MS, further testing is often needed, such as brain MRI, to search for evidence of dissemination in time and dissemination in space. Lesions in the BS have the propensity to affect the pons and are typically well demarcated [9]. CSF studies demonstrate intrathecal IgG synthesis and CSF-specific oligoclonal bands in most patients. CSF analysis is also helpful in excluding alternative etiologies. When no supportive findings can be found, a yearly follow-up study is recommended. Around 53–60% of patients with BS syndromes consequently develop MS [10]. Early diagnosis and prompt treatment improve the long-term prognosis of MS which is why accurate and timely detection is crucial.



Tumefactive demyelinating lesions are a known manifestation of MS. These are rarely found in the BS and pose a diagnostic challenge if no other clinical or radiological signs are found [11]. BS biopsy may be the only reliable way to exclude a BS tumor.



MS relapses are treated with a short course of high-dose IV methylprednisolone. Long-term management encompasses a wide selection of disease-modifying therapies that effectively suppress or modulate the immune function [12]. These include immunomodulators such as interferons, fumarates, glatiramer acetate, teriflunomide, fingolimod, newer generation siponimod and ozanimod, and monoclonal antibodies such as natalizumab, ocrelizumab, alemtuzumab, and ofatumumab [13]. The choice of treatment depends on multiple factors, notably the disease course, disease activity, lesion load, and patient preference. Mesenchymal stem cells and autologous bone marrow transplants have also been studied for the treatment of MS [13].




3.2. Neuromyelitis Optica Spectrum Disorder and MOG-Antibodies-Associated Disease


NMOSD is an inflammatory demyelinating disease of the CNS with a predilection for areas rich in aquaporin-4 (AQP4) membrane channel. These include the optic nerves, spinal cord, diencephalon, periventricular structures, and parts of the BS [14]. In total, 73–90% of patients with NMOSD have serum AQP4 antibodies (i.e., AQP4+Ab NMOSD), while 42% of seronegative patients (i.e., AQP4-Ab NMOSD) have anti-MOG antibodies [15]. Anti-MOG-associated demyelinating disease primarily affects the myelin sheath and oligodendrocytes [16]. The clinical spectrum ranges from acute demyelinating encephalomyelitis (more common in children) to recurrent optic neuritis, myelitis, encephalomyelitis, and BS syndromes in adults [17].



BS involvement occurs in one third of patients with AQP4+Ab NMOSD. As with NMOSD prevalence, which seems to vary according to ethnicity [18], brain or BS involvement at disease onset seems to be more frequent in Afro-American/Afro-European patients, followed by Asian patients and to a lesser extent by Caucasian patients, according to one study [19]. The most characteristic presentation is uncontrollable vomiting and hiccups often misdiagnosed as gastrointestinal (GI) upset [20]. These can be the first manifestation of the disease in up to 12% of patients [20,21]. GI symptoms are usually associated with lesions in the area postrema, an AQP4 rich emetic reflex center in the medulla [22]. Lesions in this location were found to lack demyelination and necrosis commonly seen in afflicted optic nerves and spinal cord, a feature that makes these areas more prone to full recovery when treated promptly [23]. Other signs localizing to the BS are seen in 41.3% of patients and include diplopia/ocular movement disorders, facial dysesthesia, and trigeminal neuralgia, dysgeusia, facial paralysis, hearing loss, tinnitus, vertigo, and dysarthria/dysphagia [14,20]. Neuropathic pruritus, defined as an itch occurring in the absence of a pruritogenic substance, is another possible manifestation of BS involvement and may be the presenting symptom of NMOSD [24]. This phenomenon could be attributed to a demyelinating lesion involving the dorsal root ganglion of the spinal cord or the spinal nucleus of the trigeminal nerve in the BS [25]. Patients with medullary involvement may also present with life-threatening respiratory failure [14]. On MRI, BS lesions often involve the dorsal medulla, and they are typically asymmetrical with ill-defined margins [9]. In anti-MOG-associated diseases, BS involvement occurs in about 7% and predominantly affects the pons, ranging from mild symptoms such as cranial neuropathies, intractable vomiting, internuclear ophthalmoplegia, and limb and gait ataxia to hypoventilation and respiratory compromise [26,27]. Subclinical MRI lesions in the BS have been detected in a subset of patients [27].



The clinical manifestations of NMOSD overlap with those of MS. As such, testing for serum AQP4 antibodies should be considered in the following settings: (a) patients presenting with longitudinally extensive transverse myelitis (involving more than three vertebral levels); (b) patients with atypical optic neuritis (i.e., bilateral optic nerve or chiasmal involvement, long lesion of the optic nerve, poor recovery, or inadequate response to steroids); (c) patients with diencephalic syndrome and nonspecific MRI findings; (d) patients with unexplained encephalopathy; and (e) patients with area postrema syndrome (APS) [14]. CSF analysis usually shows mild to moderate pleocytosis with high protein content. Oligoclonal bands in CSF are only found in less than 20% of AQP4+NMOSD and anti-MOG patients [28]. Involvement of the anterior rather than the posterior portion of optic nerves with sparing of the optic tract and chiasm, myelitis with predominant involvement of the ventral grey matter without contrast enhancement, and/or “fluffy” lesions in the white and grey matter should prompt testing for anti-MOG titers, specifically in the context of AQP4 antibodies seronegativity [17].



First-line treatment of acute relapses of NMOSD includes IV methylprednisolone followed by oral steroids [29]. If the latter proves unsuccessful, plasmapheresis and human immunoglobulin may be considered [29]. Since NMOSD is a highly active inflammatory disease, prevention of relapses should be undertaken with chronic use of immunosuppressants such as azathioprine, mycophenolate mofetil, methotrexate, mitoxantrone, cyclophosphamide, and monoclonal antibodies (e.g., inebilizumab, eculizumab, rituximab, tocilizumab, and aquaporumab) [30]. Disease-modifying drugs used in MS are ineffective in the treatment of NMOSD and may be detrimental, which is why an accurate diagnosis is crucial [28]. Treatment of anti-MOG demyelinating disease consists of a similar approach with steroids or plasma exchange in the acute setting and disease-modifying therapy for the management of relapsing disease [17]. BS involvement in anti-MOG disease usually indicates a more aggressive course and warrants prophylactic long-term treatment [27]. As opposed to AQP4+Ab NMOSD, for most patients with anti-MOG antibodies, the risk of future disability is low, owing to good initial recovery from clinical attacks [16].




3.3. Autoimmune Glial Fibrillary Acidic Protein Astrocytopathy


Autoimmune glial fibrillary acidic protein astrocytopathy (GFAP) is a recently described autoimmune astrocytopathy affecting the CNS characterized by relapsing meningoencephalomyelitis with GFAP-IgG in serum or CSF [31]. Clinical features of the disease include encephalopathy, drug-resistant seizures, meningitis-like signs, and psychiatric symptoms. Initial flu-like symptoms are seen in 40–60% of cases. GFAP can occur in the context of paraneoplastic diseases, and a search for an underlying malignancy is warranted [32]. Isolated BSE is not a classical manifestation of the illness, although BS lesions have been described on MRI. An overlap syndrome with both MOG-IgG and GFAP-IgG present in serum and CSF has been reported in a young patient presenting with BSE [31]. Another case of a young patient presenting longitudinally extensive transverse myelitis with medulla oblongata involvement in the presence of both GFAP-IgG and AQP4 antibodies has also been described [33]. Optic neuritis and myelitis can also occur as part of the spectrum and can be differentiated from similar presentations of NMOSD, in that the myelitis manifests mainly with sensory and mild motor signs and optic neuritis with blurred vision secondary to optic disc edema [32]. Brain MRI typically shows a pattern of radial linear periventricular gadolinium-enhancement [31]. This entity usually responds very well to steroids in the acute setting but often requires long-term treatment with steroid-sparing drugs, such as mycophenolate mofetil, azathioprine, rituximab, and cyclophosphamide [32], given its relapsing nature.




3.4. Acute Disseminated Encephalomyelitis/Acute Hemorrhagic Leukoencephalitis


Acute disseminated encephalomyelitis (ADEM) is a monophasic demyelinating disorder of the CNS, often precipitated by an infectious event or vaccination. ADEM has been primarily described in pediatric populations; however, it has been reported in adults [34]. It is often characterized by an acute clinical onset accompanied by fever and meningismus and primarily implicates the brain white matter and spinal cord [35]. ADEM frequently involves the infratentorial compartment particularly in children presenting with ataxia, oculomotor disturbances, and dysarthria [28]. Serum testing is positive for anti-MOG antibodies in 40% of children and is often linked to a better clinical and radiological outcome [36]. MRI lesions are usually asymmetric with ill-defined margins and minimal mass effect and characteristically involve the BS, particularly the ventral midbrain [9]. Their location correlates with clinical symptoms and signs [37]. Other involved areas include the basal ganglia, thalami, and cortex [34]. ADEM presenting as isolated BS lesions, although a rare occurrence, has been described in pediatric patients [38].



A rare variant of ADEM known as acute hemorrhagic leukoencephalitis (AHLE) is more commonly seen in adults. This variant is a highly aggressive disease and often results in death early after onset. AHLE can rarely present as isolated BS involvement. Atherton and colleagues described a case of AHLE presenting with acute rhombencephalitis with MRI evidence of hemorrhagic foci in the BS following infection with a coxsackievirus strain [39]. This case highlights the importance of considering this entity in the differential diagnosis of acute progressive BS syndrome.



Treatment of ADEM and AHLE consists of eradicating the inciting pathogen when applicable, followed by a course of steroids [39]. Alternatively, immunoglobulins, plasmapheresis, and cytostatic drugs could be considered in patients who do not respond to steroid therapy [34]. Prognosis is usually favorable in ADEM as opposed to its more fulminant AHLE variant.




3.5. Bickerstaff Brainstem Encephalitis


Bickerstaff brainstem encephalitis (BBE) is a condition characterized by a triad of ataxia, impaired consciousness/ hypersomnolence, and symmetrical ophthalmoplegia associated with the production of anti-GQ1b antibodies [40,41]. The diagnosis of a probable BBE requires the presence of a subacute onset (less than 4 weeks) of all three of the abovementioned clinical symptoms after the exclusion of alternative etiologies, while a definite BBE diagnosis is made in the context of positive anti-GQ1b antibodies [42]. Although the presence of ophthalmoplegia and ataxia is mandatory for the definite diagnosis of BBE, it has been suggested that BBE may sometimes present as “incomplete” in the context of an anti-GQ1b positive disease, and its frequency may be underestimated [43,44]. Additional symptoms and signs include pupillary abnormalities, facial weakness or dysesthesias, and bulbar palsy in up to 50% of patients [45]. Other rare manifestations include pseudobulbar affect, optic neuropathy, APS, and decorticate-like posturing [41,46,47]. The disease follows a monophasic course with subacute onset and a favorable outcome in most cases [40].



The disease pathophysiology is far from being fully understood. A postinfectious process has been proposed given the frequent presence of an antecedent infection. Laboratory studies often show evidence of albumin-cytologic dissociation in CSF [40]. The presence of anti-GQ1b IgG antibodies is specific for this disorder but can be absent in 30% of cases [40,41]. These antibodies can also be seen in an ataxic variant of Guillain–Barré syndrome, known as Miller–Fisher syndrome, characterized by ophthalmoplegia and areflexia. Imaging is usually unremarkable, but T2-weighted BS abnormalities can sometimes be seen [48].



Patients with BBE are often treated with a course of IV immunoglobulins (IVIG) as monotherapy or in combination with steroids [49]. Plasmapheresis has also been successfully used in this setting. Generally, the disease entails a good prognosis with early treatment, and the majority of patients go on to have a complete recovery [40].




3.6. CLIPPERS


CLIPPERS (i.e., chronic lymphocytic inflammation with pontine perivascular enhancement responsive to steroids), as the term implies, is a rare chronic inflammatory disease of the CNS characterized by distinct BS involvement with prominent clinical and radiological response to steroids [50]. The disease typically manifests as a subacute onset cerebellar and BS syndrome with ataxia, dysarthria, diplopia, and/or facial sensory disturbances [51]. Other nonspecific BS signs have also been described less frequently, such as dysgeusia, oculomotor abnormalities (i.e., oculomotor palsies, gaze palsy, internuclear ophthalmoplegia, one-and-a-half syndrome, disturbances of saccadic eye, and slow eye pursuit), nystagmus, cranial neuropathies (i.e., CN VII, VIII, IX, XII), hiccups, and nausea [50,51]. Additional features include pseudobulbar affect and spinal cord syndrome (i.e., pyramidal signs, paraparesis, spasticity, and sphincter dysfunction) with or without cognitive deficits [52].



In the absence of a specific serum or CSF biomarker, the diagnosis of CLIPPERS is based on radiological features and exclusion of alternative etiologies. MRI shows a distinctive punctate curvilinear pattern of patchy gadolinium enhancement ‘peppering’ the pons, BS, cerebellum, and spinal cord [51]. Although highly suggestive of the disease in the proper clinical context, similar radiological features can be observed in other inflammatory disorders such as primary angiitis of the CNS, primary CNS lymphoma, and CNS lymphomatoid granulomatosis [53]. The findings of homogenous enhancement of <3 mm lesions in the pons and cerebellum showing no significant mass effect or vasogenic edema can help distinguish CLIPPERS from mimickers [54]. CSF analysis is usually nonrevealing with occasional evidence of a mild pleocytosis and protein elevation. Oligoclonal bands have been detected in some patients [52].



A classical feature of CLIPPERS is its sensitivity to steroid therapy and its remarkable clinical and radiological improvement within a few days of initiation of treatment. In fact, the failure of steroids to produce a rapid resolution of radiological findings warrants consideration of an alternative diagnosis [52]. Management of an acute attack should be initiated as soon as possible after exclusion of alternative diagnosis and begins with a short course of IV methylprednisolone followed by tapering doses of oral Prednisone [55]. It is important to note that early taper of steroids was found to be associated with recurrence of symptoms and radiological progression [50,51]. In the absence of steroids, the disease follows a relapsing course with a mean annualized relapse rate of 0.5. Patients were maintained on chronic steroid therapy above 20 mg often remain relapse-free. Data regarding the efficacy of steroid-sparing agents are scarce and based on case reports and case series. Agents with possible efficacy include methotrexate, cyclophosphamide, hydroxychloroquine, azathioprine, and tocilizumab [55,56]. The duration of maintenance treatment is still not yet clearly established and should be tailored to each case. Furthermore, follow-up MRI studies are recommended to rule out potential malignant evolution, since cases of early-stage CNS lymphoma presenting as CLIPPERS have been described [57].




3.7. Connective Tissue Disease and Vasculitis


BSE can occur in the setting of various systemic autoimmune disorders. Establishing the diagnosis of BSE is relatively straightforward when the primary illness is already labeled; however, this becomes significantly more challenging when BSE presents as the first and only manifestation of the systemic disorder. Failure to consider connective tissue diseases (CTD) and vasculitis as an underlying etiology can significantly delay treatment and lessen the probability of full recovery.



Behçet disease (BD) is characterized by a diagnostic triad of recurrent oral aphthous ulcers, genital ulcers, and uveitis [54]; however, this triad may sometimes be absent at initial presentation. Neurological complications, categorized as having either parenchymal or secondary nonparenchymal involvement, occur in roughly 10% of patients. These may precede the other manifestations of the disease in 6% of cases [58]. BD has a tropism for the BS, and lesions tend to localize to the posterior aspect of the midbrain–diencephalic junction, while characteristically sparing the red nucleus [55,56]. The clinical manifestations usually consist of motor and sensory symptoms with minimal ataxia [59]. CSF analysis often displays mildly elevated protein levels and the absence of oligoclonal bands. Occasionally, pleocytosis with white cell count exceeding 100 cells/μl can also be seen [58]. In addition, 30–50% of patients have a relapsing course despite initial response to steroids [60]. To note, other entities such as anti-MOG encephalitis may sometimes mimic presentations of neuro-Behçet disease [61]. Other types of systemic vasculitis can also involve the CNS such as eosinophilic granulomatosis with polyangiitis (Churg–Strauss syndrome), polyarteritis nodosa, and granulomatosis with polyangiitis (Wegener’s granulomatosis). As opposed to BD, these disorders rarely involve the BS.



CNS disorders can be seen in the context of different CTD, with some causing symptoms of BS dysfunction [62]. Sjögren’s syndrome (SS) causes a broad spectrum of neurological manifestations, including BSE or focal BS lesions, which may present variable symptoms such as intractable vomiting, dysphagia, and slurred speech [63]. In some cases, these symptoms may precede the diagnosis of SS by up to 2 years [63,64]. SS may also mimic MS in its relapsing–remitting clinical course as well as its imaging features, posing a further challenge in diagnosis [65]. Moreover, systemic lupus erythematosus (SLE.) also commonly manifests with a wide range of neurological disorders. As with other autoimmune systemic diseases, it may rarely cause BS dysfunction occurring in isolation and preceding other manifestations of the disease [66,67]. It is also important to note that SLE and SS can coexist with NMOSD. This scenario should be considered when myelitis and/or optic neuritis occur in the setting of a known systemic inflammatory disease [68]. The coexistence of SS and NMOSD can be attributed to the presence of an autoimmune predisposition rather than a complication of the systemic disease and does not necessarily imply a poorer outcome [69]. Patients with SS-NMOSD are often treated with steroids alone or in combination with azathioprine [69]. Tocilizumab has also been used as a potential treatment for patients with SS and NMOSD [70].




3.8. Paraneoplastic Syndromes


Paraneoplastic diseases of the CNS are a group of immune-mediated disorders with a wide range of clinical manifestations. Although BSE is not commonly implicated in paraneoplastic syndromes, some antibodies have been linked to BS dysfunction such as anti-Hu, anti-Ma2, anti-Ri, Kelch-like protein-11 (KLHL11) IgG, and Leucine Zipper 4 (LUZP4) IgG antibodies [71,72,73]. These entities have been classified as intermediate-risk phenotypes as per the diagnostic criteria for paraneoplastic neurologic syndromes [74]. The onset is typically subacute, with rapid worsening and often devastating consequences.



Anti-Hu antibodies are classically associated with paraneoplastic encephalomyelitis, almost always in the setting of small cell lung carcinoma. Early in the disease course, more focal syndromes can be seen, such as limbic encephalitis, cerebellar degeneration, or BSE [75,76]. BSE is the predominant syndrome in 11% of cases [77]. This entity has a distinct tropism for the medulla and patients often present with dysphagia, dysarthria, and hypoventilation [76]. Other manifestations may include CN VI/VII palsy, vertical nystagmus, and ataxia [76]. MRI and CSF analysis are typically normal. The prognosis is usually poor despite immunotherapy and treatment of the underlying tumor.



Anti-Ma2 is typically a disease of young men with testicular germ-cell tumors, while in the older population, it is more commonly associated with lung and breast malignancies [77,78]. Anti-Ma2-associated encephalitis characteristically affects the limbic system, hypothalamus, and BS [75]. Midbrain involvement commonly manifests as supranuclear vertical gaze palsy and oculomotor nuclei involvement. Other characteristic symptoms include excessive daytime sleepiness, narcolepsy, cataplexy, rapid eye movement (REM)-sleep abnormalities, hyperphagia, and memory impairment. Brain MRI may show T2-hyperintense lesions in the superior colliculi and periaqueductal region. Roughly one third of patients can be expected to respond to tumor resection and immunotherapy [78].



Anti-Ri antibodies also have a tropism for the BS [79]. These are the least common paraneoplastic autoantibodies, primarily encountered in patients with breast and ovarian cancers. Patients typically present with signs of BS, cerebellar, and spinal cord dysfunction. BS dysfunction often manifests as an opsoclonus-myoclonus syndrome, ophthalmoplegia, and facial sensory symptoms [79,80]. Treatment of underlying cancer can also lead to a decrease in the antibody titer and improvement of symptoms [79].



Newly described paraneoplastic antibodies (i.e., KLHL11 IgG and LUZP4 IgG) have also been implicated in patients with BS dysfunction [71,72]. KLHL11 antibodies are generally associated with testicular germ cell tumors in men and present the clinical picture of a rhombencephalitis typically with hearing loss and tinnitus [71]. Brain MRI, although normal early in the disease, may demonstrate T2/FLAIR abnormalities in the BS or limbic system [71]. Encephalitis associated with KLHL11 IgG is generally refractory to treatment, and only 25% of patients respond to immunotherapy [71]. LUZP4 antibodies, on the other hand, typically are present in patients with germ cell tumors (commonly seminomas) and manifest with polyradicular and anterior horn cell involvement, as well as rhombencephalitis [72]. Coexistence of LUZP4 and KLHL11 antibodies has been described and usually entails a poorer neurological outcome [72].



The different etiologies of autoimmune BSE along with their clinical characteristics, neuroimaging findings, antibodies profiles, and treatments are summarized in Table A1.





4. Conclusions


Autoimmune BSE is only one of many causes of BS dysfunction. For instance, various disease states may also target the BS and should be included in the differential diagnoses of BSE. These include but are not limited to osmotic demyelination syndrome commonly in the context of hyponatremia [81], hypertensive encephalopathy in patients presenting with severe hypertension, visual symptoms and seizures [82], and Wernicke encephalopathy in patients with thiamine deficiency and opthalmoparesis [83]. Furthermore, the presence of fever in an immunocompromised state should always raise the suspicion of an underlying infectious cause. While infectious and autoimmune etiologies are more likely seen in young patients, neoplastic diseases are more prevalent in older populations [59]. Given this wide array of causes of BS dysfunction, awareness of the multiple disorders that may manifest with BS lesions and a comprehensive approach to diagnosis are essential for proper management. The importance of early recognition of autoimmune BSE cannot be overemphasized since the damage is often reversible with appropriate therapy. Long-term management is dependent on the precise underlying etiology. Although some entities follow a monophasic course, others are prone to relapses. Early institution of immunotherapy after the acute stage can have a significant impact on the likelihood of recurrent inflammatory events and the long-term prognosis.
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Table A1. Summary of Inflammatory Brainstem Diseases with Clinical Features, Imaging, Antibodies, and Treatments.






Table A1. Summary of Inflammatory Brainstem Diseases with Clinical Features, Imaging, Antibodies, and Treatments.





	
Disease

	
Characteristic Features

	
Brain MRI Findings

	
Antibodies

	
Treatment






	
MS

[9,13]

	
Nonspecific symptoms

	
Periventricular white matter lesions, Dawson fingers, DIT + DIS, pontine predilection

	
-

	
DMDs




	
NMOSD

[14,15,22,30]

	
Intractable vomiting, hiccups, optic neuritis, myelitis

	
LETM, optic nerve lesions, BS lesions

	
AQP4-Ab



	
1st line: steroids

2nd line: Azathioprine, Mycophenolate mofetil, Methotrexate, Mitoxantrone, Cyclophosphamide, and monoclonal antibodies




	
Anti-MOG

[17,27]

	
Bilateral optic neuritis, LETM, BS encephalitis

	
Poorly

demarcated, ‘fluffy’ lesions

of grey and white matter

Non-enhancing hyperintensities in ventral grey matter of spinal cord

Anterior optic nerve involvement sparing the chiasm

	
MOG-IgG

	
Acute attack: steroids/PLEX

Relapse: DMDs, immunosuppressants




	
GFAP

Astrocytopathy

[31]

	
Drug-resistant seizures, meningoencephalomyelitis, psychiatric symptoms

	
Radial linear periventricular gadolinium enhancement

	
GFAP-IgG

	
Acute: steroids

Long-term: mycophenolate, azathioprine, rituximab, cyclophosphamide




	
ADEM/AHLE

[9,34,35,36]

	
Post-viral presentation, fever, meningismus

	
Asymmetric ill-defined lesions, ventral midbrain

	
MOG-IgG

	
Eradicate pathogen

Steroids, IVIg, PLEX




	
Bickerstaff BS Encephalitis

[16,40,48]

	
Ataxia, impaired consciousness and ophthalmoplegia

	
Unremarkable, occasional T2 BS abnormalities

	
Anti-GQ1b ganglioside antibodies

	
IVIg, steroids, PLEX




	
CLIPPERS

[50,51,55]

	
Drastic clinical and radiological response to steroid

	
Punctate patchy enhancing pontine lesions

	
-

	
Steroids

Steroid-sparing as add on




	
Behcet’s Disease

[60]

	
Oro-genital ulcers, uveitis, skin lesions

	
Lesions in posterior midbrain-diencephalic junction, sparing the red nucleus

	
-

	
Steroids

Immunosuppressants




	
Sjögren Syndrome

[65]

	
PNS involvement, Sicca Symptoms, MS-like presentation after age 50

	
Nonspecific, MS-like lesions

	
Anti-SSA

Anti-SSB

	
Steroids + immunosuppressants,

Tocilizumab




	
Systemic Lupus Erythematosus [66]

	
Rash, Neuropsychiatric features, young women

	
Non-specific

	
ANA, Anti-DNA antibodies

	
Immunosuppressants




	
Paraneoplastic

Syndromes[71,72,73,75,79,80]

	
Anti-Hu

	
Small cell lung carcinoma Medullary dysfunction

	
Normal

	
Anti-Hu antibodies

	
Immunotherapy and treatment of underlying tumor




	
Anti-Ma2

	
Testicular germ-cell tumors

Midbrain dysfunction

	
T2-Hyperintense lesions in superior colliculi & periaqueductal region

	
Anti-Ma2 antibodies




	
Anti-Ri

	
Breast/Ovarian cancers

Opsoclonus-Myoclonus

	
Normal

	
Anti-Ri antibodies




	
KLHL11

	
Testicular germ cell tumor

Hearing loss and tinnitus

	
T2/FLAIR abnormalities in BS and limbic system

	
KLHL11 IgG

	
Immunotherapy and treatment of underlying tumor




	
LUZP4

	
Germ cell tumor (seminoma)

Lower motor neuron involvement, encephalitis, polyradiculopathy

	
T2/FLAIR abnormalities

	
LUZP4 IgG

	
Immunotherapy and treatment of underlying tumor








ADEM: Acute Disseminated Encephalomyelitis; AHLE: Acute Hemorrhagic Leukoencephalitis; ANA: Anti-Nuclear Antibody; AQP4-Ab: Aquaporin-4 Antibodies; BS: Brainstem; CLIPPERS: Chronic Lymphocytic Inflammation with Pontine Perivascular Enhancement Responsive to Steroids; DIT: Dissemination in Time; DIS: Dissemination in Space; DMDs: Disease Modifying Drugs; FLAIR: Fluid Attenuated Inversion Recovery; GFAP: Glial Fibrillary Acidic Protein; IVIg: Intravenous Immunoglobulins; KLHL11: Kelch-like protein-11; LETM: Longitudinally Extensive Transverse Myelitis; LUZP4: Leucine Zipper Protein 4; MOG: Myelin oligodendrocyte glycoprotein; MS: Multiple Sclerosis; NMOSD: Neuromyelitis Optica Spectrum Disorders; PLEX: Plasma exchange; PNS: Peripheral Nervous System.
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Figure 1. (A): Axial T2/FLAIR shows bilateral foci signal hyperintensities in the subcortical white matter. (B): Right pontine T2/FLAIR hyperintensity. (C): Midbrain hyperintense signal. (D–F): Subcortical lesions showing postcontrast enhancement. 






Figure 1. (A): Axial T2/FLAIR shows bilateral foci signal hyperintensities in the subcortical white matter. (B): Right pontine T2/FLAIR hyperintensity. (C): Midbrain hyperintense signal. (D–F): Subcortical lesions showing postcontrast enhancement.
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